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Chapter 1 

 

Evolution of Modern Science 

 
1.1 Science 

 

 
This article is about the general term. For other uses, see 

Science  (disambiguation). 

 

Science[nb 1][1]:58[2] is a systematic enterprise that builds 

and organizes knowledge in the form of testable 

explanations and predictions about the universe.[nb 2]
 

Contemporary science is typically subdivided into the 

natural sciences, which study the material universe; the 

social sciences, which study people and societies; and the 

formal sciences, which study logic and mathematics. The 

formal sciences are often excluded as they do not depend 

on empirical observations.[3] Disciplines which use sci- 

ence, like engineering and medicine, may also be consid- 

ered to be applied sciences.[4]
 

From classical antiquity through the 19th century, sci- 

ence as a type of knowledge was more closely linked 

to philosophy than it is now, and in the Western world 

the term "natural philosophy" once encompassed fields 

of study that are today associated with science, such as 

astronomy, medicine, and physics.[5][nb 3] However, dur- 

ing the Islamic Golden Age foundations for the scientific 

method were laid by Ibn al-Haytham in his Book of Op- 
tics.[6][7][8][9][10] While the classification of the material 

world by the ancient Indians and Greeks into air, earth, 

fire and water was more philosophical, medieval Middle 

Easterns used practical and experimental observation to 

classify materials.[11]
 

In the 17th and 18th centuries, scientists increasingly 

sought to formulate knowledge in terms of physical laws. 

Over the course of the 19th century, the word “science” 

became increasingly associated with the scientific method 

itself as a disciplined way to study the natural world. It 

was during this time that scientific disciplines such as 

biology, chemistry, and physics reached their modern 

shapes. That same time period also included the origin 

of the terms "scientist" and "scientific community", the 

founding of scientific institutions, and the increasing sig- 

nificance of their interactions with society and other as- 

pects of culture.[12][13]
 

 

 

 

 

 
The scale of the universe mapped to the branches of science, with 
formal sciences as the foundation.[14]: Vol.1, Chaps.1,2,&3.

 

 
 
 

 
1.1.1 History 

 

Main article: History of science 

 
Science in a broad sense existed before the modern era 

and in many historical civilizations.[nb 4] Modern science 

is distinct in its approach and successful in its results, so 

it now defines what science is in the strictest sense of the 

term.[15]
 

Science in its original sense was a word for a type of 

knowledge rather than a specialized word for the pur- 

suit of such knowledge. In particular, it was the type of 

knowledge which people can communicate to each other 

and share. For example, knowledge about the working of 

natural things was gathered long before recorded history 

and led to the development of complex abstract thought. 

This is shown by the construction of complex calendars, 

techniques for making poisonous plants edible, and build- 

ings such as the Pyramids. However, no consistent con- 

scientious distinction was made between knowledge of 

such things, which are true in every community, and other 

types of communal knowledge, such as mythologies and 

legal systems. 
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1.1.  SCIENCE 2 
 

 

Muslims and Evolution of Science 

 

 

Antiquity 
 

See also: Nature (philosophy) 

Before the invention or discovery of the concept of 
 

 

Maize, known in some English-speaking countries as corn,  
is a large grain plant domesticated by indigenous peoples in 
Mesoamerica in prehistoric times 

 

"nature" (ancient Greek phusis) by the Pre-Socratic 

philosophers, the same words tend to be used to de- 

scribe the natural “way” in which a plant grows,[16] 

and the “way” in which, for example, one tribe wor- 

ships a particular god. For this reason, it is claimed 

these men were the first philosophers in the strict sense, 

and also the first people to clearly distinguish “nature” 

and “convention.”[17]: p.209 Science was therefore distin- 

guished as the knowledge of nature and things which 

are true for every community, and the name of the spe- 

cialized pursuit of such knowledge was philosophy — 

the realm of the first philosopher-physicists. They were 

mainly speculators or theorists, particularly interested in 

astronomy. In contrast, trying to use knowledge of nature 

to imitate nature (artifice or technology, Greek technē) 

was seen by classical scientists as a more appropriate in- 

terest for lower class artisans.[18] A clear-cut distinction 

between formal (eon) and empirical science (doxa) was 

made by the pre-Socratic philosopher Parmenides (fl. late 

sixth or early fifth century BCE). Although his work Peri 
Physeos (On Nature) is a poem, it may be viewed as an 

epistemological essay on method in natural science. Par- 

menides’ ἐὸν may refer to a formal system or calculus 

which can describe nature more precisely than natural 

languages. “Physis” may be identical to ἐὸν.[19]
 

A major turning point in the history of early philosoph- 

ical science was the controversial but successful attempt 

by Socrates to apply philosophy to the study of human 

things, including human nature, the nature of political 

communities, and human knowledge itself. He criticized 

the older type of study of physics as too purely specu- 

lative and lacking in self-criticism. He was particularly 

concerned that some of the early physicists treated na- 

ture as if it could be assumed that it had no intelligent 

order, explaining things merely in terms of motion and 

matter. The study of human things had been the realm 

of mythology and tradition, however, so Socrates was ex- 

 

 
 

Aristotle, 384 BCE – 322 BCE, one of the early figures in the 
development of the scientific method[20]

 

 
 
 
 
 
 
 

ecuted as a heretic.[21]: 30e Aristotle later created a less 

controversial systematic programme of Socratic philoso- 

phy which was teleological and human-centred. He re- 

jected many of the conclusions of earlier scientists. For 

example, in his physics, the sun goes around the earth, 

and many things have it as part of their nature that they 

are for humans. Each thing has a formal cause and final 

cause and a role in the rational cosmic order. Motion and 

change is described as the actualization of potentials al- 

ready in things, according to what types of things they 

are. While the Socratics insisted that philosophy should 

be used to consider the practical question of the best way 

to live for a human being (a study Aristotle divided into 

ethics and political philosophy), they did not argue for 

any other types of applied science. 

Aristotle maintained the sharp distinction between sci- 

ence and the practical knowledge of artisans, treating the- 

oretical speculation as the highest type of human activ- 

ity, practical thinking about good living as something less 

lofty, and the knowledge of artisans as something only 

suitable for the lower classes. In contrast to modern sci- 

ence, Aristotle’s influential emphasis was upon the “the- 

oretical” steps of deducing universal rules from raw data 

and did not treat the gathering of experience and raw data 

as part of science itself.[nb 5]
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De potentiis anime sensitive, Gregor Reisch (1504) Margarita 

philosophica. Medieval science postulated a ventricle of the 
brain as the location for our common sense,[22] where the forms 
from our sensory systems commingled. 

 

 

Ibn al-Haytham (Alhazen), 965–1039 Basra, Buyid Emirate. 
The Muslim scholar who is considered by some to be the father 
of modern scientific methodology due to his emphasis on experi- 

mental data and reproducibility of its results.[23][nb 6]
 

 
Medieval science 

 

During late antiquity and the early Middle Ages, the 

Aristotelian approach to inquiries on natural phenom- 

ena was used. Some ancient knowledge was lost, or in 

some cases kept in obscurity, during the fall of the Ro- 

man Empire and periodic political struggles. However, 

the general fields of science (or "natural philosophy" as 

it was called) and much of the general knowledge from 

the ancient world remained preserved through the works 

of the early Latin encyclopedists like Isidore of Seville. 

In the Byzantine empire, many Greek science texts were 

preserved in Syriac translations done by groups such as 

the Nestorians and Monophysites.[24] Many of these were 

later on translated into Arabic under the Caliphate, dur- 

ing which many types of classical learning were preserved 

and in some cases improved upon.[24][nb 7]
 

The House of Wisdom was established in Abbasid-era 

Baghdad, Iraq.[25] It is considered to have been a ma- 

jor intellectual center during the Islamic Golden Age, 

where Muslim scholars such as al-Kindi and Ibn Sahl in 

Baghdad and Ibn al-Haytham in Cairo flourished from the 

ninth to the thirteenth centuries until the Mongol sack of 

Baghdad. Ibn al-Haytham, known later to the West as 

Alhazen, furthered the Aristotelian viewpoint[26] by em- 

phasizing experimental data.[nb 8][27]
 

In the later medieval period, as demand for translations 

grew (for example, from the Toledo School of Transla- 

tors), western Europeans began collecting texts written 

not only in Latin, but also Latin translations from Greek, 

Arabic, and Hebrew. In particular, the texts of Aristo- 

tle, Ptolemy,[nb 9] and Euclid, preserved in the Houses 

of Wisdom, were sought amongst Catholic scholars. In 

Europe, the Latin translation of Alhazen’s Book of Op- 
tics directly influenced Roger Bacon (13th century) in 

England, who argued for more experimental science as 

demonstrated by Alhazen. By the late Middle Ages, a 

synthesis of Catholicism and Aristotelianism known as 

Scholasticism was flourishing in western Europe, which 

had become a new geographic center of science, but all 

aspects of scholasticism were criticized in the 15th and 

16th centuries. 

 
Renaissance and early modern science 

 

Main article: Scientific revolution 

Medieval science carried on the views of the Hellenist 

civilization of Socrates, Plato, and Aristotle, as shown by 

Alhazen’s lost work A Book in which I have Summarized 
the Science of Optics from the Two Books of Euclid and 
Ptolemy, to which I have added the Notions of the First 
Discourse which is Missing from Ptolemy’s Book from Ibn 

Abi Usaibia's catalog, as cited in (Smith 2001).:91(vol.1),p.xv 

Alhazen conclusively disproved Ptolemy’s theory of vi- 

sion, but he retained Aristotle’s ontology; Roger Bacon, 

Vitello, and John Peckham each built up a scholastic on- 

tology upon Alhazen’s Book of Optics, a causal chain be- 

ginning with sensation, perception, and finally appercep- 

tion of the individual and universal forms of Aristotle.[28] 

This model of vision became known as Perspectivism, 

which was exploited and studied by the artists of the Re- 
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Galen (129–c. 216) noted the optic chiasm is X-shaped. (En- 
graving from Vesalius, 1543) 

 
 

naissance. 
 

Galileo Galilei, father of modern science.[29]: Vol. 24, No. 1, p. 36
 

 
A. Mark Smith points out the perspectivist theory of vi- 

sion, which pivots on three of Aristotle’s four causes, for- 

mal, material, and final, “is remarkably economical, rea- 

sonable, and coherent.”[30] Although Alhacen knew that 

a scene imaged through an aperture is inverted, he ar- 

gued that vision is about perception. This was overturned 

by Kepler,[31]:p.102 who modelled the eye as a water-filled 

glass sphere with an aperture in front of it to model the 

entrance pupil. He found that all the light from a single 

point of the scene was imaged at a single point at the back 

of the glass sphere. The optical chain ends on the retina 

at the back of the eye and the image is inverted.[nb 10]
 

Copernicus formulated a heliocentric model of the so- 

lar system unlike the geocentric model of Ptolemy's 

Almagest. 

Galileo made innovative use of experiment and mathe- 

matics. However, he became persecuted after Pope Ur- 

ban VIII blessed Galileo to write about the Copernican 

system. Galileo had used arguments from the Pope and 

put them in the voice of the simpleton in the work “Dia- 

logue Concerning the Two Chief World Systems,” which 

greatly offended him.[32]
 

In Northern Europe, the new technology of the printing 

press was widely used to publish many arguments, includ- 

ing some that disagreed widely with contemporary ideas 

of nature. René Descartes and Francis Bacon published 

philosophical arguments in favor of a new type of non- 

Aristotelian science. Descartes argued that mathematics 

could be used in order to study nature, as Galileo had 

done, and Bacon emphasized the importance of exper- 

iment over contemplation. Bacon questioned the Aris- 

totelian concepts of formal cause and final cause, and pro- 

moted the idea that science should study the laws of “sim- 

ple” natures, such as heat, rather than assuming that there 

is any specific nature, or "formal cause,” of each complex 

type of thing. This new modern science began to see itself 

as describing "laws of nature". This updated approach to 

studies in nature was seen as mechanistic. Bacon also ar- 

gued that science should aim for the first time at practical 

inventions for the improvement of all human life. 

 

 

Age of Enlightenment 

 
In the 17th and 18th centuries, the project of modernity, 

as had been promoted by Bacon and Descartes, led to 

rapid scientific advance and the successful development 

of a new type of natural science, mathematical, method- 

ically experimental, and deliberately innovative. Newton 

and Leibniz succeeded in developing a new physics, now 

referred to as classical mechanics, which could be con- 

firmed by experiment and explained using mathemat- 

ics. Leibniz also incorporated terms from Aristotelian 

physics, but now being used in a new non-teleological 

way, for example, "energy" and "potential" (modern ver- 

sions of Aristotelian "energeia and potentia"). In the style 

of Bacon, he assumed that different types of things all 

work according to the same general laws of nature, with 

no special formal or final causes for each type of thing. 

It is during this period that the word “science” gradually 

became more commonly used to refer to a type of pursuit 
of a type of knowledge, especially knowledge of nature 

— coming close in meaning to the old term "natural phi- 

losophy.” 
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Isaac Newton, shown here in a 1689 portrait, made seminal con- 
tributions to classical mechanics, gravity, and optics. Newton 
shares credit with Gottfried Leibniz for the development of cal- 
culus. 

 

19th century 

 

Both John Herschel and William Whewell systematized 

methodology: the latter coined the term scientist.[33] 

When Charles Darwin published On the Origin of Species 
he established evolution as the prevailing explanation 

of biological complexity. His theory of natural selec- 

tion provided a natural explanation of how species orig- 

inated, but this only gained wide acceptance a century 

later. John Dalton developed the idea of atoms. The 

laws of thermodynamics and the electromagnetic theory 

were also established in the 19th century, which raised 

new questions which could not easily be answered using 

Newton’s framework. The phenomena that would allow 

the deconstruction of the atom were discovered in the last 

decade of the 19th century: the discovery of X-rays in- 

spired the discovery of radioactivity. In the next year 

came the discovery of the first subatomic particle, the 

electron. 

 

20th century and beyond 

 

Einstein's theory of relativity and the development of 

quantum mechanics led to the replacement of classical 

mechanics with a new physics which contains two parts 

that describe different types of events in nature. 

In the first half of the century, the development of 

Charles Darwin in 1854, by then working towards publication of 
On the Origin of Species 

 

 

Combustion and chemical reactions were studied by Michael 
Faraday and reported in his lectures before the Royal Institution: 
The Chemical History of a Candle, 1861 

 

 
artificial fertilizer made global human population growth 

possible. At the same time, the structure of the atom 
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A simulated event in the CMS detector of the Large Hadron Col- 
lider, featuring a possible appearance of the Higgs boson 

 
 

and its nucleus was discovered, leading to the release of 

"atomic energy" (nuclear power). In addition, the exten- 

sive use of scientific innovation stimulated by the wars 

of this century led to antibiotics and increased life ex- 

pectancy, revolutions in transportation (automobiles and 

aircraft), the development of ICBMs, a space race, and a 

nuclear arms race, all giving a widespread public appre- 

ciation of the importance of modern science. 

Widespread use of integrated circuits in the last quarter 

of the 20th century combined with communications satel- 

lites led to a revolution in information technology and the 

rise of the global internet and mobile computing, includ- 

ing smartphones. 

More recently, it has been argued that the ultimate pur- 

pose of science is to make sense of human beings and 

our nature. For example, in his book Consilience, E. O. 

Wilson said: “The human condition is the most important 

frontier of the natural sciences”.[1]:334
 

 
Scientific method 
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Axis scale: billions of years. 

Also see: Human timeline and Life timeline 

Main article: Scientific method 

 
The scientific method seeks to explain the events of 

nature in a reproducible way.[nb 11] An explanatory 

thought experiment or hypothesis is put forward as ex- 

planation using principles such as parsimony (also known 

as "Occam’s Razor") and are generally expected to seek 

consilience—fitting well with other accepted facts related 

to the phenomena.[1] This new explanation is used to 

make falsifiable predictions that are testable by experi- 

ment or observation. The predictions are to be posted 

before a confirming experiment or observation is sought, 

as proof that no tampering has occurred. Disproof of 

a prediction is evidence of progress.[nb 12][nb 13] This is 

done partly through observation of natural phenomena, 

but also through experimentation that tries to simulate 

natural events under controlled conditions as appropriate 

to the discipline (in the observational sciences, such as as- 

tronomy or geology, a predicted observation might take 

the place of a controlled experiment). Experimentation 

is especially important in science to help establish causal 

relationships (to avoid the correlation fallacy). 

When a hypothesis proves unsatisfactory, it is either mod- 

ified or discarded.[34] If the hypothesis survived testing, 

it may become adopted into the framework of a scientific 

theory, a logically reasoned, self-consistent model or 

framework for describing the behavior of certain natu- 

ral phenomena. A theory typically describes the behav- 

ior of much broader sets of phenomena than a hypothesis; 

commonly, a large number of hypotheses can be logically 

bound together by a single theory. Thus a theory is a 

hypothesis explaining various other hypotheses. In that 

vein, theories are formulated according to most of the 

same scientific principles as hypotheses. In addition to 

testing hypotheses, scientists may also generate a model, 

an attempt to describe or depict the phenomenon in terms 

of a logical, physical or mathematical representation and 

to generate new hypotheses that can be tested, based on 

observable phenomena.[35]
 

While performing experiments to test hypotheses, scien- 

tists may have a preference for one outcome over another, 

and so it is important to ensure that science as a whole can 

eliminate this bias.[36][37] This can be achieved by careful 

experimental design, transparency, and a thorough peer 

review process of the experimental results as well as any 

conclusions.[38][39] After the results of an experiment are 

announced or published, it is normal practice for indepen- 

dent researchers to double-check how the research was 

performed, and to follow up by performing similar ex- 

periments to determine how dependable the results might 

be.[40] Taken in its entirety, the scientific method allows 

for highly creative problem solving while minimizing any 

effects of subjective bias on the part of its users (espe- 

cially the confirmation bias).[41]
 

 
Mathematics and formal sciences 

 

Main article: Mathematics 

Mathematics is essential to the sciences. One important 

 

 

 

 
A Venn diagram illustrating the intersection of two sets. 

 
function of mathematics in science is the role it plays in 

the expression of scientific models. Observing and col- 

lecting measurements, as well as hypothesizing and pre- 

dicting, often require extensive use of mathematics. For 

example, arithmetic, algebra, geometry, trigonometry, 

and calculus are all essential to physics. Virtually every 

branch of mathematics has applications in science, in- 

cluding “pure” areas such as number theory and topology. 

Statistical methods, which are mathematical techniques 

for summarizing and analyzing data, allow scientists to 

assess the level of reliability and the range of variation 

in experimental results. Statistical analysis plays a fun- 

damental role in many areas of both the natural sciences 

and social sciences. 

Computational science applies computing power to sim- 

ulate real-world situations, enabling a better understand- 

ing of scientific problems than formal mathematics alone 

A A∩B B 
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can achieve. According to the Society for Industrial 

and Applied Mathematics, computation is now as im- 

portant as theory and experiment in advancing scientific 

knowledge.[42]
 

A great amount of interest was taken in the study of 

formal logic in the early 20th century among mathe- 

maticians and philosophers with the rise of set theory 

 

frontal lobe 

 

somatomotor cortex  somatosensory cortex 

parietal lobe 

occipital lobe 

and its use for the foundations of mathematics. No- 

table mathematicians and philosophers who contributed 

to this field include: Gottlob Frege, Giuseppe Peano, 

George Boole, Ernst Zermelo, Abraham Fraenkel, David 

Hilbert, Bertrand Russell, and Alfred Whitehead among 

temporal lobe 
 

medulla oblongata 

cerebellum 

 

 
spinal cord 

many others. Various axiomatic systems such as Peano 

arithmetic, the Zermelo–Fraenkel system of set theory, 

as well as the system in Principia Mathematica, were 

thought by many to prove the foundations of math. How- 

ever, in 1931, with the publication of Kurt Gödel’s 

incompleteness theorem, much of their efforts   were 

The somatosensory system is located throughout our bodies but 
is integrated in the brain. 

 
 

be based on observable phenomena and capable of being 

tested for its validity by other researchers working un- 
[45] 

undermined.[43] Formal logic is still studied today at uni- der the same conditions. There are also related disci- 

versities by students of mathematics, philosophy, and 

computer science. For example, boolean algebra is 

employed by all modern computers to function, and 

thus is an extremely useful branch of knowledge for 

programmers. 

Whether mathematics itself is properly classified as sci- 

plines that are grouped into interdisciplinary applied sci- 
ences, such as engineering and medicine. Within these 

categories are specialized scientific fields that can include 

parts of other scientific disciplines but often possess their 

own nomenclature and expertise.[46]
 

Mathematics,  which is classified as a formal     sci- 
[47][48] 

ence has been a matter of some debate. Some thinkers ence, has both similarities and differences with 

see mathematicians as scientists, regarding physical ex- 

periments as inessential or mathematical proofs as equiv- 

alent to experiments. Others do not see mathematics as 

a science because it does not require an experimental test 

of its theories and hypotheses.  Mathematical theorems 

the empirical sciences (the natural and social sciences). 

It is similar to empirical sciences in that it involves an 

objective, careful and systematic study of an area of 

knowledge; it is different because of its method of ver- 

ifying its knowledge, using a priori rather than empiri- 
[49] 

and formulas are obtained by logical derivations which cal methods. The formal sciences, which also include 

presume axiomatic systems, rather than the combination 

of empirical observation and logical reasoning that has 

come to be known as the scientific method. In general, 

mathematics is classified as formal science, while natural 

statistics and logic, are vital to the empirical sciences. 

Major advances in formal science have often led to major 

advances in the empirical sciences. The formal sciences 

are essential in the formation of hypotheses, theories, and 
[50] 

and social sciences are classified as empirical sciences.[44]
 laws, both in discovering and describing how things 

 
1.1.2 Scientific community 

Main article: Scientific community 

 
The scientific community is the group of all interacting 

scientists. It includes many sub-communities working 

on particular scientific fields, and within particular insti- 

tutions; interdisciplinary and cross-institutional activities 

are also significant. 

 
Branches and fields 

 

Main article: Branches of science 

Scientific fields are commonly divided into two major 

groups: natural sciences, which study natural phenom- 

ena (including biological life), and social sciences, which 

study human behavior and societies. These are both 

empirical sciences, which means their knowledge must 

work (natural sciences) and how people think and act (so- 

cial sciences). 

Apart from its broad meaning, the word “science” some- 

times may specifically refer to fundamental sciences 

(maths and natural sciences) alone. Science schools or 

faculties within many institutions are separate from those 

for medicine or engineering, each of which is an applied 

science. 

 

Institutions 

 

Learned societies for the communication and promotion 

of scientific thought and experimentation have existed 

since the Renaissance period.[51] The oldest surviving in- 

stitution is the Italian Accademia dei Lincei which was es- 

tablished in 1603.[52] The respective National Academies 

of Science are distinguished institutions that exist in a 

number of countries, beginning with the British Royal So- 

ciety in 1660[53] and the French Académie des Sciences in 

1666.[54]
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International scientific organizations, such as the 

International Council for Science, have since been 

formed to promote cooperation between the scientific 

communities of different nations. Many governments 

have dedicated agencies to support scientific research. 

Prominent scientific organizations include the National 

Science Foundation in the U.S., the National Scientific 

and Technical Research Council in Argentina, CSIRO 

in Australia, Centre national de la recherche scienti- 

fique in France, the Max Planck Society and Deutsche 

Forschungsgemeinschaft in Germany, and CSIC in 

Spain. 

 

Literature 
 

Main article: Scientific literature 

 
An enormous range of scientific literature is published.[55] 

Scientific journals communicate and document the results 

of research carried out in universities and various other 

research institutions, serving as an archival record of sci- 

ence. The first scientific journals, Journal des Sçavans 
followed by the Philosophical Transactions, began publi- 

cation in 1665. Since that time the total number of ac- 

tive periodicals has steadily increased. In 1981, one esti- 

mate for the number of scientific and technical journals 

in publication was 11,500.[56] The United States National 

Library of Medicine currently indexes 5,516 journals that 

contain articles on topics related to the life sciences. Al- 

Women in science 
 

Main article: Women in science 

Science has historically been a male-dominated field, 
 

Marie Curie was the first person to be awarded two Nobel Prizes: 
[59] 

though the journals are in 39 languages, 91 percent of the 

indexed articles are published in English.[57]
 

Most scientific journals cover a single scientific field and 

publish the research within that field; the research is nor- 

mally expressed in the form of a scientific paper. Science 

has become so pervasive in modern societies that it is gen- 

erally considered necessary to communicate the achieve- 

ments, news, and ambitions of scientists to a wider pop- 

ulace. 

Science magazines such as New Scientist, Science & Vie, 

and Scientific American cater to the needs of a much wider 

readership and provide a non-technical summary of pop- 

ular areas of research, including notable discoveries and 

advances in certain fields of research. Science books en- 

gage the interest of many more people. Tangentially, the 

science fiction genre, primarily fantastic in nature, en- 

gages the public imagination and transmits the ideas, if 

not the methods, of science. 

Recent efforts to intensify or develop links between sci- 

ence and non-scientific disciplines such as literature or 

more specifically, poetry, include the Creative Writing 
Science resource developed through the Royal Literary 

Fund.[58]
 

 
1.1.3 Science and society 

Physics in 1903 and Chemistry in 1911 

 
with some notable exceptions.[nb 14] Women faced consid- 

erable discrimination in science, much as they did in other 

areas of male-dominated societies, such as frequently be- 

ing passed over for job opportunities and denied credit 

for their work.[nb 15] For example, Christine Ladd (1847– 

1930) was able to enter a PhD program as “C. Ladd"; 

Christine “Kitty” Ladd completed the requirements in 

1882, but was awarded her degree only in 1926, after a 

career which spanned the algebra of logic (see truth ta- 

ble), color vision, and psychology. Her work preceded 

notable researchers like Ludwig Wittgenstein and Charles 

Sanders Peirce. The achievements of women in science 

have been attributed to their defiance of their traditional 

role as laborers within the domestic sphere.[60]
 

In the late 20th century, active recruitment of women and 

elimination of institutional discrimination on the basis of 

sex greatly increased the number of women scientists, but 

large gender disparities remain in some fields; over half of 

new biologists are female, while 80% of PhDs in physics 

are given to men. Feminists claim this is the result of cul- 

ture rather than an innate difference between the sexes, 

and some experiments have shown that parents challenge 

and explain more to boys than girls, asking them to reflect 

more deeply and logically.[61]: 258–261. In the early part 

of the 21st century, in America, women earned 50.3% 

bachelor’s degrees, 45.6% master’s degrees, and  40.7% 
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of PhDs in science and engineering fields with women 

earning more than half of the degrees in three fields: Psy- 

chology (about 70%), Social Sciences (about 50%), and 

Biology (about 50-60%). However, when it comes to 

the Physical Sciences, Geosciences, Math, Engineering, 

and Computer Science, women earned less than half the 

degrees.[62] However, lifestyle choice also plays a major 

role in female engagement in science; women with young 

children are 28% less likely to take tenure-track positions 

due to work-life balance issues,[63] and female graduate 

students’ interest in careers in research declines dramati- 

cally over the course of graduate school, whereas that of 

their male colleagues remains unchanged.[64]
 

 
Science policy 

 

Main articles: Science policy, History of science policy, 

Funding of science, and Economics of science 

Science policy is an area of public policy concerned 
 

 

President Clinton meets the 1998 U.S. Nobel Prize winners in the 
White House 

 

with the policies that affect the conduct of the scien- 

tific enterprise, including research funding, often in pur- 

suance of other national policy goals such as technologi- 

cal innovation to promote commercial product develop- 

ment, weapons development, health care and environ- 

mental monitoring. Science policy also refers to the act of 

applying scientific knowledge and consensus to the devel- 

opment of public policies. Science policy thus deals with 

the entire domain of issues that involve the natural sci- 

ences. In accordance with public policy being concerned 

about the well-being of its citizens, science policy’s goal 

is to consider how science and technology can best serve 

the public. 

State policy has influenced the funding of public works 

and science for thousands of years, dating at least from the 

time of the Mohists, who inspired the study of logic dur- 

ing the period of the Hundred Schools of Thought, and 

the study of defensive fortifications during the Warring 

States period in China. In Great Britain, governmental 

approval of the Royal Society in the 17th century rec- 

ognized a scientific community which exists to this day. 

The professionalization of science, begun in the 19th cen- 

tury, was partly enabled by the creation of scientific or- 

ganizations such as the National Academy of Sciences, 

the Kaiser Wilhelm Institute, and state funding of uni- 

versities of their respective nations. Public policy can di- 

rectly affect the funding of capital equipment and intel- 

lectual infrastructure for industrial research by providing 

tax incentives to those organizations that fund research. 

Vannevar Bush, director of the Office of Scientific Re- 

search and Development for the United States govern- 

ment, the forerunner of the National Science Foundation, 

wrote in July 1945 that “Science is a proper concern of 

government.”[65]
 

Science and technology research is often funded through 

a competitive process in which potential research projects 

are evaluated and only the most promising receive fund- 

ing. Such processes, which are run by government, cor- 

porations, or foundations, allocate scarce funds. To- 

tal research funding in most developed countries is be- 

tween 1.5% and 3% of GDP.[66] In the OECD, around 

two-thirds of research and development in scientific and 

technical fields is carried out by industry, and 20% 

and 10% respectively by universities and government. 

The government funding proportion in certain industries 

is higher, and it dominates research in social science 

and humanities. Similarly, with some exceptions (e.g. 

biotechnology) government provides the bulk of the funds 

for basic scientific research. In commercial research and 

development, all but the most research-oriented corpora- 

tions focus more heavily on near-term commercialisation 

possibilities rather than "blue-sky" ideas or technologies 

(such as nuclear fusion). 

 

Media perspectives 

 

The mass media face a number of pressures that can pre- 

vent them from accurately depicting competing scientific 

claims in terms of their credibility within the scientific 

community as a whole. Determining how much weight 

to give different sides in a scientific debate may require 

considerable expertise regarding the matter.[67] Few jour- 

nalists have real scientific knowledge, and even beat re- 

porters who know a great deal about certain scientific is- 

sues may be ignorant about other scientific issues that they 

are suddenly asked to cover.[68][69]
 

 
Political usage 

 

See also: Politicization of science 

 
Many issues damage the relationship of science to the 

media and the use of science and scientific arguments 

by politicians. As a very broad generalisation, many 

politicians seek certainties and facts whilst scientists typ- 

ically offer probabilities and caveats. However, politi- 

cians’ ability to be heard in the mass media frequently 

distorts the scientific understanding by the public. Exam- 
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ples in the United Kingdom include the controversy over 

the MMR inoculation, and the 1988 forced resignation of 

a Government Minister, Edwina Currie, for revealing the 

high probability that battery farmed eggs were contami- 

nated with Salmonella.[70]
 

John Horgan, Chris Mooney, and researchers from the 

US and Canada have described Scientific Certainty Ar- 

gumentation Methods (SCAMs), where an organization 

or think tank makes it their only goal to cast doubt 

on supported science because it conflicts with political 

agendas.[71][72][73][74] Hank Campbell and microbiologist 

Alex Berezow have described “feel-good fallacies” used 

in politics, especially on the left, where politicians frame 

their positions in a way that makes people feel good about 

supporting certain policies even when scientific evidence 

shows there is no need to worry or there is no need for dra- 

matic change on current programs.[75]: Vol. 78, No. 1. 2–38
 

 
Science and the public 

 

Various activities are developed to facilitate communi- 

cation between the general public and science/scientists, 

such as science outreach, public awareness of science, 

science communication, science festivals, citizen science, 

science journalism, public science, and popular science. 

See Science and the public for related concepts. 

Science is represented by the 'S' in STEM fields. 

 

1.1.4 Philosophy of science 

See also: Philosophy of science 

 
Working scientists usually take for granted a set of ba- 

sic assumptions that are needed to justify the scientific 

method: (1) that there is an objective reality shared 

by all rational observers; (2) that this objective real- 

ity is governed by natural laws; (3) that these laws 

can be discovered by means of systematic observation 

and experimentation.[15] Philosophy of science seeks a 

deep understanding of what these underlying assumptions 

mean and whether they are valid. 

The belief that scientific theories should and do repre- 

sent metaphysical reality is known as realism. It can 

be contrasted with anti-realism, the view that the suc- 

cess of science does not depend on it being accurate 

about unobservable entities such as electrons. One form 

of anti-realism is idealism, the belief that the mind or 

consciousness is the most basic essence, and that each 

mind generates its own reality.[nb 16] In an idealistic world 

view, what is true for one mind need not be true for other 

minds. 

There are different schools of thought in philosophy of 

science. The most popular position is empiricism,[nb 17] 

which holds that knowledge is created by a process in- 

volving observation and that scientific theories are the 

 

 
 

The Sand Reckoner is a work by Archimedes in which he sets out 
to determine an upper bound for the number of grains of sand 
that fit into the universe. In order to do this, he had to estimate 
the size of the universe according to the contemporary model, and 
invent a way to analyze extremely large numbers. 

 
 

result of generalizations from such observations.[76] Em- 

piricism generally encompasses inductivism, a position 

that tries to explain the way general theories can be jus- 

tified by the finite number of observations humans can 

make and hence the finite amount of empirical evidence 

available to confirm scientific theories. This is necessary 

because the number of predictions those theories make 

is infinite, which means that they cannot be known from 

the finite amount of evidence using deductive logic only. 

Many versions of empiricism exist, with the predom- 

inant ones being Bayesianism[77] and the hypothetico- 

deductive method.[78]:p236
 

Empiricism has stood in contrast to rationalism, the po- 

sition originally associated with Descartes, which holds 

that knowledge is created by the human intellect, not 

by observation.[78]:p20 Critical rationalism is a contrast- 

ing 20th-century approach to science, first defined by 

Austrian-British philosopher Karl Popper. Popper re- 

jected the way that empiricism describes the connection 

between theory and observation. He claimed that theories 

are not generated by observation, but that observation is 

made in the light of theories and that the only way a theory 

can be affected by observation is when it comes in con- 

flict with it.[78]:pp63–7 Popper proposed replacing verifia- 

bility with falsifiability as the landmark of scientific the- 

ories and replacing induction with falsification as the em- 

pirical method.[78]:p68 Popper further claimed that there 

is actually only one universal method, not specific to sci- 

ence: the negative method of criticism, trial and error.[79] 

It covers all products of the human mind, including sci- 

ence, mathematics, philosophy, and art.[80]
 

Another approach, instrumentalism, colloquially termed 

“shut up and multiply,”[81] emphasizes the utility of 

theories as instruments for explaining and predicting 

phenomena.[82] It views scientific theories as black boxes 

with only their input (initial conditions) and output (pre- 

dictions) being relevant. Consequences, theoretical en- 

tities, and logical structure are claimed to be something 
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that should simply be ignored and that scientists shouldn't 

make a fuss about (see interpretations of quantum me- 

chanics). Close to instrumentalism is constructive em- 

piricism, according to which the main criterion for the 

success of a scientific theory is whether what it says about 

observable entities is true. 

Paul Feyerabend advanced the idea of epistemological 

anarchism, which holds that there are no useful 

and exception-free methodological rules governing the 

progress of science or the growth of knowledge and that 

the idea that science can or should operate according to 

universal and fixed rules are unrealistic, pernicious and 

detrimental to science itself.[83] Feyerabend advocates 

treating science as an ideology alongside others such as 

religion, magic, and mythology, and considers the dom- 

inance of science in society authoritarian and unjusti- 

fied. He also contended (along with Imre Lakatos) that 

the demarcation problem of distinguishing science from 

pseudoscience on objective grounds is not possible and 

thus fatal to the notion of science running according to 

fixed, universal rules.[83] Feyerabend also stated that sci- 

ence does not have evidence for its philosophical pre- 

cepts, particularly the notion of uniformity of law and 

process across time and space.[84]
 

Finally, another approach often cited in debates of 

scientific skepticism against controversial movements like 

"creation science" is methodological naturalism. Its main 

point is that a difference between natural and supernatural 

explanations should be made and that science should be 

restricted methodologically to natural explanations.[nb 18] 

That the restriction is merely methodological (rather 

than ontological) means that science should not consider 

supernatural explanations itself, but should not claim 

them to be wrong either. Instead, supernatural explana- 

tions should be left a matter of personal belief outside 

the scope of science. Methodological naturalism main- 

tains that proper science requires strict adherence to 

empirical study and independent verification as a pro- 

cess for properly developing and evaluating explanations 

for observable phenomena.[85] The absence of these stan- 

dards, arguments from authority, biased observational 

studies and other common fallacies are frequently cited 

by supporters of methodological naturalism as character- 

istic of the non-science they criticize. 

 

 

Certainty and science 

 

A scientific theory is empirical[nb 17][86] and is always 

open to falsification if new evidence is presented. That 

is, no theory is ever considered strictly certain as science 

accepts the concept of fallibilism.[nb 19] The philosopher 

of science Karl Popper sharply distinguished truth from 

certainty. He wrote that scientific knowledge “consists 

in the search for truth,” but it “is not the search for cer- 

tainty ... All human knowledge is fallible and therefore 

uncertain.”[87]:p4
 

 

 
 

The DNA double helix is a molecule that encodes the genetic in- 
structions used in the development and functioning of all known 
living organisms and many viruses. 

 
 
 

New scientific knowledge rarely results in vast changes 

in our understanding. According to psychologist Keith 

Stanovich, it may be the media’s overuse of words like 

“breakthrough” that leads the public to imagine that sci- 

ence is constantly proving everything it thought was true 

to be false.[88]:119–138 While there are such famous cases 

as the theory of relativity that required a complete recon- 

ceptualization, these are extreme exceptions. Knowledge 

in science is gained by a gradual synthesis of informa- 

tion from different experiments by various researchers 

across different branches of science; it is more like a 

climb than a leap.[88]:123 Theories vary in the extent to 

which they have been tested and verified, as well as 

their acceptance in the scientific community.[nb 20] For 

example, heliocentric theory, the theory of evolution, 

relativity theory, and germ theory still bear the name 

“theory” even though, in practice, they are considered 

factual.[89] Philosopher Barry Stroud adds that, although 

the best definition for "knowledge" is contested, being 

skeptical and entertaining the possibility that one is incor- 

rect is compatible with being correct. Ironically, then, 

the scientist adhering to proper scientific approaches will 
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doubt themselves even once they possess the truth.[90] The 

fallibilist C. S. Peirce argued that inquiry is the strug- 

gle to resolve actual doubt and that merely quarrelsome, 

verbal, or hyperbolic doubt is fruitless[91]—but also that 

the inquirer should try to attain genuine doubt rather than 

resting uncritically on common sense.[92] He held that the 

successful sciences trust not to any single chain of infer- 

ence (no stronger than its weakest link) but to the cable of 

multiple and various arguments intimately connected.[93]
 

Stanovich also asserts that science avoids searching for 

a “magic bullet"; it avoids the single-cause fallacy. This 

means a scientist would not ask merely “What is the cause 

of ...”, but rather “What are the most significant causes of 

...”. This is especially the case in the more macroscopic 

fields of science (e.g. psychology, physical cosmol- 

ogy).[88]:141–147 Of course, research often analyzes few 

factors at once, but these are always added to the long list 

of factors that are most important to consider.[88]:141–147 

For example, knowing the details of only a person’s genet- 

ics, or their history and upbringing, or the current situa- 

tion may not explain a behavior, but a deep understanding 

of all these variables combined can be very predictive. 

 

Fringe science, pseudoscience, and junk science 

 

An area of study or speculation that masquerades as sci- 

ence in an attempt to claim a legitimacy that it would 

not otherwise be able to achieve is sometimes referred to 

as pseudoscience, fringe science, or junk science.[nb 21] 

Physicist Richard Feynman coined the term "cargo cult 

science" for cases in which researchers believe they are 

doing science because their activities have the outward 

appearance of science but actually lack the “kind of ut- 

ter honesty” that allows their results to be rigorously 

evaluated.[94] Various types of commercial advertising, 

ranging from hype to fraud, may fall into these categories. 

There can also be an element of political or ideological 

bias on all sides of scientific debates. Sometimes, re- 

search may be characterized as “bad science,” research 

that may be well-intended but is actually incorrect, obso- 

lete, incomplete, or over-simplified expositions of scien- 

tific ideas. The term "scientific misconduct" refers to sit- 

uations such as where researchers have intentionally mis- 

represented their published data or have purposely given 

credit for a discovery to the wrong person.[95]
 

 
1.1.5 Scientific practice 

 

Although encyclopedias such as Pliny’s (fl. 77 AD) 

Natural History offered purported fact, they proved un- 

reliable. A skeptical point of view, demanding a method 

of proof, was the practical position taken to deal with un- 

reliable knowledge. As early as 1000 years ago, scholars 

such as Alhazen (Doubts Concerning Ptolemy), Roger Ba- 

con, Witelo, John Pecham, Francis Bacon (1605), and C. 

S. Peirce (1839–1914) provided the community to ad- 

 

 
 

Astronomy became much more accurate after Tycho Brahe de- 
vised his scientific instruments for measuring angles between two 
celestial bodies, before the invention of the telescope. Brahe’s 
observations were the basis for Kepler’s laws. 

 
 

dress these points of uncertainty. In particular, fallacious 

reasoning can be exposed, such as "affirming the conse- 

quent.” 

 

 
“If a man will begin with certainties, he 

shall end in doubts; but if he will be content to 

begin with doubts, he shall end in certainties.” 

— Francis Bacon, "The Advancement of 

Learning", Book 1, v, 8 

 

 

 

The methods of inquiry into a problem have been known 

for thousands of years,[96] and extend beyond theory to 

practice. The use of measurements, for example, is a 

practical approach to settle disputes in the community. 

John Ziman points out that intersubjective pattern recog- 

nition is fundamental to the creation of all scientific 

knowledge.[97]:p44 Ziman shows how scientists can iden- 

tify patterns to each other across centuries; he refers to 

this ability as “perceptual consensibility.”[98]:p46 He then 

makes consensibility, leading to consensus, the touch- 

stone of reliable knowledge.[98]:p104
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Anthropogenic pollution has an effect on the Earth’s environment 
and climate 

 
 

Basic and applied research 

 
Although some scientific research is applied research 

into specific problems, a great deal of our understanding 

comes from the curiosity-driven undertaking of basic re- 

search. This leads to options for technological advance 

that were not planned or sometimes even imaginable. 

This point was made by Michael Faraday when allegedly 

in response to the question “what is the use of basic re- 

search?" he responded: “Sir, what is the use of a new- 

born child?".[99] For example, research into the effects of 

red light on the human eye’s rod cells did not seem to have 

any practical purpose; eventually, the discovery that our 

night vision is not troubled by red light would lead search 

and rescue teams (among others) to adopt red light in the 

cockpits of jets and helicopters.[88]:106–110 In a nutshell, 

basic research is the search for knowledge and applied 

research is the search for solutions to practical problems 

using this knowledge. Finally, even basic research can 

take unexpected turns, and there is some sense in which 

the scientific method is built to harness luck. 

 

 

 
Research in practice 

 
Due to the increasing complexity of information and spe- 

cialization of scientists, most of the cutting-edge research 

today is done by well-funded groups of scientists, rather 

than individuals.[100] D.K. Simonton notes that due to the 

breadth of very precise and far reaching tools already 

used by researchers today and the amount of research 

generated so far, creation of new disciplines or revolu- 

tions within a discipline may no longer be possible as it is 

unlikely that some phenomenon that merits its own dis- 

cipline has been overlooked. Hybridizing of disciplines 

and finessing knowledge is, in his view, the future of 

science.[100]
 

 

Practical impacts of scientific research 

 

Discoveries in fundamental science can be world- 

changing. For example: 

 

 

 
1.1.6 See also 

• Antiquarian science books 

• Criticism of science 

• Human timeline 

• Index of branches of science 

• Life timeline 

• Normative science 

• Outline of science 

• Pathological science 

• Protoscience 

• 

• Science wars 

• Scientific dissent 

• Sociology of scientific knowledge 

 

1.1.7 Notes 

[1] From Latin scientia, meaning “knowledge”. “science”. 

Online Etymology Dictionary. Retrieved September 20, 

2014. 
 

• “science”. Merriam-Webster Online Dictionary. 

Merriam-Webster, Inc. Retrieved October 16, 

2011. 3 a: knowledge or a system of knowledge 

covering general truths or the operation of general 

laws especially as obtained and tested through sci- 

entific method b: such knowledge or such a system 

of knowledge concerned with the physical world 

and its phenomena. 
 

[2] "... modern science is a discovery as well as an inven- 

tion. It was a discovery that nature generally acts regularly 

enough to be described by laws and even by mathematics; 

and required invention to devise the techniques, ab- 

stractions, apparatus, and organization for exhibiting the 

regularities and securing their law-like descriptions.”— 

Heilbron 2003, p. vii 
 

[3] Isaac Newton’s Philosophiae Naturalis Principia Mathe- 

matica (1687), for example, is translated “Mathematical 

Principles of Natural Philosophy”, and reflects the then- 

current use of the words "natural philosophy", akin to 

“systematic study of nature” 
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[4] “The historian ... requires a very broad definition of “sci- 

ence” — one that ... will help us to understand the modern 

scientific enterprise. We need to be broad and inclusive, 

rather than narrow and exclusive ... and we should ex- 

pect that the farther back we go [in time] the broader we 

will need to be.” — David Pingree (1992), “Hellenophilia 

versus the History of Science” Isis 83 554–63, as cited in 

(Lindberg 2007, p. 3), The beginnings of Western science: 
the European Scientific tradition in philosophical, religious, 
and institutional context, Second ed. Chicago: Univ. of 

Chicago Press ISBN 978-0-226-48205-7 

• See Edward Grant (1997) “When did modern sci- 

ence begin?" The American Scholar pp.105-113 in 

JSTOR: 

• History of science#Early cultures 

• History of science#Ancient Near East, 
Mesopotamia 

• History of science#Ancient Near East, Egypt 

• History of Science in China 

• History of science#India 

[5] "... [A] man knows a thing scientifically when he pos- 

sesses a conviction arrived at in a certain way, and when 

the first principles on which that conviction rests are 

known to him with certainty—for unless he is more cer- 

tain of his first principles than of the conclusion drawn 

from them he will only possess the knowledge in ques- 

tion accidentally.” — Aristotle, Nicomachean Ethics 6 (H. 

Rackham, ed.) Aristot. Nic. Eth. 1139b 

[6] Tracey Tokuhama-Espinosa (2010). Mind, Brain, and 
Education Science: A Comprehensive Guide to the New 
Brain-Based Teaching. W. W. Norton & Company. p. 

39. ISBN 978-0-393-70607-9. Alhazen (or Al-Haytham; 

965–1039 C.E.) was perhaps one of the greatest physicists 

of all times and a product of the Islamic Golden Age or 

Islamic Renaissance (7th–13th centuries). He made sig- 

nificant contributions to anatomy, astronomy, engineer- 

ing, mathematics, medicine, ophthalmology, philosophy, 

physics, psychology, and visual perception and is primar- 

ily attributed as the inventor of the scientific method, for 

which author Bradley Steffens (2006) describes him as the 

“first scientist”. 

[7] Alhacen had access to the optics books of Euclid and 

Ptolemy, as is shown by the title of his lost work A Book 
in which I have Summarized the Science of Optics from the 
Two Books of Euclid and Ptolemy, to which I have added 
the Notions of the First Discourse which is Missing from 

Ptolemy’s Book From Ibn Abi Usaibia's catalog, as cited 

in (Smith 2001):91(vol.1),p.xv 

[8] "[Ibn al-Haytham] followed Ptolemy’s bridge building ... 

into a grand synthesis of light and vision. Part of his ef- 

fort consisted in devising ranges of experiments, of a kind 

probed before but now undertaken on larger scale.”— 

Cohen 2010, p. 59 

[9] The translator, Gerard of Cremona (c. 1114–87), in- 

spired by his love of the Almagest, came to Toledo, where 

he knew he could find the Almagest in Arabic. There 

he found Arabic books of every description, and learned 

Arabic in order to translate these books into Latin, be- 

ing aware of 'the poverty of the Latins’. —As cited by 

 

Charles Burnett (2001) “The Coherence of the Arabic- 

Latin Translation Program in Toledo in the Twelfth Cen- 

tury”, pp. 250, 255, & 257, Science in Context 14(1/2), 

249–288 (2001). DOI: 10.1017/0269889701000096 

[10] Kepler, Johannes (1604) Ad Vitellionem paralipomena, 
quibus astronomiae pars opticae traditur (Supplements to 

Witelo, in which the optical part of astronomy is treated) 

as cited in Smith, A. Mark (2004) “What is the history of 

Medieval Optics Really About?" Proceedings of the Amer- 
ican Philosophical Society 148(2 — Jun. 2004), pp. 180- 

194 p.192 via JSTOR 

• The full title translation is from p.60 of James 

R. Voelkel (2001) Johannes Kepler and the New 
Astronomy Oxford University Press. Kepler was 

driven to this experiment after observing the par- 

tial solar eclipse at Graz, July 10, 1600. He used 

Tycho Brahe’s method of observation, which was 

to project the image of the sun on a piece of pa- 

per through a pinhole aperture, instead of looking 

directly at the sun. He disagreed with Brahe’s con- 

clusion that total eclipses of the sun were impossi- 

ble, because there were historical accounts of to- 

tal eclipses. Instead he deduced that the size of the 

aperture controls the sharpness of the projected im- 

age (the larger the aperture, the more accurate the 

image — this fact is now fundamental for optical 

system design). Voelkel, p.61, notes that Kepler’s 

experiments produced the first correct account of 

vision and the eye, because he realized he could not 

accurately write about astronomical observation by 

ignoring the eye. 

[11] di Francia 1976, p. 13: “The amazing point is that for the 

first time since the discovery of mathematics, a method 

has been introduced, the results of which have an inter- 

subjective value!" (Author’s  punctuation) 

[12] di Francia 1976, pp. 4–5: “One learns in a laboratory; one 

learns how to make experiments only by experimenting, 

and one learns how to work with his hands only by using 

them. The first and fundamental form of experimenta- 

tion in physics is to teach young people to work with their 

hands. Then they should be taken into a laboratory and 

taught to work with measuring instruments — each stu- 

dent carrying out real experiments in physics. This form 

of teaching is indispensable and cannot be read in a book.” 

[13] Fara 2009, p. 204: “Whatever their discipline, scientists 

claimed to share a common scientific method that ... dis- 

tinguished them from non-scientists.” 

[14] Women in science have included: 

• Hypatia (c. 350–415  CE),  of  the Library of 

Alexandria. 

• Trotula of Salerno, a physician c. 1060 CE. 

• Caroline Herschel, one of the first professional as- 

tronomers of the 18th and 19th centuries. 

• Christine Ladd-Franklin, a doctoral student of C. 

S. Peirce, who published Wittgenstein’s proposi- 

tion 5.101 in her dissertation, 40 years before 

Wittgenstein’s publication of Tractatus Logico- 

Philosophicus. 
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• Henrietta Leavitt, a professional human computer 

and astronomer, who first published the significant 

relationship between the luminosity of Cepheid 

variable stars and their distance from Earth. This 

allowed Hubble to make the discovery of the ex- 

panding universe, which led to the Big Bang theory. 

• Emmy Noether, who proved the conservation of en- 

ergy and other constants of motion in 1915. 

• Marie Curie, who made discoveries relating to ra- 

dioactivity along with her husband, and for whom 

Curium is named. 

• Rosalind Franklin, who worked with X-ray diffrac- 

tion. 
 

[15] Nina Byers, Contributions of 20th Century Women to 

Physics which provides details on 83 female physicists of 

the 20th century. By 1976, more women were physicists, 

and the 83 who were detailed were joined by other women 

in noticeably larger numbers. 
 

[16] This realization is the topic of intersubjective verifiabil- 

ity, as recounted, for example, by Max Born (1949, 1965) 

Natural Philosophy of Cause and Chance, who points out 

that all knowledge, including natural or social science, is 

also subjective. p. 162: “Thus it dawned upon me that 

fundamentally everything is subjective, everything with- 

out exception. That was a shock.” 
 

[17] In his investigation of the law of falling bodies, Galileo 

(1638) serves as example for scientific investigation: Two 
New Sciences “A piece of wooden moulding or scantling, 

about 12 cubits long, half a cubit wide, and three finger- 

breadths thick, was taken; on its edge was cut a channel a 

little more than one finger in breadth; having made this 

groove very straight, smooth, and polished, and having 

lined it with parchment, also as smooth and polished as 

possible, we rolled along it a hard, smooth, and very round 

bronze ball. Having placed this board in a sloping posi- 

tion, by lifting one end some one or two cubits above the 

other, we rolled the ball, as I was just saying, along the 

channel, noting, in a manner presently to be described, 

the time required to make the descent. We . . . now 

rolled the ball only one-quarter the length of the channel; 

and having measured the time of its descent, we found it 

precisely one-half of the former. Next we tried other dis- 

tances, comparing the time for the whole length with that 

for the half, or with that for two-thirds, or three-fourths, 

or indeed for any fraction; in such experiments, repeated 

many, many, times.” Galileo solved the problem of time 

measurement by weighing a jet of water collected during 

the descent of the bronze ball, as stated in his Two New 
Sciences. 

 

[18] Godfrey-Smith 2003, p. 151 credits Willard Van Or- 

man Quine (1969) “Epistemology Naturalized” Ontolog- 
ical Relativity and Other Essays New York: Columbia 

University Press, as well as John Dewey, with the ba- 

sic ideas of naturalism — Naturalized Epistemology, but 

Godfrey-Smith diverges from Quine’s position: according 

to Godfrey-Smith, “A naturalist can think that science can 

contribute to answers to philosophical questions, without 

thinking that philosophical questions can be replaced by 

science questions.”. 

 

[19] “No amount of experimentation can ever prove me right; 

a single experiment can prove me wrong.” —Albert Ein- 

stein, noted by Alice Calaprice (ed. 2005) The New 
Quotable Einstein Princeton University Press and Hebrew 

University of Jerusalem, ISBN 0-691-12074-9 p. 291. 

Calaprice denotes this not as an exact quotation, but as a 

paraphrase of a translation of A. Einstein’s “Induction and 

Deduction”. Collected Papers of Albert Einstein 7 Docu- 

ment 28. Volume 7 is The Berlin Years: Writings, 1918– 
1921. A. Einstein; M. Janssen, R. Schulmann, et al., eds. 
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can Dictionary, published by the Oxford English Dic- 

tionary; Hansson, Sven Ove (1996)."Defining Pseudo- 

science”, Philosophia Naturalis, 33: 169–176, as cited 
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most modern classic on the subject (Gardner 1957) bears 

the title Fads and Fallacies in the Name of Science. Ac- 
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tionable about these beliefs is that they masquerade as gen- 
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sume that to be pseudoscientific, an activity or a teaching 

has to satisfy the following two criteria (Hansson 1996): 
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• For example, Hewitt et al. Conceptual Physical Sci- 
ence Addison Wesley; 3 edition (July 18, 2003) 

ISBN 0-321-05173-4, Bennett et al. The Cosmic 
Perspective 3e Addison Wesley; 3 edition (July 25, 

2003) ISBN 0-8053-8738-2; See also, e.g., Gauch 

HG Jr. Scientific Method in Practice (2003). 

• A 2006 National Science Foundation report on Sci- 

ence and engineering indicators quoted Michael 

Shermer's (1997) definition of pseudoscience: 

'"claims presented so that they appear [to be] sci- 

entific even though they lack supporting evidence 

and plausibility"(p. 33). In contrast, science is “a 

set of methods designed to describe and interpret 

observed and inferred phenomena, past or present, 

and aimed at building a testable body of knowledge 

open to rejection or confirmation"(p. 17)'.Sher- 

mer M. (1997). Why People Believe Weird Things: 
Pseudoscience, Superstition, and Other Confusions 
of Our Time. New York: W. H. Freeman and Com- 

pany. ISBN 0-7167-3090-1. as cited by National 

Science Board. National Science Foundation, Di- 

vision of Science Resources Statistics (2006). “Sci- 
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ence and Technology: Public Attitudes and Under- 

standing”. Science and engineering indicators  2006. 

• “A pretended or spurious science; a collection of 

related beliefs about the world mistakenly regarded 

as being based on scientific method or as having 

the status that scientific truths now have,” from the 

Oxford English Dictionary, second edition 1989. 

[22] Evicting Einstein, March 26, 2004, NASA. “Both [relativ- 
ity and quantum mechanics] are extremely successful. The 
Global Positioning System (GPS), for instance, wouldn't 
be possible without the theory of relativity. Computers, 
telecommunications, and the Internet, meanwhile, are spin- 
offs of quantum mechanics.” 
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1.2 Discipline (academia) 
 
“Academic discipline” redirects here. It is not to be 

confused with School discipline. 

For a topical guide to this subject, see Outline of 

academic disciplines. 

 
An academic discipline or academic field is a branch of 

knowledge. It incorporates expertise, people, projects, 

communities, challenges, studies, inquiry, and research 

areas that are strongly associated with a given scholas- 

tic subject area or college department. For example, 

the branches of science are commonly referred to as 

the scientific disciplines, e.g. physics, mathematics, and 

computer science. 

Individuals associated with academic disciplines are com- 

monly referred to as experts or specialists. Others, who 

may have studied liberal arts or systems theory rather than 

concentrating in a specific academic discipline, are clas- 

sified as generalists. 

While academic disciplines in and of themselves 

are more or less focused practices, scholarly ap- 

proaches such as multidisciplinarity, interdisciplinarity, 

transdisciplinarity, and crossdisciplinarity integrate as- 

pects from multiple academic disciplines, therefore ad- 

dressing any problems that may arise from narrow con- 

centration within specialized fields of study. For exam- 

ple, professionals may encounter trouble communicating 

across academic disciplines because of differences in lan- 

guage or specified concepts. 

Some researchers believe that academic disciplines may 

be replaced by what is known as Mode 2[1] or “post- 

academic science”,[2] which involves the acquisition of 

cross-disciplinary knowledge through collaboration of 

specialists from various academic disciplines. 

This article is on academic disciplines. 

 
 

1.2.1 History of the concept 
 

The University of Paris in 1231 consisted of four 

faculties: Theology, Medicine, Canon Law and Arts.[3]
 

Educational institutions originally used the term “disci- 

pline” to catalog and archive the new and expanding body 

of information produced by the scientific community. 

Disciplinary designations originated in German Univer- 

sities during the beginning of the nineteenth century. 

Most academic disciplines have their roots in the mid- 

to-late-19th century secularization of universities, when 

the traditional curricula were supplemented with non- 

classical languages and literatures, social sciences such as 

political science, economics, sociology and public admin- 

istration, and natural science and technology disciplines 

such as physics, chemistry, biology, and engineering. 

In the early 20th century, new academic disciplines such 

as education and psychology were added. In the 1970s 

and 1980s, there was an explosion of new academic dis- 

ciplines focusing on specific themes, such as media stud- 

ies, women’s studies, and Africana studies. Many aca- 
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demic disciplines designed as preparation for careers and 

professions, such as nursing, hospitality management, 

and corrections, also emerged in the universities. Fi- 

nally, interdisciplinary scientific fields of study such as 

biochemistry and geophysics gained prominence as their 

contribution to knowledge became widely recognized. 

As the twentieth century approached, these designations 

were gradually adopted by other countries and became 

the accepted conventional subjects. However, these 

designations differed between various countries.[4] In 

the twentieth century, the science disciplines included: 

physics, chemistry, biology, geology, and astronomy. The 

social science disciplines included: economics, politics, 

sociology, and psychology. 

Prior to the twentieth century, categories were broad and 

general, which was expected due to the lack of interest 

in science at the time. With rare exceptions, practition- 

ers of science tended to be amateurs and were referred to 

as “natural historians” and “natural philosophers”—labels 

that date back to Aristotle—instead of “scientists”.[5] 

Natural history referred to what we now call life sciences 

and natural philosophy referred to the current physical 

sciences. 

Few opportunities existed for science as an occupation 

outside of the educational system. Higher education pro- 

vided the institutional structure for scientific investiga- 

tion, as well as economic support. Soon, the volume of 

scientific information rapidly increased and people real- 

ized the importance of concentrating on smaller fields of 

scientific activity. Because of this, scientific specializa- 

tions emerged. As these specializations developed, mod- 

ern scientific disciplines in universities also improved. 

Eventually, academia’s identified disciplines became the 

foundations for people of specific specialized interests 

and expertise.[6]
 

 

 

 

 

 

1.2.2 Functions and criticism 

 

A very influential critique of the concept of academic dis- 

ciplines came from Michel Foucault in his 1975 book, 

Discipline and Punish. Foucault asserts that academic dis- 

ciplines originate from the same social movements and 

mechanisms of control that established the modern prison 

and penal system in 18th century France, and that this 

fact reveals essential aspects they continue to have in 

common: “The disciplines characterize, classify, special- 

ize; they distribute along a scale, around a norm, hierar- 

chize individuals in relation to one another and, if neces- 

sary, disqualify and invalidate.” (Foucault, 1975/1979, p 

223.[7]) 

1.2.3 Communities of academic disci- 
plines 

 

Communities of academic disciplines can be found 

outside of academia within corporations, government 

agencies, and independent organizations, where they take 

the form of associations of professionals with common 

interests and specific knowledge. Such communities in- 

clude corporate think tanks, NASA, and IUPAC. Com- 

munities such as these exist to benefit the organizations 

affiliated with them by providing specialized new ideas, 

research, and findings. 

Nations at various developmental stages will find need for 

different academic disciplines during different times of 

growth. A newly developing nation will likely prioritize 

government and political matters over those of the arts 

and sciences. On the other hand, a well-developed nation 

may be capable of investing more into the arts and sci- 

ences. Communities of academic disciplines would con- 

tribute at varying levels of importance during different 

stages of development. 

 
1.2.4 Interactions 

 

These categories explain how the different academic dis- 

ciplines interact with one another. 

 
Multidisciplinary 

 

Main article:  Multidisciplinary approach 

 
Multidisciplinary knowledge is associated with more 

than one existing academic discipline or profession. 

A multidisciplinary community or project is made up of 

people from different academic disciplines and profes- 

sions. These people are engaged in working together as 

equal stakeholders in addressing a common challenge. A 

multidisciplinary person is one with degrees from two or 

more academic disciplines. This one person can take the 

place of two or more people in a multidisciplinary com- 

munity. Over time, multidisciplinary work does not typ- 

ically lead to an increase or a decrease in the number of 

academic disciplines. One key question is how well the 

challenge can be decomposed into subparts, and then ad- 

dressed via the distributed knowledge in the community. 

The lack of shared vocabulary between people and com- 

munication overhead can sometimes be an issue in these 

communities and projects. If challenges of a particular 

type need to be repeatedly addressed so that each one can 

be properly decomposed, a multidisciplinary community 

can be exceptionally efficient and effective. 

There are many examples of a particular idea appearing 

in different academic disciplines, all of which came about 

around the same time. One example of this scenario is the 

shift from the approach of focusing on sensory awareness 

https://en.wikipedia.org/wiki/Nursing
https://en.wikipedia.org/wiki/Hospitality_management_studies
https://en.wikipedia.org/wiki/Corrections
https://en.wikipedia.org/wiki/Biochemistry
https://en.wikipedia.org/wiki/Geophysics
https://en.wikipedia.org/wiki/Discipline_(academia)#cite_note-4
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Geology
https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Economics
https://en.wikipedia.org/wiki/Politics
https://en.wikipedia.org/wiki/Sociology
https://en.wikipedia.org/wiki/Psychology
https://en.wikipedia.org/wiki/Discipline_(academia)#cite_note-5
https://en.wikipedia.org/wiki/Discipline_(academia)#cite_note-6
https://en.wikipedia.org/wiki/Michel_Foucault
https://en.wikipedia.org/wiki/France
https://en.wikipedia.org/wiki/Discipline_(academia)#cite_note-7
https://en.wikipedia.org/wiki/Think_tanks
https://en.wikipedia.org/wiki/NASA
https://en.wikipedia.org/wiki/IUPAC
https://en.wikipedia.org/wiki/Multidisciplinary_approach


1.2.  DISCIPLINE (ACADEMIA) 23 
 

 

Muslims and Evolution of Science 

 

 

of the whole, “an attention to the 'total field'", a “sense 

of the whole pattern, of form and function as a unity”, 

an “integral idea of structure and configuration”. This 

has happened in art (in the form of cubism), physics, po- 

etry, communication and educational theory. According 

to Marshall McLuhan, this paradigm shift was due to the 

passage from the era of mechanization, which brought se- 

quentiality, to the era of the instant speed of electricity, 

which brought simultaneity.[8]
 

Multidisciplinary approaches also encourage people to 

help shape the innovation of the future. The political di- 

mensions of forming new multidisciplinary partnerships 

to solve the so-called societal Grand Challenges were 

presented in the Innovation Union and in the European 

Framework Programme, the Horizon 2020 operational 

overlay. Innovation across academic disciplines is con- 

sidered the pivotal foresight of the creation of new prod- 

ucts, systems, and processes for the benefit of all soci- 

eties’ growth and wellbeing. Regional examples such as 

Biopeople and industry-academia initiatives in transla- 

tional medicine such as SHARE.ku.dk in Denmark pro- 

vides the evidence of the successful endavour of multi- 

disciplinary innovation and facilitation of the paradigm 

shift. 

 

 

Interdisciplinary 

 

Main article: Interdisciplinarity 

 
“Interdisciplinary activity on a campus is a day-to-day 

mode of research (or study) where, in order to do the 

best work, each researcher’s work demands the use of 

ideas, concepts, materials or instruments from one or 

more other disciplines. Such research is usually directed 

to a specified goal or mission.”[9]
 

 
 

Transdisciplinary 

 

Main article: Transdisciplinarity 

 
In practice, transdisciplinary can be thought of as the 

union of all interdisciplinary efforts. While interdisci- 

plinary teams may be creating new knowledge that lies 

between several existing disciplines, a transdisciplinary 

team is more holistic and seeks to relate all disciplines 

into a coherent whole. 

 

 

Cross-disciplinary 

 

Cross-disciplinary knowledge is that which explains as- 

pects of one discipline in terms of another. Common ex- 

amples of cross-disciplinary approaches are studies of the 

physics of music or the politics of literature. 

1.2.5 Bibliometric studies of disciplines 
 

Bibliometrics can be used to map several issues in relation 

to disciplines, for example the flow of ideas within and 

among disciplines (Lindholm-Romantschuk, 1998)[10] 

or the existence of specific national traditions within 

disciplines.[11] Scholarly impact and influence of one dis- 

cipline on another may be understood by analyzing the 

flow of citations.[12]
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1.3 Arabic numerals 
 

For other uses, see Arabic numerals (disambiguation). 

 

 

Hindu-Arabic numerals sans-serif 

 
Arabic numerals, also called Hindu-Arabic numer- 

als[1][2] or Hindu numerals,[3] are the ten digits: 0, 1, 

2, 3, 4, 5, 6, 7, 8, 9, based on the Hindu–Arabic numeral 

system,[4] the most common system for the symbolic rep- 

resentation of numbers in the world today. In this system, 

a sequence of digits such as “975” is read as a single num- 

ber, using the position of the digit in the sequence to in- 

terpret its value. The symbol for zero is the key to the 

effectiveness of the system, which was developed by an- 

cient mathematicians in the Indian subcontinent around 

AD 500.[4]
 

The system was adopted by Arab mathematicians in 

Baghdad and passed on to the Arabs farther west. There 

is some evidence to suggest that the numerals in their cur- 

rent form developed from Arabic letters in the Maghreb, 

the western region of the Arab world.[5] The current form 

of the numerals developed in North Africa, distinct in 

form from the Indian and eastern Arabic numerals. It was 

in the North African city of Bejaia that the Italian scholar 

Fibonacci first encountered the numerals; his work was 

crucial in making them known throughout Europe and 

then further to the Europeans who spread it worldwide. 

The use of Arabic numerals spread around the world 

through European trade, books and colonialism. 

The term Arabic numerals is ambiguous. It most com- 

monly refers to the numerals widely used in Europe and 

the Americas; to avoid confusion, Unicode calls these Eu- 
ropean digits. Arabic numerals is also the conventional 

name for the entire family of related numerals of Arabic 

and Indian numerals. It may also be intended to mean the 

numerals used by Arabs, in which case it generally refers 

to the Eastern Arabic numerals. It would be more appro- 

priate to refer to the Arabic numeral system, where the 

value of a digit in a number depends on its position. 

Although the phrase “Arabic numeral” is frequently cap- 

italized, it is sometimes written in lower case: for in- 

stance, in its entry in the Oxford English Dictionary,[6] 

which helps to distinguish it from “Arabic numerals” as 

the East Arabic numerals specific to the Arabs. 

 
1.3.1 History 

Origins 

 

Main article: History of the Hindu–Arabic numeral 

system 

 
The decimal Hindu-Arabic numeral system was devel- 

oped in India by AD 700.[7] The development was grad- 

ual, spanning several centuries, but the decisive step was 

probably provided by Brahmagupta's formulation of zero 

as a number in AD 628. The system was revolutionary 

by including zero in positional notation, thereby limiting 

the number of individual digits to ten. It is considered 

an important milestone in the development of mathemat- 

ics. One may distinguish between this positional system, 

which is identical throughout the family, and the precise 

glyphs used to write the numerals, which varied region- 
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ally. The glyphs most commonly used in conjunction with 

the Latin script since early modern times are 0 1 2 3 4 5 6 

7 8 9. The first universally accepted inscription contain- 

ing the use of the 0 glyph in India is first recorded in the 

9th century, in an inscription at Gwalior in Central In- 

dia dated to 870. Numerous Indian documents on copper 

plates exist, with the same symbol for zero in them, dated 

back as far as the 6th century AD, but their dates are un- 

certain. Inscriptions in Indonesia and Cambodia dating 

to AD 683 have also been found.[8]
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 

 

 

 
 

 
 

 
 

 
 

 
 

 

 

Brahmi numerals (lower row) in India in the 1st century AD 

 

 
The numerals used in the Bakhshali manuscript, dated to some- 
time between the 3rd and 7th century AD. 

 

 
Modern-day Arab telephone keypad with two forms of Arabic 
numerals: Western Arabic/European numerals on the left and 
Eastern Arabic numerals on the right 

 
The numeral system came to be known to both the Persian 

mathematician Al-Khwarizmi, whose book On the Calcu- 
lation with Hindu Numerals written about 825 in Arabic, 

and the Arab mathematician Al-Kindi, who wrote four 

volumes, On the Use of the Indian Numerals (Ketab fi 
Isti'mal al-'Adad al-Hindi) about 830. Their work was 

principally responsible for the diffusion of the Indian sys- 

tem of numeration in the Middle East and the West.[9] 

In the 10th century, Middle-Eastern mathematicians ex- 

tended the decimal numeral system to include fractions, 

as recorded in a treatise by Syrian mathematician Abu'l- 

Hasan al-Uqlidisi in 952–953. The decimal point nota- 

tion was introduced by Sind ibn Ali, who also wrote the 

earliest treatise on Arabic numerals. 

A distinctive West Arabic variant of the symbols be- 

gins to emerge around the 10th century in the Maghreb 

and Al-Andalus, called ghubar (“sand-table” or “dust- 

table”) numerals, which are the direct ancestor of the 

modern Western Arabic numerals used throughout the 

world. Ghubar numerals themselves are probably of Ro- 

man origin.[10]
 

 
Popular myths Some popular myths have argued that 

the original forms of these symbols indicated their nu- 

meric value through the number of angles they contained, 

but no evidence exists of any such origin.[11]
 

 
Adoption in Europe 

 

 

Adoption of the Hindu numerals through the Arabs by Europe 

 
 

 
Woodcut showing the 16th century astronomical clock of 
Uppsala Cathedral, with two clockfaces, one with Arabic and 
one with Roman numerals. 

 

In 825 Al-Khwārizmī wrote a treatise in Arabic, On the 
Calculation with Hindu Numerals,[12] which survives only 

as the 12th-century Latin translation, Algoritmi de numero 
Indorum.[13][14] Algoritmi, the translator’s rendition of the 

author’s name, gave rise to the word algorithm (Latin al- 
gorithmus, “calculation method”).[15]
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A German manuscript page teaching use of Arabic numerals 
(Talhoffer Thott, 1459). At this time, knowledge of the numer- 
als was still widely seen as esoteric, and Talhoffer presents them 
with the Hebrew alphabet and astrology. 

 

 

Late 18th-century French revolutionary “decimal” clockface. 
 

 
The first mentions of the numerals in the West are found 

in the Codex Vigilanus of 976.[16]
 

From the 980s, Gerbert of Aurillac (later, Pope Sylvester 

II) used his position to spread knowledge of the numer- 

 

als in Europe. Gerbert studied in Barcelona in his youth. 

He was known to have requested mathematical treatises 

concerning the astrolabe from Lupitus of Barcelona after 

he had returned to France. 

Leonardo Fibonacci (Leonardo of Pisa), a mathematician 

born in the Republic of Pisa who had studied in Béjaïa 

(Bougie), Algeria, promoted the Indian numeral system 

in Europe with his 1202 book Liber Abaci: 

 

When my father, who had been appointed 

by his country as public notary in the customs 

at Bugia acting for the Pisan merchants going 

there, was in charge, he summoned me to him 

while I was still a child, and having an eye 

to usefulness and future convenience, desired 

me to stay there and receive instruction in the 

school of accounting. There, when I had been 

introduced to the art of the Indians’ nine sym- 

bols through remarkable teaching, knowledge 

of the art very soon pleased me above all else 

and I came to understand it. 

 

The numerals are arranged with their lowest value digit 

to the right, with higher value positions added to the left. 

This arrangement was adopted identically into the numer- 

als as used in Europe. Languages written in the Latin al- 

phabet run from left-to-right, unlike languages written in 

the Arabic alphabet. Hence, from the point of view of 

the reader, numerals in Western texts are written with the 

highest power of the base first whereas numerals in Ara- 

bic texts are written with the lowest power of the base 

first. 

The reason the digits are more commonly known as 

“Arabic numerals” in Europe and the Americas is that 

they were introduced to Europe in the 10th century by 

Arabic-speakers of North Africa, who were then using 

the digits from Libya to Morocco. Arabs, on the other 

hand, call the system "Hindu numerals”,[17][18] referring 

to their origin in India. This is not to be confused with 

what the Arabs call the “Hindi numerals”, namely the 

Eastern Arabic numerals (٧ - ٦ - ٥ - ٤- ٣ - ٢ - ١ - ٠ - 

٩ - ٨) used in the Middle East, or any of the numerals 

currently used in Indian languages (e.g.  Devanagari: 

०.१.२.३.४.५.६.७.८.९).[11]
 

The European acceptance of the numerals was acceler- 

ated by the invention of the printing press, and they be- 

came widely known during the 15th century. Early ev- 

idence of their use in Britain includes: an equal hour 

horary quadrant from 1396,[19] in England, a 1445 in- 

scription on the tower of Heathfield Church, Sussex; a 

1448 inscription on a wooden lych-gate of Bray Church, 

Berkshire; and a 1487 inscription on the belfry door at 

Piddletrenthide church, Dorset; and in Scotland a 1470 

inscription on the tomb of the first Earl of Huntly in 

Elgin Cathedral. (See G.F. Hill, The Development of 
Arabic Numerals in Europe for more examples.) In cen- 

tral Europe, the King of Hungary Ladislaus the Posthu- 
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mous, started the use of Arabic numerals, which appear 

for the first time in a royal document of 1456.[20] By the 

mid-16th century, they were in common use in most of 

Europe.[21] Roman numerals remained in use mostly for 

the notation of Anno Domini years, and for numbers on 

clockfaces. 

Today, Roman numerals are still used for enumeration of 

lists (as an alternative to alphabetical enumeration), for 

sequential volumes, to differentiate monarchs or family 

members with the same first names, and (in lower case) 

to number pages in prefatory material in books. 

 
Adoption in Russia 

 

Cyrillic numerals were a numbering system derived from 

the Cyrillic alphabet, used by South and East Slavic peo- 

ples. The system was used in Russia as late as the early 

18th century when Peter the Great replaced it with Arabic 

numerals. 

 
Adoption in China 

 

 

Iron plate with an order 6 magic square in Persian/ Arabic num- 
bers from China, dating to the Yuan Dynasty (1271–1368). 

 
Arabic numerals were introduced to China during the 

Yuan Dynasty (1271–1368) by the Muslim Hui peo- 

ple. In the early 17th century, European-style Arabic 

numerals were introduced by Spanish and Portuguese 

Jesuits.[22][23][24] 

 
1.3.2 Evolution of symbols 

 

Main articles: Algorism and glyphs used with the 

Hindu-Arabic numeral system 

 
The numeral system employed, known as algorism, is 

positional decimal notation. Various symbol sets are used 

to represent numbers in the Hindu-Arabic numeral sys- 

tem, which may have evolved from the Brahmi numerals, 

or developed independently from it. The symbols used to 

represent the system have split into various typographical 

variants since the Middle Ages: 

 

 

• The widespread Western Arabic numerals used with 

the Latin script, in the table below labelled Euro- 
pean, descended from the West Arabic numerals de- 

veloped in al-Andalus (Andalucía, Spain) and the 

Maghreb. Spanish scholars because of the geo- 

graphic proximity, trade and constant warfare with 

the Muslim kingdoms of Southern Spain saw a po- 

tential in the simplicity of Arabic numbers, and de- 

cided to adopt those symbols, later other Europeans 

followed and incorporated them too. (There are two 

typographic styles for rendering European numerals, 

known as lining figures and text figures). 

 

 

• The Arabic–Indic or Eastern Arabic numerals, used 
with the Arabic script, developed primarily in what 
is now Iraq. A variant of the Eastern Arabic numer- 

als used in the Persian and Urdu languages is shown 
as East Arabic-Indic. 

 

 

• The Devanagari numerals used with Devanagari and 
related variants are grouped as Indian numerals. 

 

 
The evolution of the numerals in early Europe is shown on 

a table created by the French scholar Jean-Étienne Mon- 

tucla in his Histoire de la Mathematique, which was pub- 

lished in 1757: 
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with zero 

• Decimal 

• Greek numerals 

• Hindu-Arabic numeral system 

• Japanese numerals 

• Maya numerals 

• Numeral system 

• Numerical digit 

• Positional numeral system 

• Regional variations in modern handwritten Arabic 
numerals 

• Roman numerals 

 

1.3.4 References 

[1] Schipp, Bernhard; Krämer, Walter (2008), Statistical 
Inference, Econometric Analysis and Matrix Algebra: 
Festschrift in Honour of Götz Trenkler, Springer, p.  387, 

ISBN 9783790821208 
 

[2] Lumpkin, Beatrice; Strong, Dorothy (1995), Multicultural 
science and math connections: middle school projects 
and activities, Walch Publishing, p. 118, ISBN 

9780825126598 
 

[3] Downey, Tika (2004). The History of Zero: Exploring 
Our Place-Value Number System. p. 22. ISBN 978- 

0823988693.; “Fibonacci recognized that the Hindu nu- 
merals had many advantages-over the Roman numerals 
that were then used in Europe. The 4 basic math opera- 
tions — addition, subtraction, multiplication, and division 
could all be performed much more easily with Hindu nu- 
merals than with Roman Numerals.” 

 

 
 
 
 
 
 

 
The Arabic numeral glyphs 0–9 are encoded in ASCII 
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1.4 Algebra 
 
“Algebraist” redirects here. For the novel by Iain M. 

Banks, see The Algebraist. 

For the kind of algebraic structure, see Algebra over a 

field. 

 
Algebra (from Arabic “al-jabr” meaning “reunion of 

broken parts”[1]) is one of the broad parts of mathematics, 

together with number theory, geometry and analysis. In 

its most general form, algebra is the study of mathe- 

matical symbols and the rules for manipulating these 

symbols;[2] it is a unifying thread of almost all of 

mathematics.[3] As such, it includes everything from ele- 

mentary equation solving to the study of abstractions such 
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The quadratic formula expresses the solution of the degree two 
equation ax2 + bx + c = 0 in terms of its coefficients a, b, c 
, where a is not zero. 

 

as groups, rings, and fields. The more basic parts of alge- 

bra are called elementary algebra, the more abstract parts 

are called abstract algebra or modern algebra. Elemen- 

tary algebra is generally considered to be essential for any 

study of mathematics, science, or engineering, as well as 

such applications as medicine and economics. Abstract 

algebra is a major area in advanced mathematics, studied 

primarily by professional mathematicians. 

Elementary algebra differs from arithmetic in the use 

of abstractions, such as using letters to stand for num- 

bers that are either unknown or allowed to take on many 

values.[4] For example, in x + 2 = 5 the letter x is 

un- known, but the law of inverses can be used to 

discover 
its value: x = 3 . In E = mc2, the letters E and m 

are 

variables, and the letter c is a constant, the speed of light 

in a vacuum. Algebra gives methods for solving equa- 

tions and expressing formulas that are much easier (for 

those who know how to use them) than the older method 

of writing everything out in words. 

The word algebra is also used in certain specialized ways. 

A special kind of mathematical object in abstract algebra 

is called an “algebra”, and the word is used, for example, 

in the phrases linear algebra and algebraic topology. 

A mathematician who does research in algebra is called 

an algebraist. 

 

1.4.1 Etymology 
 

The word algebra comes from the Arabic الجـبر (al-jabr lit. 
“the reunion of broken parts”) from the title of the book 

Ilm al-jabr wa'l-muḳābala by Persian mathematician and 

astronomer al-Khwarizmi. The word entered the English 

language during the fifteenth century, from either Span- 

ish, Italian, or Medieval Latin. It originally referred to the 

surgical procedure of setting broken or dislocated bones. 

The mathematical meaning was first recorded in the six- 

teenth century.[5]
 

 

1.4.2 Different meanings of “algebra” 
 

The word “algebra” has several related meanings in math- 

ematics, as a single word or with qualifiers. 
 

• As a single word without an article, “algebra” names 
a broad part of mathematics. 

• As a single word with an article or in plural, “an 

algebra” or “algebras” denotes a specific mathe- 

matical structure, whose precise definition depends 

on the author. Usually the structure has an addi- 

tion, multiplication, and a scalar multiplication (see 

Algebra over a field). When some authors use the 

term “algebra”, they make a subset of the following 

additional assumptions: associative, commutative, 

unital, and/or finite-dimensional. In universal alge- 

bra, the word “algebra” refers to a generalization of 

the above concept, which allows for n-ary opera- 

tions. 

• With a qualifier, there is the same distinction: 

• Without an article, it means a part of algebra, 

such as linear algebra, elementary algebra (the 

symbol-manipulation rules taught in elemen- 

tary courses of mathematics as part of primary 

and secondary education), or abstract algebra 

(the study of the algebraic structures for them- 

selves). 

• With an article, it means an instance of 

some abstract structure, like a Lie algebra, an 
associative algebra, or a vertex operator alge- 

bra. 

• Sometimes both meanings exist for the same 

qualifier, as in the sentence: Commutative al- 
gebra is the study of commutative rings, which 
are commutative algebras over the integers. 

 
1.4.3 Algebra as a branch of mathematics 

 

Algebra began with computations similar to those of 

arithmetic, with letters standing for numbers.[4] This al- 

lowed proofs of properties that are true no matter which 

numbers are involved. For example, in the quadratic 

equation 

 

 

ax2 + bx + c = 0, 

 

a, b, c can be any numbers whatsoever (except that a can- 

not be 0 ), and the quadratic formula can be used 

to quickly and easily find the values of the unknown 

quan- tity x which satisfy the equation. That is to say, to 

find all the solutions of the equation. 

Historically, and in current teaching, the study of algebra 

starts with the solving of equations such as the quadratic 

equation above. Then more general questions, such as 

“does an equation have a solution?", “how many solutions 

does an equation have?", “what can be said about the na- 

ture of the solutions?" are considered. These questions 

lead to ideas of form, structure and symmetry.[6] This 

development permitted algebra to be extended to con- 

sider non-numerical objects, such as vectors, matrices, 
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and polynomials. The structural properties of these non- 

numerical objects were then abstracted to define algebraic 

structures such as groups, rings, and fields. 

Before the 16th century, mathematics was divided into 

only two subfields, arithmetic and geometry. Even though 

some methods, which had been developed much earlier, 

may be considered nowadays as algebra, the emergence 

of algebra and, soon thereafter, of infinitesimal calculus 

as subfields of mathematics only dates from the 16th or 

17th century. From the second half of 19th century on, 

many new fields of mathematics appeared, most of which 

made use of both arithmetic and geometry, and almost all 

of which used algebra. 

Today, algebra has grown until it includes many branches 

of mathematics, as can be seen in the Mathematics Sub- 

ject Classification[7] where none of the first level ar- 

eas (two digit entries) is called algebra. Today alge- 

bra includes section 08-General algebraic systems, 12- 

Field theory and polynomials, 13-Commutative algebra, 

15-Linear and multilinear algebra; matrix theory, 16- 

Associative rings and algebras, 17-Nonassociative rings 

and algebras, 18-Category theory; homological algebra, 

19-K-theory and 20-Group theory. Algebra is also used 

extensively in 11-Number theory and 14-Algebraic ge- 

ometry. 

 

1.4.4 History 

Main articles: History of algebra and Timeline of algebra 

 

 
Early history of algebra 

 

The roots of algebra can be traced to the ancient 

Babylonians,[8] who developed an advanced arithmeti- 

cal system with which they were able to do calculations 

in an algorithmic fashion. The Babylonians developed 

formulas to calculate solutions for problems typically 

solved today by using linear equations, quadratic equa- 

tions, and indeterminate linear equations. By contrast, 

most Egyptians of this era, as well as Greek and Chinese 

mathematics in the 1st millennium BC, usually solved 

such equations by geometric methods, such as those de- 

scribed in the Rhind Mathematical Papyrus, Euclid’s El- 
ements, and The Nine Chapters on the Mathematical Art. 
The geometric work of the Greeks, typified in the Ele- 
ments, provided the framework for generalizing formu- 

lae beyond the solution of particular problems into more 

general systems of stating and solving equations, although 

this would not be realized until mathematics developed in 

medieval Islam.[9]
 

By the time of Plato, Greek mathematics had under- 

gone a drastic change. The Greeks created a geomet- 

ric algebra where terms were represented by sides of 

geometric objects, usually lines, that had letters associ- 

ated with them.[4] Diophantus (3rd century AD) was an 

 

 
 

A page from Al-Khwārizmī's al-Kitāb al-muḫtaṣar fī ḥisāb al- 

ğabr wa-l-muqābala 

 

 

Alexandrian Greek mathematician and the author of a se- 

ries of books called Arithmetica. These texts deal with 

solving algebraic equations,[10] and have led, in number 

theory to the modern notion of Diophantine equation. 

Earlier traditions discussed above had a direct influence 

on the Persian Muḥammad ibn Mūsā al-Khwārizmī (c. 

780–850). He later wrote The Compendious Book on Cal- 
culation by Completion and Balancing, which established 

algebra as a mathematical discipline that is independent 

of geometry and arithmetic.[11]
 

The Hellenistic mathematicians Hero of Alexandria and 

Diophantus[12] as well as Indian mathematicians such 

as Brahmagupta continued the traditions of Egypt and 

Babylon, though Diophantus’ Arithmetica and Brah- 

magupta’s Brāhmasphuṭasiddhānta are on a higher 

level.[13] For example, the first complete arithmetic solu- 

tion (including zero and negative solutions) to quadratic 

equations was described by Brahmagupta in his book 

Brahmasphutasiddhanta. Later, Persian and Arabic 

mathematicians developed algebraic methods to a much 

higher degree of sophistication. Although Diophantus 

and the Babylonians used mostly special ad hoc meth- 

ods to solve equations, Al-Khwarizmi’s contribution was 

fundamental. He solved linear and quadratic equations 

without algebraic symbolism, negative numbers or zero, 

https://en.wikipedia.org/wiki/Polynomial
https://en.wikipedia.org/wiki/Algebraic_structure
https://en.wikipedia.org/wiki/Algebraic_structure
https://en.wikipedia.org/wiki/Group_(mathematics)
https://en.wikipedia.org/wiki/Ring_(mathematics)
https://en.wikipedia.org/wiki/Field_(mathematics)
https://en.wikipedia.org/wiki/Arithmetic
https://en.wikipedia.org/wiki/Geometry
https://en.wikipedia.org/wiki/Infinitesimal_calculus
https://en.wikipedia.org/wiki/Mathematics_Subject_Classification
https://en.wikipedia.org/wiki/Mathematics_Subject_Classification
https://en.wikipedia.org/wiki/Mathematics_Subject_Classification
https://en.wikipedia.org/wiki/Field_theory_(mathematics)
https://en.wikipedia.org/wiki/Polynomial
https://en.wikipedia.org/wiki/Commutative_algebra
https://en.wikipedia.org/wiki/Linear_algebra
https://en.wikipedia.org/wiki/Multilinear_algebra
https://en.wikipedia.org/wiki/Matrix_theory
https://en.wikipedia.org/wiki/Associative_algebra
https://en.wikipedia.org/wiki/Nonassociative_ring
https://en.wikipedia.org/wiki/Non-associative_algebra
https://en.wikipedia.org/wiki/Category_theory
https://en.wikipedia.org/wiki/Homological_algebra
https://en.wikipedia.org/wiki/K-theory
https://en.wikipedia.org/wiki/Group_theory
https://en.wikipedia.org/wiki/Number_theory
https://en.wikipedia.org/wiki/Algebraic_geometry
https://en.wikipedia.org/wiki/Algebraic_geometry
https://en.wikipedia.org/wiki/History_of_algebra
https://en.wikipedia.org/wiki/Timeline_of_algebra
https://en.wikipedia.org/wiki/Babylonian_mathematics
https://en.wikipedia.org/wiki/Algebra#cite_note-8
https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Linear_equation
https://en.wikipedia.org/wiki/Quadratic_equation
https://en.wikipedia.org/wiki/Quadratic_equation
https://en.wikipedia.org/wiki/Indeterminate_equation
https://en.wikipedia.org/wiki/Egyptian_mathematics
https://en.wikipedia.org/wiki/Greek_mathematics
https://en.wikipedia.org/wiki/Chinese_mathematics
https://en.wikipedia.org/wiki/Chinese_mathematics
https://en.wikipedia.org/wiki/Rhind_Mathematical_Papyrus
https://en.wikipedia.org/wiki/Euclid%2527s_Elements
https://en.wikipedia.org/wiki/Euclid%2527s_Elements
https://en.wikipedia.org/wiki/The_Nine_Chapters_on_the_Mathematical_Art
https://en.wikipedia.org/wiki/Mathematics_in_medieval_Islam
https://en.wikipedia.org/wiki/Mathematics_in_medieval_Islam
https://en.wikipedia.org/wiki/Algebra#cite_note-9
https://en.wikipedia.org/wiki/Plato
https://en.wikipedia.org/wiki/Greek_mathematics
https://en.wikipedia.org/wiki/Ancient_Greece
https://en.wikipedia.org/wiki/Algebra#cite_note-citeboyer-4
https://en.wikipedia.org/wiki/Diophantus
https://en.wikipedia.org/wiki/Muhammad_ibn_Musa_al-Khwarizmi
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/Alexandria
https://en.wikipedia.org/wiki/Greek_mathematics
https://en.wikipedia.org/wiki/Arithmetica
https://en.wikipedia.org/wiki/Algebraic_equation
https://en.wikipedia.org/wiki/Algebra#cite_note-10
https://en.wikipedia.org/wiki/Number_theory
https://en.wikipedia.org/wiki/Number_theory
https://en.wikipedia.org/wiki/Diophantine_equation
https://en.wikipedia.org/wiki/Persian_people
https://en.wikipedia.org/wiki/Mu%E1%B8%A5ammad_ibn_M%C5%ABs%C4%81_al-Khw%C4%81rizm%C4%AB
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/The_Compendious_Book_on_Calculation_by_Completion_and_Balancing
https://en.wikipedia.org/wiki/Geometry
https://en.wikipedia.org/wiki/Arithmetic
https://en.wikipedia.org/wiki/Algebra#cite_note-11
https://en.wikipedia.org/wiki/Hellenistic_civilization
https://en.wikipedia.org/wiki/Hero_of_Alexandria
https://en.wikipedia.org/wiki/Diophantus
https://en.wikipedia.org/wiki/Diophantus
https://en.wikipedia.org/wiki/Indian_mathematics
https://en.wikipedia.org/wiki/Brahmagupta
https://en.wikipedia.org/wiki/Arithmetica
https://en.wikipedia.org/wiki/Br%C4%81hmasphu%E1%B9%ADasiddh%C4%81nta
https://en.wikipedia.org/wiki/Algebra#cite_note-13
https://en.wikipedia.org/wiki/Quadratic_equation
https://en.wikipedia.org/wiki/Quadratic_equation
https://en.wikipedia.org/wiki/Negative_numbers
https://en.wikipedia.org/wiki/Zero


1.4.  ALGEBRA 33 
 

 

Muslims and Evolution of Science 

 

 

thus he had to distinguish several types of equations.[14]
 

In the context where algebra is identified with the theory 

of equations, the Greek mathematician Diophantus has 

traditionally been known as the “father of algebra” but 

in more recent times there is much debate over whether 

al-Khwarizmi, who founded the discipline of al-jabr, 

deserves that title instead.[15] Those who support Dio- 

phantus point to the fact that the algebra found in Al- 
Jabr is slightly more elementary than the algebra found 

in Arithmetica and that Arithmetica is syncopated while 

Al-Jabr is fully rhetorical.[16] Those who support Al- 

Khwarizmi point to the fact that he introduced the meth- 

ods of "reduction" and “balancing” (the transposition of 

subtracted terms to the other side of an equation, that 

is, the cancellation of like terms on opposite sides of the 

equation) which the term al-jabr originally referred to,[17] 

and that he gave an exhaustive explanation of solving 

quadratic equations,[18] supported by geometric proofs, 

while treating algebra as an independent discipline in 

its own right.[19] His algebra was also no longer con- 

cerned “with a series of problems to be resolved, but an 

exposition which starts with primitive terms in which the 

combinations must give all possible prototypes for equa- 

tions, which henceforward explicitly constitute the true 

object of study”. He also studied an equation for its 

own sake and “in a generic manner, insofar as it does 

not simply emerge in the course of solving a problem, 

but is specifically called on to define an infinite class of 

problems”.[20]
 

Another Persian mathematician Omar Khayyam is cred- 

ited with identifying the foundations of algebraic ge- 

ometry and found the general geometric solution of the 

cubic equation. His book Treatise on Demonstrations of 
Problems of Algebra (1070), which laid down the prin- 

ciples of algebra, is part of the body of Persian math- 

ematics that was eventually transmitted to Europe.[21] 

Yet another Persian mathematician, Sharaf al-Dīn al- 

Tūsī, found algebraic and numerical solutions to vari- 

ous cases of cubic equations.[22] He also developed the 

concept of a function.[23] The Indian mathematicians 

Mahavira and Bhaskara II, the Persian mathematician 

Al-Karaji,[24] and the Chinese mathematician Zhu Shi- 

jie, solved various cases of cubic, quartic, quintic and 

higher-order polynomial equations using numerical meth- 

ods. In the 13th century, the solution of a cubic equation 

by Fibonacci is representative of the beginning of a re- 

vival in European algebra. As the Islamic world was de- 

clining, the European world was ascending. And it is here 

that algebra was further developed. 

 
History of algebra 

 

François Viète's work on new algebra at the close of the 

16th century was an important step towards modern alge- 

bra. In 1637, René Descartes published La Géométrie, in- 

venting analytic geometry and introducing modern alge- 

braic notation. Another key event in the further develop- 

 

 
 

Italian mathematician Girolamo Cardano published the solutions 
to the cubic and quartic equations in his 1545 book Ars magna. 

 
 
 
 
 
 
 
 

ment of algebra was the general algebraic solution of the 

cubic and quartic equations, developed in the mid-16th 

century. The idea of a determinant was developed by 

Japanese mathematician Seki Kōwa in the 17th century, 

followed independently by Gottfried Leibniz ten years 

later, for the purpose of solving systems of simultane- 

ous linear equations using matrices. Gabriel Cramer also 

did some work on matrices and determinants in the 18th 

century. Permutations were studied by Joseph-Louis La- 

grange in his 1770 paper Réflexions sur la résolution al- 
gébrique des équations devoted to solutions of algebraic 

equations, in which he introduced Lagrange resolvents. 

Paolo Ruffini was the first person to develop the theory 

of permutation groups, and like his predecessors, also in 

the context of solving algebraic equations. 

Abstract algebra was developed in the 19th century, 

deriving from the interest in solving equations, ini- 

tially focusing on what is now called Galois theory, and 

on constructibility issues.[25] George Peacock was the 

founder of axiomatic thinking in arithmetic and alge- 

bra. Augustus De Morgan discovered relation algebra 

in his Syllabus of a Proposed System of Logic. Josiah 

Willard Gibbs developed an algebra of vectors in three- 

dimensional space, and Arthur Cayley developed an alge- 

bra of matrices (this is a noncommutative algebra).[26]
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1.4.5 Areas of mathematics with the word 
algebra in their name 

 

Some areas of mathematics that fall under the classifica- 

tion abstract algebra have the word algebra in their name; 

linear algebra is one example. Others do not: group the- 

ory, ring theory, and field theory are examples. In this 

section, we list some areas of mathematics with the word 

“algebra” in the name. 
 

• Elementary algebra, the part of algebra that is usu- 
ally taught in elementary courses of mathematics. 

• Abstract algebra, in which algebraic structures such 
as groups, rings and fields are axiomatically defined 
and investigated. 

• Linear algebra, in which the specific properties of 
linear equations, vector spaces and matrices are 
studied. 

• Commutative algebra, the study of commutative 
rings. 

• Computer algebra, the implementation of algebraic 
methods as algorithms and computer programs. 

• Homological algebra, the study of algebraic struc- 
tures that are fundamental to study topological 
spaces. 

• Universal algebra, in which properties common to 
all algebraic structures are studied. 

• 

Exterior algebra 

• Tensor algebra 

• In measure theory, 

• Sigma-algebra 

• Algebra over a set 

• In category theory 

• F-algebra and F-coalgebra 

• T-algebra 

• In logic, 

• Relation algebra, a residuated Boolean algebra 
expanded with an involution called converse. 

• Boolean algebra, a structure abstracting the 
computation with the truth values false and 
true. The structures also have the same name. 

• Heyting algebra 

 

1.4.6 Elementary algebra 

Main article: Elementary algebra 

Elementary algebra is the most basic form of alge- 

• Algebraic number theory, in which the properties of    

numbers are studied from an algebraic point of view.  

• Algebraic geometry, a branch of geometry, in its 
primitive form specifying curves and surfaces as so- 

lutions of polynomial equations.  

• Algebraic combinatorics, in which algebraic meth- 

ods are used to study combinatorial questions. 

• Relational algebra: a set of finitary relations that is 
closed under certain operators. 

 

Many mathematical structures are called algebras: 

 

• Algebra over a field or more generally algebra over 
a ring. 

Many classes of algebras over a field or over a ring 

have a specific name: 

• Associative algebra 

• Non-associative algebra 

• Lie algebra 

• Hopf algebra 

• C*-algebra 

• Symmetric algebra 

Algebraic expression notation: 
1 – power (exponent) 
2 – coefficient 
3 – term 
4 – operator 
5 – constant term 

x y c – variables/constants 

 
bra. It is taught to students who are presumed to have 

no knowledge of mathematics beyond the basic princi- 

ples of arithmetic. In arithmetic, only numbers and their 

arithmetical operations (such as +, −, ×, ÷) occur. In al- 

gebra, numbers are often represented by symbols called 

variables (such as a, n, x, y or z). This is useful because: 

 

• It allows the general formulation of arithmetical laws 

(such as a + b = b + a for all a and b), and thus is the 
first step to a systematic exploration of the properties 

of the real number system. 
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• It allows the reference to “unknown” numbers, the 

formulation of equations and the study of how to 

solve these. (For instance, “Find a number x such 

that 3x + 1 = 10” or going a bit further “Find a num- 

ber x such that ax + b = c". This step leads to the 

conclusion that it is not the nature of the specific 

numbers that allows us to solve it, but that of the 

operations involved.) 

• It allows the formulation of functional relationships. 
(For instance, “If you sell x tickets, then your profit 

will be 3x − 10 dollars, or f(x) = 3x − 10, where 
f is the function, and x is the number to which the 

function is applied”.) 

 

Polynomials 

 

 

The graph of a polynomial function of degree 3. 

 

Main article: Polynomial 

 
A polynomial is an expression that is the sum of a fi- 

nite number of non-zero terms, each term consisting of 

the product of a constant and a finite number of variables 

raised to whole number powers. For example, x2 + 

2x 
− 3 is a polynomial in the single variable x. A polyno- 

mial expression is an expression that may be rewritten 

as a polynomial, by using commutativity, associativity 

and distributivity of addition and multiplication. For ex- 

ample, (x − 1)(x + 3) is a polynomial expression, that, 

properly speaking, is not a polynomial. A polynomial 

function is a function that is defined by a polynomial, or, 

equivalently, by a polynomial expression. The two pre- 

ceding examples define the same polynomial function. 

Two important and related problems in algebra are the 

factorization of polynomials, that is, expressing a given 

polynomial as a product of other polynomials that can 

not be factored any further, and the computation of 

polynomial greatest common divisors. The example 

polynomial above can be factored as (x − 1)(x + 3). A 

related class of problems is finding algebraic expressions 

for the roots of a polynomial in a single variable. 

 

Education 
 

See also: Mathematics education 

 
It has been suggested that elementary algebra should be 

taught to students as young as eleven years old,[27] though 

in recent years it is more common for public lessons to 

begin at the eighth grade level (≈ 13 y.o. ±) in the United 

States.[28]
 

Since 1997, Virginia Tech and some other universities 

have begun using a personalized model of teaching al- 

gebra that combines instant feedback from specialized 

computer software with one-on-one and small group tu- 

toring, which has reduced costs and increased student 

achievement.[29]
 

 
1.4.7 Abstract algebra 

Main articles: Abstract algebra and Algebraic structure 

 
Abstract algebra extends the familiar concepts found in 

elementary algebra and arithmetic of numbers to more 

general concepts. Here are listed fundamental concepts 

in abstract algebra. 

Sets: Rather than just considering the different types 

of numbers, abstract algebra deals with the more gen- 

eral concept of sets: a collection of all objects (called 

elements) selected by property specific for the set. All 

collections of the familiar types of numbers are sets. 

Other examples of sets include the set of all two-by-two 

matrices, the set of all second-degree polynomials (ax2 + 

bx + c), the set of all two dimensional vectors in the plane, 

and the various finite groups such as the cyclic groups, 

which are the groups of integers modulo n. Set theory is 

a branch of logic and not technically a branch of algebra. 

Binary operations: The notion of addition (+) is ab- 

stracted to give a binary operation, ∗  say. The notion of 

binary operation is meaningless without the set on which 

the operation is defined. For two elements a and b in 

a set S, a ∗  b is another element in the set; this con- 

dition is called closure. Addition (+), subtraction (−), 

multiplication (×), and division (÷) can be binary oper- 

ations when defined on different sets, as are addition and 

multiplication of matrices, vectors, and polynomials. 

Identity elements: The numbers zero and one are ab- 

stracted to give the notion of an identity element for an 

operation. Zero is the identity element for addition and 

one is the identity element for multiplication. For a gen- 

eral binary operator ∗  the identity element e must satisfy 
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a ∗  e = a and e ∗  a = a, and is necessarily unique, if it 

exists. This holds for addition as a + 0 = a and 0 + a = a 
and multiplication a × 1 = a and 1 × a = a. Not all sets 

and operator combinations have an identity element; for 

example, the set of positive natural numbers (1, 2, 3, ...) 

has no identity element for addition. 

Inverse elements: The negative numbers give rise to the 

concept of inverse elements. For addition, the inverse of a 
is written −a, and for multiplication the inverse is written 

a−1. A general two-sided inverse element a−1 satisfies the 

property that a ∗  a−1 = e and a−1 ∗  a = e, where e is the 

identity element. 

Associativity: Addition of integers has a property called 

associativity. That is, the grouping of the numbers to be 

added does not affect the sum. For example: (2 + 3) + 4 
= 2 + (3 + 4). In general, this becomes (a ∗  b) ∗  c = a ∗  (b 

∗  c). This property is shared by most binary operations, 

but not subtraction or division or octonion multiplication. 

Commutativity: Addition and multiplication of real 

numbers are both commutative. That is, the order of the 

numbers does not affect the result. For example: 2 + 3 = 

3 + 2. In general, this becomes a ∗  b = b ∗  a. This prop- 

erty does not hold for all binary operations. For example, 

matrix multiplication and quaternion multiplication are 

both non-commutative. 

 
Groups 

 

Main article:  Group (mathematics) 

See also: Group theory and Examples of groups 

 
Combining the above concepts gives one of the most im- 

portant structures in mathematics: a group. A group is 

a combination of a set S and a single binary operation 

∗ , defined in any way you choose, but with the following 

properties: 
 

• An identity element e exists, such that for every 
member a of S, e ∗  a and a ∗  e are both identical 
to a. 

• Every element has an inverse: for every member a 
of S, there exists a member a−1 such that a ∗  a−1 and 
a−1 ∗  a are both identical to the identity element. 

• The operation is associative: if a, b and c are mem- 
bers of S, then (a ∗  b) ∗  c is identical to a ∗  (b ∗  c). 

 
If a group is also commutative—that is, for any two mem- 

bers a and b of S, a ∗  b is identical to b ∗  a—then the group 

is said to be abelian. 

For example, the set of integers under the operation of 

addition is a group. In this group, the identity element is 

0 and the inverse of any element a is its negation, −a. The 

associativity requirement is met, because for any integers 

a, b and c, (a + b) + c = a + (b + c) 

The nonzero rational numbers form a group under mul- 

tiplication. Here, the identity element is 1, since 1 × a = 

a × 1 = a for any rational number a. The inverse of a is 

1/a, since a × 1/a = 1. 

The integers under the multiplication operation, however, 

do not form a group. This is because, in general, the mul- 

tiplicative inverse of an integer is not an integer. For ex- 

ample, 4 is an integer, but its multiplicative inverse is ¼, 

which is not an integer. 

The theory of groups is studied in group theory. A major 

result in this theory is the classification of finite simple 

groups, mostly published between about 1955 and 1983, 

which separates the finite simple groups into roughly 30 

basic types. 

Semigroups, quasigroups, and monoids are structures 

similar to groups, but more general. They comprise a 

set and a closed binary operation, but do not necessar- 

ily satisfy the other conditions. A semigroup has an as- 
sociative binary operation, but might not have an iden- 

tity element. A monoid is a semigroup which does have 

an identity but might not have an inverse for every ele- 

ment. A quasigroup satisfies a requirement that any ele- 

ment can be turned into any other by either a unique left- 

multiplication or right-multiplication; however the binary 

operation might not be associative. 

All groups are monoids, and all monoids are semigroups. 

 

Rings and fields 

 

Main articles: Ring (mathematics) and Field (mathemat- 

ics) 

See also: Ring theory, Glossary of ring theory, Field 

theory (mathematics), and Glossary of field theory 

 
Groups just have one binary operation. To fully explain 

the behaviour of the different types of numbers, struc- 

tures with two operators need to be studied. The most 

important of these are rings, and fields. 

A ring has two binary operations (+) and (×), with × dis- 

tributive over +. Under the first operator (+) it forms an 

abelian group. Under the second operator (×) it is asso- 

ciative, but it does not need to have identity, or inverse, so 

division is not required. The additive (+) identity element 

is written as 0 and the additive inverse of a is written as 

−a. 

Distributivity generalises the distributive law for num- 

bers. For the integers (a + b) × c = a × c + b × c and c 
× (a + b) = c × a + c × b, and × is said to be distributive 

over +. 

The integers are an example of a ring. The integers have 

additional properties which make it an integral domain. 

A field is a ring with the additional property that all the el- 

ements excluding 0 form an abelian group under ×. The 

multiplicative (×) identity is written as 1 and the multi- 
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plicative inverse of a is written as a−1. 

The rational numbers, the real numbers and the complex 

numbers are all examples of fields. 

 

1.4.8 See also 

• Outline of algebra 

• Outline of linear algebra 

• Algebra tile 
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1.5 Physics 

 
This article is about the field of science. For other uses, 

see Physics (disambiguation). 

Not to be confused with Physical science. 

 

 

 

Various examples of physical phenomena 
 
 

Physics (from Ancient Greek: φυσική (ἐπιστήμη) 

phusikḗ (epistḗmē) “knowledge of nature”, from φύσις 

phúsis “nature”[1][2][3]) is the natural science that involves 

the study of matter[4] and its motion and behavior through 

space and time, along with related concepts such as 

energy and force.[5] One of the most fundamental scien- 

tific disciplines, the main goal of physics is to understand 

how the universe behaves.[lower-alpha 1][6][7][8] 

Physics is one of the oldest academic disciplines, per- 

haps the oldest through its inclusion of astronomy.[9] 

Over the last two millennia, physics was a part of natural 

philosophy along with chemistry, biology, and certain 

branches of mathematics, but during the scientific rev- 

olution in the 17th century, the natural sciences emerged 

as unique research programs in their own right.[lower-alpha 2] 

Physics intersects with many interdisciplinary areas of re- 

search, such as biophysics and quantum chemistry, and 

the boundaries of physics are not rigidly defined. New 

ideas in physics often explain the fundamental mecha- 

nisms of other sciences[6] while opening new avenues of 

research in areas such as mathematics and philosophy. 

Physics also makes significant contributions through ad- 

vances in new technologies that arise from theoretical 

breakthroughs. For example, advances in the understand- 

ing of electromagnetism or nuclear physics led directly 

to the development of new products that have dramati- 

cally transformed modern-day society, such as television, 

computers, domestic appliances, and nuclear weapons;[6] 

advances in thermodynamics led to the development of 

industrialization, and advances in mechanics inspired the 

development of calculus. 

The United Nations named 2005 the World Year of 

Physics. 
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1.5.1 History 

Main article: History of physics 

 

 
Ancient astronomy 

 

Main article: History of astronomy 

Astronomy is the oldest of the natural sciences. The ear- 
 

 

Ancient Egyptian astronomy is evident in monuments like the 
ceiling of Senemut’s tomb from the Eighteenth Dynasty of Egypt. 

 
liest civilizations dating back to beyond 3000 BCE, such 

as the Sumerians, ancient Egyptians, and the Indus Valley 

Civilization, all had a predictive knowledge and a basic 

understanding of the motions of the Sun, Moon, and stars. 

The stars and planets were often a target of worship, be- 

lieved to represent their gods. While the explanations for 

these phenomena were often unscientific and lacking in 

evidence, these early observations laid the foundation for 

later astronomy.[9]
 

According to Asger Aaboe, the origins of Western as- 

tronomy can be found in Mesopotamia, and all West- 

ern efforts in the exact sciences are descended from 

late Babylonian astronomy.[11] Egyptian astronomers left 

monuments showing knowledge of the constellations and 

the motions of the celestial bodies,[12] while Greek poet 

Homer wrote of various celestial objects in his Iliad and 

Odyssey; later Greek astronomers provided names, which 

are still used today, for most constellations visible from 

the northern hemisphere.[13]
 

 
Natural philosophy 

 

Main article: Natural philosophy 

 
Natural philosophy has its origins in Greece during 

the Archaic period, (650 BCE – 480 BCE), when 

pre-Socratic philosophers like Thales rejected non- 

naturalistic explanations for natural phenomena and pro- 

claimed that every event had a natural cause.[14] They pro- 

posed ideas verified by reason and observation, and many 

of their hypotheses proved successful in experiment;[15]
 

for example, atomism was found to be correct approxi- 

mately 2000 years after it was first proposed by Leucippus 

and his pupil Democritus.[16]
 

 

Physics in the medieval Islamic world 

 

Main article: Physics in the medieval Islamic world 

Islamic scholarship had inherited Aristotelian physics 

 

 
The basic way a pinhole camera works 

 
from the Greeks and during the Islamic Golden Age de- 

veloped it further, especially placing emphasis on obser- 

vation and a priori reasoning, developing early forms of 

the scientific method. 

The most notable innovations were in the field of optics 

and vision, which came from the works of many scien- 

tists like Ibn Sahl, Al-Kindi, Ibn al-Haytham, Al-Farisi 

and Avicenna. The most notable work was The Book of 
Optics (also known as Kitāb al-Manāẓir), written by Ibn 

Al-Haitham, in which he was not only the first to disprove 

the ancient Greek idea about vision, but also came up with 

a new theory. In the book, he was also the first to study 

the phenomenon of the pinhole camera and delved fur- 

ther into the way the eye itself works. Using dissections 

and the knowledge of previous scholars, he was able to 

begin to explain how light enters the eye, is focused, and 

is projected to the back of the eye: and built then the 

world’s first camera obscura hundreds of years before the 

modern development of photography.[17]
 

The seven-volume Book of Optics (Kitab al-Manathir) 

hugely influenced thinking across disciplines from the 

theory of visual perception to the nature of perspective 

in medieval art, in both the East and the West, for more 

than 600 years. Many later European scholars and fel- 

low polymaths, from Robert Grosseteste and Leonardo 

da Vinci to René Descartes, Johannes Kepler and Isaac 

Newton, were in his debt. Indeed, the influence of Ibn al- 

Haytham’s Optics ranks alongside that of Newton’s work 

of the same title, published 700 years later. 

The translation of The Book of Optics had a huge impact 

on Europe. From it, later European scholars were able to 

build the same devices as what Ibn al-Haytham did, and 
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Ibn al-Haytham (c. 965 - c. 1040), the pioneer of optics 
 

 
understand the way light works. From this, such impor- 

tant things as eyeglasses, magnifying glasses, telescopes, 

and cameras were developed. 

 
 

Classical physics 

 

Main article: Classical physics 

Physics became a separate science when early modern 

Europeans used experimental and quantitative methods 

to discover what are now considered to be the laws of 

physics.[18]
 

Major developments in this period include the replace- 

ment of the geocentric model of the solar system with 

the heliocentric Copernican model, the laws governing 

the motion of planetary bodies determined by Johannes 

Kepler between 1609 and 1619, pioneering work on 

telescopes and observational astronomy by Galileo Galilei 

in the 16th and 17th Centuries, and Isaac Newton's dis- 

covery and unification of the laws of motion and universal 

gravitation that would come to bear his name.[19] New- 

ton also developed calculus,[lower-alpha 3] the mathematical 

study of change, which provided new mathematical meth- 

ods for solving physical problems.[20]
 

The discovery of new laws in thermodynamics, 

chemistry, and electromagnetics resulted from greater 

research efforts during the Industrial Revolution as 

energy needs increased.[21] The laws comprising classical 

physics remain very widely used for objects on everyday 

scales travelling at non-relativistic speeds, since they 

provide a very close approximation in such situations, 

and theories such as quantum mechanics and the theory 

of relativity simplify to their classical equivalents at such 

 

 
 

Sir Isaac Newton (1643–1727), whose laws of motion and 
universal gravitation were major milestones in classical   physics 

 
 

scales. However, inaccuracies in classical mechanics for 

very small objects and very high velocities led to the 

development of modern physics in the 20th century. 

 
Modern physics 

 

Main article: Modern physics 

See also: History of special relativity and History of quan- 

tum mechanics 

Modern physics began in the early 20th century with the 

work of Max Planck in quantum theory and Albert Ein- 

stein's theory of relativity. Both of these theories came 

about due to inaccuracies in classical mechanics in cer- 

tain situations. Classical mechanics predicted a varying 

speed of light, which could not be resolved with the con- 

stant speed predicted by Maxwell’s equations of electro- 

magnetism; this discrepancy was corrected by Einstein’s 

theory of special relativity, which replaced classical me- 

chanics for fast-moving bodies and allowed for a con- 

stant speed of light.[22] Black body radiation provided an- 

other problem for classical physics, which was corrected 

when Planck proposed that the excitation of material os- 

cillators is possible only in discrete steps proportional to 

their frequency; this, along with the photoelectric effect 

and a complete theory predicting discrete energy levels of 

electron orbitals, led to the theory of quantum mechanics 

taking over from classical physics at very small scales.[23]
 

Quantum mechanics would come to be pioneered 

by Werner Heisenberg, Erwin Schrödinger and Paul 
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Albert Einstein (1879–1955), whose work on the photoelectric 
effect and the theory of relativity led to a revolution in 20th cen- 
tury physics 

 

 
Max Planck (1858–1947), the originator of the theory of 
quantum mechanics 

 

 
Dirac.[23] From this early work, and work in related 

fields, the Standard Model of particle physics  was 

 

derived.[24] Following the discovery of a particle with 

properties consistent with the Higgs boson at CERN in 

2012,[25] all fundamental particles predicted by the stan- 

dard model, and no others, appear to exist; however, 

physics beyond the Standard Model, with theories such 

as supersymmetry, is an active area of research.[26] Areas 

of mathematics in general are important to this field, such 

as the study of probabilities and groups. 

 

1.5.2 Philosophy 

Main article: Philosophy of physics 

 
In many ways, physics stems from ancient Greek philos- 

ophy. From Thales' first attempt to characterise mat- 

ter, to Democritus' deduction that matter ought to re- 

duce to an invariant state, the Ptolemaic astronomy of 

a crystalline firmament, and Aristotle’s book Physics (an 

early book on physics, which attempted to analyze and 

define motion from a philosophical point of view), var- 

ious Greek philosophers advanced their own theories of 

nature. Physics was known as natural philosophy until the 

late 18th century.[27]
 

By the 19th century, physics was realised as a discipline 

distinct from philosophy and the other sciences. Physics, 

as with the rest of science, relies on philosophy of sci- 

ence and its “scientific method” to advance our knowl- 

edge of the physical world.[28] The scientific method em- 

ploys a priori reasoning as well as a posteriori reasoning 

and the use of Bayesian inference to measure the validity 

of a given theory.[29]
 

The development of physics has answered many questions 

of early philosophers, but has also raised new questions. 

Study of the philosophical issues surrounding physics, the 

philosophy of physics, involves issues such as the nature 

of space and time, determinism, and metaphysical out- 

looks such as empiricism, naturalism and realism.[30]
 

Many physicists have written about the philosophical im- 

plications of their work, for instance Laplace, who cham- 

pioned causal determinism,[31] and Erwin Schrödinger, 

who wrote on quantum mechanics.[32][33] The mathemat- 

ical physicist Roger Penrose has been called a Platonist 

by Stephen Hawking,[34] a view Penrose discusses in his 

book, The Road to Reality.[35] Hawking refers to himself 

as an “unashamed reductionist” and takes issue with Pen- 

rose’s views.[36]
 

 

1.5.3 Core theories 
 

Further information: Branches of physics and Outline of 

physics 

 
Though physics deals with a wide variety of systems, cer- 

tain theories are used by all physicists. Each of these 

theories were experimentally tested numerous times and 
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found to be an adequate approximation of nature. For 

instance, the theory of classical mechanics accurately de- 

scribes the motion of objects, provided they are much 

larger than atoms and moving at much less than the speed 

of light. These theories continue to be areas of active re- 

search today. Chaos theory, a remarkable aspect of clas- 

sical mechanics was discovered in the 20th century, three 

centuries after the original formulation of classical me- 

chanics by Isaac Newton (1642–1727). 

These central theories are important tools for research 

into more specialised topics, and any physicist, regard- 

less of their specialisation, is expected to be literate 

in them. These include classical mechanics, quantum 

mechanics, thermodynamics and statistical mechanics, 

electromagnetism, and special relativity. 

 
Classical physics 

 

Main article: Classical physics 

Classical physics includes the traditional branches 
 

Classical physics implemented in an acoustic engineering model 
of sound reflecting from an acoustic diffuser 

 
and topics that were recognised and well-developed 

before the beginning of the 20th century—classical 

mechanics, acoustics, optics, thermodynamics, and 

electromagnetism.  Classical mechanics is concerned 

with bodies acted on by forces and bodies in motion 

and may be divided into statics (study of the forces 

on a body or bodies not subject to an accelera- 

tion), kinematics (study of motion without regard to 

its causes), and dynamics (study of motion and the 

forces that affect it); mechanics may also be divided 

into solid mechanics and fluid mechanics (known to- 

gether as continuum mechanics), the latter include such 

branches as hydrostatics, hydrodynamics, aerodynamics, 

and pneumatics. Acoustics is the study of how sound is 

produced, controlled, transmitted and received.[37] Im- 

portant modern branches of acoustics include ultrasonics, 

the study of sound waves of very high frequency beyond 

the range of human hearing; bioacoustics, the physics of 

animal calls and hearing,[38] and electroacoustics, the ma- 

nipulation of audible sound waves using electronics.[39]
 

Optics, the study of light, is concerned not only with 

visible light but also with infrared and ultraviolet radia- 

tion, which exhibit all of the phenomena of visible light 

except visibility, e.g., reflection, refraction, interference, 

diffraction, dispersion, and polarization of light. Heat 

is a form of energy, the internal energy possessed by 

the particles of which a substance is composed; ther- 

modynamics deals with the relationships between heat 

and other forms of energy. Electricity and magnetism 

have been studied as a single branch of physics since 

the intimate connection between them was discovered in 

the early 19th century; an electric current gives rise to 

a magnetic field, and a changing magnetic field induces 

an electric current. Electrostatics deals with electric 

charges at rest, electrodynamics with moving charges, and 

magnetostatics with magnetic poles at rest. 

 

Modern physics 
 

Main article: Modern physics 

Classical physics is generally concerned with matter and 
 

 

Solvay Conference of 1927,  with prominent physicists such 
as Albert Einstein, Werner Heisenberg, Max Planck, Hendrik 
Lorentz, Niels Bohr, Marie Curie, Erwin Schrödinger and Paul 
Dirac 

 

energy on the normal scale of observation, while much of 
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modern physics is concerned with the behavior of matter 

and energy under extreme conditions or on a very large or 

very small scale. For example, atomic and nuclear physics 

studies matter on the smallest scale at which chemical 

elements can be identified. The physics of elementary 

particles is on an even smaller scale since it is concerned 

with the most basic units of matter; this branch of physics 

is also known as high-energy physics because of the ex- 

tremely high energies necessary to produce many types of 

particles in particle accelerators. On this scale, ordinary, 

commonsense notions of space, time, matter, and energy 

are no longer valid.[40]
 

The two chief theories of modern physics present a dif- 

ferent picture of the concepts of space, time, and mat- 

ter from that presented by classical physics. Classi- 

cal mechanics approximates nature as continuous, while 

quantum theory is concerned with the discrete nature of 

many phenomena at the atomic and subatomic level and 

with the complementary aspects of particles and waves 

in the description of such phenomena. The theory of rel- 

ativity is concerned with the description of phenomena 

that take place in a frame of reference that is in motion 

with respect to an observer; the special theory of relativ- 

ity is concerned with relative uniform motion in a straight 

line and the general theory of relativity with accelerated 

motion and its connection with gravitation. Both quan- 

tum theory and the theory of relativity find applications 

in all areas of modern physics.[41]
 

 
Difference between classical and modern physics 

 

 

 

 
  

  

 
The basic domains of physics 

 
While physics aims to discover universal laws, its theories 

lie in explicit domains of applicability. Loosely speak- 

ing, the laws of classical physics accurately describe sys- 

tems whose important length scales are greater than the 

atomic scale and whose motions are much slower than 

the speed of light. Outside of this domain, observations 

do not match predictions provided by classical mechan- 

ics. Albert Einstein contributed the framework of special 

relativity, which replaced notions of absolute time and 

space with spacetime and allowed an accurate description 

of systems whose components have speeds approaching 

the speed of light. Max Planck, Erwin Schrödinger, and 

others introduced quantum mechanics, a probabilistic no- 

tion of particles and interactions that allowed an accu- 

rate description of atomic and subatomic scales. Later, 

quantum field theory unified quantum mechanics and 

special relativity. General relativity allowed for a dynam- 

ical, curved spacetime, with which highly massive sys- 

tems and the large-scale structure of the universe can be 

well-described. General relativity has not yet been unified 

with the other fundamental descriptions; several candi- 

date theories of quantum gravity are being developed. 

 
1.5.4 Relation to other fields 

 

This parabola-shaped lava flow illustrates the application of 
mathematics in physics—in this case, Galileo's law of falling 
bodies. 

 
 

Prerequisites 

 

Mathematics provides a compact and exact language used 

to describe of the order in nature. This was noted and 

advocated by Pythagoras,[42] Plato,[43] Galileo,[44] and 

Newton. 

Physics uses mathematics[45] to organise and formu- 

late experimental results. From those results, precise 

or estimated solutions, quantitative results from which 

new predictions can be made and experimentally con- 

firmed or negated. The results from physics experiments 

are numerical measurements. Technologies based on 

mathematics, like computation have made computational 

physics an active area of research. 

Ontology is a prerequisite for physics, but not for math- 

ematics. It means physics is ultimately concerned with 

descriptions of the real world, while mathematics is con- 

cerned with abstract patterns, even beyond the real world. 

Thus physics statements are synthetic, while mathemat- 

ical statements are analytic. Mathematics contains hy- 

potheses, while physics contains theories. Mathematics 

statements have to be only logically true, while predic- 

tions of physics statements must match observed and ex- 

perimental data. 

The distinction is clear-cut, but not always obvious. 

For example, mathematical physics is the application of 

mathematics in physics. Its methods are mathematical, 

but its subject is physical.[46] The problems in this field 
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start with a "mathematical model of a physical situation" 

(system) and a “mathematical description of a physical 

law” that will be applied to that system. Every mathemat- 

ical statement used for solving has a hard-to-find physical 

meaning. The final mathematical solution has an easier- 

to-find meaning, because it is what the solver is looking 

for. 

Physics is a branch of fundamental science, not practical 

science. Physics is also called “the fundamental science” 

because the subject of study of all branches of natural sci- 

ence like chemistry, astronomy, geology, and biology are 

constrained by laws of physics,[47] similar to how chem- 

istry is often called the central science because of its role 

in linking the physical sciences. For example, chem- 

istry studies properties, structures, and reactions of mat- 

ter (chemistry’s focus on the atomic scale distinguishes it 

from physics). Structures are formed because particles 

exert electrical forces on each other, properties include 

physical characteristics of given substances, and reactions 

are bound by laws of physics, like conservation of energy, 

mass, and charge. 

Physics is applied in industries like engineering and 

medicine. 

 

 

Application and influence 

 

Main article: Applied physics 

Applied physics is a general term for physics research 

which is intended for a particular use. An applied physics 

curriculum usually contains a few classes in an applied 

discipline, like geology or electrical engineering. It usu- 

ally differs from engineering in that an applied physicist 

may not be designing something in particular, but rather 

is using physics or conducting physics research with the 

aim of developing new technologies or solving a problem. 

The approach is similar to that of applied mathematics. 

Applied physicists use physics in scientific research. For 

instance, people working on accelerator physics might 

seek to build better particle detectors for research in the- 

oretical physics. 

Physics is used heavily in engineering. For example, 

statics, a subfield of mechanics, is used in the building 

of bridges and other static structures. The understanding 

and use of acoustics results in sound control and better 

concert halls; similarly, the use of optics creates better 

optical devices. An understanding of physics makes for 

more realistic flight simulators, video games, and movies, 

and is often critical in forensic investigations. 

With the standard consensus that the laws of physics 

are universal and do not change with time, physics can 

be used to study things that would ordinarily be mired 

in uncertainty. For example, in the study of the ori- 

gin of the earth, one can reasonably model earth’s mass, 

temperature, and rate of rotation, as a function of time 

allowing one to extrapolate forward or backward in time 

and so predict future or prior events. It also allows for 

simulations in engineering which drastically speed up the 

development of a new technology. 

But there is also considerable interdisciplinarity in the 

physicist’s methods, so many other important fields are 

influenced by physics (e.g., the fields of econophysics and 

sociophysics). 

 

1.5.5 Research 

Scientific method 

 

Physicists use the scientific method to test the validity 

of a physical theory. By using a methodical approach 

to compare the implications of a theory with the con- 

clusions drawn from its related experiments and obser- 

vations, physicists are better able to test the validity of 

a theory in a logical, unbiased, and repeatable way. To 

that end, experiments are performed and observations are 

made in order to determine the validity or invalidity of the 

theory.[48]
 

A scientific law is a concise verbal or mathematical state- 

ment of a relation which expresses a fundamental prin- 

ciple of some theory, such as Newton’s law of universal 

gravitation.[49]
 

 
Theory and experiment 

 

Main articles: Theoretical physics and Experimental 

physics 

Theorists seek to develop mathematical models that both 

agree with existing experiments and successfully predict 

future experimental results, while experimentalists de- 

vise and perform experiments to test theoretical predic- 

tions and explore new phenomena. Although theory and 

experiment are developed separately, they are strongly 

dependent upon each other. Progress in physics fre- 

quently comes about when experimentalists make a dis- 

covery that existing theories cannot explain, or when new 

theories generate experimentally testable predictions, 

which inspire new experiments.[50]
 

Physicists who work at the interplay of theory and 

experiment are called phenomenologists, who study com- 

plex phenomena observed in experiment and work to re- 

late them to a fundamental theory.[51]
 

Theoretical physics has historically taken inspiration 

from philosophy; electromagnetism was unified this 

way.[lower-alpha 4] Beyond the known universe, the field 

of theoretical physics also deals with hypothetical 

issues,[lower-alpha 5] such as parallel universes, a multiverse, 

and higher dimensions. Theorists invoke these ideas in 

hopes of solving particular problems with existing theo- 

ries. They then explore the consequences of these ideas 

and work toward making testable predictions. 

Experimental physics expands, and is expanded by, 
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engineering and technology. Experimental physicists in- 

volved in basic research design and perform experiments 

with equipment such as particle accelerators and lasers, 

whereas those involved in applied research often work in 

industry developing technologies such as magnetic reso- 

nance imaging (MRI) and transistors. Feynman has noted 

that experimentalists may seek areas which are not well- 

explored by theorists.[52]
 

 
Scope and aims 

 

Physics covers a wide range of phenomena, from 

elementary particles (such as quarks, neutrinos, and elec- 

trons) to the largest superclusters of galaxies. Included in 

these phenomena are the most basic objects composing 

all other things. Therefore, physics is sometimes called 

the "fundamental science".[47] Physics aims to describe 

the various phenomena that occur in nature in terms of 

simpler phenomena. Thus, physics aims to both connect 

the things observable to humans to root causes, and then 

connect these causes together. 

For example, the ancient Chinese observed that certain 

rocks (lodestone and magnetite) were attracted to one an- 

other by an invisible force. This effect was later called 

magnetism, which was first rigorously studied in the 17th 

century. But even before the Chinese discovered mag- 

netism, the ancient Greeks knew of other objects such as 

amber, that when rubbed with fur would cause a simi- 

lar invisible attraction between the two.[53] This was also 

first studied rigorously in the 17th century and came to be 

called electricity. Thus, physics had come to understand 

two observations of nature in terms of some root cause 

(electricity and magnetism). However, further work in 

the 19th century revealed that these two forces were just 

two different aspects of one force—electromagnetism. 

This process of “unifying” forces continues today, and 

electromagnetism and the weak nuclear force are now 

considered to be two aspects of the electroweak interac- 

tion. Physics hopes to find an ultimate reason (Theory of 

Everything) for why nature is as it is (see section Current 
research below for more information).[54]

 

 
Research fields 

 

Contemporary research in physics can be broadly divided 

into particle physics; condensed matter physics; atomic, 

molecular, and optical physics; astrophysics; and applied 

physics. Some physics departments also support physics 

education research and physics outreach.[55]
 

Since the 20th century, the individual fields of physics 

have become increasingly specialised, and today most 

physicists work in a single field for their entire careers. 

“Universalists” such as Albert Einstein (1879–1955) and 

Lev Landau (1908–1968), who worked in multiple fields 

of physics, are now very rare.[lower-alpha 6]
 

The major fields of physics, along with their subfields and 

the theories and concepts they employ, are shown in the 

following table. 

 
 

Particle physics Main articles: Particle physics and 

Nuclear physics 

Particle physics is the study of the elementary con- 

stituents of matter and energy and the interactions be- 

tween them.[56] In addition, particle physicists design and 

develop the high energy accelerators,[57] detectors,[58] and 

computer programs[59] necessary for this research. The 

field is also called “high-energy physics” because many el- 

ementary particles do not occur naturally but are created 

only during high-energy collisions of other particles.[60]
 

Currently, the interactions of elementary particles and 

fields are described by the Standard Model.[61] The 

model accounts for the 12 known particles of matter 

(quarks and leptons) that interact via the strong, weak, 

and electromagnetic fundamental forces.[61] Dynamics 

are described in terms of matter particles exchanging 

gauge bosons (gluons, W and Z bosons, and photons, 

respectively).[62] The Standard Model also predicts a par- 

ticle known as the Higgs boson.[61] In July 2012 CERN, 

the European laboratory for particle physics, announced 

the detection of a particle consistent with the Higgs 

boson,[63] an integral part of a Higgs mechanism. 

Nuclear physics is the field of physics that studies the 

constituents and interactions of atomic nuclei. The 

most commonly known applications of nuclear physics 

are nuclear power generation and nuclear weapons 

technology, but the research has provided application 

in many fields, including those in nuclear medicine 

and magnetic resonance imaging, ion implantation in 

materials engineering, and radiocarbon dating in geology 

and archaeology. 

 
 

Atomic, molecular, and optical physics Main article: 

Atomic, molecular, and optical physics 

 
Atomic, molecular, and optical physics (AMO) is the 

study of matter–matter and light–matter interactions on 

the scale of single atoms and molecules. The three areas 

are grouped together because of their interrelationships, 

the similarity of methods used, and the commonality of 

their relevant energy scales. All three areas include both 

classical, semi-classical and quantum treatments; they can 

treat their subject from a microscopic view (in contrast to 

a macroscopic view). 

Atomic physics studies the electron shells of atoms. Cur- 

rent research focuses on activities in quantum control, 

cooling and trapping of atoms and ions,[64][65][66] low- 

temperature collision dynamics and the effects of elec- 

tron correlation on structure and dynamics. Atomic 

physics is influenced by the nucleus (see, e.g., hyperfine 

splitting), but intra-nuclear phenomena such as fission and 

fusion are considered part of high-energy physics. 
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Molecular physics focuses on multi-atomic structures and 

their internal and external interactions with matter and 

light. Optical physics is distinct from optics in that it 

tends to focus not on the control of classical light fields 

by macroscopic objects but on the fundamental proper- 

ties of optical fields and their interactions with matter in 

the microscopic realm. 

 

 

Condensed matter physics Main article: Condensed 

matter physics 

Condensed matter physics is the field of physics that deals 

with the macroscopic physical properties of matter.[67] In 

particular, it is concerned with the “condensed” phases 

that appear whenever the number of particles in a system 

is extremely large and the interactions between them are 

strong.[68]
 

The most familiar examples of condensed phases are 

solids and liquids, which arise from the bonding by way of 

the electromagnetic force between atoms.[69] More exotic 

condensed phases include the superfluid[70] and the Bose– 

Einstein condensate[71] found in certain atomic systems at 

very low temperature, the superconducting phase exhib- 

ited by conduction electrons in certain materials,[72] and 

the ferromagnetic and antiferromagnetic phases of spins 

on atomic lattices.[73]
 

Condensed matter physics is the largest field of contem- 

porary physics. Historically, condensed matter physics 

grew out of solid-state physics, which is now considered 

one of its main subfields.[74] The term condensed matter 
physics was apparently coined by Philip Anderson when 

he renamed his research group—previously solid-state 
theory—in 1967.[75] In 1978, the Division of Solid State 

Physics of the American Physical Society was renamed 

as the Division of Condensed Matter Physics.[74] Con- 

densed matter physics has a large overlap with chemistry, 

materials science, nanotechnology and engineering.[68]
 

 
 

Astrophysics Main articles: Astrophysics and Physical 

cosmology 

Astrophysics and astronomy are the application of the 

theories and methods of physics to the study of stellar 

structure, stellar evolution, the origin of the Solar System, 

and related problems of cosmology. Because astrophysics 

is a broad subject, astrophysicists typically apply many 

disciplines of physics, including mechanics, electromag- 

netism, statistical mechanics, thermodynamics, quantum 

mechanics, relativity, nuclear and particle physics, and 

atomic and molecular physics.[76]
 

The discovery by Karl Jansky in 1931 that radio sig- 

nals were emitted by celestial bodies initiated the science 

of radio astronomy. Most recently, the frontiers of as- 

tronomy have been expanded by space exploration. Per- 

turbations and interference from the earth’s atmosphere 

make space-based observations necessary for infrared, 

ultraviolet, gamma-ray, and X-ray astronomy. 

Physical cosmology is the study of the formation and 

evolution of the universe on its largest scales. Albert 

Einstein’s theory of relativity plays a central role in all 

modern cosmological theories. In the early 20th cen- 

tury, Hubble's discovery that the universe is expanding, 

as shown by the Hubble diagram, prompted rival expla- 

nations known as the steady state universe and the Big 

Bang. 

The Big Bang was confirmed by the success of Big Bang 

nucleosynthesis and the discovery of the cosmic mi- 

crowave background in 1964. The Big Bang model rests 

on two theoretical pillars: Albert Einstein’s general rela- 

tivity and the cosmological principle. Cosmologists have 

recently established the ΛCDM model of the evolution 

of the universe, which includes cosmic inflation, dark en- 

ergy, and dark matter. 

Numerous possibilities and discoveries are anticipated to 

emerge from new data from the Fermi Gamma-ray Space 

Telescope over the upcoming decade and vastly revise or 

clarify existing models of the universe.[77][78] In partic- 

ular, the potential for a tremendous discovery surround- 

ing dark matter is possible over the next several years.[79] 

Fermi will search for evidence that dark matter is com- 

posed of weakly interacting massive particles, comple- 

menting similar experiments with the Large Hadron Col- 

lider and other underground detectors. 

IBEX is already yielding new astrophysical discoveries: 

“No one knows what is creating the ENA (energetic 

neutral atoms) ribbon” along the termination shock of 

the solar wind, “but everyone agrees that it means the 

textbook picture of the heliosphere—in which the Solar 

System’s enveloping pocket filled with the solar wind’s 

charged particles is plowing through the onrushing 'galac- 

tic wind' of the interstellar medium in the shape of a 

comet—is wrong.”[80]
 

 
 

1.5.6 Current research 
 

Further information: List of unsolved problems in physics 

Research in physics is continually progressing on a large 

number of fronts. 

In condensed matter physics, an important unsolved theo- 

retical problem is that of high-temperature superconduc- 

tivity.[81] Many condensed matter experiments are aiming 

to fabricate workable spintronics and quantum comput- 

ers.[68][82] 

In particle physics, the first pieces of experimental evi- 

dence for physics beyond the Standard Model have be- 

gun to appear. Foremost among these are indications 

that neutrinos have non-zero mass. These experimen- 

tal results appear to have solved the long-standing solar 

neutrino problem, and the physics of massive neutrinos 

remains an area of active theoretical and experimental 

research. Large Hadron Collider had already found the 

Higgs Boson. Future research aims to prove or disprove 
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the supersymmetry, which extends the Standard Model 

of particle physics. The research on dark matter and dark 

energy is also on the agenda.[83]
 

Theoretical attempts to unify quantum mechanics and 

general relativity into a single theory of quantum grav- 

ity, a program ongoing for over half a century, have not 

yet been decisively resolved. The current leading candi- 

dates are M-theory, superstring theory and loop quantum 

gravity. 

Many astronomical and cosmological phenomena have 

yet to be satisfactorily explained, including the existence 

of ultra-high energy cosmic rays, the baryon asymmetry, 

the acceleration of the universe and the anomalous rota- 

tion rates of galaxies. 

Although much progress has been made in high- 

energy, quantum, and astronomical physics, many ev- 

eryday phenomena involving complexity,[84] chaos,[85] or 

turbulence[86] are still poorly understood. Complex prob- 

lems that seem like they could be solved by a clever appli- 

cation of dynamics and mechanics remain unsolved; ex- 

amples include the formation of sandpiles, nodes in trick- 

ling water, the shape of water droplets, mechanisms of 

surface tension catastrophes, and self-sorting in shaken 

heterogeneous collections.[87]
 

These complex phenomena have received growing at- 

tention since the 1970s for several reasons, including 

the availability of modern mathematical methods and 

computers, which enabled complex systems to be mod- 

eled in new ways. Complex physics has become part of 

increasingly interdisciplinary research, as exemplified by 

the study of turbulence in aerodynamics and the obser- 

vation of pattern formation in biological systems. In the 

1932 Annual Review of Fluid Mechanics, Horace Lamb 

said:[88]
 

 
I am an old man now, and when I die and 

go to heaven there are two matters on which I 

hope for enlightenment. One is quantum elec- 

trodynamics, and the other is the turbulent mo- 

tion of fluids. And about the former I am rather 

optimistic. 

 

1.5.7 See also 

1.5.8 Notes 
 

[1] The term 'universe' is defined as everything that physi- 

cally exists: the entirety of space and time, all forms of 

matter, energy and momentum, and the physical laws and 

constants that govern them. However, the term 'universe' 

may also be used in slightly different contextual senses, 

denoting concepts such as the cosmos or the philosophical 

world. 

 

[2] Francis Bacon's 1620 Novum Organum was critical in the 

development of scientific method.[10]
 

[3] Calculus was independently developed at around the same 

time by Gottfried Wilhelm Leibniz; while Leibniz was the 

first to publish his work and develop much of the nota- 

tion used for calculus today, Newton was the first to de- 

velop calculus and apply it to physical problems. See also 

Leibniz–Newton calculus controversy 
 

[4] See, for example, the influence of Kant and Ritter on 

Ørsted. 
 

[5] Concepts which are denoted hypothetical can change 

with time. For example, the atom of nineteenth-century 

physics was denigrated by some, including Ernst Mach's 

critique of Ludwig Boltzmann's formulation of statistical 

mechanics. By the end of World War II, the atom was no 

longer  deemed hypothetical. 
 

[6] Yet, universalism is encouraged in the culture of physics. 

For example, the World Wide Web, which was innovated 

at CERN by Tim Berners-Lee, was created in service to 

the computer infrastructure of CERN, and was/is intended 

for use by physicists worldwide. The same might be said 

for arXiv.org 
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General 
 

• Encyclopedia of Physics at Scholarpedia 

• de Haas, Paul, Historic Papers in Physics (20th Cen- 
tury) at the Wayback Machine (archived 26 August 
2009) 

• PhysicsCentral – Web portal run by the American 
Physical Society 

• Physics.org – Web portal run by the Institute of 
Physics 

• The Skeptic’s Guide to Physics 

• Usenet Physics FAQ – A FAQ compiled by 
sci.physics and other physics newsgroups 

• Website of the Nobel Prize in physics 

• World of Physics An online encyclopedic dictionary 
of physics 

• Nature: Physics 

• Physics announced 17 July 2008 by the American 
Physical Society 

• Physics/Publications at DMOZ 

• Physicsworld.com – News website from Institute of 
Physics Publishing 

• Physics Central – includes articles on astronomy, 
particle physics, and mathematics. 

• The Vega Science Trust – science videos, including 
physics 

• Video: Physics “Lightning” Tour with Justin Mor- 
gan 
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• 52-part video course: The  Mechanical Uni- 

verse...and Beyond Note: also available at 01 – In- 

troduction at Google Videos 

• HyperPhysics website – HyperPhysics, a physics and 
astronomy mind-map from Georgia State University 

 

Organizations 

 

• AIP.org – Website of the American Institute of 
Physics 

• APS.org – Website of the American Physical Soci- 
ety 

• IOP.org – Website of the Institute of Physics 

• PlanetPhysics.org 

• Royal Society – Although not exclusively a physics 
institution, it has a strong history of physics 

• SPS National – Website of the Society of Physics 
Students 
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Mathematics and ontology are used in physics. Physics is used in 
chemistry and cosmology. 
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The distinction between mathematics and physics is clear-cut, 
but not always obvious, especially in mathematical physics. 

 
 

Archimedes’ screw, a simple machine for lifting 
 
 

The application of physical laws in lifting liquids 
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The astronaut and Earth are both in free-fall 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lightning is an electric current 

 

 

 

Physics involves modeling the natural world with theory, usually 
quantitative. Here, the path of a particle is modeled with the 
mathematics of calculus to explain its behavior: the purview of 
the branch of physics known as mechanics. 

 

 

A simulated event in the CMS detector of the Large Hadron Col- 
lider, featuring a possible appearance of the Higgs boson. 

 

 

Velocity-distribution data of a gas of rubidium atoms, confirm- 
ing the discovery of a new phase of matter, the Bose–Einstein 
condensate 
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The deepest visible-light image of the universe, the Hubble Ultra 
Deep Field 

 
 
 

 

Feynman diagram signed by R. P. Feynman. 

 
 
 

 

A typical event described by physics: a magnet levitating above a 
superconductor demonstrates the Meissner  effect. 
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1.6 Mathematics 
 
This article is about the study of topics such as quantity 

and structure. For other uses, see Mathematics (disam- 

biguation). “Math” redirects here. For other uses, see 

Math (disambiguation). 

 
 

 

Euclid (holding calipers), Greek mathematician, 3rd century 
BC, as imagined by Raphael in this detail from The School of 

Athens.[1]
 

 
Mathematics (from Greek μάθημα máthēma, “knowl- 

edge, study, learning”) is the study of topics such 

as quantity (numbers),[2] structure,[3] space,[2] and 

change.[4][5][6] There is a range of views among math- 

ematicians and philosophers as to the exact scope and 

definition of mathematics.[7][8]
 

Mathematicians seek out patterns[9][10] and use them to 

formulate new conjectures. Mathematicians resolve the 

truth or falsity of conjectures by mathematical proof. 

When mathematical structures are good models of real 

phenomena, then mathematical reasoning can provide 

insight or predictions about nature. Through the use 

of abstraction and logic, mathematics developed from 

counting, calculation, measurement, and the systematic 

study of the shapes and motions of physical objects. Prac- 

tical mathematics has been a human activity from as far 

back as written records exist. The research required to 

solve mathematical problems can take years or even cen- 

turies of sustained inquiry. 

Rigorous arguments first appeared in Greek mathemat- 

ics, most notably in Euclid's Elements. Since the pioneer- 

ing work of Giuseppe Peano (1858–1932), David Hilbert 

(1862–1943), and others on axiomatic systems in the late 

19th century, it has become customary to view mathemat- 

ical research as establishing truth by rigorous deduction 

from appropriately chosen axioms and definitions. Math- 

ematics developed at a relatively slow pace until the 

Renaissance, when mathematical innovations interacting 

with new scientific discoveries led to a rapid increase in 

the rate of mathematical discovery that has continued to 

the present day.[11]
 

Galileo Galilei (1564–1642) said, “The universe cannot 

be read until we have learned the language and become 

familiar with the characters in which it is written. It 

is written in mathematical language, and the letters are 

triangles, circles and other geometrical figures, without 

which means it is humanly impossible to comprehend a 

single word. Without these, one is wandering about in a 

dark labyrinth.”[12] Carl Friedrich Gauss (1777–1855) re- 

ferred to mathematics as “the Queen of the Sciences”.[13] 

Benjamin Peirce (1809–1880) called mathematics “the 

science that draws necessary conclusions”.[14] David 

Hilbert said of mathematics: “We are not speaking here 

of arbitrariness in any sense. Mathematics is not like 

a game whose tasks are determined by arbitrarily stip- 

ulated rules. Rather, it is a conceptual system possessing 

internal necessity that can only be so and by no means 

otherwise.”[15] Albert Einstein (1879–1955) stated that 

“as far as the laws of mathematics refer to reality, they 

are not certain; and as far as they are certain, they do not 

refer to reality.”[16]
 

Mathematics is essential in many fields, including natural 

science, engineering, medicine, finance and the social 

sciences. Applied mathematics has led to entirely new 

mathematical disciplines, such as statistics and game the- 

ory. Mathematicians also engage in pure mathematics, or 

mathematics for its own sake, without having any appli- 

cation in mind. There is no clear line separating pure and 

applied mathematics, and practical applications for what 

began as pure mathematics are often discovered.[17]
 

 
1.6.1 History 

Main article: History of mathematics 

 
The history of mathematics can be seen as an ever- 

increasing series of abstractions. The first abstraction, 

which is shared by many animals,[18] was probably that 

of numbers: the realization that a collection of two apples 

and a collection of two oranges (for example) have some- 

thing in common, namely quantity of their members. 

As evidenced by tallies found on bone, in addition to 

recognizing how to count physical objects, prehistoric 

peoples may have also recognized how to count abstract 

quantities, like time – days, seasons, years.[19]
 

Evidence for more complex mathematics does not appear 

until around 3000 BC, when the Babylonians and Egyp- 

tians began using arithmetic, algebra and geometry for 

taxation and other financial calculations, for building and 

construction, and for astronomy.[20] The earliest uses of 

mathematics were in trading, land measurement, painting 

and weaving patterns and the recording of time. 

In Babylonian mathematics elementary arithmetic 

(addition, subtraction, multiplication and division) first 

appears in the archaeological record. Numeracy pre- 

https://en.wikipedia.org/wiki/Mathematics_(disambiguation)
https://en.wikipedia.org/wiki/Mathematics_(disambiguation)
https://en.wikipedia.org/wiki/Math_(disambiguation)
https://en.wikipedia.org/wiki/Euclid
https://en.wikipedia.org/wiki/Calipers
https://en.wikipedia.org/wiki/Raphael
https://en.wikipedia.org/wiki/The_School_of_Athens
https://en.wikipedia.org/wiki/The_School_of_Athens
https://en.wikipedia.org/wiki/Mathematics#cite_note-1
https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Quantity
https://en.wikipedia.org/wiki/Number
https://en.wikipedia.org/wiki/Mathematics#cite_note-OED-2
https://en.wikipedia.org/wiki/Mathematical_structure
https://en.wikipedia.org/wiki/Mathematics#cite_note-Kneebone-3
https://en.wikipedia.org/wiki/Space
https://en.wikipedia.org/wiki/Mathematics#cite_note-OED-2
https://en.wikipedia.org/wiki/Calculus
https://en.wikipedia.org/wiki/Mathematics#cite_note-LaTorre-4
https://en.wikipedia.org/wiki/Mathematics#cite_note-LaTorre-4
https://en.wikipedia.org/wiki/Mathematics#cite_note-Ziegler-6
https://en.wikipedia.org/wiki/Definitions_of_mathematics
https://en.wikipedia.org/wiki/Mathematics#cite_note-Mura-7
https://en.wikipedia.org/wiki/Mathematics#cite_note-Mura-7
https://en.wikipedia.org/wiki/Mathematician
https://en.wikipedia.org/wiki/Patterns
https://en.wikipedia.org/wiki/Patterns
https://en.wikipedia.org/wiki/Mathematics#cite_note-devlin-10
https://en.wikipedia.org/wiki/Conjecture
https://en.wikipedia.org/wiki/Mathematical_proof
https://en.wikipedia.org/wiki/Abstraction_(mathematics)
https://en.wikipedia.org/wiki/Logic
https://en.wikipedia.org/wiki/Counting
https://en.wikipedia.org/wiki/Calculation
https://en.wikipedia.org/wiki/Measurement
https://en.wikipedia.org/wiki/Shape
https://en.wikipedia.org/wiki/Motion_(physics)
https://en.wikipedia.org/wiki/History_of_Mathematics
https://en.wikipedia.org/wiki/Logic
https://en.wikipedia.org/wiki/Greek_mathematics
https://en.wikipedia.org/wiki/Greek_mathematics
https://en.wikipedia.org/wiki/Euclid
https://en.wikipedia.org/wiki/Euclid%2527s_Elements
https://en.wikipedia.org/wiki/Giuseppe_Peano
https://en.wikipedia.org/wiki/David_Hilbert
https://en.wikipedia.org/wiki/Foundations_of_mathematics
https://en.wikipedia.org/wiki/Foundations_of_mathematics
https://en.wikipedia.org/wiki/Truth
https://en.wikipedia.org/wiki/Mathematical_rigour
https://en.wikipedia.org/wiki/Deductive_reasoning
https://en.wikipedia.org/wiki/Axiom
https://en.wikipedia.org/wiki/Definition
https://en.wikipedia.org/wiki/Renaissance
https://en.wikipedia.org/wiki/Timeline_of_scientific_discoveries
https://en.wikipedia.org/wiki/Mathematics#cite_note-11
https://en.wikipedia.org/wiki/Galileo_Galilei
https://en.wikipedia.org/wiki/Mathematics#cite_note-12
https://en.wikipedia.org/wiki/Carl_Friedrich_Gauss
https://en.wikipedia.org/wiki/Mathematics#cite_note-Waltershausen-13
https://en.wikipedia.org/wiki/Benjamin_Peirce
https://en.wikipedia.org/wiki/Mathematics#cite_note-14
https://en.wikipedia.org/wiki/Mathematics#cite_note-15
https://en.wikipedia.org/wiki/Albert_Einstein
https://en.wikipedia.org/wiki/Mathematics#cite_note-certain-16
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Medicine
https://en.wikipedia.org/wiki/Finance
https://en.wikipedia.org/wiki/Social_sciences
https://en.wikipedia.org/wiki/Social_sciences
https://en.wikipedia.org/wiki/Applied_mathematics
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Game_theory
https://en.wikipedia.org/wiki/Game_theory
https://en.wikipedia.org/wiki/Pure_mathematics
https://en.wikipedia.org/wiki/Mathematics#cite_note-17
https://en.wikipedia.org/wiki/History_of_mathematics
https://en.wikipedia.org/wiki/Abstraction_(mathematics)
https://en.wikipedia.org/wiki/Mathematics#cite_note-18
https://en.wikipedia.org/wiki/Number
https://en.wikipedia.org/wiki/Tally_sticks
https://en.wikipedia.org/wiki/Counting
https://en.wikipedia.org/wiki/Prehistoric
https://en.wikipedia.org/wiki/Season
https://en.wikipedia.org/wiki/Mathematics#cite_note-19
https://en.wikipedia.org/wiki/Before_Christ
https://en.wikipedia.org/wiki/Babylonia
https://en.wikipedia.org/wiki/Taxation
https://en.wikipedia.org/wiki/Astronomy
https://en.wikipedia.org/wiki/Mathematics#cite_note-20
https://en.wikipedia.org/wiki/Trade
https://en.wikipedia.org/wiki/Land_measurement
https://en.wikipedia.org/wiki/Painting
https://en.wikipedia.org/wiki/Weaving
https://en.wikipedia.org/wiki/Babylonian_mathematics
https://en.wikipedia.org/wiki/Elementary_arithmetic
https://en.wikipedia.org/wiki/Addition
https://en.wikipedia.org/wiki/Subtraction
https://en.wikipedia.org/wiki/Multiplication
https://en.wikipedia.org/wiki/Division_(mathematics)
https://en.wikipedia.org/wiki/Numeracy


1.6.  MATHEMATICS 57 
 

 

Muslims and Evolution of Science 

 

 
 

  
 

Greek mathematician Pythagoras (c. 570 – c. 495 BC), com- 
monly credited with discovering the Pythagorean  theorem 
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dated writing and numeral systems have been many and 

diverse, with the first known written numerals created by 

Egyptians in Middle Kingdom texts such as the Rhind 

Mathematical Papyrus. 

Between 600 and 300 BC the Ancient Greeks began a sys- 

tematic study of mathematics in its own right with Greek 

mathematics.[21]
 

Persian mathematician Al-Khwarizmi ( c. 780–c. 850 ), the in- 
ventor of the Algebra. 

 

 
During the Golden Age of Islam, especially during the 

9th and 10th centuries, mathematics saw many impor- 

tant innovations building on Greek mathematics: most of 

them include the contributions from Persian mathemati- 

cians such as Al-Khwarismi, Omar Khayyam and Sharaf 

al-Dīn al-Ṭūsī. 

Mathematics has since been greatly extended, and there 

has been a fruitful interaction between mathematics and 

science, to the benefit of both. Mathematical discover- 

ies continue to be made today. According to Mikhail B. 

Sevryuk, in the January 2006 issue of the Bulletin of the 
American Mathematical Society, “The number of papers 

and books included in the Mathematical Reviews database 

since 1940 (the first year of operation of MR) is now more 

than 1.9 million, and more than 75 thousand items are 

added to the database each year. The overwhelming ma- 

jority of works in this ocean contain new mathematical 

theorems and their proofs.”[22]
 

 

Etymology 

 

The word mathematics comes from the Greek μάθημα 

(máthēma), which, in the ancient Greek language, means 

“that which is learnt”,[23] “what one gets to know”, 

hence also “study” and “science”, and in modern Greek 

just “lesson”. The word máthēma is derived from 

μανθάνω (manthano), while the modern Greek equiv- 

alent is μαθαίνω (mathaino), both of which mean “to 

learn”. In Greece, the word for “mathematics” came to 

have the narrower and more technical meaning “math- 
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ematical study” even in Classical times.[24] Its adjec- 

tive is μαθηματικός (mathēmatikós), meaning “related 

to learning” or “studious”, which likewise further came to 

mean “mathematical”. In particular, μαθηματικὴ τέχνη 

(mathēmatikḗ tékhnē), Latin: ars mathematica, meant 

“the mathematical art”. 

Similarly, one of the two main schools of thought 

in Pythagoreanism was known as the mathēmatikoi 
(μαθηματικοί) – which at the time meant “teachers” 

rather than “mathematicians” in the modern sense. 

In Latin, and in English until around 1700, the term math- 
ematics more commonly meant “astrology” (or some- 

times “astronomy”) rather than “mathematics"; the mean- 

ing gradually changed to its present one from about 1500 

to 1800. This has resulted in several mistranslations: a 

particularly notorious one is Saint Augustine's warning 

that Christians should beware of mathematici meaning as- 

trologers, which is sometimes mistranslated as a condem- 

nation of mathematicians.[25]
 

The apparent plural form in English, like the French plu- 

ral form les mathématiques (and the less commonly used 

singular derivative la mathématique), goes back to the 

Latin neuter plural mathematica (Cicero), based on the 

Greek plural τα μαθηματικά (ta mathēmatiká), used by 

Aristotle (384–322 BC), and meaning roughly “all things 

mathematical"; although it is plausible that English bor- 

rowed only the adjective mathematic(al) and formed the 

noun mathematics anew, after the pattern of physics and 

metaphysics, which were inherited from the Greek.[26] In 

English, the noun mathematics takes singular verb forms. 

It is often shortened to maths or, in English-speaking 

North America, math.[27]
 

 

1.6.2 Definitions of mathematics 

Main article: Definitions of mathematics 

Aristotle defined mathematics as “the science of 

quantity”, and this definition prevailed until the 18th 

century.[28] Starting in the 19th century, when the study 

of mathematics increased in rigor and began to address 

abstract topics such as group theory and projective ge- 

ometry, which have no clear-cut relation to quantity and 

measurement, mathematicians and philosophers began to 

propose a variety of new definitions.[29] Some of these 

definitions emphasize the deductive character of much 

of mathematics, some emphasize its abstractness, some 

emphasize certain topics within mathematics. Today, no 

consensus on the definition of mathematics prevails, even 

among professionals.[7] There is not even consensus on 

whether mathematics is an art or a science.[8] A great 

many professional mathematicians take no interest in a 

definition of mathematics, or consider it undefinable.[7] 

Some just say, “Mathematics is what mathematicians 

do.”[7]
 

Three leading types of definition of mathematics are 

called logicist, intuitionist, and formalist, each reflecting a 

 

 
 

Leonardo Fibonacci, the Italian mathematician who established 
the Hindu–Arabic numeral system to the Western World 

 
 

different philosophical school of thought.[30] All have se- 

vere problems, none has widespread acceptance, and no 

reconciliation seems possible.[30]
 

An early definition of mathematics in terms of logic 

was Benjamin Peirce's “the science that draws neces- 

sary conclusions” (1870).[31] In the Principia Mathemat- 
ica, Bertrand Russell and Alfred North Whitehead ad- 

vanced the philosophical program known as logicism, and 

attempted to prove that all mathematical concepts, state- 

ments, and principles can be defined and proved entirely 

in terms of symbolic logic. A logicist definition of math- 

ematics is Russell’s “All Mathematics is Symbolic Logic” 

(1903).[32]
 

Intuitionist definitions, developing from the philosophy 

of mathematician L.E.J. Brouwer, identify mathematics 

with certain mental phenomena. An example of an in- 

tuitionist definition is “Mathematics is the mental activ- 

ity which consists in carrying out constructs one after the 

other.”[30] A peculiarity of intuitionism is that it rejects 

some mathematical ideas considered valid according to 

other definitions. In particular, while other philosophies 

of mathematics allow objects that can be proved to ex- 

ist even though they cannot be constructed, intuitionism 

allows only mathematical objects that one can actually 

construct. 

Formalist definitions identify mathematics with its sym- 

bols and the rules for operating on them. Haskell Curry 

defined mathematics simply as “the science of formal 

systems”.[33] A formal system is a set of symbols, or to- 
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kens, and some rules telling how the tokens may be com- 

bined into formulas. In formal systems, the word axiom 
has a special meaning, different from the ordinary mean- 

ing of “a self-evident truth”. In formal systems, an axiom 

is a combination of tokens that is included in a given for- 

mal system without needing to be derived using the rules 

of the system. 

 

Mathematics as science 

 

Carl Friedrich Gauss, known as the prince of mathematicians 

 
Gauss referred to mathematics as “the Queen of the 

Sciences”.[13] In the original Latin Regina Scientiarum, as 

well as in German Königin der Wissenschaften, the word 

corresponding to science means a “field of knowledge”, 

and this was the original meaning of “science” in En- 

glish, also; mathematics is in this sense a field of knowl- 

edge. The specialization restricting the meaning of “sci- 

ence” to natural science follows the rise of Baconian sci- 

ence, which contrasted “natural science” to scholasticism, 

the Aristotelean method of inquiring from first principles. 

The role of empirical experimentation and observation is 

negligible in mathematics, compared to natural sciences 

such as biology, chemistry, or physics. Albert Einstein 

stated that “as far as the laws of mathematics refer to re- 

ality, they are not certain; and as far as they are certain, 

they do not refer to reality.”[16] More recently, Marcus du 

Sautoy has called mathematics “the Queen of Science ... 

the main driving force behind scientific discovery”.[34]
 

Many philosophers believe that mathematics is not ex- 

perimentally falsifiable, and thus not a science accord- 

ing to the definition of Karl Popper.[35] However, in 

 

the 1930s Gödel’s incompleteness theorems convinced 

many mathematicians that mathematics cannot be re- 

duced to logic alone, and Karl Popper concluded that 

“most mathematical theories are, like those of physics and 

biology, hypothetico-deductive: pure mathematics there- 

fore turns out to be much closer to the natural sciences 

whose hypotheses are conjectures, than it seemed even 

recently.”[36] Other thinkers, notably Imre Lakatos, have 

applied a version of falsificationism to mathematics itself. 

An alternative view is that certain scientific fields (such as 

theoretical physics) are mathematics with axioms that are 

intended to correspond to reality. The theoretical physi- 

cist J.M. Ziman proposed that science is public knowl- 
edge, and thus includes mathematics.[37] Mathematics 

shares much in common with many fields in the physi- 

cal sciences, notably the exploration of the logical conse- 

quences of assumptions. Intuition and experimentation 

also play a role in the formulation of conjectures in 

both mathematics and the (other) sciences. Experimental 

mathematics continues to grow in importance within 

mathematics, and computation and simulation are playing 

an increasing role in both the sciences and mathematics. 

The opinions of mathematicians on this matter are varied. 

Many mathematicians feel that to call their area a sci- 

ence is to downplay the importance of its aesthetic side, 

and its history in the traditional seven liberal arts; others 

feel that to ignore its connection to the sciences is to turn 

a blind eye to the fact that the interface between math- 

ematics and its applications in science and engineering 

has driven much development in mathematics. One way 

this difference of viewpoint plays out is in the philosoph- 

ical debate as to whether mathematics is created (as in 

art) or discovered (as in science). It is common to see 

universities divided into sections that include a division 

of Science and Mathematics, indicating that the fields are 

seen as being allied but that they do not coincide. In prac- 

tice, mathematicians are typically grouped with scientists 

at the gross level but separated at finer levels. This is one 

of many issues considered in the philosophy of mathe- 

matics. 

https://en.wikipedia.org/wiki/Carl_Friedrich_Gauss
https://en.wikipedia.org/wiki/Carl_Friedrich_Gauss
https://en.wikipedia.org/wiki/Mathematics#cite_note-Waltershausen-13
https://en.wikipedia.org/wiki/German_language
https://en.wikipedia.org/wiki/Natural_science
https://en.wikipedia.org/wiki/Baconian_method
https://en.wikipedia.org/wiki/Baconian_method
https://en.wikipedia.org/wiki/Scholasticism
https://en.wikipedia.org/wiki/Organon
https://en.wikipedia.org/wiki/First_principles
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Albert_Einstein
https://en.wikipedia.org/wiki/Mathematics#cite_note-certain-16
https://en.wikipedia.org/wiki/Marcus_du_Sautoy
https://en.wikipedia.org/wiki/Marcus_du_Sautoy
https://en.wikipedia.org/wiki/Mathematics#cite_note-34
https://en.wikipedia.org/wiki/Falsifiability
https://en.wikipedia.org/wiki/Karl_Popper
https://en.wikipedia.org/wiki/Mathematics#cite_note-35
https://en.wikipedia.org/wiki/G%C3%B6del%2527s_incompleteness_theorems
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Biology
https://en.wikipedia.org/wiki/Hypothesis
https://en.wikipedia.org/wiki/Deductive
https://en.wikipedia.org/wiki/Mathematics#cite_note-36
https://en.wikipedia.org/wiki/Imre_Lakatos
https://en.wikipedia.org/wiki/Falsificationism
https://en.wikipedia.org/wiki/Theoretical_physics
https://en.wikipedia.org/wiki/J.M._Ziman
https://en.wikipedia.org/wiki/Mathematics#cite_note-37
https://en.wikipedia.org/wiki/Deductive_reasoning
https://en.wikipedia.org/wiki/Deductive_reasoning
https://en.wikipedia.org/wiki/Intuition_(knowledge)
https://en.wikipedia.org/wiki/Experiment
https://en.wikipedia.org/wiki/Conjecture
https://en.wikipedia.org/wiki/Experimental_mathematics
https://en.wikipedia.org/wiki/Experimental_mathematics
https://en.wikipedia.org/wiki/Liberal_arts
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/University
https://en.wikipedia.org/wiki/Philosophy_of_mathematics
https://en.wikipedia.org/wiki/Philosophy_of_mathematics


1.6.  MATHEMATICS 60 
 

 

Muslims and Evolution of Science 

 

 

1.6.3 Inspiration, pure and applied math- 
ematics, and aesthetics 

 
Main article: Mathematical beauty 

 

 

 

 

 

 

 

 

 

 

 

 

Newton (left) and Gottfried Wilhelm Leibniz (right), 

developers of infinitesimal calculus 

 
Mathematics arises from many different kinds of prob- 

lems. At first these were found in commerce, land mea- 

surement, architecture and later astronomy; today, all sci- 

ences suggest problems studied by mathematicians, and 

many problems arise within mathematics itself. For ex- 

ample, the physicist Richard Feynman invented the path 

integral formulation of quantum mechanics using a com- 

bination of mathematical reasoning and physical insight, 

and today’s string theory, a still-developing scientific the- 

ory which attempts to unify the four fundamental forces 

of nature, continues to inspire new mathematics.[38]
 

Some mathematics is relevant only in the area that in- 

spired it, and is applied to solve further problems in that 

area. But often mathematics inspired by one area proves 

useful in many areas, and joins the general stock of math- 

ematical concepts. A distinction is often made between 

pure mathematics and applied mathematics. However 

pure mathematics topics often turn out to have applica- 

tions, e.g. number theory in cryptography. This remark- 

able fact, that even the “purest” mathematics often turns 

out to have practical applications, is what Eugene Wigner 

has called "the unreasonable effectiveness of mathemat- 

ics".[39] As in most areas of study, the explosion of knowl- 

edge in the scientific age has led to specialization: there 

are now hundreds of specialized areas in mathematics 

and the latest Mathematics Subject Classification runs 

to 46 pages.[40] Several areas of applied mathematics 

have merged with related traditions outside of mathemat- 

ics and become disciplines in their own right, including 

statistics, operations research, and computer science. 

For those who are mathematically inclined, there is often 

a definite aesthetic aspect to much of mathematics. Many 

mathematicians talk about the elegance of mathematics, 

its intrinsic aesthetics and inner beauty. Simplicity and 

generality are valued. There is beauty in a simple and 

elegant proof, such as Euclid's proof that there are in- 

finitely many prime numbers, and in an elegant numerical 

method that speeds calculation, such as the fast Fourier 

transform. G.H. Hardy in A Mathematician’s Apology ex- 

pressed the belief that these aesthetic considerations are, 

in themselves, sufficient to justify the study of pure math- 

ematics. He identified criteria such as significance, un- 

expectedness, inevitability, and economy as factors that 

contribute to a mathematical aesthetic.[41] Mathemati- 

cians often strive to find proofs that are particularly el- 

egant, proofs from “The Book” of God according to Paul 

Erdős.[42][43] The popularity of recreational mathematics 

is another sign of the pleasure many find in solving math- 

ematical questions. 

 

1.6.4 Notation, language, and rigor 

MIsaaiancarticle: Mathematical notation 

Most of the mathematical notation in use today was not 
 

Leonhard Euler, who created and popularized much of the math- 
ematical notation used today 

 
invented until the 16th century.[44] Before that, math- 

ematics was written out in words, limiting mathemati- 

cal discovery.[45] Euler (1707–1783) was responsible for 

many of the notations in use today. Modern notation 

makes mathematics much easier for the professional, but 

beginners often find it daunting. It is compressed: a few 

symbols contain a great deal of information. Like musical 

notation, modern mathematical notation has a strict syn- 

tax and encodes information that would be difficult to 

write in any other way. 

Mathematical language can be difficult to understand for 

beginners. Common words such as or and only have more 
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precise meanings than in everyday speech. Moreover, 

words such as open and field have specialized mathemat- 

ical meanings. Technical terms such as homeomorphism 
and integrable have precise meanings in mathematics. 

Additionally, shorthand phrases such as iff for "if and 

only if" belong to mathematical jargon. There is a reason 

for special notation and technical vocabulary: mathemat- 

ics requires more precision than everyday speech. Math- 

ematicians refer to this precision of language and logic as 

“rigor”. 

Mathematical proof is fundamentally a matter of rigor. 

Mathematicians want their theorems to follow from ax- 

ioms by means of systematic reasoning. This is to 

avoid mistaken "theorems", based on fallible intuitions, 

of which many instances have occurred in the history 

of the subject.[46] The level of rigor expected in math- 

ematics has varied over time: the Greeks expected de- 

tailed arguments, but at the time of Isaac Newton the 

methods employed were less rigorous. Problems inher- 

ent in the definitions used by Newton would lead to a 

resurgence of careful analysis and formal proof in the 

19th century. Misunderstanding the rigor is a cause for 

some of the common misconceptions of mathematics. 

Today, mathematicians continue to argue among them- 

selves about computer-assisted proofs. Since large com- 

putations are hard to verify, such proofs may not be suf- 

ficiently  rigorous.[47]
 

Axioms in traditional thought were “self-evident truths”, 

but that conception is problematic.[48] At a formal level, 

an axiom is just a string of symbols, which has an intrin- 

sic meaning only in the context of all derivable formulas 

of an axiomatic system. It was the goal of Hilbert’s pro- 

gram to put all of mathematics on a firm axiomatic basis, 

but according to Gödel’s incompleteness theorem every 

(sufficiently powerful) axiomatic system has undecidable 

formulas; and so a final axiomatization of mathematics is 

impossible. Nonetheless mathematics is often imagined 

to be (as far as its formal content) nothing but set theory in 

some axiomatization, in the sense that every mathemati- 

cal statement or proof could be cast into formulas within 

set theory.[49]
 

 

1.6.5 Fields of mathematics 
 

See also: Areas of mathematics and Glossary of areas of 

mathematics 

Mathematics can, broadly speaking, be subdivided into 

the study of quantity, structure, space, and change (i.e. 

arithmetic, algebra, geometry, and analysis). In addition 

to these main concerns, there are also subdivisions dedi- 

cated to exploring links from the heart of mathematics to 

other fields: to logic, to set theory (foundations), to the 

empirical mathematics of the various sciences (applied 

mathematics), and more recently to the rigorous study of 

uncertainty. While some areas might seem unrelated, the 

Langlands program has found connections between areas 

previously thought unconnected, such as Galois groups, 

 

 
 

An abacus, a simple calculating tool used since ancient times 
 
 

Riemann surfaces and number theory. 

 
Foundations and philosophy 

 

In order to clarify the foundations of mathematics, the 

fields of mathematical logic and set theory were devel- 

oped. Mathematical logic includes the mathematical 

study of logic and the applications of formal logic to other 

areas of mathematics; set theory is the branch of mathe- 

matics that studies sets or collections of objects. Category 

theory, which deals in an abstract way with mathematical 

structures and relationships between them, is still in de- 

velopment. The phrase “crisis of foundations” describes 

the search for a rigorous foundation for mathematics that 

took place from approximately 1900 to 1930.[50] Some 

disagreement about the foundations of mathematics con- 

tinues to the present day. The crisis of foundations was 

stimulated by a number of controversies at the time, in- 

cluding the controversy over Cantor’s set theory and the 

Brouwer–Hilbert  controversy. 

Mathematical logic is concerned with setting mathemat- 

ics within a rigorous axiomatic framework, and study- 

ing the implications of such a framework. As such, it is 

home to Gödel’s incompleteness theorems which (infor- 

mally) imply that any effective formal system that con- 

tains basic arithmetic, if sound (meaning that all theo- 

rems that can be proved are true), is necessarily incom- 
plete (meaning that there are true theorems which can- 

not be proved in that system). Whatever finite collection 

of number-theoretical axioms is taken as a foundation, 

Gödel showed how to construct a formal statement that 

is a true number-theoretical fact, but which does not fol- 

low from those axioms. Therefore, no formal system is a 

complete axiomatization of full number theory. Modern 

logic is divided into recursion theory, model theory, and 

proof theory, and is closely linked to theoretical computer 

science, as well as to category theory. In the context of 

recursion theory, the impossibility of a full axiomatiza- 

tion of number theory can also be formally demonstrated 

as a consequence of the MRDP theorem. 

Theoretical computer science includes computability the- 

ory, computational complexity theory, and information 

theory. Computability theory examines the limitations 
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of various theoretical models of the computer, including 

the most well-known model – the Turing machine. Com- 

plexity theory is the study of tractability by computer; 

some problems, although theoretically solvable by com- 

puter, are so expensive in terms of time or space that solv- 

ing them is likely to remain practically unfeasible, even 

with the rapid advancement of computer hardware. A 

famous problem is the "P = NP?" problem, one of the 

Millennium Prize Problems.[51] Finally, information the- 

ory is concerned with the amount of data that can be 

stored on a given medium, and hence deals with concepts 

such as compression and entropy. 

 

 

 

Pure mathematics 

 

Quantity The study of quantity starts with numbers, 

first the familiar natural numbers and integers (“whole 

numbers”) and arithmetical operations on them, which 

are characterized in arithmetic. The deeper properties of 

integers are studied in number theory, from which come 

such popular results as Fermat’s Last Theorem. The twin 

prime conjecture and Goldbach’s conjecture are two un- 

solved problems in number theory. 

As the number system is further developed, the inte- 

gers are recognized as a subset of the rational numbers 

("fractions"). These, in turn, are contained within the real 

numbers, which are used to represent continuous quanti- 

ties. Real numbers are generalized to complex numbers. 

These are the first steps of a hierarchy of numbers that 

goes on to include quaternions and octonions. Consider- 

ation of the natural numbers also leads to the transfinite 

numbers, which formalize the concept of "infinity". Ac- 

cording to the fundamental theorem of algebra all solu- 

tions of equations in one unknown with complex coeffi- 

cients are complex numbers, regardless of degree. An- 

other area of study is the size of sets, which is described 

with the cardinal numbers. These include the aleph num- 

bers, which allow meaningful comparison of the size of 

infinitely large sets. 

 

 

 

Structure Many mathematical objects, such as sets of 

numbers and functions, exhibit internal structure as a con- 

sequence of operations or relations that are defined on the 

set. Mathematics then studies properties of those sets that 

can be expressed in terms of that structure; for instance 

number theory studies properties of the set of integers 

that can be expressed in terms of arithmetic operations. 

Moreover, it frequently happens that different such struc- 

tured sets (or structures) exhibit similar properties, which 

makes it possible, by a further step of abstraction, to state 

axioms for a class of structures, and then study at once the 

whole class of structures satisfying these axioms. Thus 

one can study groups, rings, fields and other abstract sys- 

tems; together such studies (for structures defined by al- 

gebraic operations) constitute the domain of abstract al- 

gebra. 

By its great generality, abstract algebra can often be 

applied to seemingly unrelated problems; for instance 

a number of ancient problems concerning compass 

and straightedge constructions were finally solved using 

Galois theory, which involves field theory and group the- 

ory. Another example of an algebraic theory is linear al- 

gebra, which is the general study of vector spaces, whose 

elements called vectors have both quantity and direc- 

tion, and can be used to model (relations between) points 

in space. This is one example of the phenomenon that 

the originally unrelated areas of geometry and algebra 

have very strong interactions in modern mathematics. 

Combinatorics studies ways of enumerating the number 

of objects that fit a given structure. 

 

 

 
Space The study of space originates with geometry 

– in particular, Euclidean geometry, which combines 

space and numbers, and encompasses the well-known 

Pythagorean theorem. Trigonometry is the branch of 

mathematics that deals with relationships between the 

sides and the angles of triangles and with the trigono- 

metric functions. The modern study of space general- 

izes these ideas to include higher-dimensional geome- 

try, non-Euclidean geometries (which play a central role 

in general relativity) and topology. Quantity and space 

both play a role in analytic geometry, differential geom- 

etry, and algebraic geometry. Convex and discrete ge- 

ometry were developed to solve problems in number the- 

ory and functional analysis but now are pursued with an 

eye on applications in optimization and computer sci- 

ence. Within differential geometry are the concepts of 

fiber bundles and calculus on manifolds, in particular, 

vector and tensor calculus. Within algebraic geometry 

is the description of geometric objects as solution sets of 

polynomial equations, combining the concepts of quan- 

tity and space, and also the study of topological groups, 

which combine structure and space. Lie groups are used 

to study space, structure, and change. Topology in all 

its many ramifications may have been the greatest growth 

area in 20th-century mathematics; it includes point-set 

topology, set-theoretic topology, algebraic topology and 

differential topology. In particular, instances of modern- 

day topology are metrizability theory, axiomatic set the- 

ory, homotopy theory, and Morse theory. Topology also 

includes the now solved Poincaré conjecture, and the still 

unsolved areas of the Hodge conjecture. Other results in 

geometry and topology, including the four color theorem 

and Kepler conjecture, have been proved only with the 

help of computers. 
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Change Understanding and describing change is a 

common theme in the natural sciences, and calculus was 

developed as a powerful tool to investigate it. Functions 

arise here, as a central concept describing a changing 

quantity. The rigorous study of real numbers and func- 

tions of a real variable is known as real analysis, with 

complex analysis the equivalent field for the complex 

numbers. Functional analysis focuses attention on (typ- 

ically infinite-dimensional) spaces of functions. One of 

many applications of functional analysis is quantum me- 

chanics. Many problems lead naturally to relationships 

between a quantity and its rate of change, and these are 

studied as differential equations. Many phenomena in na- 

ture can be described by dynamical systems; chaos theory 

makes precise the ways in which many of these systems 

exhibit unpredictable yet still deterministic behavior. 

 

Applied mathematics 

 

Applied mathematics concerns itself with mathematical 

methods that are typically used in science, engineer- 

ing, business, and industry. Thus, “applied mathemat- 

ics” is a mathematical science with specialized knowl- 

edge. The term applied mathematics also describes the 

professional specialty in which mathematicians work on 

practical problems; as a profession focused on practical 

problems, applied mathematics focuses on the “formula- 

tion, study, and use of mathematical models” in science, 

engineering, and other areas of mathematical practice. 

In the past, practical applications have motivated the de- 

velopment of mathematical theories, which then became 

the subject of study in pure mathematics, where mathe- 

matics is developed primarily for its own sake. Thus, the 

activity of applied mathematics is vitally connected with 

research in pure mathematics. 

 

Statistics and other decision sciences Applied math- 

ematics has significant overlap with the discipline of 

statistics, whose theory is formulated mathematically, 

especially with probability theory. Statisticians (work- 

ing as part of a research project) “create data that 

makes sense” with random sampling and with random- 

ized experiments;[52] the design of a statistical sample 

or experiment specifies the analysis of the data (be- 

fore the data be available). When reconsidering data 

from experiments and samples or when analyzing data 

from observational studies, statisticians “make sense of 

the data” using the art of modelling and the theory of 

inference – with model selection and estimation; the es- 

timated models and consequential predictions should be 

tested on new data.[53]
 

Statistical theory studies decision problems such as min- 

imizing the risk (expected loss) of a statistical action, 

such as using a procedure in, for example, parameter 

estimation, hypothesis testing, and selecting the best. 

In these traditional areas of mathematical statistics, a 

statistical-decision problem is formulated by minimizing 

an objective function, like expected loss or cost, under 

specific constraints: For example, designing a survey of- 

ten involves minimizing the cost of estimating a popula- 

tion mean with a given level of confidence.[54] Because of 

its use of optimization, the mathematical theory of statis- 

tics shares concerns with other decision sciences, such 

as operations research, control theory, and mathematical 

economics.[55]
 

 
Computational mathematics Computational math- 

ematics proposes and studies methods for solving 

mathematical problems that are typically too large for 

human numerical capacity. Numerical analysis stud- 

ies methods for problems in analysis using functional 

analysis and approximation theory; numerical analysis 

includes the study of approximation and discretization 

broadly with special concern for rounding errors. Numer- 

ical analysis and, more broadly, scientific computing also 

study non-analytic topics of mathematical science, espe- 

cially algorithmic matrix and graph theory. Other areas 

of computational mathematics include computer algebra 

and symbolic computation. 

 

1.6.6 Mathematical awards 
 

Arguably the most prestigious award in mathematics is 

the Fields Medal,[56][57] established in 1936 and awarded 

every four years (except around World War II) to as many 

as four individuals. The Fields Medal is often considered 

a mathematical equivalent to the Nobel Prize. 

The Wolf Prize in Mathematics, instituted in 1978, rec- 

ognizes lifetime achievement, and another major interna- 

tional award, the Abel Prize, was instituted in 2003. The 

Chern Medal was introduced in 2010 to recognize life- 

time achievement. These accolades are awarded in recog- 

nition of a particular body of work, which may be inno- 

vational, or provide a solution to an outstanding problem 

in an established field. 

A famous list of 23 open problems, called "Hilbert’s prob- 

lems", was compiled in 1900 by German mathematician 

David Hilbert. This list achieved great celebrity among 

mathematicians, and at least nine of the problems have 

now been solved. A new list of seven important problems, 

titled the "Millennium Prize Problems", was published in 

2000. A solution to each of these problems carries a $1 

million reward, and only one (the Riemann hypothesis) is 

duplicated in Hilbert’s problems. 
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made during his lifetime survived antiquity. Therefore, 

Euclid’s depiction in works of art depends on the artist’s 

imagination (see Euclid). 

[2] “mathematics, n.". Oxford English Dictionary. Oxford 

University Press. 2012. Retrieved June 16, 2012. The 
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whose methods involve logical reasoning and usually the 

use of symbolic notation, and which includes geometry, 

arithmetic, algebra, and analysis. 
 

[3] Kneebone, G.T. (1963). Mathematical Logic and the 
Foundations of Mathematics: An Introductory Survey. 

Dover. pp. 4. ISBN 0-486-41712-3. Mathematics ... is 

simply the study of abstract structures, or formal patterns 

of connectedness. 
 

[4] LaTorre, Donald R.; Kenelly, John W.; Biggers, Sherry 

S.; Carpenter, Laurel R.; Reed, Iris B.; Harris, Cynthia R. 

(2011). Calculus Concepts: An Informal Approach to the 
Mathematics of Change. Cengage Learning. p. 2. ISBN 

1-4390-4957-2. Calculus is the study of change—how 

things change, and how quickly they change. 
 

[5] Ramana (2007). Applied Mathematics. Tata McGraw– 

Hill Education. p. 2.10. ISBN 0-07-066753-5. The 

mathematical study of change, motion, growth or decay 

is calculus. 
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try. Springer. p. 9. ISBN 3-0348-0229-3. It is first nec- 

essary to ask what is meant by mathematics in general. Il- 

lustrious scholars have debated this matter until they were 

blue in the face, and yet no consensus has been reached 

about whether mathematics is a natural science, a branch 

of the humanities, or an art form. 
 

[9] Steen, L.A. (April 29, 1988). The Science of Patterns 
Science, 240: 611–16. And summarized at Association 

for Supervision and Curriculum Development, www.ascd. 
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[13]  Waltershausen 
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Nach der Ausarbeitung von Paul Bernays (Edited and 

with an English introduction by David E. Rowe), Basel, 

Birkhäuser (1992). 

[16] Einstein, p. 28. The quote is Einstein’s answer to the 

question: “how can it be that mathematics, being after 

all a product of human thought which is independent of 

experience, is so admirably appropriate to the objects of 
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• Metamath. A site and a language, that formalize 
mathematics from its foundations. 

• Nrich, a prize-winning site for students from age five 
from Cambridge University 

• Open Problem Garden, a wiki of open problems in 
mathematics 

• Planet Math. An online mathematics encyclope- 

dia under construction, focusing on modern mathe- 
matics. Uses the Attribution-ShareAlike license, al- 
lowing article exchange with Wikipedia. Uses TeX 

markup. 

• Some mathematics applets, at MIT 

• Weisstein, Eric et al.: Wolfram MathWorld: World 
of Mathematics. An online encyclopedia of mathe- 
matics. 

• Patrick Jones’ Video Tutorials on Mathematics 

• Citizendium:  Theory (mathematics). 

• du Sautoy, Marcus, A Brief History of Mathematics, 
BBC Radio 4 (2010). 

• Maths.SE A Q&A site for mathematics 

• MathOverflow A Q&A site for research-level math- 
ematics 

• National Museum of Mathematics, located in New 
York City 

 

 

1.7  Decimal mark 
 
For the proper choice of the decimal mark in English- 

language Wikipedia articles, see Wikipedia:Manual of 

Style (dates and numbers) § Decimal points. 

“Decimal period” redirects here. For the length of the 

repeating sequence in the decimal expansion of a rational 

number, see Repeating decimal. 

 
A decimal mark is a symbol used to separate the inte- 

ger part from the fractional part of a number written in 

decimal form. 

Different countries officially designate different symbols 

for the decimal mark. The choice of symbol for the dec- 

imal mark also affects the choice of symbol for the thou- 

sands separator used in digit grouping, so the latter is also 

treated in this article. 

In mathematics the decimal mark is a type of radix point, 

a term that also applies to number systems with bases 

other than ten. 

1.7.1 History 
 

In the Middle Ages, before printing, a bar ( ¯ ) over 

the units digit was used to separate the integral part of 

a number from its fractional part, e.g. 9995 (meaning, 

99.95 in decimal point format). This practice derived 

from the decimal system used in Indian mathematics[1] 

and was popularized by the Persian mathematician Al- 

Khwarizmi,[2] when Latin translation of his work on the 

Indian numerals introduced the decimal positional num- 

ber system to the Western world. His Compendious Book 
on Calculation by Completion and Balancing presented 

the first systematic solution of linear and quadratic equa- 

tions in Arabic. A similar notation remains in com- 

mon use as an underbar to superscript digits, especially 

for monetary values without a decimal mark, e.g. 9995. 

Later, a “separatrix” (a short, roughly vertical ink stroke) 

between the units and tenths position became the norm 

among Arab mathematicians, e.g. 99ˌ95. When this 

character was typeset, it was convenient to use the ex- 

isting comma (99,95) or full stop (99.95) instead. The 

separatrix was also used in England as an L-shaped or 

vertical bar (|) before the popularization of the period and 

mid dot decimal points.[3]
 

Gerbert of Aurillac marked triples of columns with 

an arc (called a “Pythagorean arc”) when using his 

Hindu–Arabic numeral-based abacus in the 10th century. 

Fibonacci followed this convention when writing num- 

bers such as in his influential work Liber Abaci in the 13th 

century.[4]
 

In France, the full stop was already in use in printing to 

make Roman numerals more readable, so the comma was 

chosen.[5] Many other countries, such as Italy, also chose 

to use the comma to mark the decimal units position.[5] 

It has been made standard by the ISO for international 

blueprints.[6] However, English-speaking countries took 

the comma to separate sequences of three digits. In some 

countries, a raised dot or dash (upper comma) may be 

used for grouping or decimal mark; this is particularly 

common in handwriting. 

In the United States, the full stop or period (.) was used 

as the standard decimal mark. 
 

 

Decimal separator in a British print from 1839[7]
 

 
In the nations of the British Empire, although the full stop 

could be used in typewritten material and its use was not 

banned, the interpunct (also known as the decimal point, 

point, or mid dot) was preferred for the decimal mark 

in printing technologies that could accommodate it, e.g. 

99·95.[8] However, as the mid dot was already in com- 

mon use in the mathematics world to indicate multipli- 
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cation, the SI rejected its use as the decimal mark. Dur- 

ing the beginning of British metrication in the late 1960s 

and with impending currency decimalisation, there was 

widespread debate in the United Kingdom as to whether 

the decimal comma or decimal point should be preferred: 

the British Standards Institution and some sectors of in- 

dustry advocated the comma and the Decimal Currency 

Board advocated for the point. In the event, the point was 

decided on by the Ministry of Technology in 1968.[9]
 

When South Africa adopted the metric system, it adopted 

the comma as its decimal mark,[10] although a number of 

house styles, including some English-language newspa- 

pers such as The Sunday Times, continue to use the full 

stop. 

The three most spoken international auxiliary languages, 

Ido, Esperanto, and Interlingua, all use the comma as the 

decimal mark. Interlingua has used the comma as its dec- 

imal mark since the publication of the Interlingua Gram- 

mar in 1951.[11] Esperanto also uses the comma as its 

official decimal mark, while thousands are separated by 

non-breaking spaces: 12 345 678,9. Ido’s Kompleta Gra- 
matiko Detaloza di la Linguo Internaciona Ido (Complete 

Detailed Grammar of the International Language Ido) of- 

ficially states that commas are used for the decimal mark 

while full stops are used to separate thousands, millions, 

etc. So the number 12,345,678.90123 (in American no- 

tation) for instance, would be written 12.345.678,90123 
in Ido. The 1931 grammar of Volapük by Arie de Jong 

uses the comma as its decimal mark, and (somewhat un- 

usually) uses the middle dot as the thousands separator 

(12·345·678,90123).[12]
 

In 1958, disputes between European and American del- 

egates over the correct representation of the decimal 

mark nearly stalled the development of the ALGOL com- 

puter programming language.[13] ALGOL ended up al- 

lowing different decimal marks, but most computer lan- 

guages and standard data formats (e.g. C, Java, Fortran, 

Cascading Style Sheets (CSS)) specify a dot. 

The 22nd General Conference on Weights and Measures 

declared in 2003 that “the symbol for the decimal marker 

shall be either the point on the line or the comma on the 

line”. It further reaffirmed that “numbers may be divided 

in groups of three in order to facilitate reading; neither 

dots nor commas are ever inserted in the spaces between 

groups”[14] (e.g. 1000000000). This usage has there- 

fore been recommended by technical organizations, such 

as the United States’ National Institute of Standards and 

Technology. 

 

1.7.2 Digit grouping 
 

For ease of reading, numbers with many digits may be 

divided into groups using a delimiter.[15] In some coun- 

tries, these “digit group separators” are only employed to 

the left of the decimal mark; in others, they are also used 

to separate numbers with a long fractional part. An im- 

portant reason for grouping is that it allows rapid judge- 

ment of the number of digits, via subitizing (telling at a 

glance) rather than counting – contrast 1000000000 with 

1000000000 for a short billion. 

Since 2003,[16] the use of spaces as separators (for ex- 

ample: 20000 and 1000000 for “twenty thousand” and 

“one million”) has been officially endorsed by SI/ISO 

31-0 standard,[17] as well as by the International Bureau 

of Weights and Measures and the International Union of 

Pure and Applied Chemistry,[18][19] the American Medi- 

cal Association's widely followed AMA Manual of Style, 

and the Metrication Board, among others. 

The groups created by the delimiters tend to follow the 

use of the local language, which varies. In European lan- 

guages, large numbers are read in groups of thousands 

and the delimiter (which occurs every three digits when 

it is used) may be called a “thousands separator”. In 

East Asian cultures, particularly China, Japan, and Korea, 

large numbers are read in groups of myriads (10,000s) 

but the delimiter commonly separates every three digits. 

The Indian numbering system is somewhat more com- 

plex: it groups the rightmost three digits in a similar man- 

ner to European languages but then groups every two dig- 

its thereafter: 1.5 million would accordingly be written 

15,00,000 and read as “15 lakh". 

The convention for digit group separators historically 

varied among countries, but usually seeking to distin- 

guish the delimiter from the decimal mark. Tradition- 

ally, English-speaking countries employed commas as the 

delimiter – 10,000 – and other European countries em- 

ployed periods or spaces: 10.000 or 10000. Because of 

the confusion that could result in international documents, 

in recent years the use of spaces as separators has been 

advocated by the superseded SI/ISO 31-0 standard,[17] 

as well as by the International Bureau of Weights and 

Measures and the International Union of Pure and Ap- 

plied Chemistry, which have also begun advocating the 

use of a "thin space" in “groups of three”.[18][19] Within 

the United States, the American Medical Association's 

widely followed AMA Manual of Style also calls for a thin 

space.[15] In some online encoding environments (for ex- 

ample, ASCII-only) a thin space is not practical or avail- 

able, in which case a regular word space or no delimiter 

are the alternatives. In 2014, the Metrication Board also 

proposed the system of using a space for separation in the 

United Kingdom and, while it is not universally adopted, 

it is standard within the country’s construction industry. 

 

 

Data versus mask 

 

Digit group separators can occur either as part of the data 

or as a mask through which the data is displayed. This is 

an example of the separation of presentation and content. 

In many computing contexts, it is preferred to omit digit 

group separators from the data and instead overlay them 

as a mask (an input mask or an output mask). Common 
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examples include spreadsheets and databases in which 

currency values are entered without such marks but are 

displayed with them inserted. Similarly, phone numbers 

can have hyphens or spaces as a mask rather than as data. 

In some programming languages, it is possible to group 

the digits in the program’s source code to make it eas- 

ier to read; see Integer literal: Digit separators. Ada, D, 

Swift, Java, Perl and Ruby use the underscore (_) char- 

acter for this purpose. All these languages allow seven 

hundred million to be entered as 700_000_000. Fixed- 

form Fortran ignores whitespace (in all contexts), so 700 

000 000 is permissible. C++14 allows the use of an 

apostrophe for digit grouping, so 700'000'000 is permis- 

sible. 

 

Exceptions to digit grouping 

 

The International Bureau of Weights and Measures states 

that “when there are only four digits before or after the 

decimal marker, it is customary not to use a space to iso- 

late a single digit”.[18] Likewise, some manuals of style 

state that thousands separators should not be used in nor- 

mal text for numbers from 1000 to 9999 inclusive where 

no decimal fractional part is shown (in other words, for 

four-digit whole numbers), whereas others use thousands 

separators, and others use both. For example, APA style 

stipulates a thousands separator for “most figures of 1,000 

or more” except for page numbers, binary digits, temper- 

atures, etc. 

There are always common-sense exceptions to digit 

grouping, such as years, postal codes and ID numbers of 

predefined nongrouped format, which style guides usually 

point out. 

 

In non-base-10 numbering systems 

 

In binary (base-2), a full space can be used between 

groups of four digits, corresponding to a nibble, or equiv- 

alently to a hexadecimal digit. For integer numbers, dots 

are used as well to separate groups of four bits.[20] Al- 

ternatively, binary digits may be grouped by threes, cor- 

responding to an octal digit. Similarly, in hexadecimal 

(base-16), full spaces are usually used to group digits into 

twos, making each group correspond to a byte.[21] Addi- 

tionally, groups of eight bytes are often separated by a 

hyphen.[21]
 

 
1.7.3 Influence of calculators and comput- 

ers 
 

In countries with a decimal comma, the decimal point is 

also common as the “international” notation because of 

the influence of devices, such as electronic calculators, 

which use the decimal point. Most computer operating 

systems allow selection of the decimal mark and pro- 

grams that have been carefully internationalized will fol- 

low this, but some programs ignore it and a few may even 

fail to operate if the setting has been changed. 

 

1.7.4 Hindu–Arabic  numeral system 
 
 

 
Decimal marks: 
Point ".” 
Comma ",” 
"" see section #Other numeral systems 
Data unavailable 

 
 

 
Countries using Arabic numerals with decimal point 

 

Countries where a dot ".” is used as decimal mark include 
 

• Australia 

• Bangladesh 

• Botswana 

• British West Indies 

• Brunei 

• Cambodia 

• Canada (when using English) 

• China, People’s Republic of 

• Hong Kong 

• Macau (in Chinese and English text) 

• Dominican Republic 

• Egypt 

• El Salvador 

• Ghana 

• Guatemala 

• Honduras 

• India 

• Ireland 
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• Israel 

• Japan 

• Jordan 

• Kenya 

• Korea, North 

• Korea, South 

• Lebanon 

• Luxembourg (uses both marks officially) 

• Malaysia 

• Malta 

• Mexico 

• Myanmar 

• Nepal 

• New Zealand 

• Nicaragua 

• Nigeria 

• Pakistan 

• Palestine 

• Panama 

• Philippines 

• Puerto Rico 

• Singapore 

• Sri Lanka 

• Switzerland (for Swiss currency) 

• Taiwan 

• Tanzania 

• Thailand 

• Uganda 

• United Kingdom 

• United States (including insular areas) 

• Zimbabwe 

Countries using Arabic numerals with decimal 

comma 

 

Countries where a comma ",” is used as decimal mark 

include 
 

• Albania 

• Algeria 

• Andorra 

• Angola 

• Argentina 

• Armenia 

• Austria 

• Azerbaijan 

• Belarus 

• Belgium 

• Bolivia 

• Bosnia and Herzegovina 

• Brazil 

• Bulgaria 

• Cameroon 

• Canada (when using French) 

• Chile 

• Colombia 

• Costa Rica 

• Croatia (comma used officially, but both forms are 
in use) 

• Cuba 

• Cyprus 

• Czech Republic 

• Denmark 

• East Timor 

• Ecuador 

• Estonia 

• Faroes 

• Finland 

• France 

• Germany 
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• Georgia 

• Greece 

• Greenland 

• Hungary 

• Iceland 

• Indonesia 

• Italy 

• Kazakhstan 

• Kosovo 

• Kyrgyzstan 

• Latvia 

• Lebanon 

• Lithuania 

• Luxembourg (uses both marks officially) 

• Macau (in Portuguese text) 

• Macedonia 

• Moldova 

• Mongolia 

• Morocco 

• Mozambique 

• Namibia 

• The Netherlands 

• Norway 

• Paraguay 

• Peru 

• Poland 

• Portugal 

• Romania 

• Russia 

• Serbia 

• Slovakia 

• Slovenia 

• South Africa 

• Spain 

• Switzerland (other than Swiss currency) 

• Sweden 

• Tunisia 

• Turkey 

• Ukraine 

• Uruguay 

• Uzbekistan 

• Venezuela 

• Vietnam 

 

1.7.5 Other numeral systems 
 

Unicode defines a decimal separator key symbol (⎖  in 

hex U+2396, decimal 9110) which looks similar to the 

apostrophe. This symbol is from ISO/IEC 9995 and is 

intended for use on a keyboard to indicate a key that per- 

forms decimal separation. 

In the Arab world, where Eastern Arabic numerals are 

used for writing numbers, a different character is used to 

separate the integer and fractional parts of numbers. It 

is referred to as an Arabic decimal separator (٫) (in hex 

U+066B) in Unicode. An Arabic thousands separator (٬) 

also exists. 

In Persian, the decimal mark is called momayyez, which 

is written like a forward slash—there is a small difference 

between the upside-down (Persian) comma character used 

in sentences and the Latin comma (٫) (in hex U+066B) 

used to separate sequences of three digits. To separate 

sequences of three digits, a Latin comma or blank space 

may be used; however this is not a standard.[22][23][24]
 

In English Braille, the decimal point, , is distinct from 

both the comma, , and the period / full stop, . 

 

1.7.6 Examples of use 
 

The following examples show the decimal mark and the 

thousands separator in various countries that use the Ara- 

bic numeral system. 
 

• In Albania, Belgium, Bosnia, Estonia, France, Hun- 
gary, Poland, Slovakia and much of Latin Europe 

as well as French Canada: 1234567,89 (In Spain, 
in handwriting it is also common to use an upper 

comma: 1.234.567'89) 

• In Brazil, Denmark, Germany, Greece, Indone- 

sia, Italy, Netherlands, Portugal, Romania, Russia, 

Slovenia, Sweden and much of Europe: 1234567,89 

or 1.234.567,89. In handwriting, 1˙234˙567,89 

is also seen, but never in Brazil, Denmark, Esto- 

nia, Germany, the Netherlands, Portugal, Romania, 

Russia, Slovenia or Sweden. In Italy, a straight apos- 

trophe is also used in handwriting: 1'234'567,89. 

In the Netherlands, the points thousands separator 
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is preferred in currency amounts, and the space for 

other large numbers. 

• In Estonia, currency numbers often use a dot ".” as 

the decimal mark, and a space as a thousands sepa- 

rator. This is most visible on shopping receipts and 

in documents that also use other numbers with dec- 

imals, such as measurements. This practice is used 

to better distinguish between prices and other val- 

ues with decimals. An older convention uses dots 

to separate thousands (with commas for decimals) 

— this older practice makes it easier to avoid word 

breaks with larger numbers. 

• Historically, in Germany and Austria, thou- 
sands separators were occasionally denoted 

by alternating uses of comma and point, e.g. 

1.234,567.890,12[26][27] for “eine Milliarde 234 

Millionen ...”, but this is never seen in modern 
days and requires explanation to a contemporary 

German reader. 

• Switzerland: There are two cases: 1'234'567.89 is 

used for currency values. An apostrophe as a thou- 

sands separator along with a dot ".” as the decimal 

mark. For other values, the SI-style 1234567,89 is 

used with a commas ",” as the decimal mark. The 

apostrophe is also the most common variety for non- 

currency values: 1'234'567,89 — though this usage 

is officially discouraged. 

• In Ireland, Israel, Japan, Korea (both), Malaysia, 

New Zealand, the Philippines, Singapore, Taiwan, 

Thailand, the United Kingdom, and the United 
States: 1,234,567.89 or 1,234,567·89; the latter 

is generally found only in older, and especially 
handwritten documents. Australia used this style up 

until the 1970s; now it uses the SI style.[28]
 

• English Canada: There are two cases: The preferred 

method for currency values is $4,000.00 —while for 

numeric values, it is 1234567.89; however, commas 
are also sometimes used, although no longer taught 
in school or used in official publications. 

• SI style: 1 234 567.89 or 1 234 567,89 (in their own 

publications, the dot ".” is used in the English ver- 
sion, and the comma ",” in the French version). 

• In China, comma and space are used to mark digit 

groups, because dot is used as decimal mark. There 

is no universal convention on digit grouping, so 

both thousands grouping and no digit grouping can 

be found. Japan and Taiwan are similar; although 

when grouping by myriads, kanji or characters 

are frequently used as separators: 123456789 / 

123456789. Commas are used when grouping 

by thousands. 

• In India, due to a numeral system using lakhs (lacs) 
(1,23,456 equal to 123 456) and crores (1,23,45,678 

equal to 12 345 678), comma is used at levels of 

thousand; lakh and crore, for example, 10 million (1 

crore) would be written as 1,00,00,000. In Pakistan, 

there is a greater tendency to use the standard west- 

ern system, while using the Indian numbering sys- 

tem when conducting business in Urdu. 

 

1.7.7 Unicode characters 

Used with Western Arabic numerals (0123456789): 

 

• U+0020 SPACE (HTML &#32;) 

• U+0027 ' APOSTROPHE (HTML &#39; · &apos;) 

• U+002C , COMMA (HTML &#44;) 

• U+002E . FULL STOP (HTML &#46;) 

• U+00B7 · MIDDLE DOT (HTML &#183; · &mid- 
dot;) 

• U+2009 thin space (HTML &#8201; · &thinsp;) 

• U+202F narrow no-break space (HTML &#8239;) 

• U+02D9 ˙ DOT ABOVE (HTML &#729;) 

Used with Eastern Arabic numerals (٩٨٧٦٥٤٣٢١٠): 

• U+066B ٫ ARABIC DECIMAL SEPARATOR 
(HTML &#1643;) 

• U+066C ٬ ARABIC THOUSANDS SEPARATOR 
(HTML &#1644;) 

 
Used with keyboards: 

 

• U+2396 ⎖  DECIMAL SEPARATOR KEY SYM- 
BOL (HTML &#9110;) (resembles an apostrophe) 

 

1.7.8 See also 

• Algorism 

• Decimal representation 

• International System of Units 

• Letter and digit code for resistance and capacitance 
values 

• Version numbering 

• Cifrão 

https://en.wikipedia.org/wiki/Decimal_mark#cite_note-26
https://en.wikipedia.org/wiki/Decimal_mark#cite_note-26
https://en.wikipedia.org/wiki/SI
https://en.wikipedia.org/wiki/Korea
https://en.wikipedia.org/wiki/Manuscript
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Decimal_mark#cite_note-28
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Japanese_numerals
https://en.wikipedia.org/wiki/Chinese_numerals
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Lakh
https://en.wikipedia.org/wiki/Crore
https://en.wikipedia.org/wiki/Pakistan
https://en.wikipedia.org/wiki/Urdu
https://en.wikipedia.org/wiki/Western_Arabic_numerals
https://en.wikipedia.org/wiki/Narrow_no-break_space
https://en.wikipedia.org/wiki/Eastern_Arabic_numerals
https://en.wikipedia.org/wiki/Algorism
https://en.wikipedia.org/wiki/Decimal_representation
https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Letter_and_digit_code_for_resistance_and_capacitance_values
https://en.wikipedia.org/wiki/Letter_and_digit_code_for_resistance_and_capacitance_values
https://en.wikipedia.org/wiki/Version_numbering
https://en.wikipedia.org/wiki/Cifr%C3%A3o


1.8.  HISTORY OF GEOMETRY 73 
 

 

Muslims and Evolution of Science 

 

 

1.7.9 References 

[1] Reimer, L., and Reimer, W. Mathematicians Are People, 
Too: Stories from the Lives of Great Mathematicians, Vol. 
2. 1995. pp. 22-22. Parsippany, NJ: Pearson Education, 

Inc. as Dale Seymor Publications. ISBN 0-86651-823-1. 
 

[2] Khwarizmi, Abu Jafar Muhammad ibn Musa al-, Oxford 

Islamic Studies Online 
 

[3] “separatrix, n.", Oxford English Dictionary, Oxford: Ox- 

ford University Press. 
 

[4] Devlin, Keith (2011). The Man of Numbers: Fibonacci’s 
Arithmetic Revolution. New York: Walker & Company. 

pp. 44–45. ISBN 9780802779083. 
 

[5] Enciclopedia Universal Santillana, 1996 by SANTIL- 

LANA S.A., Barcelona, Spain.  ISBN 84-294-5129-3. 

Comma, def.2: “coma: MAT. Signo utilizado en los 

números no enteros para separar la parte entera de la parte 

decimal o fraccionaria; p.ej., 2,123.” 

[6] “ISO 80000-2:2009”. International Organization for 

Standardization. Retrieved 1 July 2010. 
 

[7] Thomas Henderson (1839-01-03). “On the Parallax of α 

Centauri” (PDF). Memoirs of the Royal Astronomical So- 
ciety, Vol. 11, p. 64. Retrieved 2015-03-26. – Scan pub- 

lished by Harvard-Smithsonian Center for  Astrophysics 

[8] Reimer, L., and Reimer, W. Mathematicians Are People, 
Too: Stories from the Lives of Great Mathematicians, Vol. 
1. 1990 p. 41. Parsippany, NJ: Pearson Education, Inc. 

as Dale Seymor Publications. ISBN 0-86651-509-7. 
 

[9] “Victory on Points”. Nature. 218 (5137): 111. 1968. 

doi:10.1038/218111c0. 

[10] Government Notice R. 1144, Government Gazette 4326, 

5 July 1974 

[11] Grammar of Interlingua: Parts of Speech – Numerals 

[12] Gramat Volapüka. Cathair na Mart: Evertype. ISBN 978- 

1-904808-94-7 
 

[13] Perlis, Alan, The American Side of the Development of 
ALGOL, ACM SIGPLAN Notices, August 1978. 

[14] , Resolution 10. 
 

[15] Iverson, Cheryl, et al. (eds) (2007). AMA Manual of 
Style (10th ed.). Oxford, Oxfordshire: Oxford University 

Press. p. 793. ISBN 978-0-19-517633-9. 
 

[16] http://www.bipm.org/jsp/en/ViewCGPMResolution. 

jsp?CGPM=22&RES=10 

[17] “Decimals Score a Point on International Standards”. 

2006-11-22.  Retrieved 2008-11-27. 
 

[18] International Bureau of Weights and Measures. “Rules 

and style conventions for expressing values of quantities": 

"". 
 

[19] “Guidelines for drafting IUPAC technical reports and rec- 

ommendations”. 2007. Retrieved 2008-11-27. 

[20] As an example, the DR-DOS DEBUG H command dis- 

plays the entered number in hexadecimal, decimal, oc- 

tal and binary notation:-h 1234 1234 #4660 \011064 

%0001.0010.0011.0100 

[21] As an example, the DR-DOS DEBUG D command 

dumps the memory byte-wise in hexadecimal notation 

with bytes separated by spaces and groups of eight bytes 

separated by hyphens: 

-d 0 1234:0000 57 69 6B 69 70 65 64 69-61 20 68 65 

6C 70 73 21 Wikipedia helps! 

 

[22] Pournader, Roozbeh (2000-10-15). “Persian decimal sep- 

arator”. Unicode Mail List Archive. Unicode Consortium. 

Retrieved 2008-06-21. 

[23] “The Decimal Numeral”. Academic Grammar of New 
Persian. Archived from the original on 2006-06-20. Re- 

trieved 2006-06-19. 

[24] Descriptive Grammar of New Persian (archived) 

[25] Diccionario panhispánico de dudas, when writing num- 

bers more than four figures, these three will be grouped 

into three, starting from the right, and separating the 

groups by whitespace. (Exceptions: Never written with 

periods, commas or white separation numbers that refer 

to years, pages, verses, urban roads, postal codes, legal 

articles, decrees or laws.) 

[26] Röll. “Union Pacific-Eisenbahn”. Enzyklopädie des Eisen- 
bahnwesens. Retrieved 26 August 2014., entry “Union 

Pacific-Eisenbahn”, largest numbers in table 

[27] Röll. “Bilanz”. Enzyklopädie des Eisenbahnwesens. Re- 

trieved 26 August 2014., entry “Bilanz”, sums in last table 

[28] Steinle, Vicki. “Teaching and Learning about Decimals”. 

Retrieved 20 April 2012. 

 
 

1.8 History of geometry 
 
Geometry (from the Ancient Greek: γεωμετρία; geo- 
“earth”, -metron “measurement”) arose as the field of 

knowledge dealing with spatial relationships. Geometry 

was one of the two fields of pre-modern mathematics, the 

other being the study of numbers (arithmetic). 

Classic geometry was focused in compass and straight- 

edge constructions. Geometry was revolutionized by 

Euclid, who introduced mathematical rigor and the 

axiomatic method still in use today. His book, The El- 
ements is widely considered the most influential textbook 

of all time, and was known to all educated people in the 

West until the middle of the 20th century.[1]
 

In modern times, geometric concepts have been gener- 

alized to a high level of abstraction and complexity, and 

have been subjected to the methods of calculus and ab- 

stract algebra, so that many modern branches of the field 

are barely recognizable as the descendants of early geom- 

etry. (See Areas of mathematics and Algebraic geome- 

try.) 
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Part of the “Tab.Geometry.” (Table of Geometry) from the 1728 

Cyclopaedia. 

 

1.8.1 Early geometry 

the area is equal to the square of 8/9 of the circle’s di- 

ameter. This assumes that π is 4×(8/9)² (or 3.160493...), 

with an error of slightly over 0.63 percent. This value 

was slightly less accurate than the calculations of the 

Babylonians (25/8 = 3.125, within 0.53 percent), but was 

not otherwise surpassed until Archimedes' approximation 

of 211875/67441 = 3.14163, which had an error of just 

over 1 in 10,000. 

Interestingly, Ahmes knew of the modern 22/7 as an ap- 

proximation for π, and used it to split a hekat, hekat x 

22/x x 7/22 = hekat; however, Ahmes continued to use 

the traditional 256/81 value for π for computing his hekat 

volume found in a cylinder. 

Problem 48 involved using a square with side 9 units. This 

square was cut into a 3x3 grid. The diagonal of the corner 

squares were used to make an irregular octagon with an 

area of 63 units. This gave a second value for π of 3.111... 

The two problems together indicate a range of values for 

π between 3.11 and 3.16. 

Problem 14 in the Moscow Mathematical Papyrus gives 

the only ancient example finding the volume of a frustum 

of a pyramid, describing the correct formula: 

 

The earliest recorded beginnings of geometry can be 
 
V = h(x2 + x 
x 

 
+ x2). 

traced to early peoples, who discovered obtuse triangles 

in the ancient Indus Valley (see Harappan Mathemat- 

ics), and ancient Babylonia (see Babylonian mathematics) 

from around 3000 BC. Early geometry was a collection 

of empirically discovered principles concerning lengths, 

angles, areas, and volumes, which were developed to 

meet some practical need in surveying, construction, 

astronomy, and various crafts. Among these were some 

surprisingly sophisticated principles, and a modern math- 

ematician might be hard put to derive some of them 

without the use of calculus. For example, both the 

Egyptians and the Babylonians were aware of versions 

of the Pythagorean theorem about 1500 years before 

Pythagoras and the Indian Sulba Sutras around 800 B.C. 

contained the first statements of the theorem; the Egyp- 

tians had a correct formula for the volume of a frustum 

of a square pyramid; 

 
Egyptian geometry 

 

Main article: Egyptian geometry 

3 1 1  2 2 

 

Babylonian geometry 
 

Main article: Babylonian mathematics 

 
The Babylonians may have known the general rules for 

measuring areas and volumes. They measured the cir- 

cumference of a circle as three times the diameter and 

the area as one-twelfth the square of the circumference, 

which would be correct if π is estimated as 3. The vol- 

ume of a cylinder was taken as the product of the base 

and the height, however, the volume of the frustum of 

a cone or a square pyramid was incorrectly taken as the 

product of the height and half the sum of the bases. The 

Pythagorean theorem was also known to the Babylonians. 

Also, there was a recent discovery in which a tablet used 

π as 3 and 1/8. The Babylonians are also known for the 

Babylonian mile, which was a measure of distance equal 

to about seven miles today. This measurement for dis- 

tances eventually was converted to a time-mile used for 

measuring the travel of the Sun, therefore, representing 
[3] 

The ancient Egyptians knew that they could approximate time. There have been recent discoveries showing that 

the area of a circle as follows:[2]
 

 

Area of Circle ≈ 

[ (Diameter) x 

8/9 ]2. 

 

Problem 30 of the Ahmes papyrus uses these methods 

to calculate the area of a circle, according to a rule that 

ancient Babylonians may have discovered  astronomical 

geometry nearly 1400 years before Europeans did.[4]
 

 
Vedic India 

 

The Indian Vedic period had a tradition of geometry, 

mostly expressed in the construction of elaborate al- 

tars.  Early Indian texts (1st millennium BC) on this 
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Rigveda manuscript  in Devanagari. 

 
 

topic include the Satapatha Brahmana and the Śulba Sū- 
tras.[5][6][7] 

According to (Hayashi 2005, p. 363), the Śulba Sū- 
tras contain “the earliest extant verbal expression of the 

Pythagorean Theorem in the world, although it had al- 

ready been known to the Old Babylonians.” 

 
The diagonal rope (akṣṇayā-rajju) of 

an oblong (rectangle) produces both which 

the flank (pārśvamāni) and the horizontal 

(tiryaṇmānī ) <ropes> produce separately.”[8]
 

 
They contain lists of Pythagorean triples,[9] which are 

particular cases of Diophantine equations.[10] They also 

contain statements (that with hindsight we know to be 

approximate) about squaring the circle and “circling the 

square.”[11]
 

The Baudhayana Sulba Sutra, the best-known and oldest 

of the Sulba Sutras (dated to the 8th or 7th century BC) 

contains examples of simple Pythagorean triples, such 

as:  (3, 4, 5) , (5, 12, 13) , (8, 15, 17) , (7, 24, 25) ,   

and 

(12, 35, 37) [12] as well as a statement of the 

Pythagorean theorem for the sides of a square: “The 

rope which is stretched across the diagonal of a square 

produces an area double the size of the original 

square.”[12] It also contains the general statement of the 

Pythagorean theorem (for the sides of a rectangle): “The 

rope stretched along the length of the diagonal of a 

rectangle makes an area which the vertical and 

horizontal sides make together.”[12]
 

According to mathematician S. G. Dani, the Babylonian 

cuneiform tablet Plimpton 322 written c. 1850 BC[13] 

“contains fifteen Pythagorean triples with quite large en- 

tries, including (13500, 12709, 18541) which is a primi- 

tive triple,[14] indicating, in particular, that there was so- 

phisticated understanding on the topic” in Mesopotamia 

in 1850 BC. “Since these tablets predate the Sulbasutras 

 
period by several centuries, taking into account the con- 

textual appearance of some of the triples, it is reason- 

able to expect that similar understanding would have been 

there in India.”[15] Dani goes on to say: 

 
“As the main objective of the Sulvasu- 

tras was to describe the constructions of al- 

tars and the geometric principles involved in 

them, the subject of Pythagorean triples, even 

if it had been well understood may still not 

have featured in the Sulvasutras. The occur- 

rence of the triples in the Sulvasutras is com- 

parable to mathematics that one may encounter 

in an introductory book on architecture or an- 

other similar applied area, and would not cor- 

respond directly to the overall knowledge on 

the topic at that time. Since, unfortunately, 

no other contemporaneous sources have been 

found it may never be possible to settle this is- 

sue satisfactorily.”[15]
 

 
In all, three Sulba Sutras were composed. The remaining 

two, the Manava Sulba Sutra composed by Manava (fl. 

750-650 BC) and the Apastamba Sulba Sutra, composed 

by Apastamba (c. 600 BC), contained results similar to 

the Baudhayana Sulba Sutra. 

 

1.8.2 Greek geometry 

See also: Greek mathematics 

 

 
Classical Greek geometry 

 

For the ancient Greek mathematicians, geometry was the 

crown jewel of their sciences, reaching a completeness 

and perfection of methodology that no other branch of 

their knowledge had attained. They expanded the range 

of geometry to many new kinds of figures, curves, sur- 

faces, and solids; they changed its methodology from 

trial-and-error to logical deduction; they recognized that 

geometry studies “eternal forms”, or abstractions, of 

which physical objects are only approximations; and they 

developed the idea of the “axiomatic method”, still in use 

today. 

 
Thales and Pythagoras Thales (635-543 BC) of 

Miletus (now in southwestern Turkey), was the first to 

whom deduction in mathematics is attributed. There are 

five geometric propositions for which he wrote deductive 

proofs, though his proofs have not survived. Pythagoras 

(582-496 BC) of Ionia, and later, Italy, then colonized by 

Greeks, may have been a student of Thales, and traveled 

to Babylon and Egypt. The theorem that bears his name 

may not have been his discovery, but he was probably one 

of the first to give a deductive proof of it. He gathered a 
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Pythagorean theorem: a2 + b2 = c2
 

 
group of students around him to study mathematics, mu- 

sic, and philosophy, and together they discovered most of 

what high school students learn today in their geometry 

courses. In addition, they made the profound discovery 

of incommensurable lengths and irrational numbers. 

 

Plato Plato (427-347 BC) is a philosopher that is highly 

esteemed by the Greeks. There is a story that he had in- 

scribed above the entrance to his famous school, “Let 

none ignorant of geometry enter here.” However, the 

story is considered to be untrue.[16] Though he was not 

a mathematician himself, his views on mathematics had 

great influence. Mathematicians thus accepted his be- 

lief that geometry should use no tools but compass and 

straightedge – never measuring instruments such as a 

marked ruler or a protractor, because these were a work- 

man’s tools, not worthy of a scholar. This dictum led to 

a deep study of possible compass and straightedge con- 

structions, and three classic construction problems: how 

to use these tools to trisect an angle, to construct a cube 

twice the volume of a given cube, and to construct a 

square equal in area to a given circle. The proofs of the 

impossibility of these constructions, finally achieved in 

the 19th century, led to important principles regarding 

the deep structure of the real number system. Aristotle 

(384-322 BC), Plato’s greatest pupil, wrote a treatise 

on methods of reasoning used in deductive proofs (see 

Logic) which was not substantially improved upon until 

the 19th century. 

 

Hellenistic geometry 

 

Euclid Euclid (c. 325-265 BC), of Alexandria, prob- 

ably a student at the Academy founded by Plato, wrote 

a treatise in 13 books (chapters), titled The Elements of 
Geometry, in which he presented geometry in an ideal 

axiomatic form, which came to be known as Euclidean 

geometry. The treatise is not a compendium of all that the 

Hellenistic mathematicians knew at the time about geom- 

 

 
 

Statue of Euclid in the Oxford University Museum of Natural 
History. 

 

Woman teaching geometry. Illustration at the beginning of a 
medieval translation of Euclid’s Elements, (c. 1310) 

 
 

etry; Euclid himself wrote eight more advanced books on 

geometry. We know from other references that Euclid’s 

was not the first elementary geometry textbook, but it was 
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so much superior that the others fell into disuse and were 

lost. He was brought to the university at Alexandria by 

Ptolemy I, King of Egypt. 

The Elements began with definitions of terms, fundamen- 

tal geometric principles (called axioms or postulates), and 

general quantitative principles (called common notions) 

from which all the rest of geometry could be logically de- 

duced. Following are his five axioms, somewhat para- 

phrased to make the English easier to read. 

 

1. Any two points can be joined by a straight line. 

2. Any finite straight line can be extended in a straight 

line. 

3. A circle can be drawn with any center and any ra- 

dius. 

4. All right angles are equal to each other. 

5. If two straight lines in a plane are crossed by another 

straight line (called the transversal), and the interior 

angles between the two lines and the transversal ly- 

ing on one side of the transversal add up to less than 

two right angles, then on that side of the transversal, 

the two lines extended will intersect (also called the 

parallel postulate). 

 
Archimedes Archimedes (287-212 BC), of Syracuse, 

Sicily, when it was a Greek city-state, is often considered 

to be the greatest of the Greek mathematicians, and oc- 

casionally even named as one of the three greatest of all 

time (along with Isaac Newton and Carl Friedrich Gauss). 

Had he not been a mathematician, he would still be re- 

membered as a great physicist, engineer, and inventor. 

In his mathematics, he developed methods very similar 

to the coordinate systems of analytic geometry, and the 

limiting process of integral calculus. The only element 

lacking for the creation of these fields was an efficient al- 

gebraic notation in which to express his concepts. 

 
After Archimedes After Archimedes, Hellenistic 

mathematics began to decline. There were a few minor 

stars yet to come, but the golden age of geometry was 

over. Proclus (410-485), author of Commentary on the 
First Book of Euclid, was one of the last important players 

in Hellenistic geometry. He was a competent geometer, 

but more importantly, he was a superb commentator on 

the works that preceded him. Much of that work did not 

survive to modern times, and is known to us only through 

his commentary. The Roman Republic and Empire that 

succeeded and absorbed the Greek city-states produced 

excellent engineers, but no mathematicians of note. 

The great Library of Alexandria was later burned. There 

is a growing consensus among historians that the Li- 

brary of Alexandria likely suffered from several destruc- 

tive events, but that the destruction of Alexandria’s pa- 

gan temples in the late 4th century was probably the most 

 

 
 

Geometry was connected to the divine for most medieval schol- 
ars. The compass in this 13th-century manuscript is a symbol of 
God’s act of Creation. 

 
 

severe and final one. The evidence for that destruction 

is the most definitive and secure. Caesar’s invasion may 

well have led to the loss of some 40,000-70,000 scrolls 

in a warehouse adjacent to the port (as Luciano Canfora 

argues, they were likely copies produced by the Library 

intended for export), but it is unlikely to have affected the 

Library or Museum, given that there is ample evidence 

that both existed later.[17]
 

Civil wars, decreasing investments in maintenance and 

acquisition of new scrolls and generally declining interest 

in non-religious pursuits likely contributed to a reduction 

in the body of material available in the Library, especially 

in the 4th century. The Serapeum was certainly destroyed 

by Theophilus in 391, and the Museum and Library may 

have fallen victim to the same campaign. 

 
1.8.3 Classical Indian geometry 

See also: Indian mathematics 

 
In the Bakhshali manuscript, there is a handful of geo- 

metric problems (including problems about volumes of 

irregular solids). The Bakhshali manuscript also “em- 

ploys a decimal place value system with a dot for zero.”[18] 

Aryabhata's Aryabhatiya (499) includes the computation 

of areas and volumes. 

Brahmagupta wrote his astronomical work Brāhma 
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Sphuṭa Siddhānta in 628. Chapter 12, containing 66 

Sanskrit verses, was divided into two sections: “basic op- 

erations” (including cube roots, fractions, ratio and pro- 

portion, and barter) and “practical mathematics” (includ- 

ing mixture, mathematical series, plane figures, stacking 

bricks, sawing of timber, and piling of grain).[19] In the 

latter section, he stated his famous theorem on the diag- 

onals of a cyclic quadrilateral:[19]
 

Brahmagupta’s theorem: If a cyclic quadrilateral has 

diagonals that are perpendicular to each other, then the 

perpendicular line drawn from the point of intersection 

of the diagonals to any side of the quadrilateral always 

bisects the opposite side. 

Chapter 12 also included a formula for the area of a cyclic 

quadrilateral (a generalization of Heron’s formula), as 

well as a complete description of rational triangles (i.e. 
triangles with rational sides and rational areas). 

Brahmagupta’s formula: The area, A, of a cyclic 

quadrilateral with sides of lengths a, b, c, d, respectively, 

is given by 

 

A = 
√
(s − a)(s − b)(s − c)(s − d) 

where s, the semiperimeter, given by: s = a+b+c+d . 

Brahmagupta’s Theorem on rational triangles: A tri- 

angle with rational sides a, b, c and rational area is of the 

form: 

 

 
 

The Nine Chapters on the Mathematical Art, first compiled in 
179 AD, with added commentary in the 3rd century by Liu Hui. 

 
u2 

a = + v,   b 
= 

v 

u2 

+ w,  c 
= 

w 

u2

 u
2 

+ 
v w 

− (v + w) 

for some rational numbers u, v, and w .[20]
 

 

1.8.4 Chinese geometry 
 

See also: Chinese mathematics 

The first definitive work (or at least oldest existent) on 

geometry in China was the Mo Jing, the Mohist canon of 

the early philosopher Mozi (470-390 BC). It was com- 

piled years after his death by his followers around the 

year 330 BC.[21] Although the Mo Jing is the oldest exis- 

tent book on geometry in China, there is the possibility 

that even older written material existed. However, due to 

the infamous Burning of the Books in a political maneu- 

ver by the Qin Dynasty ruler Qin Shihuang (r. 221-210 

BC), multitudes of written literature created before his 

time were purged. In addition, the Mo Jing presents ge- 

ometrical concepts in mathematics that are perhaps too 

advanced not to have had a previous geometrical base or 

mathematic background to work upon. 

The Mo Jing described various aspects of many fields 

associated with physical science, and provided a small 

wealth of information on mathematics as well. It pro- 

vided an 'atomic' definition of the geometric point, stat- 

ing that a line is separated into parts, and the part which 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Haidao Suanjing, Liu Hui, 3rd century. 

 
 

has no remaining parts (i.e. cannot be divided into 

smaller parts) and thus forms the extreme end of a line is 
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a point.[21] Much like Euclid's first and third definitions 

and Plato's 'beginning of a line', the Mo Jing stated that “a 

point may stand at the end (of a line) or at its beginning 

like a head-presentation in childbirth. (As to its invis- 

ibility) there is nothing similar to it.”[22] Similar to the 

atomists of Democritus, the Mo Jing stated that a point is 

the smallest unit, and cannot be cut in half, since 'noth- 

ing' cannot be halved.[22] It stated that two lines of equal 

length will always finish at the same place,[22] while pro- 

viding definitions for the comparison of lengths and for 

parallels,[23] along with principles of space and bounded 

space.[24] It also described the fact that planes without the 

quality of thickness cannot be piled up since they cannot 

mutually touch.[25] The book provided definitions for cir- 

cumference, diameter, and radius, along with the defini- 

tion of volume.[26]
 

The Han Dynasty (202 BC-220 AD) period of China wit- 

nessed a new flourishing of mathematics. One of the 

oldest Chinese mathematical texts to present geometric 

progressions was the Suàn shù shū of 186 BC, during 

the Western Han era. The mathematician, inventor, and 

astronomer Zhang Heng (78-139 AD) used geometri- 

cal formulas to solve mathematical problems. Although 

rough estimates for pi (π) were given in the Zhou Li 
(compiled in the 2nd century BC),[27] it was Zhang Heng 

who was the first to make a concerted effort at creat- 

ing a more accurate formula for pi. Zhang Heng ap- 

proximated pi as 730/232 (or approx 3.1466), although 

he used another formula of pi in finding a spherical vol- 

ume, using the square root of 10 (or approx 3.162) in- 

stead. Zu Chongzhi (429-500 AD) improved the accu- 

racy of the approximation of pi to between 3.1415926 

and 3.1415927, with 355⁄113 (, Milü, detailed 

approx- imation) and 22⁄7 (, Yuelü, rough 

approximation) be- ing the other notable 

approximation.[28] In comparison to later works, the 

formula for pi given by the French math- ematician 

Franciscus Vieta (1540-1603) fell halfway be- tween 

Zu’s approximations. 

 

 

The Nine Chapters on the Mathematical Art 

 
The Nine Chapters on the Mathematical Art, the title of 

which first appeared by 179 AD on a bronze inscription, 

was edited and commented on by the 3rd century math- 

ematician Liu Hui from the Kingdom of Cao Wei. This 

book included many problems where geometry was ap- 

plied, such as finding surface areas for squares and cir- 

cles, the volumes of solids in various three-dimensional 

shapes, and included the use of the Pythagorean theorem. 

The book provided illustrated proof for the Pythagorean 

theorem,[29] contained a written dialogue between of the 

earlier Duke of Zhou and Shang Gao on the properties 

of the right angle triangle and the Pythagorean theorem, 

while also referring to the astronomical gnomon, the cir- 

cle and square, as well as measurements of heights and 

distances.[30] The editor Liu Hui listed pi as 3.141014 

by using a 192 sided polygon, and then calculated pi as 

3.14159 using a 3072 sided polygon. This was more ac- 

curate than Liu Hui’s contemporary Wang Fan, a math- 

ematician and astronomer from Eastern Wu, would ren- 

der pi as 3.1555 by using 142⁄45.[31] Liu Hui also 

wrote of mathematical surveying to calculate distance 

measure- ments of depth, height, width, and surface 

area. In terms of solid geometry, he figured out that a 

wedge with rect- angular base and both sides sloping 

could be broken down into a pyramid and a tetrahedral 

wedge.[32] He also fig- ured out that a wedge with 

trapezoid base and both sides sloping could be made to 

give two tetrahedral wedges sep- arated by a pyramid.[32] 

Furthermore, Liu Hui described Cavalieri’s principle on 

volume, as well as Gaussian elim- ination. From the 

Nine Chapters, it listed the following geometrical 

formulas that were known by the time of the Former 

Han Dynasty (202 BCE–9 CE). 

Areas for the[33] 

Volumes for the[32]
 

Continuing the geometrical legacy of ancient China, there 

were many later figures to come, including the famed as- 

tronomer and mathematician Shen Kuo (1031-1095 CE), 

Yang Hui (1238-1298) who discovered Pascal’s Triangle, 

Xu Guangqi (1562-1633), and many others. 

 

1.8.5 Islamic Golden Age 

See also: Islamic mathematics 

The final destruction of the Library of Alexandria at the 

Muslim conquest of Egypt in AD 642 marks the collapse 

of classical antiquity in the West, and the beginning of the 

European "Dark Ages". By the beginning of the 9th cen- 

tury, the "Islamic Golden Age" flourished, the establish- 

ment of the House of Wisdom in Baghdad marking a sep- 

arate tradition of science in the medieval Islamic world, 

building not only Hellenistic but also on Indian sources. 

Although the Islamic mathematicians are most famed for 

their work on algebra, number theory and number sys- 

tems, they also made considerable contributions to ge- 

ometry, trigonometry and mathematical astronomy, and 

were responsible for the development of algebraic geom- 

etry. 

Al-Mahani (born 820) conceived the idea of reducing ge- 

ometrical problems such as duplicating the cube to prob- 

lems in algebra. Al-Karaji (born 953) completely freed 

algebra from geometrical operations and replaced them 

with the arithmetical type of operations which are at the 

core of algebra today. 

Thābit ibn Qurra (known as Thebit in Latin) (born 836) 

contributed to a number of areas in mathematics, where 

he played an important role in preparing the way for 

such important mathematical discoveries as the exten- 

sion of the concept of number to (positive) real num- 

bers, integral calculus, theorems in spherical trigonom- 

etry, analytic geometry, and non-Euclidean geometry. In 

astronomy Thabit was one of the first reformers of the 
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Ptolemaic system, and in mechanics he was a founder of 

statics. An important geometrical aspect of Thabit’s work 

was his book on the composition of ratios. In this book, 

Thabit deals with arithmetical operations applied to ratios 

of geometrical quantities. The Greeks had dealt with geo- 

metric quantities but had not thought of them in the same 

way as numbers to which the usual rules of arithmetic 

could be applied. By introducing arithmetical operations 

on quantities previously regarded as geometric and non- 

numerical, Thabit started a trend which led eventually to 

the generalisation of the number concept. 

In some respects, Thabit is critical of the ideas of Plato 

and Aristotle, particularly regarding motion. It would 

seem that here his ideas are based on an acceptance of 

using arguments concerning motion in his geometrical ar- 

guments. Another important contribution Thabit made to 

geometry was his generalization of the Pythagorean the- 

orem, which he extended from special right triangles to 

all triangles in general, along with a general proof.[34]
 

Ibrahim ibn Sinan ibn Thabit (born 908), who intro- 

duced a method of integration more general than that of 

Archimedes, and al-Quhi (born 940) were leading figures 

in a revival and continuation of Greek higher geometry in 

the Islamic world. These mathematicians, and in partic- 

ular Ibn al-Haytham, studied optics and investigated the 

optical properties of mirrors made from conic sections. 

 

Astronomy, time-keeping and geography provided other 

motivations for geometrical and trigonometrical research. 

For example Ibrahim ibn Sinan and his grandfather 

Thabit ibn Qurra both studied curves required in the con- 

struction of sundials. Abu'l-Wafa and Abu Nasr Mansur 

both applied spherical geometry to astronomy. 

A 2007 paper in the journal Science suggested that 

girih tiles possessed properties consistent with self- 

similar fractal quasicrystalline tilings such as the Penrose 

tilings.[35][36] 

 
1.8.6 Renaissance 

 

An engraving by Albrecht Dürer featuring Mashallah, from the 

title page of the De scientia motus orbis (Latin version with en- 
graving, 1504). As in many medieval illustrations, the compass 
here is an icon of religion as well as science, in reference to God 
as the architect of creation 

 
The transmission of the Greek Classics to medieval Eu- 

rope via the Arabic literature of the 9th to 10th century 

"Islamic Golden Age" began in the 10th century and cul- 

minated in the Latin translations of the 12th century. A 

copy of Ptolemy's Almagest was brought back to Sicily 

by Henry Aristippus (d. 1162), as a gift from the Em- 

peror to King William I (r. 1154–1166). An anony- 

mous student at Salerno travelled to Sicily and translated 

the Almagest as well as several works by Euclid from 

Greek to Latin.[37] Although the Sicilians generally trans- 

lated directly from the Greek, when Greek texts were not 

available, they would translate from Arabic. Eugenius 

of Palermo (d. 1202) translated Ptolemy’s Optics into 

Latin, drawing on his knowledge of all three languages in 

the task.[38] The rigorous deductive methods of geometry 

found in Euclid’s Elements of Geometry were relearned, 
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and further development of geometry in the styles of both 

Euclid (Euclidean geometry) and Khayyam (algebraic ge- 

ometry) continued, resulting in an abundance of new the- 

orems and concepts, many of them very profound and el- 

egant. 

Advances in the treatment of perspective were made 

in Renaissance art of the 14th to 15th century which 

went beyond what had been achieved in antiquity. In 

Renaissance architecture of the Quattrocento, concepts of 

architectural order were explored and rules were formu- 

lated. A prime example of is the Basilica di San Lorenzo 

in Florence by Filippo Brunelleschi (1377–1446).[39]
 

In c. 1413 Filippo Brunelleschi demonstrated the geo- 

metrical method of perspective, used today by artists, by 

painting the outlines of various Florentine buildings onto 

a mirror. Soon after, nearly every artist in Florence and 

in Italy used geometrical perspective in their paintings,[40] 

notably Masolino da Panicale and Donatello. Melozzo da 

Forlì first used the technique of upward foreshortening (in 

Rome, Loreto, Forlì and others), and was celebrated for 

that. Not only was perspective a way of showing depth, it 

was also a new method of composing a painting. Paint- 

ings began to show a single, unified scene, rather than a 

combination of several. 

As shown by the quick proliferation of accurate per- 

spective paintings in Florence, Brunelleschi likely un- 

derstood (with help from his friend the mathematician 

Toscanelli),[41] but did not publish, the mathematics be- 

hind perspective. Decades later, his friend Leon Bat- 

tista Alberti wrote De pictura (1435/1436), a treatise on 

proper methods of showing distance in painting based on 

Euclidean geometry. Alberti was also trained in the sci- 

ence of optics through the school of Padua and under the 

influence of Biagio Pelacani da Parma who studied Al- 

hazen’s Optics’. 

Piero della Francesca elaborated on Della Pittura in his 

De Prospectiva Pingendi in the 1470s. Alberti had limited 

himself to figures on the ground plane and giving an over- 

all basis for perspective. Della Francesca fleshed it out, 

explicitly covering solids in any area of the picture plane. 

Della Francesca also started the now common practice of 

using illustrated figures to explain the mathematical con- 

cepts, making his treatise easier to understand than Al- 

berti’s. Della Francesca was also the first to accurately 

draw the Platonic solids as they would appear in perspec- 

tive. 

Perspective remained, for a while, the domain of Flo- 

rence. Jan van Eyck, among others, was unable to create 

a consistent structure for the converging lines in paint- 

ings, as in London’s The Arnolfini Portrait, because he 

was unaware of the theoretical breakthrough just then oc- 

curring in Italy. However he achieved very subtle effects 

by manipulations of scale in his interiors. Gradually, and 

partly through the movement of academies of the arts, the 

Italian techniques became part of the training of artists 

across Europe, and later other parts of the world. The 

culmination of these Renaissance traditions finds its ulti- 

mate synthesis in the research of the architect, geometer, 

and optician Girard Desargues on perspective, optics and 

projective geometry. 

The Vitruvian Man by Leonardo da Vinci(c. 1490)[42] de- 

picts a man in two superimposed positions with his arms 

and legs apart and inscribed in a circle and square. The 

drawing is based on the correlations of ideal human pro- 

portions with geometry described by the ancient Roman 

architect Vitruvius in Book III of his treatise De Archi- 
tectura. 

 
1.8.7 Modern  geometry 

The 17th century 

 

Discourse on Method by René Descartes 

 
In the early 17th century, there were two important de- 

velopments in geometry. The first and most important 

was the creation of analytic geometry, or geometry with 

coordinates and equations, by René Descartes (1596– 

1650) and Pierre de Fermat (1601–1665). This was a 

necessary precursor to the development of calculus and 

a precise quantitative science of physics. The second 

geometric development of this period was the system- 

atic study of projective geometry by Girard Desargues 

(1591–1661). Projective geometry is the study of geom- 

etry without measurement, just the study of how points 

align with each other. There had been some early work 
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in this area by Hellenistic geometers, notably Pappus (c. 

340). The greatest flowering of the field occurred with 

Jean-Victor Poncelet (1788–1867). 

In the late 17th century, calculus was developed in- 

dependently and almost simultaneously by Isaac New- 

ton (1642–1727) and Gottfried Wilhelm Leibniz (1646– 

1716). This was the beginning of a new field of math- 

ematics now called analysis. Though not itself a branch 

of geometry, it is applicable to geometry, and it solved 

two families of problems that had long been almost in- 

tractable: finding tangent lines to odd curves, and finding 

areas enclosed by those curves. The methods of calculus 

reduced these problems mostly to straightforward matters 

of computation. 

 

 

The 18th and 19th centuries 

 

Non-Euclidean geometry The very old problem of 

proving Euclid’s Fifth Postulate, the "Parallel Postulate", 

from his first four postulates had never been forgotten. 

Beginning not long after Euclid, many attempted demon- 

strations were given, but all were later found to be faulty, 

through allowing into the reasoning some principle which 

itself had not been proved from the first four postulates. 

Though Omar Khayyám was also unsuccessful in prov- 

ing the parallel postulate, his criticisms of Euclid’s theo- 

ries of parallels and his proof of properties of figures in 

non-Euclidean geometries contributed to the eventual de- 

velopment of non-Euclidean geometry. By 1700 a great 

deal had been discovered about what can be proved from 

the first four, and what the pitfalls were in attempting to 

prove the fifth. Saccheri, Lambert, and Legendre each 

did excellent work on the problem in the 18th century, 

but still fell short of success. In the early 19th cen- 

tury, Gauss, Johann Bolyai, and Lobatchewsky, each in- 

dependently, took a different approach. Beginning to sus- 

pect that it was impossible to prove the Parallel Postu- 

late, they set out to develop a self-consistent geometry in 

which that postulate was false. In this they were success- 

ful, thus creating the first non-Euclidean geometry. By 

1854, Bernhard Riemann, a student of Gauss, had ap- 

plied methods of calculus in a ground-breaking study of 

the intrinsic (self-contained) geometry of all smooth sur- 

faces, and thereby found a different non-Euclidean geom- 

etry. This work of Riemann later became fundamental 

for Einstein's theory of relativity. 

It remained to be proved mathematically that the non- 

Euclidean geometry was just as self-consistent as Eu- 

clidean geometry, and this was first accomplished by 

Beltrami in 1868. With this, non-Euclidean geometry 

was established on an equal mathematical footing with 

Euclidean geometry. 

While it was now known that different geometric theo- 

ries were mathematically possible, the question remained, 

“Which one of these theories is correct for our physical 

space?" The mathematical work revealed that this ques- 

 

 
 

William Blake's “Newton” is a demonstration of his opposition to 
the 'single-vision' of scientific materialism; here, Isaac Newton is 
shown as 'divine geometer' (1795) 

 
 

tion must be answered by physical experimentation, not 

mathematical reasoning, and uncovered the reason why 

the experimentation must involve immense (interstellar, 

not earth-bound) distances. With the development of rel- 

ativity theory in physics, this question became vastly more 

complicated. 

 

Introduction of mathematical rigor All the work re- 

lated to the Parallel Postulate revealed that it was quite 

difficult for a geometer to separate his logical reasoning 

from his intuitive understanding of physical space, and, 

moreover, revealed the critical importance of doing so. 

Careful examination had uncovered some logical inad- 

equacies in Euclid’s reasoning, and some unstated geo- 

metric principles to which Euclid sometimes appealed. 

This critique paralleled the crisis occurring in calculus 

and analysis regarding the meaning of infinite processes 

such as convergence and continuity. In geometry, there 

was a clear need for a new set of axioms, which would be 

complete, and which in no way relied on pictures we draw 

or on our intuition of space. Such axioms, now known as 

Hilbert’s axioms, were given by David Hilbert in 1894 in 

his dissertation Grundlagen der Geometrie (Foundations 
of Geometry). Some other complete sets of axioms had 

been given a few years earlier, but did not match Hilbert’s 

in economy, elegance, and similarity to Euclid’s axioms. 

 

Analysis situs, or topology In the mid-18th century, it 

became apparent that certain progressions of mathemat- 

ical reasoning recurred when similar ideas were studied 

on the number line, in two dimensions, and in three di- 

mensions. Thus the general concept of a metric space was 

created so that the reasoning could be done in more gen- 

erality, and then applied to special cases. This method 

of studying calculus- and analysis-related concepts came 

to be known as analysis situs, and later as topology. The 

important topics in this field were properties of more gen- 

eral figures, such as connectedness and boundaries, rather 
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than properties like straightness, and precise equality of 

length and angle measurements, which had been the fo- 

cus of Euclidean and non-Euclidean geometry. Topology 

soon became a separate field of major importance, rather 

than a sub-field of geometry or analysis. 

 
The 20th century 

 

Developments in algebraic geometry included the study 

of curves and surfaces over finite fields as demonstrated 

by the works of among others André Weil, Alexander 

Grothendieck, and Jean-Pierre Serre as well as over the 

[6] (Staal 1999) 

[7] Most mathematical problems considered in the Śulba Sū- 
tras spring from “a single theological requirement,” that 

of constructing fire altars which have different shapes but 

occupy the same area. The altars were required to be con- 

structed of five layers of burnt brick, with the further con- 

dition that each layer consist of 200 bricks and that no two 

adjacent layers have congruent arrangements of bricks. 

(Hayashi 2003, p. 118) 

[8] (Hayashi 2005, p. 363) 

[9] Pythagorean triples are triples of integers (a, b, c) with the 

real or complex numbers. Finite geometry itself, the property: a2 

+b2
 

= 
c2

 
. Thus, 32 

+42
 

= 
52

 
, 82 +152 

= 

study of spaces with only finitely many points, found 

applications in coding theory and cryptography. With 

the advent of the computer, new disciplines such as 

computational geometry or digital geometry deal with ge- 

ometric algorithms, discrete representations of geometric 

data, and so forth. 

 

1.8.8 Timeline 

Main article: Timeline of geometry 

 

 

1.8.9 See also 

• Flatland, a book by “A. Square” about two– and 
three-dimensional space, to understand the concept 
of four dimensions 

• History of mathematics 

• Important publications in geometry 

• Interactive geometry software 

• List of geometry topics 

 

1.8.10 Notes 

[1] Howard Eves, An Introduction to the History of Mathemat- 
ics, Saunders: 1990 (ISBN 0-03-029558-0), p. 141: “No 

work, except The Bible, has been more widely used....” 

[2] Ray C. Jurgensen, Alfred J. Donnelly, and Mary P. Dol- 

ciani. Editorial Advisors Andrew M. Gleason, Albert 

E. Meder, Jr. Modern School Mathematics: Geometry 
(Student’s Edition). Houghton Mifflin Company, Boston, 

1972, p. 52. ISBN 0-395-13102-2. Teachers Edition 

ISBN 0-395-13103-0. 

[3] Eves, Chapter 2. 

[4] https://www.washingtonpost.com/news/ 

speaking-of-science/wp/2016/01/28/ 

172  , 122 + 352  = 372 etc. 

[10] (Cooke 2005, p. 198): “The arithmetic content of the 

Śulva Sūtras consists of rules for finding Pythagorean 

triples such as (3, 4, 5), (5, 12, 13), (8, 15, 17), and (12, 

35, 37). It is not certain what practical use these arith- 

metic rules had. The best conjecture is that they were part 

of religious ritual. A Hindu home was required to have 

three fires burning at three different altars. The three al- 

tars were to be of different shapes, but all three were to 

have the same area. These conditions led to certain “Dio- 

phantine” problems, a particular case of which is the gen- 

eration of Pythagorean triples, so as to make one square 

integer equal to the sum of two others.” 

[11] (Cooke 2005, pp. 199–200): “The requirement of three 

altars of equal areas but different shapes would explain the 

interest in transformation of areas. Among other transfor- 

mation of area problems the Hindus considered in partic- 

ular the problem of squaring the circle. The Bodhayana 
Sutra states the converse problem of constructing a cir- 

cle equal to a given square. The following approximate 

construction is given as the solution.... this result is only 

approximate. The authors, however, made no distinction 

between the two results. In terms that we can appreciate, 

this construction gives a value for π of 18 (3 − 2√2), which 

is about 3.088.” 

[12] (Joseph 2000, p. 229) 

[13] Mathematics Department, University of British 

Columbia, The Babylonian tabled Plimpton 322. 

[14] Three positive integers (a, b, c) form a primitive 
Pythagorean triple if c2 = a2 +b2 and if the highest 

com- mon factor of a, b, c is 1. In the particular 

Plimpton322 example, this means that 135002 + 

127092 = 185412 and that the three numbers do 

not have any common factors. However some 

scholars have disputed the Pythagorean 

interpretation of this tablet; see Plimpton 322 for 

details. 

[15] (Dani 2003) 

[16] Cherowitzo, Bill. “What precisely was written over the 

door of Plato’s Academy?" (PDF). www.math.ucdenver. 
edu/. Retrieved 8 April 2015. 

clay-tablets-reveal-babylonians-invented-astronomical-geo[m1e7t]ryL-1u4c0ia0n-oyeCarasn-fboerfao; reT-heeurVoapneiasnhse/d  Library;  University of 

California Press, 1990. - books.google.com.br 
[5] A. Seidenberg, 1978. The origin of mathematics. Archive 

for the history of Exact Sciences, vol 18. [18] (Hayashi 2005, p. 371) 
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[19] (Hayashi 2003, pp. 121–122) 
 

[20] (Stillwell 2004, p. 77) 
 

[21] Needham, Volume 3, 91. 
 

[22] Needham, Volume 3, 92. 
 

[23] Needham, Volume 3, 92-93. 
 

[24] Needham, Volume 3, 93. 
 

[25] Needham, Volume 3, 93-94. 
 

[26] Needham, Volume 3, 94. 
 

[27] Needham, Volume 3, 99. 
 

[28] Needham, Volume 3, 101. 
 

[29] Needham, Volume 3, 22. 
 

[30] Needham, Volume 3, 21. 
 

[31] Needham, Volume 3, 100. 
 

[32] Needham, Volume 3, 98–99. 
 

[33] Needham, Volume 3, 98. 
 

[34] Sayili, Aydin (1960). “Thabit ibn Qurra’s Generaliza- 

tion of the Pythagorean Theorem”. Isis. 51 (1): 35–37. 

doi:10.1086/348837. 
 

[35] Peter J. Lu and Paul J.  Steinhardt  (2007),  

“Decagonal and Quasi-crystalline Tilings in Me- 

dieval Islamic Architecture” (PDF), Science, 315 

(5815):    1106–1110,  Bibcode:2007Sci...315.1106L, 

doi:10.1126/science.1135491, PMID 17322056. 
 

[36]  Supplemental figures 
 

[37] d'Alverny, Marie-Thérèse. “Translations and Transla- 

tors”, in Robert L. Benson and Giles Constable, eds., Re- 
naissance and Renewal in the Twelfth Century, 421–462. 

Cambridge: Harvard Univ. Pr., 1982, pp. 433–4. 

[38] M.-T. d'Alverny, “Translations and Translators,” p. 435 

[39] Howard Saalman. Filippo Brunelleschi: The Buildings. 
(London: Zwemmer, 1993). 

 

[40] "...and these works (of perspective by Brunelleschi) were 

the means of arousing the minds of the other craftsmen, 

who afterwords devoted themselves to this with great 

zeal.” 

Vasari’s Lives of the Artists Chapter on Brunelleschi 
 

[41] “Messer Paolo dal Pozzo Toscanelli, having returned from 

his studies, invited Filippo with other friends to supper in 

a garden, and the discourse falling on mathematical sub- 

jects, Filippo formed a friendship with him and learned 

geometry from him.” 

Vasarai’s Lives of the Artists, Chapter on Brunelleschi 

[42] The Secret Language of the Renaissance - Richard Stemp 
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1.9 Graph theory 
 
This article is about sets of vertices connected by edges. 

For graphs of mathematical functions, see Graph of a 

function. For other uses, see Graph (disambiguation). 

In mathematics graph theory is the study of graphs, 

which are mathematical structures used to model pair- 

wise relations between objects. A graph in this context 
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V and E are usually taken to be finite, and many of the 

well-known results are not true (or are rather different) 

for infinite graphs because many of the arguments fail in 

the infinite case. The order of a graph is |V|, its number 

of vertices. The size of a graph is |E|, its number of edges. 

The degree or valency of a vertex is the number of edges 

that connect to it, where an edge that connects a vertex to 

itself (a loop) is counted twice. 

For an edge {x, y}, graph theorists usually use the some- 

what shorter notation xy. 

 

A drawing of a graph 
 
 

is made up of vertices, nodes, or points which are con- 

nected by edges, arcs, or lines. A graph may be undi- 
rected, meaning that there is no distinction between the 

two vertices associated with each edge, or its edges may 

be directed from one vertex to another; see Graph (dis- 

crete mathematics) for more detailed definitions and for 

other variations in the types of graph that are commonly 

considered. Graphs are one of the prime objects of study 

in discrete mathematics. 

Refer to the glossary of graph theory for basic definitions 

in graph theory. 

 
1.9.1 Definitions 

 

Definitions in graph theory vary. The following are some 

of the more basic ways of defining graphs and related 

mathematical structures. 

 
Graph 

 

In the most common sense of the term,[1] a graph is an 

ordered pair G = (V, E) comprising a set V of vertices 
or nodes or points together with a set E of edges or arcs 
or lines, which are 2-element subsets of V (i.e. an edge 

is associated with two vertices, and that association takes 

the form of the unordered pair comprising those two ver- 

tices). To avoid ambiguity, this type of graph may be 

described precisely as undirected and simple. 

Other senses of graph stem from different conceptions of 

the edge set. In one more generalized notion,[2] V is a set 

together with a relation of incidence that associates with 

each edge two vertices. In another generalized notion, E 
is a multiset of unordered pairs of (not necessarily dis- 

tinct) vertices. Many authors call this type of object a 

multigraph or pseudograph. 

All of these variants and others are described more fully 

below. 

The vertices belonging to an edge are called the ends or 

end vertices of the edge. A vertex may exist in a graph 

and not belong to an edge. 

1.9.2 Applications 

 

The network graph formed by Wikipedia editors (edges) con- 
tributing to different Wikipedia language versions (vertices) dur- 
ing one month in summer 2013[3]

 

 
Graphs can be used to model many types of relations and 

processes in physical, biological,[4] social and information 

systems. Many practical problems can be represented by 

graphs. Emphasizing their application to real-world sys- 

tems, the term network is sometimes defined to mean a 

graph in which attributes (e.g. names) are associated with 

the nodes and/or edges. 

In computer science, graphs are used to represent net- 

works of communication, data organization, computa- 

tional devices, the flow of computation, etc. For in- 

stance, the link structure of a website can be repre- 

sented by a directed graph, in which the vertices repre- 

sent web pages and directed edges represent links from 

one page to another. A similar approach can be taken 

to problems in social media,[5] travel, biology, computer 

chip design, and many other fields. The development of 

algorithms to handle graphs is therefore of major inter- 

est in computer science. The transformation of graphs 

is often formalized and represented by graph rewrite 

systems. Complementary to graph transformation sys- 

tems focusing on rule-based in-memory manipulation of 

graphs are graph databases geared towards transaction- 
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safe, persistent storing and querying of graph-structured 

data. 

Graph-theoretic methods, in various forms, have proven 

particularly useful in linguistics, since natural language 

often lends itself well to discrete structure. Tradition- 

ally, syntax and compositional semantics follow tree- 

based structures, whose expressive power lies in the 

principle of compositionality, modeled in a hierarchical 

graph. More contemporary approaches such as head- 

driven phrase structure grammar model the syntax of nat- 

ural language using typed feature structures, which are 

directed acyclic graphs. Within lexical semantics, es- 

pecially as applied to computers, modeling word mean- 

ing is easier when a given word is understood in terms 

of related words; semantic networks are therefore im- 

portant in computational linguistics. Still other methods 

in phonology (e.g. optimality theory, which uses lattice 

graphs) and morphology (e.g. finite-state morphology, 

using finite-state transducers) are common in the anal- 

ysis of language as a graph. Indeed, the usefulness of this 

area of mathematics to linguistics has borne organizations 

such as TextGraphs, as well as various 'Net' projects, such 

as WordNet, VerbNet, and others. 

Graph theory is also used to study molecules in chemistry 

and physics. In condensed matter physics, the three- 

dimensional structure of complicated simulated atomic 

structures can be studied quantitatively by gathering 

statistics on graph-theoretic properties related to the 

topology of the atoms. In chemistry a graph makes a 

natural model for a molecule, where vertices represent 

atoms and edges bonds. This approach is especially used 

in computer processing of molecular structures, ranging 

from chemical editors to database searching. In statistical 

physics, graphs can represent local connections between 

interacting parts of a system, as well as the dynamics 

of a physical process on such systems. Similarly, in 

computational neuroscience graphs can be used to repre- 

sent functional connections between brain areas that in- 

teract to give rise to various cognitive processes, where 

the vertices represent different areas of the brain and 

the edges represent the connections between those areas. 

Graphs are also used to represent the micro-scale chan- 

nels of porous media, in which the vertices represent the 

pores and the edges represent the smaller channels con- 

necting the pores. 

Graph theory is also widely used in sociology as a way, for 

example, to measure actors’ prestige or to explore rumor 

spreading, notably through the use of social network anal- 

ysis software. Under the umbrella of social networks 

are many different types of graphs.[7] Acquaintanceship 

and friendship graphs describe whether people know each 

other. Influence graphs model whether certain people can 

influence the behavior of others. Finally, collaboration 

graphs model whether two people work together in a par- 

ticular way, such as acting in a movie together. 

Likewise, graph theory is useful in biology and conserva- 

 

 
 

Graph theory in sociology: Moreno Sociogram (1953)[6]
 

 
 

tion efforts where a vertex can represent regions where 

certain species exist (or inhabit) and the edges represent 

migration paths, or movement between the regions. This 

information is important when looking at breeding pat- 

terns or tracking the spread of disease, parasites or how 

changes to the movement can affect other species. 

In mathematics, graphs are useful in geometry and certain 

parts of topology such as knot theory. Algebraic graph 

theory has close links with group theory. 

A graph structure can be extended by assigning a weight 

to each edge of the graph. Graphs with weights, or 

weighted graphs, are used to represent structures in which 

pairwise connections have some numerical values. For 

example, if a graph represents a road network, the weights 

could represent the length of each road. There may be 

several weights associated with each edge, including dis- 

tance (as in the previous example), travel time, or mon- 

etary cost. Such weighted graphs are commonly used to 

program GPS’s, and travel-planning search engines that 

compare flight times and costs. 

 

1.9.3 History 
 

The paper written by Leonhard Euler on the Seven Bridges 
of Königsberg and published in 1736 is regarded as the 

first paper in the history of graph theory.[8] This paper, 

as well as the one written by Vandermonde on the knight 
problem, carried on with the analysis situs initiated by 

Leibniz. Euler’s formula relating the number of edges, 

vertices, and faces of a convex polyhedron was stud- 

ied and generalized by Cauchy[9] and L'Huillier,[10] and 

represents the beginning of the branch of mathematics 

known as topology. 

More than one century after Euler’s paper on the bridges 

of Königsberg and while Listing was introducing the con- 
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The Königsberg Bridge  problem 
 
 

cept of topology, Cayley was led by an interest in par- 

ticular analytical forms arising from differential calculus 

to study a particular class of graphs, the trees.[11] This 

study had many implications for theoretical chemistry. 

The techniques he used mainly concern the enumeration 

of graphs with particular properties. Enumerative graph 

theory then arose from the results of Cayley and the fun- 

damental results published by Pólya between 1935 and 

1937. These were generalized by De Bruijn in 1959. 

Cayley linked his results on trees with contemporary stud- 

ies of chemical composition.[12] The fusion of ideas from 

mathematics with those from chemistry began what has 

become part of the standard terminology of graph theory. 

In particular, the term “graph” was introduced by 

Sylvester in a paper published in 1878 in Nature, where he 

draws an analogy between “quantic invariants” and “co- 

variants” of algebra and molecular diagrams:[13]
 

 
"[…] Every invariant and co-variant thus be- 

comes expressible by a graph precisely identi- 

cal with a Kekuléan diagram or chemicograph. 

[…] I give a rule for the geometrical multipli- 

cation of graphs, i.e. for constructing a graph 
to the product of in- or co-variants whose sep- 

arate graphs are given. […]" (italics as in the 

original). 

 
The first textbook on graph theory was written by Dénes 

Kőnig, and published in 1936.[14] Another book by Frank 

Harary, published in 1969, was “considered the world 

over to be the definitive textbook on the subject”,[15] and 

enabled mathematicians, chemists, electrical engineers 

and social scientists to talk to each other. Harary donated 

all of the royalties to fund the Pólya Prize.[16]
 

One of the most famous and stimulating problems in 

graph theory is the four color problem: “Is it true that 

any map drawn in the plane may have its regions colored 

with four colors, in such a way that any two regions hav- 

ing a common border have different colors?" This prob- 

lem was first posed by Francis Guthrie in 1852 and its 

first written record is in a letter of De Morgan addressed 

to Hamilton the same year. Many incorrect proofs have 

been proposed, including those by Cayley, Kempe, and 

others. The study and the generalization of this prob- 

lem by Tait, Heawood, Ramsey and Hadwiger led to the 

study of the colorings of the graphs embedded on sur- 

faces with arbitrary genus. Tait’s reformulation gener- 

ated a new class of problems, the factorization problems, 
particularly studied by Petersen and Kőnig. The works 

of Ramsey on colorations and more specially the results 

obtained by Turán in 1941 was at the origin of another 

branch of graph theory, extremal graph theory. 

The four color problem remained unsolved for more than 

a century. In 1969 Heinrich Heesch published a method 

for solving the problem using computers.[17] A computer- 

aided proof produced in 1976 by Kenneth Appel and 

Wolfgang Haken makes fundamental use of the notion 

of “discharging” developed by Heesch.[18][19] The proof 

involved checking the properties of 1,936 configurations 

by computer, and was not fully accepted at the time due 

to its complexity. A simpler proof considering only 633 

configurations was given twenty years later by Robertson, 

Seymour, Sanders and Thomas.[20]
 

The autonomous development of topology from 1860 

and 1930 fertilized graph theory back through the works 

of Jordan, Kuratowski and Whitney. Another impor- 

tant factor of common development of graph theory and 

topology came from the use of the techniques of modern 

algebra. The first example of such a use comes from the 

work of the physicist Gustav Kirchhoff, who published 

in 1845 his Kirchhoff’s circuit laws for calculating the 

voltage and current in electric circuits. 

The introduction of probabilistic methods in graph the- 

ory, especially in the study of Erdős and Rényi of the 

asymptotic probability of graph connectivity, gave rise 

to yet another branch, known as random graph theory, 

which has been a fruitful source of graph-theoretic re- 

sults. 

 

 

1.9.4 Graph drawing 
 

Main article: Graph drawing 

 
Graphs are represented visually by drawing a dot or circle 

for every vertex, and drawing an arc between two vertices 

if they are connected by an edge. If the graph is directed, 

the direction is indicated by drawing an arrow. 

A graph drawing should not be confused with the graph 

itself (the abstract, non-visual structure) as there are sev- 

eral ways to structure the graph drawing. All that matters 

is which vertices are connected to which others by how 

many edges and not the exact layout. In practice it is of- 

ten difficult to decide if two drawings represent the same 

graph. Depending on the problem domain some layouts 

may be better suited and easier to understand than others. 
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The pioneering work of W. T. Tutte was very influential 

in the subject of graph drawing. Among other achieve- 

ments, he introduced the use of linear algebraic methods 

to obtain graph drawings. 

Graph drawing also can be said to encompass problems 

that deal with the crossing number and its various general- 

izations. The crossing number of a graph is the minimum 

number of intersections between edges that a drawing of 

the graph in the plane must contain. For a planar graph, 

the crossing number is zero by definition. 

Drawings on surfaces other than the plane are also stud- 

ied. 

 

 

1.9.5 Graph-theoretic data structures 
 

Main article: Graph (abstract data type) 

 
There are different ways to store graphs in a computer 

system. The data structure used depends on both the 

graph structure and the algorithm used for manipulating 

the graph. Theoretically one can distinguish between list 

and matrix structures but in concrete applications the best 

structure is often a combination of both. List structures 

are often preferred for sparse graphs as they have smaller 

memory requirements. Matrix structures on the other 

hand provide faster access for some applications but can 

consume huge amounts of memory. 

List structures include the incidence list, an array of pairs 

of vertices, and the adjacency list, which separately lists 

the neighbors of each vertex: Much like the incidence list, 

each vertex has a list of which vertices it is adjacent to. 

Matrix structures include the incidence matrix, a matrix 

of 0’s and 1’s whose rows represent vertices and whose 

columns represent edges, and the adjacency matrix, in 

which both the rows and columns are indexed by vertices. 

In both cases a 1 indicates two adjacent objects and a 0 

indicates two non-adjacent objects. The Laplacian matrix 

is a modified form of the adjacency matrix that incorpo- 

rates information about the degrees of the vertices, and is 

useful in some calculations such as Kirchhoff’s theorem 

on the number of spanning trees of a graph. The distance 

matrix, like the adjacency matrix, has both its rows and 

columns indexed by vertices, but rather than containing 

a 0 or a 1 in each cell it contains the length of a shortest 

path between two vertices. 

 

 

1.9.6 Problems in graph theory 
 

Enumeration 

 

There is a large literature on graphical enumeration: the 

problem of counting graphs meeting specified conditions. 

Some of this work is found in Harary and Palmer (1973). 

Subgraphs, induced subgraphs, and minors 

 

A common problem, called the subgraph isomorphism 

problem, is finding a fixed graph as a subgraph in a given 

graph. One reason to be interested in such a question is 

that many graph properties are hereditary for subgraphs, 

which means that a graph has the property if and only if 

all subgraphs have it too. Unfortunately, finding maxi- 

mal subgraphs of a certain kind is often an NP-complete 

problem. For example: 

 

• Finding the largest complete subgraph is called the 
clique problem (NP-complete). 

 
A similar problem is finding induced subgraphs in a 

given graph. Again, some important graph properties 

are hereditary with respect to induced subgraphs, which 

means that a graph has a property if and only if all in- 

duced subgraphs also have it. Finding maximal induced 

subgraphs of a certain kind is also often NP-complete. 

For example: 

 

• Finding the largest edgeless induced subgraph or 
independent set is called the independent set prob- 
lem (NP-complete). 

 
Still another such problem, the minor containment prob- 

lem, is to find a fixed graph as a minor of a given graph. A 

minor or subcontraction of a graph is any graph obtained 

by taking a subgraph and contracting some (or no) edges. 

Many graph properties are hereditary for minors, which 

means that a graph has a property if and only if all minors 

have it too. For example, Wagner’s Theorem states: 

 

• A graph is planar if it contains as a minor neither the 
complete bipartite graph K₃,₃ (see the Three-cottage 

problem) nor the complete graph K5. 

 
A similar problem, the subdivision containment problem, 

is to find a fixed graph as a subdivision of a given graph. 

A subdivision or homeomorphism of a graph is any graph 

obtained by subdividing some (or no) edges. Subdivi- 

sion containment is related to graph properties such as 

planarity. For example, Kuratowski’s Theorem states: 

 

• A graph is planar if it contains as a subdivision 
neither the complete bipartite graph K₃,₃ nor the 

complete graph K5. 

 
Another problem in subdivision containment is Kelmans- 

Seymour conjecture: 

 

• Every 5-vertex-connected graph that is not planar 
contains a subdivision of the 5-vertex complete 

graph K5. 
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Another class of problems has to do with the extent to 

which various species and generalizations of graphs are 

determined by their point-deleted subgraphs. For exam- 

ple: 
 

• The reconstruction conjecture 

 
Graph coloring 

 

Main article: Graph coloring 

 
Many problems and theorems in graph theory have to do 

with various ways of coloring graphs. Typically, one is in- 

terested in coloring a graph so that no two adjacent ver- 

tices have the same color, or with other similar restric- 

tions. One may also consider coloring edges (possibly so 

that no to coincident edges are the same color), or other 

variations. Among the famous results and conjectures 

concerning graph coloring are the following ones: 
 

• Four-color theorem 

• Strong perfect graph theorem 

• Erdős–Faber–Lovász  conjecture (unsolved) 

• Total coloring conjecture, also called Behzad's con- 
jecture (unsolved) 

• List coloring conjecture (unsolved) 

• Hadwiger conjecture (graph theory) (unsolved) 

 
Subsumption and unification 

 

Constraint modeling theories concern families of directed 

graphs related by a partial order. In these applications, 

graphs are ordered by specificity, meaning that more con- 

strained graphs—which are more specific and thus con- 

tain a greater amount of information—are subsumed by 

those that are more general. Operations between graphs 

include evaluating the direction of a subsumption rela- 

tionship between two graphs, if any, and computing graph 

unification. The unification of two argument graphs is 

defined as the most general graph (or the computation 

thereof) that is consistent with (i.e. contains all of the in- 

formation in) the inputs, if such a graph exists; efficient 

unification algorithms are known. 

For constraint frameworks which are strictly 

compositional, graph unification is the sufficient 

satisfiability and combination function. Well-known 

applications include automatic theorem proving and 

modeling the elaboration of linguistic structure. 

 
Route problems 

• Hamiltonian path problem 

• 

Minimum spanning tree 

• Route inspection problem (also called the “Chinese 
postman  problem”) 

• Seven bridges of Königsberg 

• Shortest path problem 

• Steiner tree 

• Three-cottage  problem 

• Traveling salesman problem (NP-hard) 

 
Network flow 

 

There are numerous problems arising especially from ap- 

plications that have to do with various notions of flows in 

networks, for example: 
 

• Max flow min cut theorem 

 
Visibility problems 

• Museum guard problem 

 
Covering problems 

 

Covering problems in graphs are specific instances of 

subgraph-finding problems, and they tend to be closely 

related to the clique problem or the independent set prob- 

lem. 
 

• Set cover problem 

• Vertex cover problem 

 
Decomposition problems 

 

Decomposition, defined as partitioning the edge set of a 

graph (with as many vertices as necessary accompanying 

the edges of each part of the partition), has a wide variety 

of question. Often, it is required to decompose a graph 

into subgraphs isomorphic to a fixed graph; for instance, 

decomposing a complete graph into Hamiltonian cycles. 

Other problems specify a family of graphs into which a 

given graph should be decomposed, for instance, a family 

of cycles, or decomposing a complete graph Kn into n − 

1 specified trees having, respectively, 1, 2, 3, …, n − 1 

edges. 

Some specific decomposition problems that have been 

studied include: 

 

• Arboricity, a decomposition into as few forests as 
possible 
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• Cycle double cover, a decomposition into a collec- 

tion of cycles covering each edge exactly twice 

• Edge coloring, a decomposition into as few 
matchings as possible 

• Graph factorization, a decomposition of a regular 
graph into regular subgraphs of given degrees 

 
Graph classes 

 

Many problems involve characterizing the members of 

various classes of graphs. Some examples of such ques- 

tions are below: 
 

• Enumerating the members of a class 

• Characterizing a class in terms of forbidden sub- 
structures 

• Ascertaining relationships among classes (e.g. does 
one property of graphs imply another) 

• Finding efficient algorithms to decide membership 
in a class 

• Finding representations for members of a class 

 

1.9.7 See also 

• Gallery of named graphs 

• Glossary of graph theory 

• List of graph theory topics 

• List of unsolved problems in graph theory 

• Publications in graph theory 

 
Related topics 

• Algebraic graph theory 

• Citation graph 

• Conceptual graph 

• Data structure 

• Disjoint-set data structure 

• Dual-phase evolution 

• Entitative graph 

• Existential graph 

• Graph algebra 

• Graph automorphism 

• Graph coloring 

• 

Graph database 

• Graph data structure 

• Graph drawing 

• Graph equation 

• Graph rewriting 

• Graph sandwich problem 

• Graph property 

• Intersection graph 

• Logical graph 

• Loop 

• Network theory 

• Null graph 

• Pebble motion problems 

• Percolation 

• Perfect graph 

• Quantum graph 

• Random regular graphs 

• Semantic networks 

• Spectral graph theory 

• Strongly regular graphs 

• Symmetric graphs 

• Transitive reduction 

• Tree data structure 

 
Algorithms 

• Bellman–Ford algorithm 

• Dijkstra’s  algorithm 

• Ford–Fulkerson  algorithm 

• Kruskal’s algorithm 

• Nearest neighbour algorithm 

• Prim’s algorithm 

• Depth-first search 

• Breadth-first search 
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Subareas 

• Algebraic graph theory 

• Geometric graph theory 

• Extremal graph theory 

• Probabilistic graph theory 

• Topological graph theory 

 
Related areas of mathematics 

• Combinatorics 

• Group theory 

• Knot theory 

• Ramsey theory 

 
Generalizations 

• Hypergraph 

• Abstract simplicial complex 

 
Prominent graph theorists 
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• Golumbic, Martin 

• Graham, Ronald 

• Harary, Frank 
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• Kőnig, Dénes 

• Lovász, László 
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Murty, U. S. R. 

• Nešetřil, Jaroslav 
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• Ringel, Gerhard 

• Robertson, Neil 

• Seymour, Paul 

• Sudakov, Benny 

• Szemerédi, Endre 

• Thomas, Robin 

• Thomassen, Carsten 
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• Whitney, Hassler 
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1.10 Flow network 
 

In graph theory, a flow network (also known as a trans- 

portation network) is a directed graph where each edge 

has a capacity and each edge receives a flow. The amount 

of flow on an edge cannot exceed the capacity of the edge. 

Often in operations research, a directed graph is called a 

network, the vertices are called nodes and the edges are 

called arcs. A flow must satisfy the restriction that the 

amount of flow into a node equals the amount of flow out 

of it, unless it is a source, which has only outgoing flow, 

or sink, which has only incoming flow. A network can 

be used to model traffic in a road system, circulation with 

demands, fluids in pipes, currents in an electrical circuit, 

or anything similar in which something travels through a 

network of nodes. 

 

1.10.1 Definition 
 

A network is a graph G = (V, E), together with a non- 

negative function c: V × V → ℝ∞, called the capacity 

function. Without loss of generality, it is assumed that if 

(u, v) ∈  E then (v, u) is also a member of E, since if (v, 

u) ∉  E then (v, u) may be added to E and then setting c(v, 

u) = 0. 

If two nodes in G are distinguished, a source s and a sink 

t, then (G, c, s, t) is called a flow network.[1]
 

 

1.10.2 Flows 
 

There are various notions of a flow function that can be 

defined in a flow graph. Flow functions model the net 

flow of units between pairs of nodes, and are useful when 

asking questions such as what is the maximum number of 
units that can be transferred from the source node s to the 
sink node t? The simplest example of a flow function is 

known as a pseudo-flow. 

 
A pseudo-flow is a function f : V × V → ℝ 

that satisfies the following two constraints for 

all nodes u and v: 

• Skew symmetry: Only encode the net flow 

of units between a pair of nodes u and v 

(see intuition below), that is: f (u, v) = −f 
(v, u). 

• Capacity constraint: An arc’s flow cannot 
exceed its capacity, that is: f (u, v) ≤ c(u, 
v). 

 
Given a pseudo-flow f in a flow network, it is often useful 

to consider the net flow entering a given node v, that is, 

the sum of the flows entering v. The excess function xf : 
V → ℝ is defined by xf (u) = ∑v ∈  V f (v, u). A node u 

is said to be active if xf (u) > 0, deficient if xf (u) < 0 or 

conserving if xf (u) = 0. 

These final definitions lead to two strengthenings of the 

definition of a pseudo-flow: 

 

A pre-flow is a pseudo-flow that, for all v ∈  V 

\{s}, satisfies the additional constraint: 

• Non-deficient flows: The net flow entering 
the node v is non-negative, except for the 

source, which “produces” flow. That is: 
xf (v) ≥ 0 for all v ∈  V \{s}. 

 
A feasible flow, or just a flow, is a pseudo-flow 

that, for all v ∈  V \{s, t}, satisfies the additional 

constraint: 

• Flow conservation: The net flow entering 
the node v is 0, except for the source, 
which “produces” flow, and the sink, 

which “consumes” flow. That is: xf (v) 

= 0 for all v ∈ V \{s, t}. 

 

The value of a feasible flow f, denoted | f |, is the net flow 

into the sink t of the flow network. That is, | f | = xf (t). 

 

1.10.3 Intuition 
 

In the context of flow analysis, there is only an interest in 

considering how units are transferred between nodes in 

a holistic sense. Put another way, it is not necessary to 

distinguish multiple arcs between a pair of nodes: 
 

• Given any two nodes u and v, if there are two arcs 

from u to v with capacities 5 and 3 respectively, this 

is equivalent to considering only a single arc between 

u and v with capacity 8 — it is only useful to know 

that 8 units can be transferred from u to v, not how 

they can be transferred. 

• Again, given two nodes u and v, if there is a flow of 

5 units from u to v, and another flow of 3 units from 

v to u, this is equivalent to a net flow of 2 units from 

u to v, or a net flow of −2 units from v to u (so sign 

indicates direction) — it is only useful to know that a 

net flow of 2 units will flow between u and v, and the 

direction that they will flow, not how that net flow is 

achieved. 

 
For this reason, the capacity function c: V × V → ℝ∞, 

which does not allow for multiple arcs starting and ending 

at the same nodes, is sufficient for flow analysis. Similarly, 

it is enough to impose the skew symmetry constraint on 

flow functions to ensure that flow between two vertices 

is encoded by a single number (to indicate magnitude), 

and a sign (to indicate direction) — by knowing the flow 

between u and v you implicitly, via skew symmetry, know 

the flow between v and u. These simplifications of the 

model aren't always immediately intuitive, but they are 

convenient when it comes time to analysing flows. 
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The capacity constraint simply ensures that a flow on any 

one arc within the network cannot exceed the capacity of 

that arc. 

 

1.10.4 Concepts useful to flow problems 

Residuals 

 

The residual capacity of an arc with respect to a pseudo- 

flow f, denoted cf, is the difference between the arc’s ca- 

pacity and its flow. That is, cf (e) = c(e) - f(e). From 

this we can construct a residual network, denoted Gf 
(V, Ef), which models the amount of available capacity 

on the set of arcs in G = (V, E). More formally, given a 

flow network G, the residual network Gf has the node set 

V, arc set Ef = {e ∈  E : cf (e) > 0} and capacity function 

cf. 

This concept is used in Ford–Fulkerson algorithm which 

computes the maximum flow in a flow network. 

Note that there can be a path from u to v in the resid- 

ual network, even though there is no path from u to v in 

the original network. Since flows in opposite directions 

cancel out, decreasing the flow from v to u is the same as 

increasing the flow from u to v. 

 
Augmenting paths 

 

An augmenting path is a path (u1, u2, ..., uk) in the 

resid- ual network, where u1 = s, uk = t, and cf (ui, ui 
₊ ₁) > 0. A network is at maximum flow if and only if 

there is no augmenting path in the residual network Gf. 

 
Multiple sources and/or sinks 

 

Sometimes one needs to model a network with more than 

one source, a supersource is introduced to the graph.[2] 

This consists of a vertex connected to each of the sources 

with edges of infinite capacity, so as to act as a global 

source. A similar construct for sinks is called a super- 

sink.[3]
 

 

1.10.5 Example 

 

 
A flow network showing flow and capacity 

To the left you see a flow network with source labeled s, 

sink t, and four additional nodes. The flow and capacity is 

denoted f /c . Notice how the network upholds skew sym- 

metry, capacity constraints and flow conservation. The 

total amount of flow from s to t is 5, which can be easily 

seen from the fact that the total outgoing flow from s is 

5, which is also the incoming flow to t. We know that no 

flow appears or disappears in any of the other nodes. 
 

 

Residual network for the above flow network, showing residual 
capacities. 

 
Below you see the residual network for the given flow. 

Notice how there is positive residual capacity on some 

edges where the original capacity is zero, for example 

for the edge (d, c) . This flow is not a maximum flow. 

There is available capacity along the paths (s, a, c, t) , 

(s, a, b, d, t) and (s, a, b, d, c, t) , which are then the aug- 

menting paths. The residual capacity of the first path is 
min(c(s, a) −f (s, a), c(a, c) −f (a, c), c(c, t) −f (c, t)) 

= min(5 − 3, 3 − 2, 2 − 1) = min(2, 1, 1) = 1 . 

Notice 

that as long as there exists some path with a positive resid- 

ual capacity, the flow will not be maximum. The residual 

capacity for some path is the minimum residual capacity 

of all edges in that path. 

 

1.10.6 Applications 

See also: Pipe network analysis 

 
Picture a series of water pipes, fitting into a network. 

Each pipe is of a certain diameter, so it can only maintain 

a flow of a certain amount of water. Anywhere that pipes 

meet, the total amount of water coming into that junc- 

tion must be equal to the amount going out, otherwise 

we would quickly run out of water, or we would have a 

buildup of water. We have a water inlet, which is the 

source, and an outlet, the sink. A flow would then be one 

possible way for water to get from source to sink so that 

the total amount of water coming out of the outlet is con- 

sistent. Intuitively, the total flow of a network is the rate 

at which water comes out of the outlet. 

Flows can pertain to people or material over transporta- 

tion networks, or to electricity over electrical distribution 

systems. For any such physical network, the flow coming 

into any intermediate node needs to equal the flow going 

out of that node. This conservation constraint is equiva- 
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lent to Kirchhoff’s current law. 

Flow networks also find applications in ecology: flow net- 

works arise naturally when considering the flow of nutri- 

ents and energy between different organizations in a food 

web. The mathematical problems associated with such 

networks are quite different from those that arise in net- 

works of fluid or traffic flow. The field of ecosystem net- 

work analysis, developed by Robert Ulanowicz and oth- 

ers, involves using concepts from information theory and 

thermodynamics to study the evolution of these networks 

over time. 

The simplest and most common problem using flow net- 

works is to find what is called the maximum flow, which 

provides the largest possible total flow from the source to 

the sink in a given graph. There are many other problems 

which can be solved using max flow algorithms, if they are 

appropriately modeled as flow networks, such as bipartite 

matching, the assignment problem and the transportation 

problem. Maximum flow problems can be solved effi- 

ciently with the relabel-to-front algorithm. The max-flow 

min-cut theorem states that finding a maximal network 

flow is equivalent to finding a cut of minimum capacity 

that separates the source and the sink. Where a cut is the 

division of vertices such that the source is in one division 

and the sink is in another. 

In a multi-commodity flow problem, you have multiple 

sources and sinks, and various “commodities” which are 

to flow from a given source to a given sink. This could 

be for example various goods that are produced at var- 

ious factories, and are to be delivered to various given 

customers through the same transportation network. 

In a minimum cost flow problem, each edge u, v has 

a given cost k(u, v) , and the cost of sending the flow 

f (u, v) across the edge is f (u, v) · k(u, v) . The 

objec- 

tive is to send a given amount of flow from the source to 

the sink, at the lowest possible price. 

In a circulation problem, you have a lower bound l(u, v) 

on the edges, in addition to the upper bound c(u, v) 

. Each edge also has a cost. Often, flow conservation 

holds for all nodes in a circulation problem, and there is 

a con- nection from the sink back to the source. In this 

way, you can dictate the total flow with l(t, s) and 

c(t, s) . The flow circulates through the network, hence 

the name of the problem. 

In a network with gains or generalized network each 

edge has a gain, a real number (not zero) such that, if the 

edge has gain g, and an amount x flows into the edge at its 

tail, then an amount gx flows out at the head. 

In a source localization problem, an algorithm tries to 

identify the most likely source node of information dif- 

fusion through a partially observed network. This can be 

done in linear time for trees and cubic time for arbitrary 

networks and has applications ranging from tracking mo- 

bile phone users to identifying the originating village of 

disease outbreaks.[5]
 

1.10.7 See also 

• Braess’ paradox 

• Centrality 

• Constructal theory 

• Ford–Fulkerson  algorithm 

• Dinic’s algorithm 

• Flow (computer networking) 

• Flow graph (disambiguation) 

• Max-flow min-cut theorem 

• Oriented matroid 

• Shortest path problem 
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1.10.10 External links 

• Maximum Flow Problem 

• Real graph instances 

• Lemon C++ library with several maximum flow and 
minimum cost circulation algorithms 

• QuickGraph, graph data structures and algorithms 
for .Net 

 

 

1.11 Time value of money 
 
 

The present value of $1,000, 100 years into the future. Curves 
represent constant discount rates of 2%, 3%, 5%, and 7%. 

 
The time value of money describes the greater benefit of 

receiving money now rather than later. It is founded on 

time preference. 

The principle of the time value of money explains why 

interest is paid or earned: Interest, whether it is on a bank 

deposit or debt, compensates the depositor or lender for 

the time value of money. 

It also underlies investment. Investors are willing to forgo 

spending their money now if they expect a favorable 

return on their investment in the future. 

1.11.1 History 
 

The notion dates back at least to Martín de Azpilcueta 

(1491–1586) of the School of Salamanca. 

 

1.11.2 Calculations 
 

Time value of money problems involve the net value of 

cash flows at different points in time. 

In a typical case, the variables might be: a balance (the 

real or nominal value of a debt or a financial asset in terms 

of monetary units), a periodic rate of interest, the num- 

ber of periods, and a series of cash flows. (In the case 

of a debt, cash flows are payments against principal and 

interest; in the case of a financial asset, these are contri- 

butions to or withdrawals from the balance.) More gen- 

erally, the cash flows may not be periodic but may be 

specified individually. Any of the variables may be the 

independent variable (the sought-for answer) in a given 

problem. For example, one may know that: the interest 

is 0.5% per period (per month, say); the number of peri- 

ods is 60 (months); the initial balance (of the debt, in this 

case) is 25,000 units; and the final balance is 0 units. The 

unknown variable may be the monthly payment that the 

borrower must pay. 

For example, £100 invested for one year, earning 5% in- 

terest, will be worth £105 after one year; therefore, £100 

paid now and £105 paid exactly one year later both have 

the same value to a recipient who expects 5% interest as- 

suming that inflation would be zero percent. That is, £100 

invested for one year at 5% interest has a future value of 

£105 under the assumption that inflation would be zero 

percent.[1]
 

This principle allows for the valuation of a likely stream 

of income in the future, in such a way that annual in- 

comes are discounted and then added together, thus pro- 

viding a lump-sum “present value” of the entire income 

stream; all of the standard calculations for time value of 

money derive from the most basic algebraic expression 

for the present value of a future sum, "discounted" to the 

present by an amount equal to the time value of money. 

For example, the future value sum FV to be received in 

one year is discounted at the rate of interest r to give the 

present value sum PV : 

 

FV 
PV = 

(1 + r) 
 

Some standard calculations based on the time value of 

money are: 

 

• Present value: The current worth of a future sum 
of money or stream of cash flows, given a specified 

rate of return. Future cash flows are “discounted” 
at the discount rate; the higher the discount rate, the 
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lower the present value of the future cash flows. De- 

termining the appropriate discount rate is the key to 

valuing future cash flows properly, whether they be 

earnings or obligations.[2]
 

• Present value of an annuity: An annuity is a series 
of equal payments or receipts that occur at evenly 

spaced intervals. Leases and rental payments are ex- 
amples. The payments or receipts occur at the end 

of each period for an ordinary annuity while they 
occur at the beginning of each period for an annuity 

due.[3]
 

 
Present value of a perpetuity is an infinite 

and constant stream of identical cash flows.[4]
 

 

• Future value: The value of an asset or cash at a 
specified date in the future, based on the value of 
that asset in the present.[5]

 

• Future value of an annuity (FVA): The future 
value of a stream of payments (annuity), assuming 
the payments are invested at a given rate of interest. 

 
There are several basic equations that represent the equal- 

ities listed above. The solutions may be found using 

(in most cases) the formulas, a financial calculator or a 

spreadsheet. The formulas are programmed into most 

financial calculators and several spreadsheet functions 

(such as PV, FV, RATE, NPER, and PMT).[6]
 

For any of the equations below, the formula may also be 

rearranged to determine one of the other unknowns. In 

the case of the standard annuity formula, however, there 

is no closed-form algebraic solution for the interest rate 

(although financial calculators and spreadsheet programs 

can readily determine solutions through rapid trial and er- 

ror algorithms). 

These equations are frequently combined for particular 

uses. For example, bonds can be readily priced using 

these equations. A typical coupon bond is composed of 

two types of payments: a stream of coupon payments 

similar to an annuity, and a lump-sum return of capital 

at the end of the bond’s maturity - that is, a future pay- 

ment. The two formulas can be combined to determine 

the present value of the bond. 

An important note is that the interest rate i is the interest 

rate for the relevant period. For an annuity that makes one 

payment per year, i will be the annual interest rate. For 

an income or payment stream with a different payment 

schedule, the interest rate must be converted into the rel- 

evant periodic interest rate. For example, a monthly rate 

for a mortgage with monthly payments requires that the 

interest rate be divided by 12 (see the example below). 

See compound interest for details on converting between 

different periodic interest rates. 

The rate of return in the calculations can be either the 

a discount rate, interest, inflation, rate of return, cost of 

equity, cost of debt or any number of other analogous 

concepts. The choice of the appropriate rate is critical to 

the exercise, and the use of an incorrect discount rate will 

make the results meaningless. 

For calculations involving annuities, you must decide 

whether the payments are made at the end of each pe- 

riod (known as an ordinary annuity), or at the beginning 

of each period (known as an annuity due). If you are 

using a financial calculator or a spreadsheet, you can usu- 

ally set it for either calculation. The following formulas 

are for an ordinary annuity. If you want the answer for 

the Present Value of an annuity due simply multiply the 

PV of an ordinary annuity by (1 + i). 

 
1.11.3 Formula 

The following formula use these common variables: 
 

• PV is the value at time=0 (present value) 

• FV is the value at time=n (future value) 

• A is the value of the individual payments in each 
compounding period 

• n is the number of periods (not necessarily an inte- 
ger) 

• i is the interest rate at which the amount compounds 
each period 

• g is the growing rate of payments over each time 
period 

 

Future value of a present sum 

 

The future value (FV) formula is similar and uses the 

same variables. 

 
 

FV  = PV · (1 + i)n
 

 
Present value of a future sum 

 

The present value formula is the core formula for the time 

value of money; each of the other formulae is derived 

from this formula. For example, the annuity formula is 

the sum of a series of present value calculations. 

The present value (PV) formula has four variables, each 

of which can be solved for: 

 
 

FV 

variable solved for, or a predefined variable that measures PV = 
(1 + i)n 

https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-2
https://en.wikipedia.org/wiki/Annuity_(finance_theory)
https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-3
https://en.wikipedia.org/wiki/Perpetuity
https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-4
https://en.wikipedia.org/wiki/Future_value
https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-5
https://en.wikipedia.org/wiki/Spreadsheet
https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-6
https://en.wikipedia.org/wiki/Bond_(finance)
https://en.wikipedia.org/wiki/Return_of_capital
https://en.wikipedia.org/wiki/Maturity_(finance)
https://en.wikipedia.org/wiki/Compound_interest
https://en.wikipedia.org/wiki/Spreadsheet
https://en.wikipedia.org/wiki/Interest_rate
https://en.wikipedia.org/wiki/Future_value
https://en.wikipedia.org/wiki/Present_value
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The cumulative present value of future cash flows can be 

calculated by summing the contributions of FVt, the value 

of cash flow at time t 

Present Value of Int Factor Annuity 

 
 

A = P (1 + r/n)nt
 

 

PV = 
∑ FVt  

(1 + 
i)t 

Example: 

t=1 

Note that this series can be summed for a given value of 

n, or when n is ∞.[7] This is a very general formula, which 

leads to several important special cases given below. 

 
Present value of an annuity for n payment periods 

 

In this case the cash flow values remain the same through- 

out the n periods. The present value of an annuity (PVA) 

formula has four variables, each of which can be solved 

for: 

Investment P = $1000 

Interest i = 6.90% Compounded Qtrly (4 Times 

in Year) 

Tenure Years n = 5 

 
= 1000 × (1 + 0.069/4)(5 yrs × 4 qtrs in a year) =  
1000 × (1 + 0.069/4)20 ≈ 1407.84 

 

Present value of a growing perpetuity 
 

When the perpetual annuity payment grows at a fixed rate 
(g) the value is theoretically determined according to the 

PV (A) 

= 

A  
[ 

i  
·  1 

− 

1 
] 

(1 + i)
n

 

following formula. In practice, there are few securities 

with precise characteristics, and the application of this 

To get the PV of an annuity due, multiply the above equa- 

tion by (1 + i). 

 
Present value of a growing annuity 

 

In this case each cash flow grows by a factor of (1+g). 

Similar to the formula for an annuity, the present value of 

a growing annuity (PVGA) uses the same variables with 

the addition of g as the rate of growth of the annuity (A is 

the annuity payment in the first period). This is a calcu- 

lation that is rarely provided for on financial calculators. 

Where i ≠ g : 

valuation approach is subject to various qualifications and 

modifications. Most importantly, it is rare to find a grow- 

ing perpetual annuity with fixed rates of growth and true 

perpetual cash flow generation. Despite these qualifica- 

tions, the general approach may be used in valuations of 

real estate, equities, and other assets. 

This is the well known Gordon Growth model used for 

stock valuation. 

 
Future value of an annuity 

 

The future value of an annuity (FVA) formula has four 

variables, each of which can be solved for: 
 

 

PV = 
A 

(i − 

g) 

[ ( 
1 + g 

)n] 
1 

1 + i 

 

FV (A) = A · (1 + i)
n 
− 

1 

i 

Where i = g : 

 

A × n 

To get the FV of an annuity due, multiply the above equa- 

tion by (1 + i). 

PV = 
1 + 

i 

Future value of a growing annuity 

To get the PV of a growing annuity due, multiply the 

above equation by (1 + i). 

 
Present value of a perpetuity 

 

The future value of a growing annuity (FVA) formula has 

five variables, each of which can be solved for: 

Where i ≠ g : 

 

A perpetuity is payments of a set amount of money that n n 

occur on a routine basis and continues forever. When n → 

∞, the PV of a perpetuity (a perpetual annuity) formula 

becomes simple division. 

 

A 
PV (P ) = 

− 

https://en.wikipedia.org/wiki/Present_value
https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-7
https://en.wikipedia.org/wiki/Annuity_(finance_theory)
https://en.wikipedia.org/wiki/Annuity_(finance_theory)#Annuity-due
https://en.wikipedia.org/wiki/Gordon_model
https://en.wikipedia.org/wiki/Stock_valuation
https://en.wikipedia.org/wiki/Annuity_(finance_theory)
https://en.wikipedia.org/wiki/Annuity_(finance_theory)#Annuity-due
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i (1 + i)  − (1 + g)  

FV (A)  = A · 
i − g

 

Where i = g : 

 
FV (A) = A · n(1 + i)n−1
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− 

 

Formula table 

 

The following table summarizes the different formulas 

commonly used in calculating the time value of money.[8] 

These values are often displayed in tables where the in- 

terest rate and time are specified. 

Notes: 
 

• A is a fixed payment amount, every period 

• G is a steadily increasing payment amount, that 
starts at G and increases by G for each subsequent 
period. 

• D is an exponentially or geometrically increasing 
payment amount, that starts at D and increases by 
a factor of (1+g) each subsequent period. 

 
1.11.4 Derivations 

Annuity derivation 
 

The formula for the present value of a regular stream of 

interest is paid as the annuity, and whose principal re- 

mains constant. The principal of this hypothetical en- 

dowment can be computed as that whose interest equals 

the annuity payment amount: 

 
Principal × i = C 

Principal = C/i + goal 

Note that no money enters or leaves the combined sys- 

tem of endowment principal + accumulated annuity pay- 

ments, and thus the future value of this system can be 

computed simply via the future value formula: 

 
 

FV = PV (1 + i)n
 

Initially, before any payments, the present value of the 

system is just the endowment principal ( PV = C/i 

). At the end, the future value is the endowment 

principal (which is the same) plus the future value of 

the total an- nuity payments ( FV = C/i + FV A ). 

Plugging this back into the equation: 

future payments (an annuity) is derived from a sum of the 

formula for future value of a single future payment, as 

below, where C is the payment amount and n the period. 

C 
+ FV A 
= 

i 

C 
(1 + i)n

 

i 

A single payment C at future time m has the following 

future value at future time n: 

 
 

FV  = C(1 + i)n−m
 

 

Summing over all payments from time 1 to time n, then 

reversing t 

C 
FV A =    [(1 + i)     1] 

i 

 
Perpetuity derivation 

 

Without showing the formal derivation here, the perpetu- 

ity formula is derived from the annuity formula. Specifi- 

cally, the term: 

 
 

n

 n−

1 

( 
1 

) 
1 − 

FV A = 
∑ 

C(1 + i)n−m  = 
∑ 

C(1 + 

i)k
 

(1 + i)n 

m=1 k=0 can be seen to approach the value of 1 as n grows larger. 
C 

Note that this is a geometric series, with the initial value 

being a = C, the multiplicative factor being 1 + i, with n 
terms. Applying the formula for geometric series, we get 

At infinity, it is equal to 1, leaving 

remaining. 

 

1.11.5 Examples 

i as the only term 

 

FV A = 
C(1 − (1 + 

i)n) 1 − (1 

+ i) 

C(1 (1 + 
i)n) 

= 

−i 

 

Example 1: Present value 

The present value of the annuity (PVA) is obtained by 

simply dividing by (1 + i)n : 

One hundred euros to be paid 1 year from now, where the 

expected rate of return is 5% per year, is worth in today’s 

money: 

 
 

PV A = FV A C 
( 

1 
) 

= 1 − 
  1 
 100 

P = F × (P /F ) = F × = 

 
= 95.24 

(1 + i)n i (1 + i)n (1 + i)n 

https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-8
https://en.wikipedia.org/wiki/Geometric_series
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1.05 
 

Another simple and intuitive way to derive the future 

value of an annuity is to consider an endowment, whose 

So the present value of €100 one year from now at 5% is 

€95.24. 
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FV 

20
0 

  wh 

1 

1 

 

Example 2: Present value of an annuity — solving 

for the payment amount 
 

Consider a 10-year mortgage where the principal amount 

P is $200,000 and the annual interest rate is 6%. 

The number of monthly payments is 

 

y  = 
log(x) 

log(b) 

The present value formula can be rearranged such that: 

 

n = 10 years × 12 months per year = 120 

months 

y  =  
log( PV ) 
log(1 + 
i) 

= 
log( 100 

) 

log(1.10
) 

 

= 7.27(years) 

and the monthly interest rate is 

 
  6% per year  

This same method can be used to determine the length of 

time needed to increase a deposit to any particular sum, 

as long as the interest rate is known. For the period of 

time needed to double an investment, the Rule of 72 is a 

i = 
12 months per 
year 

= 0.5% per 

month 

useful short-cut that gives a reasonable approximation of 
the period needed. 

The annuity formula for (A/P) calculates the monthly 

payment: 

 
Example 4: What return is needed to double money? 

 

i(1 + i)n
 

Similarly, the present value formula can be rearranged to 
0.00de5t(e1r.m00in5e)

120 
at rate of return is needed to accumulate a 

A  =  P×(A/P )  =  P× 
(1 + i)n  − 1  

=  $200, 000× 
(1.g0i0ve5n)1a2m0 −ou1nt from an investment. For example, 

£100 is 

invested today and £200 return is expected in five years; 

what rate of return (interest rate) does this represent? 

≈ $200, 000 × 0.01110205 ≈ $2, 220.41 per 

month 

This is considering an interest rate compounding 

monthly. If the interest were only to compound yearly 

The present value formula restated in terms of the interest 

rate is: 

at 6%, the monthly payment would be significantly dif- 

ferent. 

( 
FV 

) 
n

 

i = 
PV 

−1 

= 

( 
200 

) 

5
 

100 

−1 = 

2 

 

0.2

0 

−1 = 0.15 = 15% 

 

An approximate solution For those who only want 

a rough idea of the mortgage payment there is a much 

less intimidating approximate formula here. For the 

numbers given above we simply compute an approxi- 

mate annual repayment of 200,000*(1/n + (2/3)*i) where 

n=10 yrs, i=0.06. So 200,000*(1/10 + (2/3)*0.06) = 

200,000*(0.1+0.04) = 200,000*0.14 = $28,000 per year, 

roughly, via mental arithmetic alone. Note, as this is an 

approximation we may ignore the subtleties of monthly 

compounding. Now $28,000 per year is about 28,000/12 

= $2,333 per month, which approximates the true answer 

to within about 5% but has required only mental arith- 

see also Rule of 72 

 
Example 5: Calculate the value of a regular savings 

deposit in the future. 

 

To calculate the future value of a stream of savings de- 

posit in the future requires two steps, or, alternatively, 

combining the two steps into one large formula. First, cal- 

culate the present value of a stream of deposits of $1,000 

every year for 20 years earning 7% interest: 

metic.       1  

(1+i)n
 

  1  
(1+.07)2
0

 

1 − 0.258 

PV A  = A· = 1000 
i 

= 1000 
.07 

= 
.07 

Example 3: Solving for the period needed to double 

money 

 

Consider a deposit of £100 placed at 10% (annual). How 

many years are needed for the value of the deposit to dou- 

ble to £200? 

This does not sound like very much, but remember - this 

is future money discounted back to its value today; it is 

understandably lower. To calculate the future value (at 

the end of the twenty-year period): 

1 

− 

1 

− · · 

https://en.wikipedia.org/wiki/Rule_of_72
https://en.wikipedia.org/wiki/Annuity_(finance_theory)#Proof
https://en.wikipedia.org/wiki/Rate_of_return
https://en.wikipedia.org/wiki/Present_value#An_approximation_for_annuity_and_loan_calculations
https://en.wikipedia.org/wiki/Rule_of_72
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Using the algrebraic identity that if: 
FV  = PV 

(1+i)n
 

= $10, 

594×(1+.07)20
 

≈ $10, 594×3.87 = 

$40, 9 

 

x  = by
 

These steps can be combined into a single formula: 

1 −   1  (1 + i)
n 

1 

then FV  = A · 
(1+i)n 

n 

i 
· 

  −  

= A ·
 i

 
(1 + 
i) 
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= 

 

Example 6: Price/earnings (P/E) ratio 

 

It is often mentioned that perpetuities, or securities with 

an indefinitely long maturity, are rare or unrealistic, and 

particularly those with a growing payment. In fact, many 

types of assets have characteristics that are similar to per- 

petuities. Examples might include income-oriented real 

estate, preferred shares, and even most forms of pub- 

licly traded stocks. Frequently, the terminology may be 

slightly different, but are based on the fundamentals of 

time value of money calculations. The application of this 

methodology is subject to various qualifications or mod- 

ifications, such as the Gordon growth model. 

 

natural logarithm and r is the continuously compounded 

rate: 

 

PV = FV · e−rt
 

This can be generalized to discount rates that vary over 

time: instead of a constant discount rate r, one uses a 

function of time r(t). In that case the discount factor, and 

thus the present value, of a cash flow at time T is given 

by the integral of the continuously compounded rate r(t): 

For example, stocks are commonly noted as trading at a 

certain P/E ratio. The P/E ratio is easily recognized as a 

variation on the perpetuity or growing perpetuity formu- 

(  ∫ T
 

PV = FV · exp   − 
0 

) 

r(t) dt 

lae - save that the P/E ratio is usually cited as the inverse 

of the “rate” in the perpetuity formula. 

If we substitute for the time being: the price of the stock 

for the present value; the earnings per share of the stock 

for the cash annuity; and, the discount rate of the stock 

for the interest rate, we can see that: 

 

P        1       PV 
= = 

E       i        A 

And in fact, the P/E ratio is analogous to the inverse of 

the interest rate (or discount rate). 

 
1 

= i 
P /E 

Indeed, a key reason for using continuous compounding 

is to simplify the analysis of varying discount rates and 

to allow one to use the tools of calculus. Further, for 

interest accrued and capitalized overnight (hence com- 

pounded daily), continuous compounding is a close ap- 

proximation for the actual daily compounding. More so- 

phisticated analysis includes the use of differential equa- 

tions, as detailed below. 

 
Examples 

 

Using continuous compounding yields the following for- 

mulas for various instruments: 

 

Annuity 

A(1−e−rt

) er−1 
Of course, stocks may have increasing earnings. The for- 
mulation above does not allow for growth in earnings, but 

to incorporate growth, the formula can be restated as fol- 

lows: 

Perpetuity 

   A  
er−

1 

Growing annuity 
g (1−e 

 

 
 

 

 
 
 
(r−g)t) 

P 1 PV  =  
Ae−

 

− 

e(r−g)−1 

E (i − g) 

If we wish to determine the implied rate of growth (if we 

are given the discount rate), we may solve for g: 

 
E 

Growing perpetuity 

PV = Ae
 

e(r−g)−1 

Annuity with continuous payments 

1−e(−rt) 

g  = i − 
P

 

1.11.6 Continuous compounding 
 

Rates are sometimes converted into the continuous com- 

pound interest rate equivalent because the continuous 

equivalent is more convenient (for example, more easily 

differentiated). Each of the formulæ above may be re- 

stated in their continuous equivalents. For example, the 

present value at time 0 of a future payment at time t can 

be restated in the following way, where e is the base of the 

PV = r 

 

These formulas assume that payment A is made in the 

first payment period and annuity ends at time t.[9]
 

 

1.11.7 Differential equations 
 

Ordinary and partial differential equations (ODEs and 

PDEs) – equations involving derivatives and one (re- 

spectively, multiple) variables are ubiquitous in more ad- 

vanced treatments of financial mathematics. While time 

PV = 

PV = 

https://en.wikipedia.org/wiki/Gordon_model
https://en.wikipedia.org/wiki/Natural_logarithm
https://en.wikipedia.org/wiki/Integral
https://en.wikipedia.org/wiki/P/E_ratio
https://en.wikipedia.org/wiki/Earnings_per_share
https://en.wikipedia.org/wiki/Time_value_of_money#Differential_equations
https://en.wikipedia.org/wiki/Time_value_of_money#Differential_equations
https://en.wikipedia.org/wiki/Continuous_compounding
https://en.wikipedia.org/wiki/Continuous_compounding
https://en.wikipedia.org/wiki/E_(mathematical_constant)
https://en.wikipedia.org/wiki/Time_value_of_money#cite_note-9
https://en.wikipedia.org/wiki/Ordinary_differential_equation
https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Differential_equation
https://en.wikipedia.org/wiki/Financial_mathematics
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value of money can be understood without using the 

framework of differential equations, the added sophisti- 

cation sheds additional light on time value, and provides a 

simple introduction before considering more complicated 

and less familiar situations. This exposition follows (Carr 

& Flesaker 2006, pp. 6–7). 

The fundamental change that the differential equation 

perspective brings is that, rather than computing a num- 
ber (the present value now), one computes a function (the 

occurred. Note that the value at the moment of a cash 

flow is not well-defined – there is a discontinuity at that 

point, and one can use a convention (assume cash flows 

have already occurred, or not already occurred), or simply 

not define the value at that point. 

In case the discount rate is constant, r(v) ≡ r, this sim- 

plifies to 

present value now or at any point in future). This function 
may then be analyzed – how does its value change over b(t; u) = H(u − t) · e−(u−t)r 

= 

{
e−(u−t)r t < u 

time – or compared with other functions. 

Formally, the statement that “value decreases over time” 
is given by defining the linear differential operator L as: 

 
L := −∂t + r(t). 

This states that values decreases (−) over time (∂t) at the 

0 t > u, 

where (u − t) is “time remaining until cash flow”. 

Thus for a stream of cash flows f(u) ending by time T 

(which can be set to T = +∞ for no time horizon) 

the value at time t, V (t; T ) is given by combining the 

values 

of these individual cash flows: 

 

T 

discount rate (r(t)). Applied to a function it yields: 
∫ 

V (t; T ) = 
t 

f (u)b(t; u) du. 

Lf = −∂tf (t) + r(t)f (t). 

For an instrument whose payment stream is described by 

f(t), the value V(t) satisfies the inhomogeneous first-order 
ODE LV = f (“inhomogeneous” is because one has 
f 
rather than 0, and “first-order” is because one has first 

derivatives but no higher derivatives) – this encodes the 

fact that when any cash flow occurs, the value of the in- 

strument changes by the value of the cash flow (if you 

receive a £10 coupon, the remaining value decreases by 

exactly £10). 

The standard technique tool in the analysis of ODEs is 

Green’s functions, from which other solutions can be 

built. In terms of time value of money, the Green’s func- 

tion (for the time value ODE) is the value of a bond pay- 

ing £1 at a single point in time u – the value of any other 

stream of cash flows can then be obtained by taking com- 

binations of this basic cash flow. In mathematical terms, 

this instantaneous cash flow is modeled as a Dirac delta 
function δu(t)  := δ(t − u). 

The Green’s function for the value at time t of a £1 cash 

flow at time u is 

This formalizes time value of money to future values of 

cash flows with varying discount rates, and is the basis 

of many formulas in financial mathematics, such as the 

Black–Scholes formula with varying interest rates. 

 

1.11.8 See also 

• Actuarial science 

• Annuity (finance theory) 

• Discounted cash flow 

• Discounting 

• Earnings growth 

• Exponential growth 

• Finance 

• Hyperbolic discounting 

• Interest 

• Compound  Interest 

• Internal rate of return 
(  ∫ u 

b(t; u) := H(u − t) · exp − 
t 

) 

r(v) dv 

• 

Net present value 

• Option time value 

where H is the Heaviside step function – the notation " 

; u " is to emphasize that u is a parameter (fixed in any 

instance—the time when the cash flow will occur), while 

t is a variable (time). In other words, future cash flows 

are exponentially discounted (exp) by the sum (integral, 
∫ 

) of the future discount rates ( 
∫ u 

for future, r(v) for 
discount rates), while past cash flows are worth 0 ( H(u− 

t) = 1 if t < u, 0 if t > u ), because they have 

already 

• 

https://en.wikipedia.org/wiki/Time_value_of_money#CITEREFCarrFlesaker2006
https://en.wikipedia.org/wiki/Time_value_of_money#CITEREFCarrFlesaker2006
https://en.wikipedia.org/wiki/Linear_differential_operator
https://en.wikipedia.org/wiki/Inhomogeneous_differential_equation
https://en.wikipedia.org/wiki/First-order_differential_equation
https://en.wikipedia.org/wiki/First-order_differential_equation
https://en.wikipedia.org/wiki/Green%2527s_function
https://en.wikipedia.org/wiki/Dirac_delta_function
https://en.wikipedia.org/wiki/Dirac_delta_function
https://en.wikipedia.org/wiki/Black%E2%80%93Scholes_formula
https://en.wikipedia.org/wiki/Black%E2%80%93Scholes#Interest_rate_curve
https://en.wikipedia.org/wiki/Actuarial_science
https://en.wikipedia.org/wiki/Annuity_(finance_theory)
https://en.wikipedia.org/wiki/Discounted_cash_flow
https://en.wikipedia.org/wiki/Discounting
https://en.wikipedia.org/wiki/Earnings_growth
https://en.wikipedia.org/wiki/Exponential_growth
https://en.wikipedia.org/wiki/Finance
https://en.wikipedia.org/wiki/Hyperbolic_discounting
https://en.wikipedia.org/wiki/Interest
https://en.wikipedia.org/wiki/Compound_Interest
https://en.wikipedia.org/wiki/Internal_rate_of_return
https://en.wikipedia.org/wiki/Net_present_value
https://en.wikipedia.org/wiki/Net_present_value
https://en.wikipedia.org/wiki/Option_time_value
https://en.wikipedia.org/wiki/Heaviside_step_function
https://en.wikipedia.org/wiki/Perpetuity
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Perpetuity 

• Present Value 

• Rate of return 

• Real versus nominal value (economics) 

• Time preference 

https://en.wikipedia.org/wiki/Perpetuity
https://en.wikipedia.org/wiki/Present_Value
https://en.wikipedia.org/wiki/Rate_of_return
https://en.wikipedia.org/wiki/Real_versus_nominal_value_(economics)
https://en.wikipedia.org/wiki/Time_preference
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1.12 Engineering 
 

For other uses, see Engineering (disambiguation). 

Engineering is the application of mathematics and 

scientific, economic, social, and practical knowledge 

in order to invent, innovate, design, build, maintain, 

research, and improve structures, machines, tools, 

systems, components, materials, processes, solutions, and 

organizations. 

The discipline of engineering is extremely broad and en- 

compasses a range of more specialized fields of engineer- 

ing, each with a more specific emphasis on particular ar- 

eas of applied science, technology and types of applica- 

tion. 

The term Engineering is derived from the Latin ingenium, 

meaning “cleverness” and ingeniare, meaning “to con- 

trive, devise”.[1]
 

 

 
 

The steam engine, a major driver in the Industrial Revolution, un- 
derscores the importance of engineering in modern history. This 
beam engine is on display in the Technical University of Madrid. 

 

1.12.1 Definition 
 

The American Engineers’ Council for Professional De- 

velopment (ECPD, the predecessor of ABET)[2] has de- 

fined “engineering” as: 

 
The creative application of scientific prin- 

ciples to design or develop structures, ma- 

chines, apparatus, or manufacturing processes, 

or works utilizing them singly or in combina- 

tion; or to construct or operate the same with 

full cognizance of their design; or to forecast 

their behavior under specific operating con- 

ditions; all as respects an intended function, 

economics of operation or safety to life and 

property.[3][4]
 

 
1.12.2 History 

Main article: History of engineering 

Engineering has existed since ancient times as humans 
 

 

Relief map of the Citadel of Lille, designed in 1668 by Vauban, 
the foremost military engineer of his age. 
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devised fundamental inventions such as the wedge, lever, 

wheel and pulley. Each of these inventions is essentially 

consistent with the modern definition of engineering. 

The term engineering is derived from the word engineer, 

which itself dates back to 1390 when an engine'er (lit- 

erally, one who operates an engine) originally referred 

to “a constructor of military engines.”[5] In this context, 

now obsolete, an “engine” referred to a military machine, 

i.e., a mechanical contraption used in war (for example, a 

catapult). Notable examples of the obsolete usage which 

have survived to the present day are military engineering 

corps, e.g., the U.S. Army Corps of Engineers. 

The word “engine” itself is of even older origin, ultimately 

deriving from the Latin ingenium (c. 1250), meaning 

“innate quality, especially mental power, hence a clever 

invention.”[6]
 

Later, as the design of civilian structures such as bridges 

and buildings matured as a technical discipline, the term 

civil engineering[4] entered the lexicon as a way to dis- 

tinguish between those specializing in the construction of 

such non-military projects and those involved in the older 

discipline of military engineering. 

 
 

Ancient era 

 

 

The Ancient Romans built aqueducts to bring a steady supply of 
clean fresh water to cities and towns in the empire. 

 
The Pharos of Alexandria, the pyramids in Egypt, the 

Hanging Gardens of Babylon, the Acropolis and the 

Parthenon in Greece, the Roman aqueducts, Via Appia 

and the Colosseum, Teotihuacán and the cities and pyra- 

mids of the Mayan, Inca and Aztec Empires, the Great 

Wall of China, the Brihadeeswarar Temple of Thanjavur 

and Indian Temples, among many others, stand as a tes- 

tament to the ingenuity and skill of the ancient civil and 

military engineers. 

The earliest civil engineer known by name is Imhotep.[4] 

As one of the officials of the Pharaoh, Djosèr, he prob- 

ably designed and supervised the construction of the 

Pyramid of Djoser (the Step Pyramid) at Saqqara in 

Egypt around 2630–2611 BC.[7] Ancient Greece de- 

veloped machines in both civilian and military do- 

mains. The Antikythera mechanism, the first known 

mechanical computer,[8][9] and the mechanical inventions 

of Archimedes are examples of early mechanical engi- 

neering. Some of Archimedes’ inventions as well as the 

Antikythera mechanism required sophisticated knowl- 

edge of differential gearing or epicyclic gearing, two 

key principles in machine theory that helped design the 

gear trains of the Industrial Revolution, and are still 

widely used today in diverse fields such as robotics and 

automotive engineering.[10]
 

Chinese, Greek, Roman and Hungarian armies em- 

ployed complex military machines and inventions such 

as artillery which was developed by the Greeks around 

the 4th century B.C.,[11] the trireme, the ballista and the 

catapult. In the Middle Ages, the trebuchet was devel- 

oped. 

 

Renaissance era 

 

The first steam engine was built in 1698 by Thomas Sav- 

ery.[12] The development of this device gave rise to the 

Industrial Revolution in the coming decades, allowing for 

the beginnings of mass production. 

With the rise of engineering as a profession in the 18th 

century, the term became more narrowly applied to fields 

in which mathematics and science were applied to these 

ends. Similarly, in addition to military and civil engineer- 

ing, the fields then known as the mechanic arts became 

incorporated into engineering. 

 

Modern era 

 

 

The International Space Station represents a modern engineering 
challenge from many disciplines. 

 
The inventions of Thomas Newcomen and the Scottish 

engineer James Watt gave rise to modern mechanical en- 

gineering. The development of specialized machines and 

machine tools during the industrial revolution led to the 

rapid growth of mechanical engineering both in its birth- 

place Britain and abroad.[4]
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Structural engineers investigating NASA’s Mars-bound 
spacecraft, the Phoenix Mars Lander 

 
 

John Smeaton was the first self-proclaimed civil engineer 

and is often regarded as the “father” of civil engineer- 

ing. He was an English civil engineer responsible for 

the design of bridges, canals, harbours, and lighthouses. 

He was also a capable mechanical engineer and an em- 

inent physicist. Smeaton designed the third Eddystone 

Lighthouse (1755–59) where he pioneered the use of 

'hydraulic lime' (a form of mortar which will set under 

water) and developed a technique involving dovetailed 

blocks of granite in the building of the lighthouse. His 

lighthouse remained in use until 1877 and was dismantled 

and partially rebuilt at Plymouth Hoe where it is known 

as Smeaton’s Tower. He is important in the history, redis- 

covery of, and development of modern cement, because 

he identified the compositional requirements needed to 

obtain “hydraulicity” in lime; work which led ultimately 

to the invention of Portland cement. 

The United States census of 1850 listed the occupation 

of “engineer” for the first time with a count of 2,000.[13] 

There were fewer than 50 engineering graduates in the 

U.S. before 1865. In 1870 there were a dozen U.S. 

mechanical engineering graduates, with that number in- 

creasing to 43 per year in 1875. In 1890 there were 6,000 

engineers in civil, mining, mechanical and electrical.[14]
 

There was no chair of applied mechanism and applied 

mechanics established at Cambridge until 1875, and no 

chair of engineering at Oxford until 1907. Germany es- 

tablished technical universities earlier.[15]
 

The foundations of electrical engineering in the 1800s 

included the experiments of Alessandro Volta, Michael 

Faraday, Georg Ohm and others and the invention of the 

electric telegraph in 1816 and the electric motor in 1872. 

The theoretical work of James Maxwell (see: Maxwell’s 

equations) and Heinrich Hertz in the late 19th century 

gave rise to the field of electronics. The later inventions 

of the vacuum tube and the transistor further acceler- 

ated the development of electronics to such an extent that 

electrical and electronics engineers currently outnum- 

ber their colleagues of any other engineering specialty.[4] 

Chemical engineering developed in the late nineteenth 

century.[4] Industrial scale manufacturing demanded new 

 
materials and new processes and by 1880 the need for 

large scale production of chemicals was such that a new 

industry was created, dedicated to the development and 

large scale manufacturing of chemicals in new industrial 

plants.[4] The role of the chemical engineer was the de- 

sign of these chemical plants and processes.[4]
 

 

The Falkirk Wheel in Scotland 
 

Aeronautical engineering deals with aircraft design pro- 

cess design while aerospace engineering is a more modern 

term that expands the reach of the discipline by includ- 

ing spacecraft design. Its origins can be traced back to 

the aviation pioneers around the start of the 20th century 

although the work of Sir George Cayley has recently been 

dated as being from the last decade of the 18th century. 

Early knowledge of aeronautical engineering was largely 

empirical with some concepts and skills imported from 

other branches of engineering.[16]
 

The first PhD in engineering (technically, applied science 
and engineering) awarded in the United States went to 

Josiah Willard Gibbs at Yale University in 1863; it was 

also the second PhD awarded in science in the U.S.[17]
 

Only a decade after the successful flights by the Wright 

brothers, there was extensive development of aeronauti- 

cal engineering through development of military aircraft 

that were used in World War I. Meanwhile, research to 

provide fundamental background science continued by 

combining theoretical physics with experiments. 

In 1990, with the rise of computer technology, the first 

search engine was built by computer engineer Alan Em- 

tage. 

 
1.12.3 Main branches of engineering 

Main article: List of engineering branches 

For a topical guide to this subject, see Outline of engi- 

neering § Branches of engineering. 

Engineering is a broad discipline which is often broken 

down into several sub-disciplines. These disciplines con- 

cern themselves with differing areas of engineering work. 

Although initially an engineer will usually be trained in 

a specific discipline, throughout an engineer’s career the 
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The design of a modern auditorium involves many branches of 
engineering, including acoustics, architecture, and civil engineer- 
ing. 

 

 

Hoover Dam 
 
 

engineer may become multi-disciplined, having worked 

in several of the outlined areas. Engineering is often char- 

acterized as having four main branches:[18][19][20]
 

 

• Chemical engineering – The application of physics, 

chemistry, biology, and engineering principles in or- 
der to carry out chemical processes on a commercial 

scale, such as petroleum refining, microfabrication, 
fermentation, and biomolecule production. 

• Civil engineering – The design and construction 
of public and private works, such as infrastructure 
(airports, roads, railways, water supply, and treat- 

ment etc.), bridges, dams, and buildings. 

• Electrical engineering – The design, study, and 

manufacture of various electrical and electronic 

systems, such as electrical circuits, generators, 

motors, electromagnetic/electromechanical devices, 

electronic devices, electronic circuits, optical 

fibers, optoelectronic devices, computer systems, 

telecommunications, instrumentation, controls, and 

electronics. 

 
• Mechanical engineering – The design and manu- 

facture of physical or mechanical systems, such 

as power and energy systems, aerospace/aircraft 

products, weapon systems, transportation prod- 

ucts, engines, compressors, powertrains, kinematic 

chains, vacuum technology, vibration isolation 

equipment, manufacturing, and mechatronics. 

 

Beyond these “Big Four”, a number of other branches 

are recognized. Historically, naval engineering and 

mining engineering were major branches. Other 

engineering fields sometimes included as major 

branches are manufacturing engineering, acoustical 

engineering, corrosion engineering, instrumentation and 

control, aerospace, automotive, computer, electronic, 

petroleum, environmental, systems, audio, software, 

architectural, agricultural, biosystems, biomedical,[21] 

geological, textile, industrial, materials,[22] and nuclear 

engineering.[23] These and other branches of engineering 

are represented in the 36 licensed member institutions 

of the UK Engineering Council. 

New specialties sometimes combine with the traditional 

fields and form new branches – for example, Earth sys- 

tems engineering and management involves a wide range 

of subject areas including anthropology, engineering 

studies, environmental science, ethics and philosophy of 

engineering. A new or emerging area of application will 

commonly be defined temporarily as a permutation or 

subset of existing disciplines; there is often gray area as 

to when a given sub-field warrants classification as a new 

“branch.” One key indicator of such emergence is when 

major universities start establishing departments and pro- 

grams in the new field. 

For each of these fields, there exists considerable overlap, 

especially in the areas of the application of fundamental 

sciences to their disciplines such as physics, chemistry, 

and mathematics. As a result, there are many different 

types of engineering degrees available. In the past, engi- 

neering could be divided into four major branches: me- 

chanical, chemical, civil and electrical, with sub-branches 

of each discipline. Today, however, the number of engi- 

neering degrees available have increased dramatically. 

 

 

1.12.4 Practice 
 

One who practices engineering is called an engineer, and 

those licensed to do so may have more formal desig- 

nations such as Professional Engineer, Chartered Engi- 

neer, Incorporated Engineer, Ingenieur, European En- 

gineer, or Designated Engineering Representative. In 

the UK many trades are called “Engineer” including gas, 

telephone, photocopy, maintenance, plumber-heating, 

drainage, sanitary, auto mechanic, TV, Refrigerator, 

electrician, washing machine, TV antenna installer (satel- 

lite) and many others. 
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1.12.5 Methodology 

 

Design of a turbine requires collaboration of engineers from 
many fields, as the system involves mechanical, electro-magnetic 
and chemical processes. The blades, rotor and stator as well as 
the steam cycle all need to be carefully designed and optimized. 

 

Engineers apply mathematics and sciences such as physics 

to find novel solutions to problems or to improve existing 

solutions. More than ever, engineers are now required to 

have a proficient knowledge of relevant sciences for their 

design projects. As a result, many engineers continue to 

learn new material throughout their career. 

If multiple solutions exist, engineers weigh each design 

choice based on their merit and choose the solution that 

best matches the requirements. The crucial and unique 

task of the engineer is to identify, understand, and inter- 

pret the constraints on a design in order to yield a success- 

ful result. It is generally insufficient to build a technically 

successful product, rather, it must also meet further re- 

quirements. 

Constraints may include available resources, physical, 

imaginative or technical limitations, flexibility for future 

modifications and additions, and other factors, such as re- 

quirements for cost, safety, marketability, productivity, 

and serviceability. By understanding the constraints, en- 

gineers derive specifications for the limits within which a 

viable object or system may be produced and operated. 

A general methodology and epistemology of engineer- 

ing can be inferred from the historical case studies and 

comments provided by Walter Vincenti.[24] Though Vin- 

centi’s case studies are from the domain of aeronautical 

engineering, his conclusions can be transferred into many 

other branches of engineering, too. 

According to Billy Vaughn Koen, the "engineering method 

is the use of heuristics to cause the best change in    

a poorly understood situation within the available re- 

sources.” Koen argues that the definition of what makes 

one an engineer should not be based on what he produces, 

but rather how he goes about it.[25]
 

 

 

 

Problem solving 

 

 
 

 

A drawing for a booster engine for steam locomotives. Engi- 
neering is applied to design, with emphasis on function and the 
utilization of mathematics and science. 

 

 
Engineers use their knowledge of science, mathematics, 

logic, economics, and appropriate experience or tacit 

knowledge to find suitable solutions to a problem. Cre- 

ating an appropriate mathematical model of a problem 

allows them to analyze it (sometimes definitively), and to 

test potential solutions. 

Usually, multiple reasonable solutions exist, so engineers 

must evaluate the different design choices on their mer- 

its and choose the solution that best meets their require- 

ments. Genrich Altshuller, after gathering statistics on a 

large number of patents, suggested that compromises are 

at the heart of "low-level" engineering designs, while at 

a higher level the best design is one which eliminates the 

core contradiction causing the problem. 

Engineers typically attempt to predict how well their 

designs will perform to their specifications prior to 

full-scale production. They use, among other things: 

prototypes, scale models, simulations, destructive tests, 

nondestructive tests, and stress tests. Testing ensures that 

products will perform as expected. 

Engineers take on the responsibility of producing designs 

that will perform as well as expected and will not cause 

unintended harm to the public at large. Engineers typi- 

cally include a factor of safety in their designs to reduce 

the risk of unexpected failure. However, the greater the 

safety factor, the less efficient the design may be. 

The study of failed products is known as forensic engi- 

neering and can help the product designer in evaluating 

his or her design in the light of real conditions. The dis- 

cipline is of greatest value after disasters, such as bridge 

collapses, when careful analysis is needed to establish the 

cause or causes of the failure. 
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A computer simulation of high velocity air flow around a Space 
Shuttle orbiter during re-entry. Solutions to the flow require 
modelling of the combined effects of fluid flow and the heat 
equations. 

 

 

Computer use 

 

As with all modern scientific and technological endeav- 

ors, computers and software play an increasingly impor- 

tant role. As well as the typical business application soft- 

ware there are a number of computer aided applications 

(computer-aided technologies) specifically for engineer- 

ing. Computers can be used to generate models of fun- 

damental physical processes, which can be solved using 

numerical methods. 

One of the most widely used design tools in the profession 

is computer-aided design (CAD) software like CATIA, 

Autodesk Inventor, DSS SolidWorks or Pro Engineer 

which enables engineers to create 3D models, 2D draw- 

ings, and schematics of their designs. CAD together with 

digital mockup (DMU) and CAE software such as finite 

element method analysis or analytic element method al- 

lows engineers to create models of designs that can be 

analyzed without having to make expensive and time- 

consuming physical prototypes. 

These allow products and components to be checked for 

flaws; assess fit and assembly; study ergonomics; and 

to analyze static and dynamic characteristics of systems 

such as stresses, temperatures, electromagnetic emis- 

sions, electrical currents and voltages, digital logic levels, 

fluid flows, and kinematics. Access and distribution of 

all this information is generally organized with the use of 

product data management software.[26]
 

There are also many tools to support specific engi- 

neering tasks such as computer-aided manufacturing 

(CAM) software to generate CNC machining instruc- 

tions; manufacturing process management software for 

production engineering; EDA for printed circuit board 

(PCB) and circuit schematics for electronic engineers; 

MRO applications for maintenance management; and 

AEC software for civil engineering. 

In recent years the use of computer software to aid the 

 
development of goods has collectively come to be known 

as product lifecycle management (PLM).[27]
 

 

1.12.6 Social context 
 

Robotic Kismet can produce a range of facial expressions. 

 
The engineering profession engages in a wide range of ac- 

tivities, from large collaboration at the societal level, and 

also smaller individual projects. Almost all engineering 

projects are obligated to some sort of financing agency: 

a company, a set of investors, or a government. The few 

types of engineering that are minimally constrained by 

such issues are pro bono engineering and open-design en- 

gineering. 

By its very nature engineering has interconnections with 

society, culture and human behavior. Every product or 

construction used by modern society is influenced by en- 

gineering. The results of engineering activity influence 

changes to the environment, society and economies, and 

its application brings with it a responsibility and pub- 

lic safety. Many engineering societies have established 

codes of practice and codes of ethics to guide members 

and inform the public at large. 

Engineering projects can be subject to controversy. Ex- 

amples from different engineering disciplines include the 

development of nuclear weapons, the Three Gorges Dam, 

the design and use of sport utility vehicles and the extrac- 

tion of oil. In response, some western engineering com- 

panies have enacted serious corporate and social respon- 

sibility policies. 

Engineering is a key driver of innovation and human 
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development.[28] Sub-Saharan Africa, in particular, has 

a very small engineering capacity which results in many 

African nations being unable to develop crucial infras- 

tructure without outside aid. The attainment of many of 

the Millennium Development Goals requires the achieve- 

ment of sufficient engineering capacity to develop infras- 

tructure and sustainable technological development.[29]
 

 

Radar, GPS, lidar, ... are all combined to provide proper naviga- 
tion and obstacle avoidance (vehicle developed for 2007 DARPA 
Urban Challenge) 

 
All overseas development and relief NGOs make consid- 

erable use of engineers to apply solutions in disaster and 

development scenarios. A number of charitable organi- 

zations aim to use engineering directly for the good of 

mankind: 

 

• Engineers Without Borders 

• Engineers Against Poverty 

• Registered Engineers for Disaster Relief 

• Engineers for a Sustainable World 

• Engineering for Change 

• Engineering Ministries International[30]
 

 
Engineering companies in many established economies 

are facing significant challenges with regard to the num- 

ber of professional engineers being trained, compared 

with the number retiring. This problem is very prominent 

in the UK where engineering has a poor image and low 

status.[31] There are many negative economic and politi- 

cal issues that this can cause, as well as ethical issues[32] It 

is widely agreed that the engineering profession faces an 

“image crisis”,[33] rather than it being fundamentally an 

unattractive career. Much work is needed to avoid huge 

problems in the UK and other western economies. 

1.12.7 Relationships with other disciplines 

Science 

Scientists study the world as it is; engineers 
create the world that has never been. 
— Theodore von Kármán[34][35][36]

 

 

 
 

 

Engineers, scientists and technicians at work on target positioner 
inside National Ignition Facility (NIF) target chamber 

 
There exists an overlap between the sciences and en- 

gineering practice; in engineering, one applies science. 

Both areas of endeavor rely on accurate observation of 

materials and phenomena. Both use mathematics and 

classification criteria to analyze and communicate obser- 

vations. 

Scientists may also have to complete engineering tasks, 

such as designing experimental apparatus or building pro- 

totypes. Conversely, in the process of developing tech- 

nology engineers sometimes find themselves exploring 

new phenomena, thus becoming, for the moment, scien- 

tists or more precisely “engineering scientists”. 

In the book What Engineers Know and How They Know 
It,[37] Walter Vincenti asserts that engineering research 

has a character different from that of scientific research. 

First, it often deals with areas in which the basic physics 

or chemistry are well understood, but the problems them- 

selves are too complex to solve in an exact manner. 

There is a “real and important” difference between engi- 

neering and physics as similar to any science field has to 

do with technology.[38][39] Physics is an exploratory sci- 

ence that seeks knowledge of principles while Engineer- 

ing uses knowledge for practical applications of princi- 

ples. The former equates an understanding into a math- 

ematical principle while the latter measures variables in- 

volved and creates technology.[40][41][42] For technology, 

physics is an auxiliary and in a way technology is con- 

sidered as applied physics.[43] Though Physics and Engi- 

neering are interrelated it doesn't mean a Physicist is suf- 

ficient where an Engineer is required. For this mobility, 

a physicist to work as an engineer requires additional and 

relevant specialized training.[44] Physicists and engineers 

engage in different lines of work.[45] But PhD physicists 
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who specialize in sectors of technology and applied sci- 

ence are titled as Technology officer, R&D Engineers and 

System Engineers.[46] Though as an engineer, role of a 

physicist is limited.[47] Physicists in their field, work in 

theoretical analysis and experimental research.[48]
 

An example of this is the use of numerical approxima- 

tions to the Navier–Stokes equations to describe aerody- 

namic flow over an aircraft, or the use of Miner’s rule to 

calculate fatigue damage. Second, engineering research 

employs many semi-empirical methods that are foreign to 

pure scientific research, one example being the method of 

parameter variation. 

As stated by Fung et al. in the revision to the classic en- 

gineering text Foundations of Solid Mechanics: 

 
Engineering is quite different from science. 

Scientists try to understand nature. Engineers 

try to make things that do not exist in nature. 

Engineers stress innovation and invention. To 

embody an invention the engineer must put his 

idea in concrete terms, and design something 

that people can use. That something can be a 

complex system, device, a gadget, a material, a 

method, a computing program, an innovative 

experiment, a new solution to a problem, or 

an improvement on what already exists. Since 

a design has to be realistic and functional, it 

must have its geometry, dimensions, and char- 

acteristics data defined. In the past engineers 

working on new designs found that they did not 

have all the required information to make de- 

sign decisions. Most often, they were limited 

by insufficient scientific knowledge. Thus they 

studied mathematics, physics, chemistry, biol- 

ogy and mechanics. Often they had to add to 

the sciences relevant to their profession. Thus 

engineering sciences were born.[49]
 

 
Although engineering solutions make use of scientific 

principles, engineers must also take into account safety, 

efficiency, economy, reliability, and constructability or 

ease of fabrication as well as the environment, ethical and 

legal considerations such as patent infringement or liabil- 

ity in the case of failure of the solution. 

 
Medicine and biology 

 

The study of the human body, albeit from different direc- 

tions and for different purposes, is an important common 

link between medicine and some engineering disciplines. 

Medicine aims to sustain, repair, enhance and even re- 

place functions of the human body, if necessary, through 

the use of technology. 

Modern medicine can replace several of the body’s func- 

tions through the use of artificial organs and can sig- 

nificantly alter the function of the human body through 

 

 
 

Leonardo da Vinci, seen here in a self-portrait, has been de- 
scribed as the epitome of the artist/engineer.[50] He is also known 
for his studies on human anatomy and physiology. 

 

 

Genetically engineered mice expressing green fluorescent protein, 
which glows green under blue light. The central mouse is wild- 
type. 

 

 
artificial devices such as, for example, brain implants 

and pacemakers.[51][52] The fields of bionics and medical 

bionics are dedicated to the study of synthetic implants 

pertaining to natural systems. 

Conversely, some engineering disciplines view the human 

body as a biological machine worth studying and are ded- 
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icated to emulating many of its functions by replacing 

biology with technology. This has led to fields such as 

artificial intelligence, neural networks, fuzzy logic, and 

robotics. There are also substantial interdisciplinary in- 

teractions between engineering and medicine.[53][54]
 

Both fields provide solutions to real world problems. This 

often requires moving forward before phenomena are 

completely understood in a more rigorous scientific sense 

and therefore experimentation and empirical knowledge 

is an integral part of both. 

Medicine, in part, studies the function of the human body. 

The human body, as a biological machine, has many func- 

tions that can be modeled using engineering methods.[55]
 

The heart for example functions much like a pump,[56] 

the skeleton is like a linked structure with levers,[57] the 

brain produces electrical signals etc.[58] These similari- 

ties as well as the increasing importance and application 

of engineering principles in medicine, led to the devel- 

opment of the field of biomedical engineering that uses 

concepts developed in both disciplines. 

Newly emerging branches of science, such as systems bi- 

ology, are adapting analytical tools traditionally used for 

engineering, such as systems modeling and computational 

analysis, to the description of biological systems.[55]
 

 

Art 

 

There are connections between engineering and art;[59] 

they are direct in some fields, for example, architecture, 

landscape architecture and industrial design (even to the 

extent that these disciplines may sometimes be included 

in a university’s Faculty of Engineering); and indirect in 

others.[59][60][61][62] 

The Art Institute of Chicago, for instance, held an ex- 

hibition about the art of NASA's aerospace design.[63] 

Robert Maillart's bridge design is perceived by some to 

have been deliberately artistic.[64] At the University of 

South Florida, an engineering professor, through a grant 

with the National Science Foundation, has developed a 

course that connects art and engineering.[60][65]
 

Among famous historical figures, Leonardo da Vinci is a 

well-known Renaissance artist and engineer, and a prime 

example of the nexus between art and engineering.[50][66]
 

 

Business Engineering and Engineering Management 

 

Business Engineering deals with the relationship between 

professional engineering, IT systems, business admin- 

istration and change management. Engineering man- 

agement or “Management engineering” is a specialized 

field of management concerned with engineering prac- 

tice or the engineering industry sector. The demand 

for management-focused engineers (or from the oppo- 

site perspective, managers with an understanding of en- 

gineering), has resulted in the development of special- 

ized engineering management degrees that develop the 

knowledge and skills needed for these roles. During an 

engineering management course, students will develop 

industrial engineering skills, knowledge, and expertise, 

alongside knowledge of business administration, man- 

agement techniques, and strategic thinking. Engineers 

specializing in change management must have in-depth 

knowledge of the application of industrial and organiza- 

tional psychology principles and methods. Professional 

engineers often train as certified management consultants 

in the very specialized field of management consulting ap- 

plied to engineering practice or the engineering sector. 

This work often deals with large scale complex business 

transformation or Business process management initia- 

tives in aerospace and defence, automotive, oil and gas, 

machinery, pharmaceutical, food and beverage, electri- 

cal & electronics, power distribution & generation, util- 

ities and transportation systems. This combination of 

technical engineering practice, management consulting 

practice, industry sector knowledge, and change manage- 

ment expertise enables professional engineers who are 

also qualified as management consultants to lead major 

business transformation initiatives. These initiatives are 

typically sponsored by C-level executives. 

 
Other fields 

 

In other fields not associated with professional engineer- 

ing the word “engineer” and or “engineering” has been 

adapted to mean design, develop, contrive, manipulate, 

implement an outcome. In political science, the term en- 
gineering has been borrowed for the study of the subjects 

of social engineering and political engineering, which 

deal with forming political and social structures using 

engineering methodology coupled with political science 

principles. Financial engineering has similarly borrowed 

the term. 

 

1.12.8 See also 

Main article: Outline of engineering 
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1.13 Engineering  economics 

 
Engineering economics, previously known as engineer- 

ing economy, is a subset of economics concerned with 

the use and "...application of economic principles” [1] 

in the analysis of engineering decisions.[2] As a disci- 

pline, it is focused on the branch of economics known 

as microeconomics in that it studies the behavior of indi- 

viduals and firms in making decisions regarding the allo- 

cation of limited resources.[3] Thus, it focuses on the de- 

cision making process, its context and environment.[1] It 

is pragmatic by nature, integrating economic theory with 

engineering practice. [1] But, it is also a simplified appli- 

cation of micro-economic theory in that it avoids a num- 

ber of micro-economic concepts such as price determina- 

tion, competition and demand/supply. [1] As a discipline 

though, it is closely related to others such as Statistics, 

Mathematics and Cost Accounting. [1] It draws upon the 

logical framework of economics but adds to that the an- 

alytical power of mathematics and statistics. [1] 

Engineers seek solutions to problems, and the economic 

viability of each potential solution is normally considered 

along with the technical aspects. Fundamentally, engi- 

neering economics involves formulating, estimating, and 

evaluating the economic outcomes when alternatives to 

accomplish a defined purpose are available.[4]
 

In some U.S. undergraduate Civil engineering curricula, 

engineering economics is a required course.[5] It is a topic 

on the Fundamentals of Engineering examination, and 

questions might also be asked on the Principles and Prac- 

tice of Engineering examination; both are part of the 

Professional Engineering registration process. 

Considering the time value of money is central to most en- 

gineering economic analyses. Cash flows are discounted 
using an interest rate, i, except in the most basic economic 

studies. 

For each problem, there are usually many possible alter- 
natives. One option that must be considered in each anal- 

ysis, and is often the choice, is the do nothing alternative. 

The opportunity cost of making one choice over another 

must also be considered. There are also non-economic 

factors to be considered, like color, style, public image, 

etc.; such factors are termed attributes.[6]
 

Costs as well as revenues are considered, for each alterna- 

tive, for an analysis period that is either a fixed number 

of years or the estimated life of the project. The salvage 
value is often forgotten, but is important, and is either the 

net cost or revenue for decommissioning the project. 

Some other topics that may be addressed in engi- 

neering economics are inflation, uncertainty, replace- 

ments, depreciation, resource depletion, taxes, tax cred- 

its, accounting, cost estimations, or capital financing. All 

these topics are primary skills and knowledge areas in the 

field of cost engineering. 

Since  engineering  is  an  important  part  of   the 

 
 

manufacturing sector of the economy, engineering 

industrial economics is an important part of industrial 

or business economics. Major topics in engineering 

industrial economics are: 
 

• The economics of the management, operation, and 
growth and profitability of engineering firms; 

• Macro-level engineering economic trends and is- 
sues; 

• Engineering product markets and demand influ- 
ences; and 

• The development, marketing, and financing of new 
engineering  technologies  and products.[7]

 

• Benefit–cost ratio 

 

1.13.1 See also 

• Engineering economics formulas 

• Engineering Economics Tables 

• Analysis of resistive circuits 

• Industrial Engineering 

• Engineering  Management 

• Dynamics 

• Thermodynamics 

• Fluid dynamics 

• Heat transfer 

• Materials science 

• Strength of materials 

• Statics 

 

Associations 

• Institute of Industrial Engineers 
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1.14 Engineering  education 
 
“Engineering college” redirects here. For the secondary 

schools in England, see Engineering College (English 

specialist school). 

 
Engineering education is the activity of teaching knowl- 

edge and principles to the professional practice of 

engineering. It includes the initial education (Bachelor 

and or Masters degree) for becoming an engineer, and 

any advanced education and specializations that follow. 

Engineering education is typically accompanied by addi- 

tional post graduate examinations and supervised training 

as the requirements for a professional engineering license. 

The length of education, and training to qualify as a ba- 

sic professional engineer is typical 8–12 years with 15–20 

years for an engineer that takes responsibility for major 

projects. 

Technology education in primary and secondary schools 

often serves as the foundation for engineering education 

at the university level.[1] In the United States, engineer- 

ing education is a part of the STEM initiative in pub- 

lic schools. Service-learning in engineering education is 

gaining popularity within the variety of disciplinary fo- 

cuses within engineering education including mechanical 

engineering, construction science, computer science and 

engineering, electrical engineering, and other forms of re- 

lated education. 

 
1.14.1 Africa 

Kenya 

 

Engineering training in Kenya is typically provided by the 

universities. Registration of engineers is governed by the 

Engineers Registration Act. A candidate stands to qualify 

as a registered engineer, R.Eng, if he/she is a holder of a 

minimum four years post-secondary Engineering Educa- 

tion and a minimum of three years post graduation work 

experience.[2]
 

All registrations are undertaken by the Engineers Reg- 

istration Board which is a statutory body established 

through an Act of the Kenyan Parliament in 1969. A mi- 

nor revision was done in 1992, to accommodate Tech- 

nician Engineer grade. The Board has been given the 

responsibility of regulating the activities and conduct of 

Practicing Engineers in the Republic of Kenya in accor- 

dance with the functions and powers conferred upon it by 

the Act. Under CAP 530 of the Laws of Kenya, it is ille- 

gal for an engineer to practice or call himself an engineer 

if not registered with the Board. Registration with the 

Board is thus a license to practice engineering in Kenya. 

 
South Africa 

 

Engineering training in South Africa is typically provided 

by the universities, universities of technology and col- 

leges for Technical and Vocational Education and Train- 

ing (previously Further Education and Training).[3] The 

qualifications provided by these institutions must have an 

Engineering Council of South Africa (ECSA) accredita- 

tion for the qualification for graduates and diplomats of 

these institutions to be registered as Candidate Certifi- 

cated Engineers,Candidate Engineers, Candidate Engi- 

neering Technologists and Candidate Engineering Tech- 

nicians. 

The academic training performed by the universities is 

typically in the form of a four-year BSc(Eng), BIng or 

BEng degree. For the degree to be accredited, the course 

material must conform to the ECSA Exit Level Outcomes 

(ELO). 

Professional Engineers (Pr Eng) are persons that are ac- 

credited by ECSA as engineering professionals. Legally, 

a Professional Engineer’s sign off is required for any ma- 

jor project to be implemented, in order to ensure the 

safety and standards of the project. Professional Engi- 

neering Technologists (Pr Tech Eng) and Professional 

Engineering Technicians (Pr Techni Eng) are other mem- 

bers of the engineering team. 

Professional Certificated Engineers (Pr Cert Eng) are 

persons that are holders of one of seven Government Cer- 

tificates of Competency and who have been registered by 

ECSA as engineering professionals. 

The categories of professionals are differentiated by the 

degree of complexity of work carried out, where Pro- 

fessional Engineers are expected to solve complex en- 

gineering problems, Professional Engineering Technolo- 

gists and Professional Certificated Engineers broadly de- 

fined engineering problems and Professional Technicians, 

well-defined engineering problems. 

- See “Decades of Engineering Excellence” in further 

reading below. 

 
Tanzania 

 

Engineering training in Tanzania is typically provided by 

various universities and technical institutions in the coun- 

try. Graduate Engineers are registered by Engineers Reg- 

istration Board (ERB) after undergoing three years of 

practical training. A candidate stands to qualify as a pro- 
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fessional engineer, P.Eng, if he/she is a holder of a min- 

imum four years post-secondary Engineering Education 

and a minimum of three years post graduation work expe- 

rience. Engineers Registration Board is a statutory body 

established through an Act of the Tanzanian Parliament 

in 1968. Minor revision was done in 1997 to address the 

issue of engineering professional excellence in the coun- 

try. 

The Board has been given the responsibility of regulat- 

ing the activities and conduct of Practicing Engineers in 

the United Republic of Tanzania in accordance with the 

functions and powers conferred upon it by the Act. Ac- 

cording to Tanzania Laws, it is illegal for an engineer to 

practice or call himself an engineer if not registered with 

the Board. Registration with the Board is thus a license 

to practice engineering in United Republic of Tanzania. 

 

1.14.2 Asia 

India 
 

Main article: Engineering education in India 

 
In India, there are several engineering colleges impart- 

ing under-graduate and graduate courses in engineer- 

ing, applied engineering and sciences. Indian Institutes 

of Technology (IITs), Institution of Engineers(India), 

National Institutes of Technology (NITs), Jadavpur Uni- 

versity,Kolkata, Anna University chennai, lovely pro- 

fessional university Punjab, Birla Institute of Tech- 

nology and Science, Gujarat Technological University, 

Hindustan University, Manipal University, VIT Univer- 

sity, AMRITA University and University of Mumbai[4][5] 

Karnataka VTU Visvesvaraya Technological Univer- 

sity,GITAM university are the renowned and reputed in- 

stitutes in the country. In total more than 5,000 universi- 

ties and colleges offer engineering courses.[6]
 

 
Indonesia 

 

List of engineering schools in Indonesia 
 

1. Faculty of Engineering of Ahmad Dahlan University 

2. Faculty of Engineering of Andalas University 

3. Faculty of Engineering of Sultan Ageng Tirtayasa 

University 

4. Faculty of Engineering of University of Indonesia 

5. Faculty of Engineering of Gadjah Mada University 

6. Bandung Institute of Technology 

7. Tenth of November Institute of Technology, 

Surabaya 

8. Faculty of Engineering of University of Lampung 

9. Faculty of Engineering of Diponegoro University 

10. Faculty of Engineering of Universitas Negeri 

Padang 

11. Faculty of Engineering of Universitas Negeri 

Malang 

 
Malaysia 

 

Activities on Engineering Education in Malaysia are 

spearheaded by the Society of Engineering Education 

Malaysia (SEEM). SEEM was established in 2007 and 

launched on 23 February 2009. The idea of establish- 

ing the Society of Engineering Education was initiated 

on April, 2005 with thecreating of a Pro-team Commit- 

tee for SEEM. The objectives of this society are to con- 

tribute to the development of education in the fields of en- 

gineering educationand science and technology, includ- 

ing teaching and learning, counseling, research, service 

and public relations. 

• Universiti Tunku Abdul Rahman 

• Tunku Abdul Rahman University College 

• Southern University College 

 
Pakistan 

 

In Pakistan engineering certification is carried out by the 

Pakistan Engineering Council, a statutory body, consti- 

tuted under the PEC Act No. V of 1976 of the constitu- 

tion of Pakistan and amended vide Ordinance No.XXIII 

of 2006, to regulate the engineering profession in the 

country. It aims to achieve rapid and sustainable growth 

in all national, economic and social fields. The council 

is responsible for maintaining realistic and internation- 

ally relevant standards of professional competence and 

ethics for engineers in the country. PEC interacts with 

the Government, both at the Federal and Provincial level 

by participating in Commissions, Committees and Advi- 

sory Bodies. PEC is a fully representative body of the 

engineering community in the country. 

• University of Gujrat (Gujrat) 

• Air University, Islamabad 

• Bahria University, Islamabad 

• COMSATS Institute of Information Technology, Is- 
lamabad 

• Hamdard Institute of Engineering and Technology, 
Karachi 

• Institute of Space Technology, Islamabad 

• National University of Sciences and Technology, Is- 
lamabad 
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• Riphah International University,  Islamabad 

• Iqra University, Karachi 

• Government College University,  Lahore 

 
Philippines 

 

The Professional Regulation Commission is the regulat- 

ing body for engineers in the Philippines. 

 
Taiwan 

 

Main article: Engineering education in Taiwan 

 
Engineering is one of the most popular majors among 

universities in Taiwan. The engineering degrees are over 

a quarter of the bachelor’s degrees in Taiwan. 

 

1.14.3 Europe 

See also: European Engineer 

 

 
Austria 

 

In Austria, similar to Germany, an engineering de- 

gree can be obtained from either Universities or Fach- 

hochschulen (Universities of Applied Sciences). As in 

most of Europe, the education usually consists of a 3-year 

Bachelor’s Degree and a 2-year Master’s Degree. 

A lower engineering degree is offered by Höheren Tech- 

nische Lehranstalten, (HTL, Higher Technical Institute), 

a form of secondary college which reaches from grade 

9 to 13. There are disciplines like civil engineering, 

electronics, information technology, etc. 

In the 5th year of HTL, as in other secondary schools in 

Austria, there is a final exam, called Matura. Graduates 

obtain an Ingenieur engineering degree after three years 

of work in the studied field. 

 
Denmark 

 

In Denmark, the engineering degree is delivered by either 

Universities or Engineering Colleges (e.g. Engineering 

College of Aarhus). 

Students receive first a baccalaureate degree (3 years of 

studies) followed by a Master’s degree (1–2 years of stud- 

ies) according to the principles of the Bologna declara- 

tion, though traditionally. The engineering doctorate de- 

gree is the PhD (3 years of studies). 

The quality of Danish engineering expertise has long been 

much vaunted. Danish engineers especially from Engi- 

neering Colleges have also been praised at being very 

practical (i.e. skilled at physical work related to their dis- 

cipline), ascribed to the high quality of the apprenticeship 

courses many Danish engineers go through as part of their 

education. 

 

Finland 

 

Finland’s system is derived from Germany’s system. Two 

kinds of schools are recognized, the universities and the 

Ammattikorkeakoulus (literally vocational college, which 

are some times translated as University of applied sci- 
ences. 

Universities award typically 'Bachelor of Science in Tech- 

nology' and 'Master of Science in Technology' degrees. 

Bachelor’s degree is a three-year degree as master’s de- 

gree is equivalent for two-year full-time studies.[7] In 

Finnish the master’s degree is called diplomi-insinööri, 

similarly as in Germany (Diplom-Ingenieur). The de- 

grees are awarded by engineering schools or faculties 

in universities (in Aalto University, Oulu and Vaasa) or 

by separate universities of technology (Tampere UT and 

Lappeenranta UT). The degree is a scientific, theoreti- 

cal taught master’s degree. Master’s thesis is important 

part of master’s degree studies. Master’s degree qualifies 

for further study into Licentiate or Doctorate. Because 

of the Bologna process, the degree tekniikan kandidaatti 
(“Bachelor of Technology”), corresponding to three years 

of study into the master’s degree, has been introduced. 

The AMK’s are municipally administered schools that 

traditionally award 3.5-, to 4.5-year vocational degrees 

called insinööri (amk). The aim of the degree is profes- 

sional competency with less emphasis on scientific study. 

Although they may be called “Bachelor’s degrees” in En- 

glish, Finnish universities do not recognize them as equal 

to tekniikan kandidaatti, but require approximately one 

year of additional study. Recently, AMK’s have also be- 

gun awarding a higher AMK degrees (Master of Engineer- 
ing), designed for AMK-engineers already involved in the 

working life (at least two years of professional experi- 

ence). AMK’s do not have the right to award Licentiates 

or Doctorates. Similarly, AMK-degree does not entitle 

one to apply for academic postgraduate studies without 

further preliminary studies at university. 

 

France 

 

In France, the engineering degree is mainly delivered by 

"Grandes Écoles d'Ingénieurs" (graduate schools of engi- 

neering) upon completion of 3 years of Master’s studies. 

Many Écoles recruit undergraduate students from CPGE 

(2 or 3 years high level program after the Baccalauréat), 

even though some of them include an integrated under- 

graduate cycle. Other students accessing these Grandes 

Ecoles may come from other horizons, such as DUT or 

BTS (Technical 2-year university degrees) or standard 2- 

year university degrees. In all cases, recruitment is highly 
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selective. Hence graduate engineers in France have stud- 

ied a minimum of 5 years after the baccalaureate. Since 

2013, the French engineering degree is recognized by the 

AACRAO as a Master of Science in Engineering.[8] To 

be able to deliver the engineering degree, an École Mas- 

ter 's curriculum has to be validated by the Commission 

des titres d'ingénieur (Commission of the Engineering Ti- 

tle). It is important for the external observer to note that 

the system in France is extremely demanding in its en- 

trance requirements (numerus clausus, using student rank 

in exams as the only criterion), despite being almost free 

of tuition fees, and much stricter in regards to the aca- 

demic level of applying students than many other sys- 

tems. The system focuses solely on selecting students by 

their engineering fundamental disciplines (mathematics, 

physics) abilities rather than their financial ability to fi- 

nance large tuition fees, thus enabling a wider population 

access to higher education. In fact, being a graduate en- 

gineer in France is considered as being near/at the top 

of the social/professional ladder. The engineering pro- 

fession grew from the military and the nobility in the 

18th century. Before the French Revolution, engineers 

were trained in schools for technical officers, like "École 

d'Arts et Métiers” (Arts et Métiers ParisTech) established 

in 1780. Then, other schools were created, for instance 

the École Polytechnique which was established in 1794. 

Polytechnique is one of the grandes écoles that have tradi- 

tionally prepared technocrats to lead French government 

and industry, and has been one of the most privileged 

routes into the elite divisions of the civil service known 

as the “grands corps de l'État”. 

Inside a French company the title of Ingénieur refers to 

a rank in qualification and is not restricted. Therefore, 

you can find sometimes Ingénieurs des Ventes (Sales Engi- 

neers), Ingénieur Marketing, Ingénieur Bancaire (Banking 

Engineer), Ingénieur Recherche & Développement (R&D 

Engineer), etc. 

 

 

Germany 

 

In Germany, the term Ingenieur (engineer) is legally 

protected and may only be used by graduates of a 

university degree program in engineering. Such de- 

grees are offered by universities (Universitäten), includ- 

ing Technische Universitäten (universities of technology), 

or Fachhochschulen (universities of applied sciences), in- 

cluding Technische  Hochschulen. 

Since the Bologna reforms, students receive a bachelor’s 

degree (3–4 years of studies), optionally followed by a 

Master’s degree (1–2 years of studies). Prior to the 

country adopting the Bologna system, the first and only 

pre-doctorate degree received after completing engineer- 

ing education at university was the German Diplom- 
Ingenieur. The engineering doctorate is the Doktor- 
Ingenieur. 

The quality of German engineering expertise has long 

been much vaunted, especially in the field of mechanical 

engineering. This is supported by the degree to which the 

various theories governing aerodynamics and structural 

mechanics are named after German scientists and engi- 

neers such as Ludwig Prandtl. German engineers have 

also been praised at being very practical (i.e. skilled at 

physical work related to their discipline), ascribed to the 

high quality of the apprenticeship courses many German 

engineers go through as part of their education.[9]
 

 
Italy 

 

In Italy, the engineering degree and “engineer” title is de- 

livered by Polytechnic Universities upon completion of 

3 years of studies (laurea triennale). Additional master’s 

degree (2 years) and doctorate programs (3 years) provide 

the title of “Dottore in ingegneria”. Students that started 

studies in Polytechnic Universities before 2005 (when 

Italy adopted the Bologna declaration) need to complete 

a 5 years program to get the engineer title. In this case 

the master’s degree is obtained after 1 year of studies. 

Only people with an engineer title can be employed as 

“engineers”. Still, some with competence and experience 

in an engineering field that do not have such a title, can 

still be employed to perform engineering tasks as “spe- 

cialist”, “assistant”, “technologist” or “technician”. But, 

only engineers can take legal responsibility and provide 

guarantee upon the work done by a team in their area of 

expertise. Sometimes a company working in this area, 

which temporarily does not have any employees with an 

engineer title must pay for an external service of an engi- 

neering audit to provide legal guarantee for their products 

or services. 

 

The Netherlands 

 

In the Netherlands there were two paths to study engi- 

neering. At the Dutch 'technical hogeschool', being a 

professional school (equivalent to a polytechnic in the 

UK and a University of applied sciences internationally), 

award a practically orientated degree and the title ing. af- 

ter four years study. The universities offered a more aca- 

demically oriented degree and the title ir. after five years 

study. 

This changed in 2002 when the Netherlands switched to 

the Bachelor-Master system. This is a consequence of the 

Bologna process. In this accord 29 European countries 

agreed to harmonize their higher education system and 

create a European higher education area. 

In this system the professional schools award a bachelor’s 

degree and the title BEng or ing. after four years study. 

The universities with engineering programs award a bach- 

elor’s degree and the title BSc after the third year. A uni- 

versity bachelor is expected to continue his education for 

one or two more years to earn his master’s degree and the 

title MSc or ir. A vocational bachelor may be admitted 
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to a university master’s degree program although often 

they are required to take additional courses. The higher 

vocational technical schools have started to develop mas- 

ter’s degree programs specifically for their students. This 

slightly awkward situation is expected to disappear due to 

the European harmonization process. 

 
Poland 

 

In Poland after 3,5–4 years of technical studies, one gets 

inżynier degree (inż.), which corresponds to B.Sc. or 

B.Eng. After that, one can continue studies, and after 2 

years of post-graduate programme (supplementary stud- 

ies) can obtain additional M.Sc. (or M.Eng.) degree, 

called magister, mgr, and that time one has two degrees: 

magister inżynier, mgr inż. (literally: master engineer). 

The mgr degree formerly (until full adaptation of Bologna 

process by university) could be obtained in integrated 5 

years B.Sc-M.Sc. programme studies. Graduates hav- 

ing magister inżynier degree, can start 4 years doctorate 

studies (Ph.D.), which require opening of doctoral pro- 

ceedings (przewód doktorski), carrying out own research, 

passing some exams (e.g. foreign language, philosophy, 

economy, leading subjects), writing and defense of doc- 

toral thesis. Some Ph.D. students have also classes with 

undergraduate students (B.Sc., M.Sc.). Graduate of doc- 

torate studies of technical university holds scientific de- 
gree of doktor nauk technicznych, dr inż., (literally: 

“doctor of technical sciences” ) or other e.g. Doktor Nauk 
Chemicznych (lit. “doctor of chemical sciences” ). 

 
Portugal 

 

In Portugal, there are two paths to study engineering: the 

polytechnic and the university paths. In theory, but many 

times not so much in practice, the polytechnic path is 

more practical oriented, the university path being more 

research oriented. 

In this system, the polytechnic institutes award a licen- 
ciatura (bachelor) in engineering degree after three years 

of study, that can be complemented by a mestrado (mas- 

ter) in engineering after two plus years of study. 

Regarding the universities, they offer both engineering 

programs similar to those of the polytechnics (three years 

licenciatura plus two years mestrado) as mestrado integra- 
dos (integrated masters) in engineering programs. The 

mestrado integrado programs take five years of study to 

complete, awarding a licenciatura degree in engineering 

sciences after the first three years and a mestrado degree 

in engineering after the whole five years. Further, the 

universities also offer doutoramento (Ph.D.) programs in 

engineering. 

Being an holder of an academic degree in engineering is 

not enough to practice the profession of engineer and to 

have the legal right of the use of the title engenheiro (en- 

gineer) in Portugal. For that, it is necessary to be ad- 

mitted and be a member of the Ordem dos Engenheiros 

(Portuguese institution of engineers). At the Ordem dos 

Engenheiros, an engineer is classified as an E1, E2 or E3 

grade engineer, accordingly with the higher engineer de- 

gree he or she holds. Holders of the ancient pre-Bologna 

declaration five years licenciatura degrees in engineering 

are classified as E2 engineers. 

 

 
Romania 

 
In Romania, the engineering degree and “engineer” title is 

delivered by Polytechnic Universities upon completion of 

4 years of studies. Additional master’s degree (2 years) 

and doctorate programs (4–5 years) provide the title of 

“doctor inginer”. Students that started studies in Poly- 

technic Universities before 2005 (when Romania adopted 

the Bologna declaration) need to complete a 5 years pro- 

gram to get the engineer title. In this case the master’s de- 

gree is obtained after 1 year of studies. Only people with 

an engineer title can be employed as “engineers”. Still, 

some with competence and experience in an engineering 

field that do not have such a title, can still be employed 

to perform engineering tasks as “specialist”, “assistant”, 

“technologist” or “technician”. But, only engineers can 

take legal responsibility and provide guarantee upon the 

work done by a team in their area of expertise. Some- 

times a company working in this area, which temporarily 

does not have any employees with an engineer title must 

pay for an external service of an engineering audit to pro- 

vide legal guarantee for their products or services. 

 

 
Russia 

 
Students in Soviet engineering institutes did not major 

in mechanical or electrical engineering... but instead of 

one of hundreds of subspecialties... [for example] The 

Commissariat of Heavy Industry insisted on separate en- 

gineers for oil-based paints and non-oil-based paints. 

Loren Graham, Proceedings, American Philosophical 

Society (vol. 140, No. 2, 1996)[10]
 

Moscow School of Mathematics and Navigation was a 

first Russian educational institution founded by Peter the 

Great in 1701. It provided Russians with technical edu- 

cation for the first time and much of its curriculum was 

devoted to producing sailors, engineers, cartographers 

and bombardiers to support Russian expanding navy and 

army. Then in 1810, the Saint Petersburg Military 

engineering-technical university becomes the first engi- 

neering higher learning institution in the Russian Empire, 

after addition of officers classes and application of five- 

year term of teaching. So initially more rigorisms of stan- 

dards and teaching terms became the traditional historical 

feature of the Russian engineering education in the 19th 

century.[11]
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Slovakia 

 

In Slovakia, an engineer (inžinier) is considered to be a 

person holding master’s degree in technical sciences or 

economics. Several technical and economic universities 

offer 4-5-year master study in the fields of chemistry, 

agriculture, material technology, computer science, elec- 

trical and mechanical engineering, nuclear physics and 

technology or economics. A bachelor’s degree in similar 

field is prerequisite. Absolvents are awarded with the Ing. 
title always put in front of one’s name; eventual follow-up 

doctoral study is offered both by universities and some 

institutes of the Slovak Academy of Sciences. 

 
 

Spain 

 

In Spain, the engineering degree is delivered by Univer- 

sities in Engineering Schools, called “Escuelas de Inge- 

niería”. Like with any other degree in Spain, students 

need to pass a series of examinations based on Bachiller- 

ato’s subjects (Selectividad), select their bachelor’s de- 

gree, and their marks determine whether they are access 

the degree they want or not. 

Students receive first a grado degree (4 years of stud- 

ies) followed by a Master’s degree (1–2 years of studies) 

according to the principles of the Bologna declaration, 

though traditionally, the degree received after complet- 

ing an engineering education is the Spanish title of “In- 

geniero”. Using the title “Ingeniero” is legally regulated 

and limited to the according academic graduates. 

 
 

Sweden 

 

An institution offering engineering education is called 

“teknisk högskola" (institute of technology). These 

schools primarily offers five-year programmes resulting 

in the civilingenjör degree (not to be confused with the 

narrower English term “civil engineer”), internationally 

corresponding to a Master of Science in Engineering de- 

gree. These programmes typically offers a strong back- 

ing in the natural sciences, and the degree also opens up 

for doctoral (PHD) studies towards the degree “teknolo- 

gie doktor”. Civilingenjör programmes are offered in a 

broad range of fields: Engineering physics, Chemistry, 

Civil engineering, surveying, Industrial engineering and 

management, etc. There also are shorter three-year pro- 

grammes called högskoleingengör (Bachelor of Science in 

Engineering) are typically more applied. 

 
 

Turkey 

 

In Turkey, engineering degrees range from a bachelor’s 

degree in engineering (for a 4-year period), to a master’s 

degree (adding 2 years), and to a Doctoral Degree (usu- 

ally 4 – 5 years). 

The title is limited by law to people with an engineering 

degree, and the use of the title by others (even persons 

with much more work experience) is illegal. 

The Union of Chambers of Turkish Engineers and Ar- 

chitects (UCTEA) was established in 1954 and separates 

engineers and architects to professional branches, with 

the condition of being within the framework of laws and 

regulations and in accordance with the present condi- 

tions, requirements and possibilities and to also estab- 

lishes new Chambers for the group of engineers and ar- 

chitects, whose professional or working areas are similar 

or the same. 

UCTEA is maintaining its activities with its 23 Cham- 

bers, 194 branches of its Chambers and 39 Provincial 

Coordination Councils. Approximately, graduates of 

70 related academic disciplines in engineering, architec- 

ture and city planning are members of the Chambers of 

UCTEA. 

 

United Kingdom 

 

In the UK, like in the United States and Canada, most pro- 

fessional engineers are trained in universities, but some 

can start in a technical apprenticeship and either enroll 

in a university engineering degree later, or enroll in one 

of the Engineering Council UK programmes (level 6 - 

Bachelors and 7 - Masters) administered by the City and 

Guilds of London Institute. A recent trend has seen 

the rise of both bachelor’s and master’s degree higher 

engineering apprenticeships. All accredited engineering 

courses and apprenticeships are assessed and approved by 

the various professional engineering institutions reflecting 

the subject by engineering discipline covered; IMechE, 

IET, BCS, ICE, IStructE etc. Many of these institutions 

date back to the 19th century, and have previously admin- 

istered their own engineering examination programmes. 

They have become globally renowned as premier learned 

societies. 

The degree then counts in part to qualifying as a 

Chartered Engineer after a period (usually 4–8 years be- 

yond the first degree) of structured professional practice, 

professional practice peer review and, if required, further 

exams to then become a corporate member of the rele- 

vant professional body. The term 'Chartered Engineer' is 

regulated by Royal Assent and its use is restricted only to 

those registered; the awarding of this status is devolved to 

the professional institutions by the Engineering Council. 

In the UK, most engineering courses take 3 years for an 

undergraduate bachelors (BEng) and a 4-year period for 

an Undergraduate Masters. Students who read a 4 years 

engineering course are awarded a Masters of Engineer- 

ing (as opposed to Masters of Science in Engineering)[12] 

Some universities allow a student to opt out after one 

year before completion of the programme and receive 

a Higher National Diploma if a student has successfully 

completed the second year, or a Higher National Cer- 
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tificate if only successfully completed year one. Many 

courses also include an option of a year in industry, which 

is usually a year before completion. Students who opt for 

this are awarded a 'Sandwich' degree.[13]
 

BEng graduates may be registered as an "Incorporated 

Engineer" by the Engineering Council after a period 

of structured professional practice, professional practice 

peer review and, if required, further exams to then be- 

come a member of the relevant professional body. Again, 

the term 'Incorporated Engineer' is regulated by Royal 

Assent and its use is restricted only to those registered; 

the awarding of this status is devolved to the professional 

institutions by the Engineering Council. 

Unlike the US and Canada, engineers do not require a 

licence to practice the profession in the UK. In the UK, 

the term “engineer” is applied to non-degree vocations 

such as technologists, technicians, draftsmen, machinists, 

mechanics, plumbers, electricians, repair people, semi- 

skilled and even unskilled occupations. 

In recent developments by government and industry, to 

addressing the growing skills deficit in many fields of UK 

engineering, there has been a strong emphasis placed on 

universities.[16] Engineering degrees in Canada are dis- 

tinct from degrees in engineering technology which are 

more applied degrees or diplomas. An engineering ed- 

ucation in Canada is held in very high esteem culminat- 

ing by qualifying as a professional engineer (P.Eng) li- 

censee. Many graduate engineers enter other areas of 

professional practice including management consulting, 

law, medicine, and business administration. 

 

 

United States 

 

Some of the first engineers designed irrigation canals, 

buildings, dams, and many other things to satisfy the 

needs of the people. Early engineers during wartime de- 

signed weapons and war machines. Engineering educa- 

tion has changed since the times of the early engineers. 

“By the middle of the 20th century there were almost 1 

million engineers in the United States.”[17]
 

The first professional degree in engineering is a bachelor’s 

degree with few exceptions. This being said, interest in 

engineering has grown since 1999; the number of bache- 
[17] 

dealing with engineering in school and providing students 

with positive role models from a young age.[14]
 

 

1.14.4 North America 

Canada 

 

In Canada, there are 43 institutions offering 278 engi- 

neering accredited programs delivering a Bachelor’s de- 

gree after a term of 4 years.[15] Many schools also of- 

fer graduate level degrees in the applied sciences. Ac- 
creditation means that students who successfully com- 

plete the accredited program will have received suf- 

ficient engineering knowledge in order to meet the 

knowledge requirements of licensure as a Professional 

Engineer.[15] Alternately, Canadian graduates of unac- 

credited 3-year diploma, BSc, B.Tech, or B.Eng pro- 

grams can qualify for professional license by asso- 

ciation examinations. Some of the schools include: 

Concordia University, École de technologie supérieure, 

École Polytechnique de Montréal, University of Toronto, 

University of Saskatchewan, University of Victoria, 

University of Calgary, University of Alberta, University 

of British Columbia, McGill University, Dalhousie Uni- 

versity, Ryerson University, York University, University 

of Regina, Carleton University, McMaster University, 

University of Ottawa, Queen’s University, University 

of New Brunswick, UOIT, University of Waterloo, 

University of Guelph, University of Windsor, Memorial 

University of Newfoundland, and Royal Military College 

of Canada just to name a few. Every university offer- 

ing engineering degrees in Canada needs to be accred- 

ited by the CEAB (Canadian Engineering Accreditation 

Board), thus ensuring high standards are enforced at all 

lor’s degrees issued has increased by 20%. 

Most bachelor’s degree engineering programs are four 

years long and require about two years of core courses 

followed by two years of specialized discipline spe- 

cific courses. This is where a typical engineering stu- 

dent would learn mathematics (single- and multi-variable 

calculus and elementary differential equations), general 

chemistry, English composition, general and modern 

physics, computer science (typically programming), and 

introductory engineering in several areas that are re- 

quired for a satisfactory engineering background and to 

be successful in their program of choice. Several courses 

in social sciences or humanities are often also required 

to be taken, but are commonly elective courses from a 

broad choice. Required common engineering courses 

typically include engineering drawing/drafting, materials 

engineering, statics and dynamics, strength of materials, 

electrical engineering, thermodynamics, fluid mechanics, 

and perhaps some systems or industrial engineering. The 

science and engineering courses include lecture and lab- 

oratory education, either in the same course(s) or in sep- 

arate courses. However, some professors and educators 

believe that engineering programs should be changed to 

adopt more practical educating by focusing on skills that 

one would use in their future career field.[18]
 

By the end of the first year an engineering student should 

be looking to decide what specialization they would 

like to study. Specializations could include the follow- 

ing: civil (including structural), mechanical, electrical 

(often including computers) chemical, biological, 

industrial, aerospace, materials (including metallurgical), 

agricultural, and many other specializations. After 

choosing a specialization an engineering student will 

begin to take class that will build on the education that 

they have received and focus their future education 
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toward their specialization or field of study. Towards 

the end of their undergraduate education, engineering 

students often undertake a design or other special project 

specific to their field. 

After formal education, the engineer will often enter 

an internship or engineer in training status for approxi- 

mately four years. After that time the engineer can decide 

whether or not to take a state licensing test to make them 

a Professional Engineer. After successful completion of 

that test, the Professional engineer can place the initials 

P.E. after their name signifying that they are now a Pro- 

fessional Engineer.[17] There are also graduate degree op- 

tions for an engineer. Many engineers decide to complete 

a master’s degree in some field of engineering or business 

administration or get education in law, medicine, or other 

field. 

Two types of doctorate are available also, the traditional 

Ph.D. or the doctor of engineering. The Ph.D. focuses on 

research and academic excellence, whereas the doctor of 

engineering focuses on practical engineering. The educa- 

tion requirements are the same for both degrees; however, 

the dissertation required is different. The Ph.D. requires 

the standard research problem, where the doctor of engi- 

neering focuses on a practical dissertation. 

In present undergraduate engineering education, the em- 

phasis on linear systems develops a way of thinking that 

dismisses nonlinear dynamics as spurious oscillations. 

The linear systems approach oversimplifies the dynamics 

of nonlinear systems. Hence, the undergraduate students 

and teachers should recognize the educational value of 

chaotic dynamics.[19][20][21][22] Practicing engineers will 

also have more insight of nonlinear circuits and systems 

by having an exposure to chaotic phenomena. 

After graduation, continuing education courses may be 

needed to keep a government-issued professional engi- 

neer (PE) license valid, to keep skills fresh, to expand 

skills, or to keep up with new technology. 

 
 

Mexico 

 

In the case of Mexico, the education in Engineering field 

could be taken from public and private Universities. Both 

types of Colleges and Universities can confers degrees of 

B.Eng., B.Sc., M.Eng., M.Sc. and Ph.D. through the pre- 

sentation and dissertation of a thesis or other kind of re- 

quirements such as Technical reports, knowledge exams 

among others. 

The first University on Mexico in offers degrees in some 

Engineering fields was the Pontifical and royal University 

of Mexico, established under the Spanish rule; the de- 

grees offered by includes Mines Engineering and Physical 

Mathematical state of the art knowledge from Europe. 

Entered the 19th century and lack of political stability 

the Universities founded under Spanish rule were closed 

and reopened and the Engineering teaching tradition was 

lost; the University of Mexico, University of Guadalajara 

and University of Mérida suffered this. then the liberal 

rule create the Arts and Handcraft schools were opened 

without the same success as the Universities. Entered on 

20th Century and with the success of Mexican Revolution 

some of that old colleges were reopened and the old Arts 

and Handcraft schools were joined to the new Universi- 

ties. On 1936 the National Polytechnic Institute of Mex- 

ico was created as an educational alternative for workers 

son and it’s families, few time later the Regional Institutes 

of Technology were founded as a branch of the Polytech- 

nic Institute on few states of the republic, the most of 

them do not have any University in own territory. 

Right now the Regional Institutes of Technology were 

merged into one single entity labeled as “Mexican Na- 

tional Technological Institute”. The National Polytechnic 

Institute is the ensign university of the Mexican federal 

government on engineering  education. 

 

 

 

1.14.5 South America 

 

Brazil 

 
In Brazil, education in engineering is offered by both pub- 

lic and private institutions. A degree in engineering re- 

quires 5 to 6 years of studies, comprising the core courses, 

specific subjects, an internship and a Course Completion 
Paper. 

Due to the nature of college admissions in Brazil, most 

students have to declare their major before entering col- 

lege. This said, the first 2 years of a degree in engineer- 

ing consist mostly of the core courses (calculus, physics, 

programming, etc.) along with a few specific subjects as 

well as some courses in humanities. After this period, 

some institutions offer specializations within the different 

fields of engineering (i.e. a student majoring in electri- 

cal engineering can choose to specialize in electronics or 

telecommunications) although most institutions balance 

their workload in order to give the students a consistent 

knowledge of every specialiation. 

Towards the end of their undergratuate education, stu- 

dents are required to develop the Course Completion Pa- 

per under the guidance of an adviser to be presented to 

and graded by a number of professors. In some institu- 

tions, studends are also required to pursue an internship 

(the amount of time depends on the institution). 

In order to pursue a career in engineering, graduates must 

first register with and abide by the rules of the Regional 

Counsel of Engineering and Agronomy of their state, a 

regional representative of the Federal Counsel of Engi- 

neering and Agronomy, a certification board for engi- 

neers, agronomists, geologists and other professionals of 

the applied sciences. 
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1.14.6 See also 

• List of engineering schools 

• Education and training of electrical and electronics 
engineers 

• Education for Chemical Engineers 

• Engineer’s degree 

• Global Engineering Education 

• Problem-based  learning 

• Project-based learning 

• Engineering education research 
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1.15 Engineering education re- 

search 
 
Engineering education research (EER) is the field of 

inquiry that creates knowledge which aims to define, 

inform, and improve both Engineering Education and 

the education of engineers. It achieves this through re- 

search on topics such as: epistemology, policy, assess- 

ment, pedagogy, diversity, amongst others, as they per- 

tain to engineering.[1]
 

 

1.15.1 History and background 
 

Engineering Education Research gained visibility during 

the 1980s, although the formal education of engineers in 

the United States traces back to as early as 1802, with the 

establishment of the United States Military Academy at 

West Point for the purpose of training the U.S. Army’s 

corps of engineers.[2] [3] The Rensselaer School (now 

Rensselaer Polytechnic Institute) was founded in 1824 

and conferred degrees in civil engineering upon four stu- 

dents in 1835. [4]
 

Spurred by concerns of national competitiveness and the 

insufficient number of graduating engineers[5] the Neal 

Report called for research to improve teaching and learn- 

ing in STEM (Science, Technology, Engineering and 

Mathematics) fields.[6]
 

Similar to other disciplines, the 1990s brought a focus on 

the scholarship of teaching as demonstrated by the 1995 

NRC Report,[7] “Engineering education: Designing an 

adaptive system”, influenced by Ernst Boyer.[8] This fo- 

cus was primarily motivated by the need to improve the 

quality of engineers produced by universities in the US. 

Additionally, 1993 marked the relaunch of the Journal of 
Engineering Education, which served as a clearinghouse 

for scholarly research.[9]
 

As concerns regarding globalization and the need for in- 

novation increased during the late 1990s and 2000s, en- 

gineering education research was influenced by calls of 

reform to produce the quantity and diversity of engineers 

needed to address global problems.[9]
 

Continuing the development of the field, centers for Engi- 

neering Education Research emerged in the early 2000s. 

The NAE formed a Committee on Engineering Educa- 

tion (CEE) in 1999, NAE’s Center for the Advancement 

of Scholarship on Engineering Education (CASEE) was 

established in 2002 and the Center for the Advancement 

of Engineering in 2003.[9]
 

During the mid-2000s, dedicated funding, specialized 

publications, centers for research, academic preparation 

and conferences which connected the distributed com- 

munity supplied the infrastructure necessary for the bur- 

geoning field of research.[9]
 

Influential Reports on the History of Engineering 

 

Education 

 

1. Mann, C. (1918). Study of Engineering Education 

2. Wickenden Report: Society for the Promotion of 

Engineering Education. (1930). “Report of the In- 

vestigation of Engineering Education 1923-1929.” 

Pittsburgh, PA. 

3. L.E. 1995. Report of the ASEE Committee on Eval- 

uation of Engineering Education. Washington, DC: 

American Society of Engineering Education. 

4. “Green Report”. 1995. Engineering education for 

a changing world. Washington, DC: American So- 

ciety for Engineering Education. A report pre- 

pared by Engineering Deans Council and Corporate 

Roundtable. 

 

1.15.2 Core research areas 
 

The 2006 Report of the Steering Committee of the Na- 

tional Engineering Education Research Colloquies out- 

lined the 5 key topic areas of engineering education re- 

search as follows:[10]
 

 
1. Engineering Epistemologies: Research on what con- 

stitutes engineering thinking and knowledge within 

social contexts now and into the future 

2. Engineering Learning Mechanisms: Research on 

engineering learners’ developing knowledge and 

competencies in context. 

3. Engineering Learning Systems: Research on the 

instructional culture, institutional infrastructure, and 

epistemology of engineering educators. 

4. Engineering Diversity and Inclusiveness: Research 

on how diverse human talents contribute solutions 

to the social and global challenges and relevance of 

our [the engineering] profession. 

5. Engineering Assessment: Research on, and the de- 

velopment of, assessment methods, instruments, 

and metrics to inform engineering education prac- 

tice and learning. 

 

1.15.3 Other research areas 

Globalization 

 

According to Borrego and Bernhard,[11] international 

collaborations are developing in an effort to create 

global competencies in engineering students. Engineer- 

ing global competency is the possession of “the knowl- 

edge, ability, and predisposition to work effectively with 

people who define and solve problems differently than 

they do.” [12] Educational programs that emphasize global 
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engineering competencies research the development and 

assessment of global competency within the engineering 

practice.[13][14]
 

Examples of programs in global engineering competency 

include: 

• The Global Engineering Program at Purdue Univer- 
sity 

• Erasmus mundus (student centric global 
program)[15]

 

 

R&D departments in transnational companies also con- 

tribute to international educational research. 

 
Global engineering cultures 

 

In 2008, a project titled “The Engineering Cultures Mul- 

timedia Project” was approved by the NSF. It was done by 

combine effort of “Virginia Tech and Colorado School of 

Mines to produce CD-based modules exploring how what 

counts as an engineer and engineering knowledge varies 

from country to country”. https://globalhub.org/topics/ 

AboutEngineeringCultures The main goal of this project 

was “To develop, disseminate, and assess learning expe- 

riences that will help students to identify, understand, and 

value perspectives other than their own.”[16]
 

 
Pre-college engineering education 

 

Studies indicate that engineers will be better prepared 

for rigorous study in the engineering sciences if exposed 

to engineering concepts in the years prior to university 

study. The following resources have been listed to pro- 

vide primary- and secondary-level educators with infor- 

mation and online programs that will aide them in bring- 

ing engineering material to their classrooms. 

 

1.15.4 Methodology 
 

“Rigorous” research in engineering education is defined 

as adherence to the National Research Council’s six guid- 

ing principles for scientific inquiry.[17] The six guiding 

principles for scientific inquiry are:[18]
 

 

1. Pose significant questions that can be investigated 

empirically. 

2. Link research to relevant theory. 

3. Use methods that permit direct investigation of the 

question. 

4. Provide explicit, coherent chain of reasoning. 

5. Replicate and generalize across studies. 

6. Disclose research to encourage professional scrutiny 

and critique. 

1.15.5 Connection to practice 
 

Engineering education research is conducted based on the 

demands and patterns of engineering in industry, policy, 

and education. Globally, emphasis of research focuses 

on educational application. Research into industry and 

practice have yet to gain greater attention.[19]
 

 
Industry 

Policy 

In the United States, there has been a greater push for de- 

velopment of formal policy for educating engineers. In 

1918, the Mann Report noted an imminent lack of qual- 

ified engineers that could rapidly enter the workforce. 

There should be more hands-on experience, engineer- 

ing educators should have practical work experience, and 

teaching should be more prominent even though research 

is also important. In 1955, the Grinter report specifi- 

cally outlined undergraduate and graduate level engineer- 

ing studies. Since then, some of these suggestions, includ- 

ing the senior capstone design course, have been imple- 

mented in public and private engineering institutions. 

Engineering education policy is externally driven to some 

degree. ABET accreditation has incorporated industrial 

demands as part of the accreditation process. ABET EC 

2000 emphasizes both technical (design, problem solv- 

ing) and professional skills (teamwork, communication, 

ethical/global thinking). 

P-12 Educational Standards: 

National policies such as No Child Left Behind and Race 

to the Top have influenced the recruitment and retention 

of future engineers. 

In April 2013, the Next Generation Science Standards 

were released as the science standards for K-12 science 

education in the United States to replace the National Sci- 

ence Education Standards. These include engineering- 

based standards embedded within the science standards. 

The National Assessment Governing Board has created 

a Technology and Literacy Framework for the 2014 Na- 

tional Assessment of Educational Progress. This will be a 

pilot test and may turn into a permanent fixture of future 

testing. 

 

Educational 

 

There is a disconnect between engineering education re- 

search findings and implementation of the findings into 

the classroom. Research findings are published in a va- 

riety of journals primarily read by other researchers, not 

P-12 teachers or university faculty outside of the Educa- 

tion field. This breakdown of transfer between research 

and practice prevents the desired outcomes at the heart of 

the research[20][11][19] 
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There have been proposals to connect Engineering Edu- 

cation practice and Engineering Education research. A 

cyclical model of transfer between research and practice 

has been proposed by Jesiek et al. (2010) and Borrego & 

Bernhard (2011). This model allows research and prac- 

tice to continuously influence and develop one another. 

 
1.15.6 Organizations and publications 

 

There are several professional organizations devoted to 

engineering education, including: 
 

• American Society for Engineering Education 

• European Society for Engineering Education 

• International Technology and Engineering Educa- 
tors Association 

 

1.15.7 See also 

• Educational research 

• Discipline-based education research 
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1.16 Engineering  management 
 
 

Ron Diftler (left), NASA Robonaut manager assisting in a Robo- 
naut familiarization training session in the Space Environment 
Simulation Laboratory at NASA’s Johnson Space Center. 

 

Engineering management combines the application 

of the practice of management to the practice of 

engineering. 
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Engineering management is a career that brings together 

the technological problem-solving savvy of engineering 

and the organizational, administrative, and planning abil- 

ities of management in order to oversee the operational 

performance of complex engineering driven enterprises. 

A Master of Engineering Management (MEM) is some- 

times compared to a Master of Business Administra- 

tion (MBA) for professionals seeking a graduate degree 

as a qualifying credential for a career in engineering 

management.[1]
 

 
 

1.16.1 History 
 

Stevens Institute of Technology is believed to have the 

oldest Engineering management department, established 

as the School of Business Engineering in 1908. This 

was later called the Bachelor of Engineering in Engineer- 

ing Management (BEEM) program and moved into the 

School of Systems and Enterprises. Drexel University es- 

tablished the first graduate engineering management de- 

gree in the U.S., which was first offered in 1959.[2] In 

1967 the first university department titled “Engineering 

Management” was founded at the Missouri University 

of Science and Technology (Missouri S&T, formerly the 

University of Missouri-Rolla, formerly Missouri School 

of Mines). 

Outside the USA, in Germany the first department con- 

centrating on Engineering Management was established 

1927 in Berlin.[3] In Turkey the Istanbul Technical Uni- 

versity has a Management Engineering Department es- 

tablished in 1982, offering a number of graduate and 

undergraduate programs in Management Engineering.[4] 

In UK the University of Warwick has a specialised de- 

partment WMG (previously known as Warwick Man- 

ufacturing Group) established in 1980, which offers 

a graduate programme in MSc Engineering Business 

Management.[5]
 

Michigan Technological University began an Engineer- 

ing Management program in the School of Business & 

Economics in the Fall of 2012.[6]
 

In Canada, Memorial University of Newfoundland has 

started a complete master’s degree Program in Engineer- 

ing Management.[7]
 

In Denmark, the Technical University of Denmark of- 

fers a MSc program in Engineering Management (in 

English).[8]
 

In Pakistan, University of Engineering and Technology 

(UET), Taxila, University of Engineering and Technol- 

ogy (UET), Lahore and National University of Science 

and Technology (NUST) offer admission both at Mas- 

ter and Doctorate level in Engineering Management while 

NED University of Engineering & Technology, Karachi 

and Ghulam Ishaq Khan Institute of Engineering Sci- 

ences and Technology have been running a Master of 

Engineering in Engineering Management program. A 

variant of this program is within Quality Management. 

COMSATS (CIIT) offers a MSc Project Management 

program to Local and Overseas Pakistanis as an on- 

campus/off-campus  student. 

In Italy, Politecnico di Milano offers degrees in Manage- 

ment Engineering.[9]
 

 

1.16.2 Areas 
 

Operations management, operations research, and 

supply chain management 

 

Operations management is concerned with designing and 

controlling the process of production and redesigning 

business operations in the production of goods or ser- 

vices. Operations research deals with quantitative models 

of complex operations and uses these models to support 

decision-making in any sector of industry or public ser- 

vices. Supply chain management is the process of plan- 

ning, implementing and managing the flow of goods, ser- 

vices and related information from the point of origin to 

the point of consumption.[10]
 

 

Management  of technology 

 

The Management of Technology (MOT) theme builds 

on the foundation of management topics in accounting, 

finance, economics, organizational behavior and organi- 

zational design. Courses in this theme deal with op- 

erational and organizational issues related to managing 

innovation and technological change.[10][11]
 

 

New product development and product engineering 

 

New product development (NPD) is the complete process 

of bringing a new product to market. Product engineering 

refers to the process of designing and developing a device, 

assembly, or system such that it be produced as an item 

for sale through some production manufacturing process. 

Product engineering usually entails activity dealing with 

issues of cost, producibility, quality, performance, relia- 

bility, serviceability, intended lifespan and user features. 

Design for manufacturability (also sometimes known as 

design for manufacturing or DFM) is the general engi- 

neering art of designing products in such a way that they 

are easy to manufacture. 

 
 

Systems engineering 

 

Systems engineering is an interdisciplinary field of engi- 

neering and engineering management that focuses on how 

to design and manage complex systems over their life cy- 

cles. 
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Industrial engineering 

 

Industrial engineering is a branch of engineering which 

deals with the optimization of complex processes, sys- 

tems or organizations. Industrial engineers work to elim- 

inate waste of time, money, materials, man-hours, ma- 

chine time, energy and other resources that do not gener- 

ate value. 

 

Management  science 

 

Management science uses various scientific research- 

based principles, strategies, and analytical methods in- 

cluding mathematical modeling, statistics and numerical 

algorithms to improve an organization’s ability to enact 

rational and meaningful management decisions by arriv- 

ing at optimal or near optimal solutions to complex deci- 

sion problems 

 

1.16.3 Education 
 

Engineering management programs typically include in- 

struction in accounting, economics, finance, project man- 

agement, systems engineering, industrial engineering, 

mathematical modeling and optimization, management 

information systems, quality control & six sigma, 

operations management, operations research, human re- 

sources management, industrial psychology, safety and 

health.[12][13] 

There are many options for entering into engineer- 

ing management, albeit that the foundation requirement 

is an engineering degree (or other computer science, 

mathematics or science degree) and a business degree. 

Undergraduate degrees 

Although most engineering management programs are 

geared for graduate studies, there are a few elite institu- 

tions that teach EM at the undergraduate level. Some of 

the ones that are accredited and/or recognized by ASEM 

include: West Point (United States Military Academy), 

Norwich University, New York Institute of Technology, 

Stevens Institute of Technology, Illinois Institute of Tech- 

nology, Rensselaer Polytechnic Institute, George Wash- 

ington University, Arizona State University, Missouri 

University of Science and Technology. Graduates of 

these programs regularly command nearly $65,000 their 

first year out of school.[14]
 

Outside the USA, Istanbul Technical University Manage- 

ment Engineering Department offers an undergraduate 

degree in Management Engineering,[15] attracting top stu- 

dents. The University of Waterloo offers a 4-year under- 

graduate degree (5 years including co-op education) in 

the field of Management Engineering.[16] This is the first 

program of its kind in Canada. In Peru, Pacifico Univer- 

sity offers a five-year undergraduate degree in this field, 

the first program in this country. 

Graduate degrees 

Main article: Master of Engineering Management 

 
Many universities offer Master of Engineering Manage- 

ment degrees. Missouri S&T is credited with award- 

ing the first Ph.D. in Engineering Management in 1984. 

The National Institute of Industrial Engineering based in 

Mumbai has been awarding degrees in the field of Post 

Graduate Diploma in Industrial Engineering since 1973 

and the Fellowship (Doctoral) degrees have been awarded 

since 2008. Massachusetts Institute of Technology offers 

a Master in System Design and Management, which is a 

member of the Consortium of Engineering Management. 

Students in the University of Kansas’ Engineering Man- 

agement Program are practicing professionals employed 

by over 100 businesses, manufacturing, government or 

consulting firms. There are over 200 actively enrolled stu- 

dents in the program and approximately 500 alumni.[17]
 

Istanbul Technical University Management Engineering 

Department offers a graduate degree,[18] and a Ph.D. in 

Management Engineering.[19]
 

According to the American Society for Engineering Ed- 

ucation (ASEE) PRISM Magazine (March 2008) the 

largest Master’s of Engineering Management (MEM) 

programs (in terms of degrees awarded for 2005–2006) 

are shown in the following chart. 
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1.16.4 Management engineering consult- 
ing 

 

Large and small engineering driven firms often require 

the expertise of external management consultants that 

specialize in companies where engineering practice and 

product development are key drivers of value. Most en- 

gineering management consultants will have as a mini- 

mum a professional engineering qualification. But usu- 

ally they will also have graduate degrees in engineer- 

ing and or business or a management consulting des- 

ignation. It involves providing management consult- 

ing service that is specific to professional engineering 

practice or to the engineering industry sector. Engi- 

neering management consultancies, are typically bou- 

tique firms and have a more specialized focus than the 

traditional mainstream consulting firms, A T Kearney, 

Boston Consulting Group, KPMG, PWC, and McKinsey. 

Applied science and engineering practice requires a 

holistic approach involving a combination of manage- 

ment art, science, and engineering practice. There are 

many professional service companies delivering services 

in a consultancy type relationship to the engineering 

industry, including law, accounting, human resources, 

marketing, politics, economics, finance, public affairs, 

and communication. Commonly, engineering manage- 

ment consultants are used when firms require a combi- 

nation of special technical knowledge, and management 

know how, to enhance knowledge or transform organiza- 

tional performance and also keep any intellectual prop- 

erty developed confidential. 

Engineering management consulting is concerned with 

the development, improvement, implementation and 

evaluation of integrated systems of organizations, peo- 

ple, money, knowledge, information, equipment, energy, 

materials and/or processes. Management Engineering 

Consultants strive to improve upon existing organizations, 

processes, products or systems. Engineering manage- 

ment consulting draws upon the principles and methods 

of engineering analysis and synthesis, as well as the math- 

ematical, physical and social sciences together with the 

principles and methods of engineering design to specify, 

predict, and evaluate the results to be obtained from such 

systems or processes. Engineering management consult- 

ing can focus on the social impact of the product, pro- 

cess or system that is being analyzed. There is also an 

overlap between engineering management consulting and 

management science in services that require the adoption 

of more analytical approaches to problem solving. 

Examples of where engineering management consulting 

might be used include developing and leading a company 

wide business transformation initiative, or designing and 

implementing a new product development process, de- 

signing and implementing a manufacturing engineering 

process, including an automated assembly workstation. 

Management engineers may specialize in the acquisition 

and implementation of Computer aided design (CAD), 

Computer-aided manufacturing (CAM) and Computer- 

aided engineering (CAE) applications. Services may in- 

clude strategizing for various operational logistics, new 

product introductions, or consulting as an efficiency ex- 

pert. It may include using management science tech- 

niques to develop a new financial algorithm or loan sys- 

tem for a bank, streamlining operation and emergency 

room location or usage in a hospital, planning complex 

distribution schemes for materials or products (referred 

to as Supply Chain Management), and shortening lines 

(or queues) at a bank, hospital, or a theme park. Manage- 

ment engineering consultants typically use computer sim- 

ulation (especially discrete event simulation), along with 

extensive mathematical tools and modeling and compu- 

tational methods for system analysis, evaluation, and op- 

timization. 

 

1.16.5 Professional  organizations 
 

There are a number of societies and organizations dedi- 

cated to the field of engineering management. One of the 

largest societies is a division of IEEE, the Engineering 

Management Society, which regularly publishes a trade 
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magazine. Another prominent professional organization 

in the field is the American Society for Engineering Man- 

agement (ASEM), which was founded in 1979 by a group 

of 20 engineering managers from industry.[20] ASEM 

currently certifies engineering managers (two levels) via 

the Associate Engineering Manager (AEM) or Profes- 

sional Engineering Manager (PEM) certification exam. 

The Master of Engineering Management Programs Con- 

sortium is a newly formed consortium of prominent uni- 

versities intended to raise the value and visibility of the 

MEM degree.[21] Also, engineering management univer- 

sity programs have the possibility of being accredited by 

ABET, ATMAE, or ASEM. In Canada, the Canadian 

Society for Engineering Management (CSEM) is a con- 

stituent society of the Engineering Institute of Canada 

(EIC), Canada’s oldest learned engineering society. 

 

1.16.6 See also 

• Business engineering 

• Construction management 

• Engineering law 

• Enterprise engineering 

• List of engineering topics 

• List of management topics 

• Remote laboratory 

 

Associations 
 

• INFORMS 
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1.16.8 Further reading 

• Eric T-S. Pan|Pan, Eric T-S. Perpetual Business Ma- 
chines: Principles of Success for Technical Profes- 
sionals ISBN 0-9754480-0-5 

 
1.16.9 External links 

• Engineering Management Review - A Publication of 
the IEEE 

• IEEE Transactions on Engineering Management 
Journal 

• Canadian Society for Engineering Management, 
CSEM 

 

Associations 
 

• Society of engineering and management systems 

• Institute of Industrial and Systems Engineers 

 

1.17 List of engineering branches 
 
Engineering is the discipline, art, and profession that 

applies scientific theory to design, develop, and ana- 

lyze technological solutions. In the contemporary era, 

it is generally considered to consist of the major ba- 

sic branches of chemical engineering, civil engineer- 

ing, electrical engineering, mechanical engineering, and 

https://en.wikipedia.org/wiki/Engineering_management#cite_note-20
https://en.wikipedia.org/wiki/Engineering_management#cite_note-21
https://en.wikipedia.org/wiki/Accreditation_Board_for_Engineering_and_Technology
https://en.wikipedia.org/wiki/Association_of_Technology%2C_Management%2C_and_Applied_Engineering
https://en.wikipedia.org/wiki/Business_engineering
https://en.wikipedia.org/wiki/Construction_management
https://en.wikipedia.org/wiki/Engineering_law
https://en.wikipedia.org/wiki/Enterprise_engineering
https://en.wikipedia.org/wiki/List_of_engineering_topics
https://en.wikipedia.org/wiki/List_of_management_topics
https://en.wikipedia.org/wiki/Remote_laboratory
https://en.wikipedia.org/wiki/INFORMS
http://gordon.tufts.edu/programs/m-s-in-engineering-management/msem-vs-mba
http://www.drexel.edu/egmt/about/history/
http://www.vwi.org/hauptmenue/beruf-studium/wirtschaftsingenieurwesen/geschichte-und-bedeutung.html
http://www.end.itu.edu.tr/tarihce.html
http://www2.warwick.ac.uk/fac/sci/wmg/education/wmgmasters/courses/masters_engineering_business_management
http://www2.warwick.ac.uk/fac/sci/wmg/education/wmgmasters/courses/masters_engineering_business_management
http://www.mtu.edu/registrar/students/major-degree/audit/business/
http://www.mtu.edu/registrar/students/major-degree/audit/business/
http://www.engr.mun.ca/graduate/course/mem.php
http://www.dtu.dk/english/Education/msc/Programmes/engineering_management
http://www.dig.polimi.it/index.php?id=37&amp;L=2
http://www.dig.polimi.it/index.php?id=37&amp;L=2
http://www.mansci.uwaterloo.ca/mgte/index.php
http://gordon.tufts.edu/programs/m-s-in-engineering-management/program-structure
http://nces.ed.gov/pubs2002/cip2000/occupationallookup6d.ASP?CIP=15.1501
http://nces.ed.gov/pubs2002/cip2000/occupationallookup6d.ASP?CIP=15.1501
http://atmae.org/index.php?option=com_content&amp;view=article&amp;id=227&amp;Itemid=48
http://www.stevens.edu/sit/admissions/careers/2010-Career-Outcomes.cfm
http://www.stevens.edu/sit/admissions/careers/2010-Career-Outcomes.cfm
http://www.isl.itu.edu.tr/isletmeLisansProgramlarEN.htm
http://www.isl.itu.edu.tr/isletmeLisansProgramlarEN.htm
http://www.mansci.uwaterloo.ca/mgte/index.php
http://emgt.ku.edu/key-aspects
http://www.isl.itu.edu.tr/isletmeYuksekLisansProgramlarEN.htm
http://www.isl.itu.edu.tr/isletmeYuksekLisansProgramlarEN.htm
http://www.isl.itu.edu.tr/isletmeDoktoraProgramlarEN.htm
http://www.isl.itu.edu.tr/isletmeDoktoraProgramlarEN.htm
http://www.asem.org/
http://www.asem.org/
http://www.mempc.org/
http://www.mempc.org/
http://www.ewh.ieee.org/soc/ems/emr/emronline.html
http://www.ewh.ieee.org/soc/ems/emr/emronline.html
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?puNumber=2221
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?puNumber=2221
http://www.csem-scgi.org/
http://www.csem-scgi.org/
http://www.iienet2.org/sems/
http://www.iienet2.org/
https://en.wikipedia.org/wiki/Engineering
https://en.wikipedia.org/wiki/Contemporary_era
https://en.wikipedia.org/wiki/Chemical_engineering
https://en.wikipedia.org/wiki/Civil_engineering
https://en.wikipedia.org/wiki/Civil_engineering
https://en.wikipedia.org/wiki/Electrical_engineering
https://en.wikipedia.org/wiki/Mechanical_engineering


1.17.  LIST OF ENGINEERING BRANCHES 132 
 

 

Muslims and Evolution of Science 

 

 

industrial engineering.[1] There are numerous other engi- 

neering subdisciplines and interdisciplinary subjects that 

are derived from concentrations, combinations, or exten- 

sions of the major engineering branches. 

 

1.17.1 Chemical engineering 
 

Chemical engineering is the application of chemical, 

physical, and biological sciences to the process of con- 

verting raw materials or chemicals into more useful or 

valuable forms. 

 

1.17.2 Civil engineering 
 

Civil engineering comprises the design, construction, and 

maintenance of the physical and natural built environ- 

ments. 

 

1.17.3 Electrical engineering 
 

Electrical engineering comprises the study and applica- 

tion of electricity, electronics, and electromagnetism. 

 

1.17.4 Mechanical engineering 
 

Mechanical engineering comprises the design and anal- 

ysis of heat and mechanical power for the operation of 

machines and mechanical systems. 

 

1.17.5 Software engineering 
 

Software engineering is the study and an applica- 

tion of engineering to the design, development, imple- 

mentation and maintenance of software in a systematic 

method.[3][4][5] 

 
1.17.6 Systems engineering 

 

Systems engineering is an interdisciplinary field of engi- 

neering that focuses on how to design and manage com- 

plex engineering projects over their life cycles. Issues, 

such as reliability, logistics, and coordination of differ- 

ent teams (requirements management), evaluation mea- 

surements, and other disciplines become more difficult 

when dealing with large or complex projects. Systems en- 

gineering deals with work-processes, optimization meth- 

ods, and risk management tools. It overlaps technical and 

human-centered disciplines such as control engineering, 

industrial engineering, organizational studies, and project 

management. Systems engineering ensures that all likely 

aspects of a project or system are considered, and inte- 

grated into a whole. 

1.17.7 Interdisciplinary 

1.17.8 See also 

• Outline of engineering 

• Railway systems engineering 
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1.18 Geotechnical Engineering 

 

Boston's Big Dig presented geotechnical challenges in an urban 
environment. 

 

Geotechnical engineering is the branch of civil en- 

gineering concerned with the engineering behavior of 

earth materials.  Geotechnical engineering is  important 
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in civil engineering, but also has applications in military, 

mining, petroleum and other engineering disciplines that 

are concerned with construction occurring on the sur- 

face or within the ground. Geotechnical engineering uses 

principles of soil mechanics and rock mechanics to in- 

vestigate subsurface conditions and materials; determine 

the relevant physical/mechanical and chemical proper- 

ties of these materials; evaluate stability of natural slopes 

and man-made soil deposits; assess risks posed by site 

conditions; design earthworks and structure foundations; 

and monitor site conditions, earthwork and foundation 

construction.[1][2]
 

A typical geotechnical engineering project begins with a 

review of project needs to define the required material 

properties. Then follows a site investigation of soil, rock, 

fault distribution and bedrock properties on and below an 

area of interest to determine their engineering properties 

including how they will interact with, on or in a proposed 

construction. Site investigations are needed to gain an 

understanding of the area in or on which the engineering 

will take place. Investigations can include the assessment 

of the risk to humans, property and the environment from 

natural hazards such as earthquakes, landslides, sinkholes, 

soil liquefaction, debris flows and rockfalls. 

A geotechnical engineer then determines and designs the 

type of foundations, earthworks, and/or pavement sub- 

grades required for the intended man-made structures 

to be built. Foundations are designed and constructed 

for structures of various sizes such as high-rise build- 

ings, bridges, medium to large commercial buildings, and 

smaller structures where the soil conditions do not allow 

code-based design. 

Foundations built for above-ground structures include 

shallow and deep foundations. Retaining structures in- 

clude earth-filled dams and retaining walls. Earth- 

works include embankments, tunnels, dikes and levees, 

channels, reservoirs, deposition of hazardous waste and 

sanitary landfills. 

Geotechnical engineering is also related to coastal and 

ocean engineering. Coastal engineering can involve the 

design and construction of wharves, marinas, and jetties. 

Ocean engineering can involve foundation and anchor 

systems for offshore structures such as oil platforms. 

The fields of geotechnical engineering and engineering 

geology are closely related, and have large areas of over- 

lap. However, the field of geotechnical engineering is a 

specialty of engineering, where the field of engineering 

geology is a specialty of geology. 

 

 

1.18.1 History 
 

Humans have historically used soil as a material for flood 

control, irrigation purposes, burial sites, building foun- 

dations, and as construction material for buildings. First 

activities were linked to irrigation and flood control, as 

demonstrated by traces of dykes, dams, and canals dat- 

ing back to at least 2000 BCE that were found in ancient 

Egypt, ancient Mesopotamia and the Fertile Crescent, as 

well as around the early settlements of Mohenjo Daro 

and Harappa in the Indus valley. As the cities expanded, 

structures were erected supported by formalized founda- 

tions; Ancient Greeks notably constructed pad footings 

and strip-and-raft foundations. Until the 18th century, 

however, no theoretical basis for soil design had been de- 

veloped and the discipline was more of an art than a sci- 

ence, relying on past experience.[3]
 

Several foundation-related engineering problems, such as 

the Leaning Tower of Pisa, prompted scientists to be- 

gin taking a more scientific-based approach to examining 

the subsurface. The earliest advances occurred in the de- 

velopment of earth pressure theories for the construction 

of retaining walls. Henri Gautier, a French Royal Engi- 

neer, recognized the “natural slope” of different soils in 

1717, an idea later known as the soil’s angle of repose. 

A rudimentary soil classification system was also devel- 

oped based on a material’s unit weight, which is no longer 

considered a good indication of soil type.[3][4]
 

The application of the principles of mechanics to soils 

was documented as early as 1773 when Charles Coulomb 

(a physicist, engineer, and army Captain) developed im- 

proved methods to determine the earth pressures against 

military ramparts. Coulomb observed that, at failure, a 

distinct slip plane would form behind a sliding retaining 

wall and he suggested that the maximum shear stress on 

the slip plane, for design purposes, was the sum of the soil 

cohesion, c , and friction σ tan(ϕ) , where σ is the nor- 

mal stress on the slip plane and ϕ is the friction angle of 

the soil. By combining Coulomb’s theory with Christian 

Otto Mohr's 2D stress state, the theory became known 

as Mohr-Coulomb theory. Although it is now recognized 

that precise determination of cohesion is impossible be- 

cause c is not a fundamental soil property,[5] the Mohr- 

Coulomb theory is still used in practice today. 

In the 19th century Henry Darcy developed what is 

now known as Darcy’s Law describing the flow of flu- 

ids in porous media. Joseph Boussinesq (a mathemati- 

cian and physicist) developed theories of stress distri- 

bution in elastic solids that proved useful for estimating 

stresses at depth in the ground; William Rankine, an engi- 

neer and physicist, developed an alternative to Coulomb’s 

earth pressure theory. Albert Atterberg developed the 

clay consistency indices that are still used today for soil 

classification.[3][4] Osborne Reynolds recognized in 1885 

that shearing causes volumetric dilation of dense and con- 

traction of loose granular materials. 

Modern geotechnical engineering is said to have be- 

gun in 1925 with the publication of Erdbaumechanik 
by Karl Terzaghi (a civil engineer and geologist). Con- 

sidered by many to be the father of modern soil me- 

chanics and geotechnical engineering, Terzaghi devel- 

oped the principle of effective stress, and demonstrated 
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that the shear strength of soil is controlled by effective 

stress. Terzaghi also developed the framework for the- 

ories of bearing capacity of foundations, and the theory 

for prediction of the rate of settlement of clay layers due 

to consolidation.[3][5][6] In his 1948 book, Donald Tay- 

lor recognized that interlocking and dilation of densely 

packed particles contributed to the peak strength of a soil. 

The interrelationships between volume change behavior 

(dilation, contraction, and consolidation) and shearing 

behavior were all connected via the theory of plasticity 

using critical state soil mechanics by Roscoe, Schofield, 

and Wroth with the publication of “On the Yielding of 

Soils” in 1958. Critical state soil mechanics is the ba- 

sis for many contemporary advanced constitutive models 

describing the behavior of soil.[7]
 

Geotechnical centrifuge modeling is a method of testing 

physical scale models of geotechnical problems. The use 

of a centrifuge enhances the similarity of the scale model 

tests involving soil because the strength and stiffness of 

soil is very sensitive to the confining pressure. The cen- 

trifugal acceleration allows a researcher to obtain large 

(prototype-scale) stresses in small physical models. 

 
 

1.18.2 Practicing engineers 
 

Geotechnical engineers are typically graduates of a four- 

year civil engineering program and some hold a masters 

degree. In the USA, geotechnical engineers are typi- 

cally licensed and regulated as Professional Engineers 

(PEs) in most states; currently only California and Oregon 

have licensed geotechnical engineering specialties. The 

Academy of Geo-Professionals (AGP) began issuing 

Diplomate, Geotechnical Engineering (D.GE) certifica- 

tion in 2008. State governments will typically license en- 

gineers who have graduated from an ABET accredited 

school, passed the Fundamentals of Engineering exami- 

nation, completed several years of work experience under 

the supervision of a licensed Professional Engineer, and 

passed the Professional Engineering examination.[8]
 

 

1.18.3 Soil mechanics 

 

 
 

Vv 

Main articles: Soil mechanics and Rock mechanics 

 
In geotechnical engineering, soils are considered a three- 

phase material composed of: rock or mineral particles, 

water and air. The voids of a soil, the spaces in between 

mineral particles, contain the water and air. 

The engineering properties of soils are affected by four 

main factors: the predominant size of the mineral parti- 

cles, the type of mineral particles, the grain size distri- 

bution, and the relative quantities of mineral, water and 

air present in the soil matrix. Fine particles (fines) are 

defined as particles less than 0.075 mm in diameter. 

 
Soil properties 

 

Main article: Soil mechanics 

 
Some of the important properties of soils that are used 

by geotechnical engineers to analyze site conditions and 

design earthworks, retaining structures, and foundations 

are:[2]
 

 

Specific weight or Unit Weight Cumulative weight of 

the solid particles, water and air of the unit volume 

of soil. Note that the air phase is often assumed to 

be weightless. 

Porosity Ratio of the volume of voids (containing air, 

water, or other fluids) in a soil to the total volume of 

the soil. Porosity is mathematically related to void 

ratio the by[9]
 

   e  

1+e 
 

here e is void ratio and n is porosity 

Void ratio The ratio of the volume of voids to the vol- 

ume of solid particles in a soil mass. Void ratio is 

mathematically related to the porosity by[9]
 

e =  n    
1−n 

Permeability A measure of the ability of water to 

flow through the soil. It is expressed in units of 

velocity.[10]
 

Compressibility The rate of change of volume with ef- 

fective stress. If the pores are filled with water, then 

the water must be squeezed out of the pores to al- 

low volumetric compression of the soil; this process 

   is called consolidation. 
t 

Mt Shear strength The maximum shear stress that can 

Vs be applied in a soil mass without causing shear 

failure.[11]
 

Atterberg Limits Liquid limit, Plastic limit, and 

Shrinkage limit. These indices are used for esti- 
A phase diagram of soil indicating the weights and volumes of 
air, soil, water, and voids. 

mation of other engineering properties and for soil 

classification. 

n = 
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1.18.4 Geotechnical investigation 

 

Main article:  Geotechnical investigation 

 
Geotechnical engineers and engineering geologists per- 

form geotechnical investigations to obtain information on 

the physical properties of soil and rock underlying (and 

sometimes adjacent to) a site to design earthworks and 

foundations for proposed structures, and for repair of 

distress to earthworks and structures caused by subsur- 

face conditions. A geotechnical investigation will include 

surface exploration and subsurface exploration of a site. 

Sometimes, geophysical methods are used to obtain data 

about sites. Subsurface exploration usually involves in- 

situ testing (two common examples of in-situ tests are 

the standard penetration test and cone penetration test). 

In addition site investigation will often include subsur- 

face sampling and laboratory testing of the soil samples 

retrieved. The digging of test pits and trenching (partic- 

ularly for locating faults and slide planes) may also be 

used to learn about soil conditions at depth. Large di- 

ameter borings are rarely used due to safety concerns and 

expense, but are sometimes used to allow a geologist or 

engineer to be lowered into the borehole for direct visual 

and manual examination of the soil and rock stratigraphy. 

A variety of soil samplers exist to meet the needs of dif- 

ferent engineering projects. The standard penetration test 

(SPT), which uses a thick-walled split spoon sampler, 

is the most common way to collect disturbed samples. 

Piston samplers, employing a thin-walled tube, are most 

commonly used for the collection of less disturbed sam- 

ples. More advanced methods, such as ground freezing 

and the Sherbrooke block sampler, are superior, but even 

more expensive. 

Atterberg limits tests, water content measurements, and 

grain size analysis, for example, may be performed on 

disturbed samples obtained from thick walled soil sam- 

plers. Properties such as shear strength, stiffness hy- 

draulic conductivity, and coefficient of consolidation may 

be significantly altered by sample disturbance. To mea- 

sure these properties in the laboratory, high quality sam- 

pling is required. Common tests to measure the strength 

and stiffness include the triaxial shear and unconfined 

compression test. 

Surface exploration can include geologic mapping, 

geophysical methods, and photogrammetry; or it can be 

as simple as an engineer walking around to observe the 

physical conditions at the site. Geologic mapping and in- 

terpretation of geomorphology is typically completed in 

consultation with a geologist or engineering geologist. 

Geophysical exploration is also sometimes used. Geo- 

physical techniques used for subsurface exploration in- 

clude measurement of seismic waves (pressure, shear, and 

Rayleigh waves), surface-wave methods and/or downhole 

methods, and electromagnetic surveys (magnetometer, 

resistivity, and ground-penetrating radar). 

1.18.5 Foundations 
 

Main article: Foundation (engineering) 

 
A building’s foundation transmits loads from buildings 

and other structures to the earth. Geotechnical engi- 

neers design foundations based on the load characteris- 

tics of the structure and the properties of the soils and/or 

bedrock at the site. In general, geotechnical engineers: 

 

1. Estimate the magnitude and location of the loads to 

be supported. 

 
2. Develop an investigation plan to explore the subsur- 

face. 

 
3. Determine necessary soil parameters through field 

and lab testing (e.g., consolidation test, triaxial shear 

test, vane shear test, standard penetration test). 

 
4. Design the foundation in the safest and most eco- 

nomical manner. 

 

The primary considerations for foundation support are 

bearing capacity, settlement, and ground movement be- 

neath the foundations. Bearing capacity is the ability of 

the site soils to support the loads imposed by buildings or 

structures. Settlement occurs under all foundations in all 

soil conditions, though lightly loaded structures or rock 

sites may experience negligible settlements. For heavier 

structures or softer sites, both overall settlement relative 

to unbuilt areas or neighboring buildings, and differential 

settlement under a single structure, can be concerns. Of 

particular concern is settlement which occurs over time, 

as immediate settlement can usually be compensated for 

during construction. Ground movement beneath a struc- 

ture’s foundations can occur due to shrinkage or swell of 

expansive soils due to climatic changes, frost expansion 

of soil, melting of permafrost, slope instability, or other 

causes. All these factors must be considered during de- 

sign of foundations. 

Many building codes specify basic foundation design pa- 

rameters for simple conditions, frequently varying by ju- 

risdiction, but such design techniques are normally lim- 

ited to certain types of construction and certain types of 

sites, and are frequently very conservative. 

In areas of shallow bedrock, most foundations may bear 

directly on bedrock; in other areas, the soil may pro- 

vide sufficient strength for the support of structures. In 

areas of deeper bedrock with soft overlying soils, deep 

foundations are used to support structures directly on 

the bedrock; in areas where bedrock is not economically 

available, stiff “bearing layers” are used to support deep 

foundations instead. 
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Shallow foundations 
 

Main article: Shallow foundation 

Shallow foundations are a type of foundation that trans- 
 

 

Example of a slab-on-grade foundation. 

 
fers building load to the very near the surface, rather than 

to a subsurface layer. Shallow foundations typically have 

a depth to width ratio of less than 1. 

 

Footings Footings (often called “spread footings” be- 

cause they spread the load) are structural elements which 

transfer structure loads to the ground by direct areal con- 

tact. Footings can be isolated footings for point or column 

loads, or strip footings for wall or other long (line) loads. 

Footings are normally constructed from reinforced con- 

crete cast directly onto the soil, and are typically embed- 

ded into the ground to penetrate through the zone of frost 

movement and/or to obtain additional bearing capacity. 

 

Slab foundations A variant on spread footings is to 

have the entire structure bear on a single slab of concrete 

underlying the entire area of the structure. Slabs must be 

thick enough to provide sufficient rigidity to spread the 

bearing loads somewhat uniformly, and to minimize dif- 

ferential settlement across the foundation. In some cases, 

flexure is allowed and the building is constructed to toler- 

ate small movements of the foundation instead. For small 

structures, like single-family houses, the slab may be less 

than 300 mm thick; for larger structures, the foundation 

slab may be several meters thick. 

Slab foundations can be either slab-on-grade foundations 

or embedded foundations, typically in buildings with 

basements. Slab-on-grade foundations must be designed 

to allow for potential ground movement due to changing 

soil conditions. 

 
Deep foundations 

 

Main article: Deep foundations 

 

 
 

Pile-driving for a bridge in Napa, California. 
 

 
Deep foundations are used for structures or heavy loads 

when shallow foundations cannot provide adequate ca- 

pacity, due to size and structural limitations. They may 

also be used to transfer building loads past weak or com- 

pressible soil layers. While shallow foundations rely 

solely on the bearing capacity of the soil beneath them, 

deep foundations can rely on end bearing resistance, fric- 

tional resistance along their length, or both in developing 

the required capacity. Geotechnical engineers use spe- 

cialized tools, such as the cone penetration test, to esti- 

mate the amount of skin and end bearing resistance avail- 

able in the subsurface. 

There are many types of deep foundations including 

piles, drilled shafts, caissons, piers, and earth stabilized 

columns. Large buildings such as skyscrapers typically 

require deep foundations. For example, the Jin Mao 

Tower in China uses tubular steel piles about 1m (3.3 

feet) driven to a depth of 83.5m (274 feet) to support its 

weight. 

In buildings that are constructed and found to undergo 

settlement, underpinning piles can be used to stabilise the 

existing building. 

There are three ways to place piles for a deep founda- 

tion. They can be driven, drilled, or installed by use of 

an auger. Driven piles are extended to their necessary 

depths with the application of external energy in the same 

way a nail is hammered. There are four typical ham- 

mers used to drive such piles: drop hammers, diesel ham- 

mers, hydraulic hammers, and air hammers. Drop ham- 

mers simply drop a heavy weight onto the pile to drive it, 
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while diesel hammers use a single cylinder diesel engine 

to force piles through the Earth. Similarly, hydraulic and 

air hammers supply energy to piles through hydraulic and 

air forces. Energy imparted from a hammer head varies 

with type of hammer chosen, and can be as high as a mil- 

lion foot pounds for large scale diesel hammers, a very 

common hammer head used in practice. Piles are made 

of a variety of material including steel, timber, and con- 

crete. Drilled piles are created by first drilling a hole to 

the appropriate depth, and filling it with concrete. Drilled 

piles can typically carry more load than driven piles, sim- 

ply due to a larger diameter pile. The auger method of 

pile installation is similar to drilled pile installation, but 

concrete is pumped into the hole as the auger is being 

removed.[12]
 

 

1.18.6 Lateral earth support structures 

Main article: Retaining wall 

 
A retaining wall is a structure that holds back earth. 

Retaining walls stabilize soil and rock from downslope 

movement or erosion and provide support for vertical or 

near-vertical grade changes. Cofferdams and bulkheads, 

structures to hold back water, are sometimes also consid- 

ered retaining walls. 

The primary geotechnical concern in design and installa- 

tion of retaining walls is that the weight of the retained 

material is creates lateral earth pressure behind the wall, 

which can cause the wall to deform or fail. The lateral 

earth pressure depends on the height of the wall, the den- 

sity of the soil,the strength of the soil, and the amount of 

allowable movement of the wall. This pressure is smallest 

at the top and increases toward the bottom in a manner 

similar to hydraulic pressure, and tends to push the wall 

away from the backfill. Groundwater behind the wall that 

is not dissipated by a drainage system causes an additional 

horizontal hydraulic pressure on the wall. 

 
 

Gravity walls 

 

Gravity walls depend on the size and weight of the wall 

mass to resist pressures from behind. Gravity walls will 

often have a slight setback, or batter, to improve wall sta- 

bility. For short, landscaping walls, gravity walls made 

from dry-stacked (mortarless) stone or segmental con- 

crete units (masonry units) are commonly used. 

Earlier in the 20th century, taller retaining walls were 

often gravity walls made from large masses of concrete 

or stone. Today, taller retaining walls are increasingly 

built as composite gravity walls such as: geosynthetic or 

steel-reinforced backfill soil with precast facing; gabions 

(stacked steel wire baskets filled with rocks), crib walls 

(cells built up log cabin style from precast concrete or 

timber and filled with soil or free draining gravel) or soil- 

nailed walls (soil reinforced in place with steel and con- 

crete rods). 

For reinforced-soil gravity walls, the soil reinforcement 

is placed in horizontal layers throughout the height of the 

wall. Commonly, the soil reinforcement is geogrid, a 

high-strength polymer mesh, that provide tensile strength 

to hold soil together. The wall face is often of precast, 

segmental concrete units that can tolerate some differen- 

tial movement. The reinforced soil’s mass, along with the 

facing, becomes the gravity wall. The reinforced mass 

must be built large enough to retain the pressures from 

the soil behind it. Gravity walls usually must be a mini- 

mum of 30 to 40 percent as deep (thick) as the height of 

the wall, and may have to be larger if there is a slope or 

surcharge on the wall. 

 

Cantilever walls 

 

Prior to the introduction of modern reinforced-soil grav- 

ity walls, cantilevered walls were the most common type 

of taller retaining wall. Cantilevered walls are made from 

a relatively thin stem of steel-reinforced, cast-in-place 

concrete or mortared masonry (often in the shape of an 

inverted T). These walls cantilever loads (like a beam) to 

a large, structural footing; converting horizontal pressures 

from behind the wall to vertical pressures on the ground 

below. Sometimes cantilevered walls are buttressed on 

the front, or include a counterfort on the back, to improve 

their stability against high loads. Buttresses are short wing 

walls at right angles to the main trend of the wall. These 

walls require rigid concrete footings below seasonal frost 

depth. This type of wall uses much less material than a 

traditional gravity wall. 

Cantilever walls resist lateral pressures by friction at the 

base of the wall and/or passive earth pressure, the ten- 

dency of the soil to resist lateral movement. 

Basements are a form of cantilever walls, but the forces 

on the basement walls are greater than on conventional 

walls because the basement wall is not free to move. 

 

Excavation shoring 

 

Shoring of temporary excavations frequently requires a 

wall design which does not extend laterally beyond the 

wall, so shoring extends below the planned base of the 

excavation. Common methods of shoring are the use of 

sheet piles or soldier beams and lagging. Sheet piles 

are a form of driven piling using thin interlocking sheets 

of steel to obtain a continuous barrier in the ground, and 

are driven prior to excavation. Soldier beams are con- 

structed of wide flange steel H sections spaced about 2–3 

m apart, driven prior to excavation. As the excavation 

proceeds, horizontal timber or steel sheeting (lagging) is 

inserted behind the H pile flanges. 

In some cases, the lateral support which can be pro- 
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vided by the shoring wall alone is insufficient to resist the 

planned lateral loads; in this case additional support is 

provided by walers or tie-backs. Walers are structural el- 

ements which connect across the excavation so that the 

loads from the soil on either side of the excavation are 

used to resist each other, or which transfer horizontal 

loads from the shoring wall to the base of the excavation. 

Tie-backs are steel tendons drilled into the face of the wall 

which extend beyond the soil which is applying pressure 

to the wall, to provide additional lateral resistance to the 

wall. 

 

 

1.18.7 Earthworks 
 

See also: Earthworks (engineering) 

 

 

 

Excavation 

 

Excavation is the process of training earth according to 

requirement by removing the soil from the site. 

 

 

Filling 

 

Filling is the process of training earth according to re- 

quirement by placing the soil on the site. 

 

 

Compaction 

 
 

 

A compactor/roller operated by U.S. Navy Seabees 

 
Compaction is the process by which the density of soil 

is increased and permeability of soil is decreased. Fill 

placement work often has specifications requiring a spe- 

cific degree of compaction, or alternatively, specific prop- 

erties of the compacted soil. In-situ soils can be com- 

pacted by rolling, deep dynamic compaction, vibration, 

blasting, gyrating, kneading, compaction grouting etc. 

1.18.8 Ground Improvement 
 

Ground Improvement is a technique that improves the en- 

gineering properties of the treated soil mass. Usually, 

the properties modified are shear strength, stiffness and 

permeability. Ground improvement has developed into a 

sophisticated tool to support foundations for a wide vari- 

ety of structures. Properly applied, i.e. after giving due 

consideration to the nature of the ground being improved 

and the type and sensitivity of the structures being built, 

ground improvement often reduces direct costs and saves 

time.[13]
 

 
1.18.9 Slope stabilization 

 

Simple slope slip section. 
 

Main article: Slope stability 

 
Slope stability is the potential of soil covered slopes to 

withstand and undergo movement. Stability is deter- 

mined by the balance of shear stress and shear strength. 

A previously stable slope may be initially affected by 

preparatory factors, making the slope conditionally unsta- 

ble. Triggering factors of a slope failure can be climatic 

events can then make a slope actively unstable, leading to 

mass movements. Mass movements can be caused by in- 

creases in shear stress, such as loading, lateral pressure, 

and transient forces. Alternatively, shear strength may be 

decreased by weathering, changes in pore water pressure, 

and organic material. 

Several modes of failure for earth slopes include falls, 

topples, slides, and flows. In slopes with coarse grained 

soil or rocks, falls typically occur as the rapid descent 

of rocks and other loose slope material. A slope topples 

when a large column of soil tilts over its vertical axis at 

failure. Typical slope stability analysis considers sliding 

failures, categorized mainly as rotational slides or trans- 

lational slides. As implied by the name, rotational slides 

fail along a generally curved surface, while translational 

slides fail along a more planar surface. A slope failing as 

a flow would resemble a fluid flowing downhill. 
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Slope stability analysis 
 

Main article: Slope stability analysis 

 
Stability analysis is needed for the design of engineered 

slopes and for estimating the risk of slope failure in nat- 

ural or designed slopes. A common assumption is that a 

slope consists of a layer of soil sitting on top of a rigid 

base. The mass and the base are assumed to interact via 

friction. The interface between the mass and the base can 

be planar, curved, or have some other complex geometry. 

The goal of a slope stability analysis is to determine the 

conditions under which the mass will slip relative to the 

base and lead to slope failure.[14]
 

If the interface between the mass and the base of a slope 

has a complex geometry, slope stability analysis is diffi- 

cult and numerical solution methods are required. Typ- 

ically, the exact geometry of the interface is not known 

and a simplified interface geometry is assumed. Finite 

slopes require three-dimensional models to be analyzed. 

To keep the problem simple, most slopes are analyzed as- 

suming that the slopes are infinitely wide and can there- 

fore be represented by two-dimensional models. A slope 

can be drained or undrained. The undrained condition is 

used in the calculations to produce conservative estimates 

of risk. 

A popular stability analysis approach is based on prin- 

ciples pertaining to the limit equilibrium concept. This 

method analyzes a finite or infinite slope as if it were 

about to fail along its sliding failure surface. Equilib- 

rium stresses are calculated along the failure plane, and 

compared to the soils shear strength as determined by 

Terzaghi’s shear strength equation. Stability is ultimately 

decided by a factor of safety equal to the ratio of shear 

strength to the equilibrium stresses along the failure sur- 

face. A factor of safety greater than one generally implies 

a stable slope, failure of which should not occur assum- 

ing the slope is undisturbed. A factor of safety of 1.5 for 

static conditions is commonly used in practice. 

 
 

1.18.10 Offshore geotechnical engineering 
 

Main article: Offshore geotechnical engineering 

Offshore (or marine) geotechnical engineering is con- 

cerned with foundation design for human-made struc- 

tures in the sea, away from the coastline (in opposition to 

onshore or nearshore).[15] Oil platforms, artificial islands 

and submarine pipelines are examples of such structures. 

There are number of significant differences between on- 

shore and offshore geotechnical engineering.[15][16] No- 

tably, ground improvement (on the seabed) and site inves- 

tigation are more expensive, the offshore structures are 

exposed to a wider range of geohazards, and the environ- 

mental and financial consequences are higher in case of 

failure. Offshore structures are exposed to various envi- 

ronmental loads, notably wind, waves and currents. These 

 

 
 

Platforms offshore Mexico. 
 
 

phenomena may affect the integrity or the serviceability 

of the structure and its foundation during its operational 

lifespan – they need to be taken into account in offshore 

design. 

In subsea geotechnical engineering, seabed materials are 

considered a two-phase material composed of 1) rock 

or mineral particles and 2) water.[17][18] Structures may 

be fixed in place in the seabed—as is the case for piers, 

jettys and fixed-bottom wind turbines—or may be a float- 

ing structure that remain roughly fixed relative to its 

geotechnical anchor point. Undersea mooring of human- 

engineered floating structures include a large number of 

offshore oil and gas platforms and, since 2008, a few 

floating wind turbines. Two common types of engineered 

design for anchoring floating structures include tension- 

leg and catenary loose mooring systems. “Tension leg 

mooring systems have vertical tethers under tension pro- 

viding large restoring moments in pitch and roll. Catenary 

mooring systems provide station keeping for an offshore 

structure yet provide little stiffness at low tensions.”[19]
 

 
1.18.11 Geosynthetics 

 

A collage of geosynthetic products. 
 

Main article: Geosynthetics 

 

Geosynthetics are a type of plastic polymer products 

https://en.wikipedia.org/wiki/Slope_stability_analysis
https://en.wikipedia.org/wiki/Geotechnical_engineering#cite_note-14
https://en.wikipedia.org/wiki/Shear_strength_(soil)#Drained_shear_strength
https://en.wikipedia.org/wiki/Offshore_geotechnical_engineering
https://en.wikipedia.org/wiki/Sea
https://en.wikipedia.org/wiki/Coast
https://en.wikipedia.org/wiki/Geotechnical_engineering#cite_note-Dean-15
https://en.wikipedia.org/wiki/Oil_platform
https://en.wikipedia.org/wiki/Artificial_island
https://en.wikipedia.org/wiki/Submarine_pipeline
https://en.wikipedia.org/wiki/Geotechnical_engineering#cite_note-Dean-15
https://en.wikipedia.org/wiki/Geotechnical_engineering#cite_note-Dean-15
https://en.wikipedia.org/wiki/Geohazard
https://en.wikipedia.org/wiki/Wind
https://en.wikipedia.org/wiki/Wind_wave
https://en.wikipedia.org/wiki/Ocean_current
https://en.wikipedia.org/wiki/Subsea
https://en.wikipedia.org/wiki/Mineral
https://en.wikipedia.org/wiki/Geotechnical_engineering#cite_note-Das-17
https://en.wikipedia.org/wiki/Geotechnical_engineering#cite_note-Das-17
https://en.wikipedia.org/wiki/Pier
https://en.wikipedia.org/wiki/Jetty
https://en.wikipedia.org/wiki/Offshore_drilling_rig
https://en.wikipedia.org/wiki/Floating_wind_turbine
https://en.wikipedia.org/wiki/Tension-leg_platform
https://en.wikipedia.org/wiki/Tension-leg_platform
https://en.wikipedia.org/wiki/Catenary
https://en.wikipedia.org/wiki/Mooring_(watercraft)
https://en.wikipedia.org/wiki/Moment_of_inertia
https://en.wikipedia.org/wiki/Catenary
https://en.wikipedia.org/wiki/Geotechnical_engineering#cite_note-mit200710-19
https://en.wikipedia.org/wiki/Geosynthetics


1.18.   GEOTECHNICAL ENGINEERING 140 
 

 

Muslims and Evolution of Science 

 

 

used in geotechnical engineering that improve engi- 

neering performance while reducing costs. This in- 

cludes geotextiles, geogrids, geomembranes, geocells, 

and geocomposites. The synthetic nature of the prod- 

ucts make them suitable for use in the ground where high 

levels of durability are required; their main functions in- 

clude: drainage, filtration, reinforcement, separation and 

containment. Geosynthetics are available in a wide range 

of forms and materials, each to suit a slightly different end 

use, although they are frequently used together. These 

products have a wide range of applications and are cur- 

rently used in many civil and geotechnical engineering ap- 

plications including: roads, airfields, railroads, embank- 

ments, piled embankments, retaining structures, reser- 

voirs, canals, dams, landfills, bank protection and coastal 

engineering.[20]
 

 
1.18.12 See also 

• Civil engineering 

• Deep Foundations Institute 

• Earth structure 

• Effective stress 

• Geology 

• Engineering geology 

• Rock mass classifications 

• Seismology 

• Geoprofessions 

• International Society for Soil Mechanics and 
Geotechnical Engineering 

• Karl von Terzaghi 

• Land reclamation 

• Landfill 

• List of publications in geotechnical engineering 

• Mechanically stabilized earth 

• Observational method (geotechnics) 

• Offshore geotechnical engineering 

• Sediment control 

• Soil mechanics 

• Soil physics 

• Soil science 

• Plaxis 
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1.19 Earthquake Engineering 
 
Earthquake engineering is an interdisciplinary branch 

of engineering that designs and analyzes structures, such 

as buildings and bridges, with earthquakes in mind. Its 

overall goal is to make such structures more resistant 

to earthquakes. An earthquake (or seismic) engineer 

aims to construct structures that will not be damaged 

in minor shaking and will avoid serious damage or col- 

lapse in a major earthquake. Earthquake engineering 

is the scientific field concerned with protecting society, 

the natural environment, and the man-made environ- 

ment from earthquakes by limiting the seismic risk to 

socio-economically acceptable levels.[1] Traditionally, it 

has been narrowly defined as the study of the behav- 

 

 
 

Shake-table crash testing of a regular building model (left) and 
[3] 

ior of structures and geo-structures subject to seismic 

loading; it is considered as a subset of structural engi- 

neering, geotechnical engineering, mechanical engineer- 

ing, chemical engineering, applied physics, etc. How- 

ever, the tremendous costs experienced in recent earth- 

quakes have led to an expansion of its scope to encom- 

pass disciplines from the wider field of civil engineer- 

ing, mechanical engineering and from the social sciences, 

especially sociology, political science, economics and 

finance. 

The main objectives of earthquake engineering are: 

 
• Foresee the potential consequences of strong 

earthquakes on urban areas and civil infrastructure. 

 

• Design, construct and maintain structures to 
perform at earthquake exposure up to the expecta- 
tions and in compliance with building codes.[2]

 

 
A properly engineered structure does not necessarily have 

to be extremely strong or expensive. It has to be properly 

designed to withstand the seismic effects while sustaining 

an acceptable level of damage. 

a base-isolated building model  (right) at UCSD 

 

 

1.19.1 Seismic loading 
 

Main article: Seismic loading 

 
Seismic loading means application of an earthquake- 

generated excitation on a structure (or geo-structure). It 

happens at contact surfaces of a structure either with 

the ground,[4] with adjacent structures,[5] or with gravity 

waves from tsunami. The loading that is expected at a 

given location on the Earth’s surface is estimated by en- 

gineering seismology. It is related to the seismic hazard 

of the location. 

 
 

Tokyo Skytree, equipped with a tuned mass damper, is the world’s 
tallest tower and is the world’s second tallest structure. 

 

1.19.2 Seismic performance 
 

Main article: Seismic analysis 

 
Earthquake or seismic performance defines a struc- 

ture’s ability to sustain its main functions, such as its 

safety and serviceability, at and after a particular earth- 
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quake exposure. A structure is normally considered safe 
if it does not endanger the lives and well-being of those 

in or around it by partially or completely collapsing. A 

structure may be considered serviceable if it is able to ful- 

fill its operational functions for which it was designed. 

Basic concepts of the earthquake engineering, imple- 

mented in the major building codes, assume that a 

building should survive a rare, very severe earthquake 

by sustaining significant damage but without globally 

collapsing.[6] On the other hand, it should remain oper- 

ational for more frequent, but less severe seismic events. 

 
Seismic performance assessment 

 

Engineers need to know the quantified level of the ac- 

tual or anticipated seismic performance associated with 

the direct damage to an individual building subject to a 

specified ground shaking. Such an assessment may be 

performed either experimentally or analytically. 

 

Experimental assessment Experimental evaluations 

are expensive tests that are typically done by placing a 

(scaled) model of the structure on a shake-table that simu- 

lates the earth shaking and observing its behavior.[7] Such 

kinds of experiments were first performed more than a 

century ago.[8] Only recently has it become possible to 

perform 1:1 scale testing on full structures. 

Due to the costly nature of such tests, they tend to be used 

mainly for understanding the seismic behavior of struc- 

tures, validating models and verifying analysis methods. 

Thus, once properly validated, computational models and 

numerical procedures tend to carry the major burden for 

the seismic performance assessment of structures. 

 

 

 

Snapshot from shake-table video of a 6-story non-ductile con- 
crete building destructive testing 

 
Analytical/Numerical assessment Seismic perfor- 

mance assessment or seismic structural analysis is a 

powerful tool of earthquake engineering which utilizes 

detailed modelling of the structure together with meth- 

ods of structural analysis to gain a better understanding of 

seismic performance of building and non-building struc- 

tures. The technique as a formal concept is a relatively 

recent development. 

In general, seismic structural analysis is based on the 

methods of structural dynamics.[9] For decades, the most 

prominent instrument of seismic analysis has been the 

earthquake response spectrum method which also con- 

tributed to the proposed building code’s concept of 

today.[10]
 

However, such methods are good only for linear elastic 

systems, being largely unable to model the structural be- 

havior when damage (i.e., non-linearity) appears. Nu- 

merical step-by-step integration proved to be a more ef- 

fective method of analysis for multi-degree-of-freedom 

structural systems with significant non-linearity under a 

transient process of ground motion excitation.[11]
 

Basically, numerical analysis is conducted in order to 

evaluate the seismic performance of buildings. Perfor- 

mance evaluations are generally carried out by using non- 

linear static pushover analysis or nonlinear time-history 

analysis. In such analyses, it is essential to achieve accu- 

rate non-linear modeling of structural components such 

as beams, columns, beam-column joints, shear walls etc. 

Thus, experimental results play an important role in de- 

termining the modeling parameters of individual compo- 

nents, especially those that are subject to significant non- 

linear deformations. The individual components are then 

assembled to create a full non-linear model of the struc- 

ture. Thus created models are analyzed to evaluate the 

performance of buildings. 

The capabilities of the structural analysis software are 

a major consideration in the above process as they re- 

strict the possible component models, the analysis meth- 

ods available and, most importantly, the numerical ro- 

bustness. The latter becomes a major consideration for 

structures that venture into the non-linear range and ap- 

proach global or local collapse as the numerical solution 

becomes increasingly unstable and thus difficult to reach. 

There are several commercially available Finite Ele- 

ment Analysis software’s such as CSI-SAP2000 and CSI- 

PERFORM-3D and Scia Engineer-ECtools which can be 

used for the seismic performance evaluation of buildings. 

Moreover, there is research-based finite element analysis 

platforms such as OpenSees, RUAUMOKO and the older 

DRAIN-2D/3D, several of which are now open source. 

 

 

1.19.3 Research for earthquake engineer- 
ing 

 

Research for earthquake engineering means both field 

and analytical investigation or experimentation intended 

for discovery and scientific explanation of earthquake en- 

gineering related facts, revision of conventional concepts 

in the light of new findings, and practical application of 

the developed theories. 
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Shake-table testing of Friction Pendulum Bearings at EERC 
 

 
The National Science Foundation (NSF) is the main 

United States government agency that supports funda- 

mental research and education in all fields of earthquake 

engineering. In particular, it focuses on experimental, an- 

alytical and computational research on design and perfor- 

mance enhancement of structural systems. 

 

E-Defense  Shake Table[12]
 

 
The Earthquake Engineering Research Institute (EERI) 

is a leader in dissemination of earthquake engineering re- 

search related information both in the U.S. and globally. 

A definitive list of earthquake engineering research re- 

lated shaking tables around the world may be found in Ex- 

 
perimental Facilities for Earthquake Engineering Simula- 

tion Worldwide.[13] The most prominent of them is now 

E-Defense Shake Table[14] in Japan. 

 

Major U.S. research programs 

 

 

Large High Performance Outdoor Shake Table, UCSD, NEES 
network 

 

NSF also supports the George E. Brown, Jr. Network for 

Earthquake Engineering Simulation 

The NSF Hazard Mitigation and Structural Engineering 

program (HMSE) supports research on new technologies 

for improving the behavior and response of structural 

systems subject to earthquake hazards; fundamental re- 

search on safety and reliability of constructed systems; 

innovative developments in analysis and model based 

simulation of structural behavior and response including 

soil-structure interaction; design concepts that improve 

structure performance and flexibility; and application of 

new control techniques for structural systems.[15]
 

(NEES) that advances knowledge discovery and innova- 

tion for earthquakes and tsunami loss reduction of the na- 

tion’s civil infrastructure and new experimental simula- 

tion techniques and instrumentation.[16]
 

The NEES network features 14 geographically- 

distributed, shared-use laboratories that support several 

types of experimental work:[16] geotechnical centrifuge 

research, shake-table tests, large-scale structural test- 

ing, tsunami wave basin experiments, and field site 

research.[17] Participating universities include: Cornell 

University; Lehigh University; Oregon State University; 

Rensselaer Polytechnic Institute; University at Buffalo, 

State University of New York; University of California, 

Berkeley; University of California, Davis; University 

of California, Los Angeles; University of California, 

San Diego; University of California, Santa Barbara; 

University of Illinois, Urbana-Champaign; University 

of Minnesota; University of Nevada, Reno; and the 

University of Texas, Austin.[16]
 

The equipment sites (labs) and a central data repository 

are connected to the global earthquake engineering com- 

munity via the NEEShub website. The NEES website 
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NEES at Buffalo testing facility 
 
 

is powered by HUBzero software developed at Purdue 

University for nanoHUB specifically to help the scientific 

community share resources and collaborate. The cyber- 

infrastructure, connected via Internet2, provides interac- 

tive simulation tools, a simulation tool development area, 

a curated central data repository, animated presentations, 

user support, telepresence, mechanism for uploading and 

sharing resources, and statistics about users and usage 

patterns. 

This cyberinfrastructure allows researchers to: securely 

store, organize and share data within a standardized 

framework in a central location; remotely observe and 

participate in experiments through the use of synchro- 

nized real-time data and video; collaborate with col- 

leagues to facilitate the planning, performance, analy- 

sis, and publication of research experiments; and conduct 

computational and hybrid simulations that may combine 

the results of multiple distributed experiments and link 

physical experiments with computer simulations to en- 

able the investigation of overall system performance. 

These resources jointly provide the means for collabora- 

tion and discovery to improve the seismic design and per- 

formance of civil and mechanical infrastructure systems. 

 
Earthquake  simulation 

 

The very first earthquake simulations were performed 

by statically applying some horizontal inertia forces based 

on scaled peak ground accelerations to a mathematical 

model of a building.[18] With the further development of 

computational technologies, static approaches began to 

give way to dynamic ones. 

Dynamic experiments on building and non-building 

structures may be physical, like shake-table testing, or 

virtual ones. In both cases, to verify a structure’s ex- 

pected seismic performance, some researchers prefer to 

deal with so called “real time-histories” though the last 

cannot be “real” for a hypothetical earthquake specified 

by either a building code or by some particular research 

requirements. Therefore, there is a strong incentive to en- 

gage an earthquake simulation which is the seismic input 

 

that possesses only essential features of a real event. 

Sometimes earthquake simulation is understood as a re- 

creation of local effects of a strong earth shaking. 

 
Structure simulation 

 

 

Concurrent experiments with two building models which    are 

kinematically equivalent to a real prototype.[19]
 

 
Theoretical or experimental evaluation of anticipated 

seismic performance mostly requires a structure simu- 

lation which is based on the concept of structural like- 

ness or similarity. Similarity is some degree of analogy 

or resemblance between two or more objects. The notion 

of similarity rests either on exact or approximate repeti- 

tions of patterns in the compared items. 

In general, a building model is said to have similarity with 

the real object if the two share geometric similarity, kine- 
matic similarity and dynamic similarity. The most vivid 

and effective type of similarity is the kinematic one. Kine- 
matic similarity exists when the paths and velocities of 

moving particles of a model and its prototype are similar. 

The ultimate level of kinematic similarity is kinematic 
equivalence when, in the case of earthquake engineering, 

time-histories of each story lateral displacements of the 

model and its prototype would be the same. 

 

1.19.4 Seismic vibration control 
 

Seismic vibration control is a set of technical means 

aimed to mitigate seismic impacts in building and non- 

building structures. All seismic vibration control devices 

may be classified as passive, active or hybrid[20] where: 

• passive control devices have no feedback capability 
between them, structural elements and the ground; 

• active control devices incorporate real-time record- 

ing instrumentation on the ground integrated 
with earthquake input processing equipment and 

actuators within the structure; 

• hybrid control devices have combined features of ac- 
tive and passive control systems.[21]

 

 

When ground seismic waves reach up and start to pene- 

trate a base of a building, their energy flow density, due 
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to reflections, reduces dramatically: usually, up to 90%. 

However, the remaining portions of the incident waves 

during a major earthquake still bear a huge devastating 

potential. 

After the seismic waves enter a superstructure, there are 

a number of ways to control them in order to soothe their 

damaging effect and improve the building’s seismic per- 

formance, for instance: 

 

• to dissipate the wave energy inside a superstructure 

with properly engineered dampers; 

• to disperse the wave energy between a wider range 
of frequencies; 

• to absorb the resonant portions of the whole wave 
frequencies band with the help of so-called mass 
dampers.[22]

 

 

Mausoleum of Cyrus, the oldest base-isolated structure in the 
world 

 

Devices of the last kind, abbreviated correspondingly as 

TMD for the tuned (passive), as AMD for the active, and 

as HMD for the hybrid mass dampers, have been stud- 

ied and installed in high-rise buildings, predominantly in 

Japan, for a quarter of a century.[23]
 

However, there is quite another approach: partial sup- 

pression of the seismic energy flow into the superstructure 

known as seismic or base isolation. 

For this, some pads are inserted into or under all major 

load-carrying elements in the base of the building which 

should substantially decouple a superstructure from its 

substructure resting on a shaking ground. 

The first evidence of earthquake protection by using the 

principle of base isolation was discovered in Pasargadae, 

a city in ancient Persia, now Iran, and dates back to the 6th 

century BCE. Below, there are some samples of seismic 

vibration control technologies of today. 

 
Dry-stone walls control 

 

People of Inca civilization were masters of the polished 

'dry-stone walls’, called ashlar, where blocks of stone 

 

 

 

 

Dry-stone walls of Machu Picchu Temple of the Sun, Peru 
 
 

were cut to fit together tightly without any mortar. The 

Incas were among the best stonemasons the world has 

ever seen[24] and many junctions in their masonry were 

so perfect that even blades of grass could not fit between 

the stones. 

Peru is a highly seismic land and for centuries the 

mortar-free construction proved to be apparently more 

earthquake-resistant than using mortar. The stones 

of the dry-stone walls built by the Incas could move 

slightly and resettle without the walls collapsing, a passive 

structural control technique employing both the princi- 

ple of energy dissipation and that of suppressing resonant 

amplifications.[25]
 

 
Tuned mass damper 

 

Main article: Tuned mass damper 

Typically the tuned mass dampers are huge concrete 
 

 

Tuned mass damper in Taipei 101, the world’s third tallest 
skyscraper 

 
blocks mounted in skyscrapers or other structures and 

moved in opposition to the resonance frequency oscilla- 

tions of the structures by means of some sort of spring 
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mechanism. 

Taipei 101 skyscraper needs to withstand typhoon winds 

and earthquake tremors common in its area of the Asia- 

Pacific. For this purpose, a steel pendulum weighing 660 

metric tones that serves as a tuned mass damper was de- 

signed and installed atop the structure. Suspended from 

the 92nd to the 88th floor, the pendulum sways to de- 

crease resonant amplifications of lateral displacements in 

the building caused by earthquakes and strong gusts. 

 
Hysteretic dampers 

 

Hysteretic damper is intended to provide better and 

more reliable seismic performance than that of a conven- 

tional structure at the expense of the seismic input energy 

dissipation.[26] There are five major groups of hysteretic 

dampers used for the purpose, namely: 

• Fluid viscous dampers (FVDs) 

 

Viscous Dampers have the benefit of being a supplemen- 

tal damping system. They have an oval hysteretic loop 

and the damping is velocity dependent. While some mi- 

nor maintenance is potentially required, viscous dampers 

generally do not need to be replaced after an earthquake. 

While more expensive than other damping technologies 

they can be used for both seismic and wind loads and are 

the most commonly used hysteric damper. 

• Friction dampers (FDs) 

 

Friction dampers tend to be available in two major types, 

linear and rotational and dissipate energy by heat. The 

damper operates on the principle of a coulomb damper. 

Depending on the design, friction dampers can experi- 

ence stick-slip phenomenon and Cold welding. The main 

disadvantage being that friction surfaces can wear over 

time and for this reason they are not recommended for 

dissipating wind loads. When used in seismic applica- 

tions wear is not a problem and there is no required main- 

tenance. They have a rectangular hysteretic loop and as 

long as the building is sufficiently elastic they tend to set- 

tle back to their original positions after an earthquake. 

• Metallic yielding dampers (MYDs) 

 

Metallic yielding dampers, as the name implies, yield in 

order to absorb the earthquake’s energy. This type of 

damper absorbs a large amount of energy however they 

must be replaced after an earthquake and may prevent the 

building from settling back to its original position. 

• Viscoelastic dampers (VEDs) 

 

Viscoelastic dampers are useful in that they can be used 

for both wind and seismic applications, they are usually 

limited to small displacements. There is some concern as 

to the reliability of the technology as some brands have 

been banned from use in buildings in the United States. 
 

• Straddlingpendulum dampers (swing) 

Base Isolation 

Base Isolation seeks to prevent the kinetic energy of the 

earthquake from being transferred into elastic energy in 

the building. These technologies do so by isolating the 

structure from the ground, thus enabling them to move 

somewhat independently. The degree to which the energy 

is transferred into the strucuture and how the energy is 

dissipated will vary depending on the technology used. 
 

• Lead Rubber Bearing 

 

LRB being tested at the UCSD Caltrans-SRMD facility 

 
Lead Rubber Bearing or LRB is a type of base isola- 

tion employing a heavy damping. It was invented by Bill 

Robinson, a New Zealander.[27]
 

Heavy damping mechanism incorporated in vibration 

control technologies and, particularly, in base isolation 

devices, is often considered a valuable source of suppress- 

ing vibrations thus enhancing a building’s seismic per- 

formance. However, for the rather pliant systems such 

as base isolated structures, with a relatively low bearing 

stiffness but with a high damping, the so-called “damp- 

ing force” may turn out the main pushing force at a strong 

earthquake. The video[28] shows a Lead Rubber Bear- 

ing being tested at the UCSD Caltrans-SRMD facility. 

The bearing is made of rubber with a lead core. It was 

a uniaxial test in which the bearing was also under a full 

structure load. Many buildings and bridges, both in New 

Zealand and elsewhere, are protected with lead dampers 

and lead and rubber bearings. Te Papa Tongarewa, the 

national museum of New Zealand, and the New Zealand 

Parliament Buildings have been fitted with the bearings. 

Both are in Wellington which sits on an active earthquake 

fault.[27]
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• Springs-with-damper base isolator 

 

Springs-with-damper close-up 

 
Springs-with-damper base isolator installed under a 

three-story town-house, Santa Monica, California is 

shown on the photo taken prior to the 1994 Northridge 

earthquake exposure. It is a base isolation device con- 

ceptually similar to Lead Rubber Bearing. 

One of two three-story town-houses like this, which was 

well instrumented for recording of both vertical and hor- 

izontal accelerations on its floors and the ground, has sur- 

vived a severe shaking during the Northridge earthquake 

and left valuable recorded information for further study. 

• Simple roller bearing 

 

Simple roller bearing is a base isolation device which 

is intended for protection of various building and non- 

building structures against potentially damaging lateral 

impacts of strong earthquakes. 

This metallic bearing support may be adapted, with cer- 

tain precautions, as a seismic isolator to skyscrapers and 

buildings on soft ground. Recently, it has been employed 

under the name of Metallic Roller Bearing for a housing 

complex (17 stories) in Tokyo, Japan.[29]
 

• Friction pendulum bearing 

 

Friction Pendulum Bearing (FPB) is another name of 

Friction Pendulum System (FPS). It is based on three 

pillars:[31]
 

• articulated friction slider; 

• spherical concave sliding surface; 

• enclosing cylinder for lateral displacement restraint. 

 

 
 

FPB[30]   shake-table testing 

 
 

Snapshot with the link to video clip of a shake-table test- 

ing of FPB system supporting a rigid building model is 

presented at the right. 

 

1.19.5 Seismic design 
 

Seismic design is based on authorized engineering pro- 

cedures, principles and criteria meant to design or retrofit 

structures subject to earthquake exposure.[18] Those cri- 

teria are only consistent with the contemporary state 

of the knowledge about earthquake engineering struc- 

tures.[32] Therefore, a building design which exactly fol- 

lows seismic code regulations does not guarantee safety 

against collapse or serious damage.[33]
 

The price of poor seismic design may be enormous. Nev- 

ertheless, seismic design has always been a trial and error 

process whether it was based on physical laws or on em- 

pirical knowledge of the structural performance of dif- 

ferent shapes and materials. 
 

 

San Francisco City Hall destroyed by 1906 earthquake and fire. 

 
To practice seismic design, seismic analysis or seismic 

evaluation of new and existing civil engineering projects, 

an engineer should, normally, pass examination on Seis- 
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San Francisco after the 1906 earthquake and fire 
 
 

mic Principles[34] which, in the State of California, in- 

clude: 

 

• Seismic Data and Seismic Design Criteria 

• Seismic Characteristics of Engineered Systems 

• Seismic Forces 

• Seismic Analysis Procedures 

• Seismic Detailing and Construction Quality Control 

 
To build up complex structural systems,[35] seismic de- 

sign largely uses the same relatively small number of ba- 

sic structural elements (to say nothing of vibration control 

devices) as any non-seismic design project. 

Normally, according to building codes, structures are de- 

signed to “withstand” the largest earthquake of a certain 

probability that is likely to occur at their location. This 

means the loss of life should be minimized by preventing 

collapse of the buildings. 

Seismic design is carried out by understanding the possi- 

ble failure modes of a structure and providing the struc- 

ture with appropriate strength, stiffness, ductility, and 

configuration[36] to ensure those modes cannot occur. 

 
Seismic design requirements 

 

Seismic design requirements depend on the type of the 

structure, locality of the project and its authorities which 

stipulate applicable seismic design codes and criteria.[6] 

For instance, California Department of Transportation's 

requirements called The Seismic Design Criteria (SDC) 

and aimed at the design of new bridges in California[37] 

incorporate an innovative seismic performance-based ap- 

proach. 

The most significant feature in the SDC design philoso- 

phy is a shift from a force-based assessment of seismic 

demand to a displacement-based assessment of demand 

and capacity. Thus, the newly adopted displacement ap- 

proach is based on comparing the elastic displacement de- 

mand to the inelastic displacement capacity of the primary 

structural components while ensuring a minimum level of 

inelastic capacity at all potential plastic hinge locations. 

 

 
 

The Metsamor Nuclear Power Plant was closed after the 1988 
Armenian  earthquake[38]

 

 
 

In addition to the designed structure itself, seismic de- 

sign requirements may include a ground stabilization un- 

derneath the structure: sometimes, heavily shaken ground 

breaks up which leads to collapse of the structure sitting 

upon it.[39] The following topics should be of primary 

concerns: liquefaction; dynamic lateral earth pressures 

on retaining walls; seismic slope stability; earthquake- 

induced settlement.[40]
 

Nuclear facilities should not jeopardise their safety in 

case of earthquakes or other hostile external events. 

Therefore, their seismic design is based on criteria 

far more stringent than those applying to non-nuclear 

facilities.[41] The Fukushima I nuclear accidents and 

damage to other nuclear facilities that followed the 2011 

Tōhoku earthquake and tsunami have, however, drawn 

attention to ongoing concerns over Japanese nuclear seis- 

mic design standards and caused other many governments 

to re-evaluate their nuclear programs. Doubt has also 

been expressed over the seismic evaluation and design 

of certain other plants, including the Fessenheim Nuclear 

Power Plant in France. 

 

Failure modes 

 

Failure mode is the manner by which an earthquake in- 

duced failure is observed. It, generally, describes the way 

the failure occurs. Though costly and time consuming, 

learning from each real earthquake failure remains a rou- 

tine recipe for advancement in seismic design methods. 

Below, some typical modes of earthquake-generated fail- 

ures are presented. 

The lack of reinforcement coupled with poor mortar and 

inadequate roof-to-wall ties can result in substantial dam- 

age to an unreinforced masonry building. Severely 

cracked or leaning walls are some of the most com- 

mon earthquake damage. Also hazardous is the damage 

that may occur between the walls and roof or floor di- 

aphragms. Separation between the framing and the walls 

can jeopardize the vertical support of roof and floor sys- 

tems. 

Soft story effect. Absence of adequate shear walls on 
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Typical damage to unreinforced masonry buildings at earth- 
quakes 

 

 

Soft story collapse due to inadequate shear strength at ground 
level, Loma Prieta earthquake 

 

 
the ground level caused damage to this structure. A close 

examination of the image reveals that the rough board 

siding, once covered by a brick veneer, has been com- 

pletely dismantled from the studwall. Only the rigidity of 

the floor above combined with the support on the two hid- 

den sides by continuous walls, not penetrated with large 

doors as on the street sides, is preventing full collapse of 

the structure. 

Soil liquefaction. In the cases where the soil con- 

sists of loose granular deposited materials with the ten- 

dency to develop excessive hydrostatic pore water pres- 

sure of sufficient magnitude and compact, liquefaction of 

 

 
 

Effects of soil liquefaction during the 1964 Niigata earthquake 
 

those loose saturated deposits may result in non-uniform 

settlements and tilting of structures. This caused major 

damage to thousands of buildings in Niigata, Japan dur- 

ing the 1964 earthquake.[42]
 

 

Car smashed by landslide rock, 2008 Sichuan earthquake 
 

Landslide rock fall. A landslide is a geological phe- 

nomenon which includes a wide range of ground move- 

ment, including rock falls. Typically, the action of 

gravity is the primary driving force for a landslide to oc- 

cur though in this case there was another contributing fac- 

tor which affected the original slope stability: the land- 

slide required an earthquake trigger before being released. 
 

Effects of pounding against adjacent building, Loma Prieta 
 

Pounding against adjacent building. This is a photo- 

graph of the collapsed five-story tower, St. Joseph’s Sem- 

inary, Los Altos, California which resulted in one fatal- 
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ity. During Loma Prieta earthquake, the tower pounded 

against the independently vibrating adjacent building be- 

hind. A possibility of pounding depends on both build- 

ings’ lateral displacements which should be accurately es- 

timated and accounted for. 
 

 

Effects of completely shattered joints of concrete frame, 
Northridge 

 
At Northridge earthquake, the Kaiser Permanente con- 

crete frame office building had joints completely shat- 

tered, revealing inadequate confinement steel, which 

resulted in the second story collapse. In the transverse 

direction, composite end shear walls, consisting of two 

wythes of brick and a layer of shotcrete that carried 

the lateral load, peeled apart because of inadequate 

through-ties and failed. 

• Improper construction site on a foothill. 

• Poor detailing of the reinforcement (lack of concrete 
confinement in the columns and at the beam-column 
joints, inadequate splice length). 

• Seismically weak soft story at the first floor. 

• Long cantilevers with heavy dead load. 

Sliding off foundations effect of a relatively rigid resi- 

dential building structure during 1987 Whittier Narrows 

earthquake. The magnitude 5.9 earthquake pounded the 

Garvey West Apartment building in Monterey Park, Cal- 

ifornia and shifted its superstructure about 10 inches to 

the east on its foundation. 

If a superstructure is not mounted on a base isolation sys- 

tem, its shifting on the basement should be prevented. 

Reinforced concrete column burst at Northridge earth- 

quake due to insufficient shear reinforcement mode 

which allows main reinforcement to buckle outwards. 

The deck unseated at the hinge and failed in shear. As 

a result, the La Cienega-Venice underpass section of the 

10 Freeway collapsed. 

Loma Prieta earthquake: side view of reinforced con- 

crete support-columns failure which triggered the up- 

per deck collapse onto the lower deck of the two-level 

Cypress viaduct of Interstate Highway 880, Oakland, CA. 

 

 
 

shifting from foundation, Whittier 
 

 

Earthquake damage in Pichilemu. 
 
 

Retaining wall failure at Loma Prieta earthquake 

in Santa Cruz Mountains area: prominent northwest- 

trending extensional cracks up to 12 cm (4.7 in) wide 

in the concrete spillway to Austrian Dam, the north 

abutment. 

Ground shaking triggered soil liquefaction in a subsur- 

face layer of sand, producing differential lateral and ver- 

tical movement in an overlying carapace of unliquified 

sand and silt. This mode of ground failure, termed 

lateral spreading, is a principal cause of liquefaction- 

related  earthquake damage.[43]
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Insufficient shear reinforcement let main rebars to buckle, 
Northridge 

 

 

Support-columns and upper deck failure, Loma Prieta earth- 
quake 

 

 

Failure of retaining wall due to ground movement, Loma Prieta 
 

 
Severely damaged building of Agriculture Development 

Bank of China after 2008 Sichuan earthquake: most of 

the beams and pier columns are sheared. Large diago- 

nal cracks in masonry and veneer are due to in-plane loads 

while abrupt settlement of the right end of the building 

should be attributed to a landfill which may be hazardous 

even without any earthquake.[44]
 

Twofold tsunami impact: sea waves hydraulic pressure 

and inundation. Thus, the Indian Ocean earthquake of 

December 26, 2004, with the epicenter off the west 

coast of Sumatra, Indonesia, triggered a series of dev- 

Lateral spreading mode of ground failure, Loma Prieta 

 

 

Beams and pier columns diagonal cracking, 2008 Sichuan earth- 
quake 

 

 

Tsunami strikes Ao Nang,[45]
 

 
 

astating tsunamis, killing more than 230,000 people in 

eleven countries by inundating surrounding coastal 

communities with huge waves up to 30 meters (100 

feet) high.[46]
 

 
1.19.6 Earthquake-resistant construction 

Earthquake construction means implementation of 

seismic design to enable building and non-building struc- 
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tures to live through the anticipated earthquake exposure 

up to the expectations and in compliance with the appli- 

cable building codes. 
 

Construction of Pearl River Tower X-bracing to resist lateral 
forces of earthquakes and winds 

 

Design and construction are intimately related. To 

achieve a good workmanship, detailing of the members 

and their connections should be as simple as possible. As 

any construction in general, earthquake construction is a 

process that consists of the building, retrofitting or assem- 

bling of infrastructure given the construction materials 

available.[47]
 

The destabilizing action of an earthquake on construc- 

tions may be direct (seismic motion of the ground) or 

indirect (earthquake-induced landslides, soil liquefaction 

and waves of tsunami). 

A structure might have all the appearances of stability, yet 

offer nothing but danger when an earthquake occurs.[48] 

The crucial fact is that, for safety, earthquake-resistant 

construction techniques are as important as quality con- 

trol and using correct materials. Earthquake contractor 
should be registered in the state/province/country of the 

project location (depending on local regulations), bonded 

and insured . 

To minimize possible losses, construction process should 

be organized with keeping in mind that earthquake may 

strike any time prior to the end of construction. 

Each construction project requires a qualified team of 

professionals who understand the basic features of seis- 

mic performance of different structures as well as 

construction  management. 

Adobe structures 

 

 

Partially collapsed adobe building in Westmorland, California 

 
Around thirty percent of the world’s population lives or 

works in earth-made construction.[49] Adobe type of mud 

bricks is one of the oldest and most widely used building 

materials. The use of adobe is very common in some 

of the world’s most hazard-prone regions, traditionally 

across Latin America, Africa, Indian subcontinent and 

other parts of Asia, Middle East and Southern Europe. 

Adobe buildings are considered very vulnerable at 

strong quakes.[50] However, multiple ways of seismic 

strengthening of new and existing adobe buildings are 

available.[51]
 

Key factors for the improved seismic performance of 

adobe construction are: 
 

• Quality of construction. 

• Compact, box-type layout. 

• Seismic reinforcement.[52]
 

 
Limestone and sandstone structures 

 

Limestone is very common in architecture, especially in 

North America and Europe. Many landmarks across 

the world are made of limestone.   Many medieval 
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Base-isolated City and County Building, Salt Lake City, Utah 
 
 

churches and castles in Europe are made of limestone 

and sandstone masonry. They are the long-lasting ma- 

terials but their rather heavy weight is not beneficial for 

adequate seismic performance. 

Application of modern technology to seismic retrofitting 

can enhance the survivability of unreinforced masonry 

structures. As an example, from 1973 to 1989, the Salt 

Lake City and County Building in Utah was exhaustively 

renovated and repaired with an emphasis on preserving 

historical accuracy in appearance. This was done in con- 

cert with a seismic upgrade that placed the weak sand- 

stone structure on base isolation foundation to better pro- 

tect it from earthquake damage. 

 
Timber frame structures 

 

 

Anne Hvide’s House, Denmark (1560) 

 
Timber framing dates back thousands of years, and has 

been used in many parts of the world during various peri- 

ods such as ancient Japan, Europe and medieval England 

in localities where timber was in good supply and building 

stone and the skills to work it were not. 

The use of timber framing in buildings provides their 

complete skeletal framing which offers some structural 

benefits as the timber frame, if properly engineered, lends 

itself to better seismic survivability.[53]
 

 

Light-frame  structures 

 

 

A two-story wooden-frame for a residential building structure 

 
Light-frame structures usually gain seismic resistance 

from rigid plywood shear walls and wood structural 

panel diaphragms.[54] Special provisions for seismic load- 

resisting systems for all engineered wood structures re- 

quires consideration of diaphragm ratios, horizontal and 

vertical diaphragm shears, and connector/fastener values. 

In addition, collectors, or drag struts, to distribute shear 

along a diaphragm length are required. 

 
Reinforced  masonry structures 

 

A construction system where steel reinforcement is em- 

bedded in the mortar joints of masonry or placed in holes 

and after filled with concrete or grout is called reinforced 

masonry.[55]
 

The devastating 1933 Long Beach earthquake revealed 

that masonry construction should be improved immedi- 

ately. Then, the California State Code made the rein- 

forced masonry mandatory. 

There are various practices and techniques to achieve re- 

inforced masonry. The most common type is the rein- 

forced hollow unit masonry. The effectiveness of both 

vertical and horizontal reinforcement strongly depends on 

the type and quality of the masonry, i.e. masonry units 

and mortar. 

To achieve a ductile behavior of masonry, it is neces- 

sary that the shear strength of the wall is greater than the 

flexural strength.[56]
 

 
Reinforced concrete structures 

 

Reinforced concrete is concrete in which steel reinforce- 

ment bars (rebars) or fibers have been incorporated to 

strengthen a material that would otherwise be brittle. It 

can be used to produce beams, columns, floors or bridges. 

Prestressed concrete is a kind of reinforced concrete used 

for overcoming concrete’s natural weakness in tension. It 

can be applied to beams, floors or bridges with a longer 

span than is practical with ordinary reinforced concrete. 

Prestressing tendons (generally of high tensile steel cable 

or rods) are used to provide a clamping load which pro- 
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Reinforced hollow masonry wall 

 

 

Stressed Ribbon pedestrian bridge over the Rogue River, Grants 
Pass, Oregon 

 

 
duces a compressive stress that offsets the tensile stress 

that the concrete compression member would, otherwise, 

experience due to a bending load. 

To prevent catastrophic collapse in response earth shak- 

ing (in the interest of life safety), a traditional reinforced 

concrete frame should have ductile joints. Depending 

 

 
 

Prestressed concrete cable-stayed bridge over Yangtze  river 
 
 

upon the methods used and the imposed seismic forces, 

such buildings may be immediately usable, require exten- 

sive repair, or may have to be demolished. 

 

Prestressed structures 

 

Prestressed structure is the one whose overall integrity, 

stability and security depend, primarily, on a prestressing. 

Prestressing means the intentional creation of permanent 

stresses in a structure for the purpose of improving its 

performance under various service conditions.[57]
 

 

Naturally pre-compressed exterior wall of Colosseum, Rome 

 

There are the following basic types of prestressing: 

 

• Pre-compression (mostly, with the own weight of a 
structure) 

• Pretensioning with high-strength embedded tendons 

• Post-tensioning with high-strength bonded or un- 
bonded tendons 

 
Today, the concept of prestressed structure is widely en- 

gaged in design of buildings, underground structures, TV 
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towers, power stations, floating storage and offshore fa- 

cilities, nuclear reactor vessels, and numerous kinds of 

bridge systems.[58]
 

A beneficial idea of prestressing was, apparently, familiar 

to the ancient Rome architects; look, e.g., at the tall attic 

wall of Colosseum working as a stabilizing device for the 

wall piers beneath. 

 
Steel structures 

 

 

Collapsed section of the San Francisco–Oakland Bay Bridge in 
response to Loma Prieta  earthquake 

 
Steel structures are considered mostly earthquake resis- 

tant but some failures have occurred. A great number 

of welded steel moment-resisting frame buildings, which 

looked earthquake-proof, surprisingly experienced brit- 

tle behavior and were hazardously damaged in the 1994 

Northridge earthquake.[59] After that, the Federal Emer- 

gency Management Agency (FEMA) initiated develop- 

ment of repair techniques and new design approaches to 

minimize damage to steel moment frame buildings in fu- 

ture earthquakes.[60]
 

For structural steel seismic design based on Load and 

Resistance Factor Design (LRFD) approach, it is very 

important to assess ability of a structure to develop and 

maintain its bearing resistance in the inelastic range. A 

measure of this ability is ductility, which may be observed 

in a material itself, in a structural element, or to a whole 

structure. 

As a consequence of Northridge earthquake experience, 

the American Institute of Steel Construction has intro- 

duced AISC 358 “Pre-Qualified Connections for Special 

and intermediate Steel Moment Frames.” The AISC Seis- 

mic Design Provisions require that all Steel Moment Re- 

sisting Frames employ either connections contained in 

AISC 358, or the use of connections that have been sub- 

jected to pre-qualifying cyclic testing.[61]
 

 

1.19.7 Prediction of earthquake losses 
 

Earthquake loss estimation is usually defined as a Dam- 
age Ratio (DR) which is a ratio of the earthquake damage 

repair cost to the total value of a building.[62] Probable 
Maximum Loss (PML) is a common term used for earth- 

quake loss estimation, but it lacks a precise definition. In 

1999, ASTM E2026 'Standard Guide for the Estimation 

of Building Damageability in Earthquakes’ was produced 

in order to standardize the nomenclature for seismic loss 

estimation, as well as establish guidelines as to the review 

process and qualifications of the reviewer.[63]
 

Earthquake loss estimations are also referred to as Seismic 
Risk Assessments. The risk assessment process generally 

involves determining the probability of various ground 

motions coupled with the vulnerability or damage of the 

building under those ground motions. The results are de- 

fined as a percent of building replacement value.[64]
 

 

1.19.8 See also 

• Earthquake Engineering Research Institute 

• Facade 

• International Institute of Earthquake Engineering 
and Seismology 

• List of international earthquake acceleration coeffi- 
cients 

• National Center for Research on Earthquake Engi- 
neering 

• Probabilistic risk assessment 

• Soil structure interaction 

• Spectral acceleration 

 

Structures and Seismic Activity (v) 

• Base isolation 

• Earthquake engineering 

• Earthquake engineering structures 

• Emergency  management 
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• Geotechnical engineering 

• Seismic retrofit 

• Seismic response of landfill 
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• Earthquake engineering at DMOZ 

• Earthquake Engineering Research Institute 

• Consortium of Universities for Research in Earth- 
quake Engineering (CUREE) 

• George E. Brown, Jr. Network for Earthquake En- 
gineering Simulation 

• Earthquakes and Earthquake Engineering in The Li- 
brary of Congress 

• Infrastructure Risk Research Project at The Univer- 
sity of British Columbia, Vancouver, Canada 

 

1.20 Mining Engineering 
 

Not to be confused with mining geology. 

Mining engineering is an engineering  discipline 
 

Surface coal mine with haul truck in foreground 

 
that applies science and technology to the extraction of 

minerals from the earth. Mining engineering is associated 

with many other disciplines, such as geology, mineral 

processing and metallurgy, geotechnical engineering and 

surveying. A mining engineer may manage any phase of 

mining operations – from exploration and discovery of 

the mineral resource, through feasibility study, mine de- 

sign, development of plans, production and operations to 

mine closure. 

With the process of Mineral extraction, some amount 

of waste and uneconomic material are generated which 

are the primary source of pollution in the vicinity of 

mines. Mining activities by their nature cause a distur- 

bance of the natural environment in and around which the 
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minerals are located. Mining engineers must therefore be 

concerned not only with the production and processing 

of mineral commodities, but also with the mitigation of 

damage to the environment both during and after mining 

as a result of the change in the mining area. 

 
1.20.1 History of mining engineering 

 

From prehistoric times to the present, mining has played 

a significant role in the existence of the human race. 

Since the beginning of civilization people have used stone 

and ceramics and, later, metals found on or close to the 

Earth’s surface. These were used to manufacture early 

tools and weapons. For example, high quality flint found 

in northern France and southern England were used to 

set fire and break rock.[1] Flint mines have been found in 

chalk areas where seams of the stone were followed un- 

derground by shafts and galleries. The oldest known mine 

on archaeological record is the “Lion Cave” in Swaziland. 

At this site, which radiocarbon dating indicates to be 

about 43,000 years old, paleolithic humans mined min- 

eral hematite, which contained iron and was ground to 

produce the red pigment ochre.[2][3]
 

The ancient Romans were innovators of mining engineer- 

ing. They developed large scale mining methods, such as 

the use of large volumes of water brought to the mine- 

head by numerous aqueducts for hydraulic mining. The 

exposed rock was then attacked by fire-setting where fires 

were used to heat the rock, which would be quenched with 

a stream of water. The thermal shock cracked the rock, 

enabling it to be removed. In some mines the Romans 

utilized water-powered machinery such as reverse over- 

shot water-wheels. These were used extensively in the 

copper mines at Rio Tinto in Spain, where one sequence 

comprised 16 such wheels arranged in pairs, lifting water 

about 80 feet (24 m).[4]
 

Black powder was first used in mining in Banská Šti- 

avnica, Kingdom of Hungary (present-day Slovakia) in 

1627.[5] This allowed blasting of rock and earth to loosen 

and reveal ore veins, which was much faster than fire- 

setting. The Industrial Revolution saw further advances in 

mining technologies, including improved explosives and 

steam-powered pumps, lifts, and drills as long as they re- 

mained safe. 

 
1.20.2 Salary and statistics 

 

Mining Engineers in India are earning relatively high 

salaries in comparison to many other professions.[6] The 

average salary for a Mining Engineer in India is $15,250. 

However, the salaries are always highly determined by 

the level of skill, where the organisation is based and 

which organisation you are working for. In comparison 

to salaries of Mining Engineer’s working in other regions, 

such as Canada, the United States, Australia and the 

United Kingdom, the salaries are dismal, however when 

comparing salaries from one region to another, there are 

many factors that need to be taken into consideration, 

such as the cost of living etc. In the United States, there 

are an estimated 6,630 employed mining engineers. The 

mean yearly salary for a mining engineer in the U.S. is 

$90,070 .[7]
 

 

1.20.3 Mineral exploration 
 

Main article: Mineral exploration 

 
The foremost stage of mining starts with the process 

of finding and exploration of the mineral deposit. In 

the initial process of mineral exploration, however, the 

role of geologists and surveyors is prominent in the pre- 

feasibility study of the future mining operation. Min- 

eral exploration and estimation of reserve through various 

prospecting methods are done to determine the method 

and type of mining in addition to profitability condition. 

 
 

Mineral discovery 

 

Mining engineers are involved in the mineral discovery 

stage by working with geologists to identify a mineral re- 

serve. The first step in discovering an ore body is to deter- 

mine what minerals to test for. Geologists and engineers 

drill core samples and conduct surface surveys searching 

for specific compounds and ores. For example, a mining 

engineer and geologist may target metallic ores such as 

galena for lead or chalcopyrite for copper. A mining en- 

gineer may also search for a non-metal such as phosphate, 

quartz, or coal. 

The discovery can be made from research of mineral 

maps, academic geological reports or local, state, and na- 

tional geological reports. Other sources of information 

include property assays, well drilling logs, and local word 

of mouth. Mineral research may also include satellite and 

airborne photographs. Unless the mineral exploration is 

done on public property, the owners of the property may 

play a significant role in the exploration process, and may 

be the original discoverer of the mineral deposit.[8]
 

 

Mineral determination 

 

After a prospective mineral is located, the mining engi- 

neer then determines the ore properties. This may involve 

chemical analysis of the ore to determine the composition 

of the sample. Once the mineral properties are identified, 

the next step is determining the quantity of the ore. This 

involves determining the extent of the deposit as well as 

the purity of the ore.[9] The engineer drills additional core 

samples to find the limits of the deposit or seam and cal- 

culates the quantity of valuable material present in the 

deposit. 
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Feasibility study 

 

Main article: Mining feasibility study 

 
Once the mineral identification and reserve amount is 

reasonably determined, the next step is to determine the 

feasibility of recovering the mineral deposit. A prelimi- 

nary study shortly after the discovery of the deposit exam- 

ines the market conditions such as the supply and demand 

of the mineral, the amount of ore needed to be moved to 

recover a certain quantity of that mineral as well as anal- 

ysis of the cost associated with the operation. This pre- 

feasibility study determines whether the mining project is 

likely to be profitable; if it is then a more in-depth anal- 

ysis of the deposit is undertaken. After the full extent 

of the ore body is known and has been examined by en- 

gineers, the feasibility study examines the cost of initial 

capital investment, methods of extraction, the cost of op- 

eration, an estimated length of time to payback, the gross 

revenue and net profit margin, any possible resale price of 

the land, the total life of the reserve, the total value of the 

reserve, investment in future projects, and the property 

owner or owners’ contract. In addition, environmental 

impact, reclamation, possible legal ramifications and all 

government permitting are considered.[10][11] These steps 

of analysis determine whether the mine company should 

proceed with the extraction of the minerals or whether 

the project should be abandoned. The mining company 

may decide to sell the rights to the reserve to a third party 

rather than develop it themselves, or the decision to pro- 

ceed with extraction may be postponed indefinitely until 

market conditions become favorable. 

 

 

 

1.20.4 Mining operation 

 
Mining engineers working in an established mine may 

work as an engineer for operations improvement, further 

mineral exploration, and operation capitalization by de- 

termining where in the mine to add equipment and per- 

sonnel. The engineer may also work in supervision and 

management, or as an equipment and mineral salesper- 

son. In addition to engineering and operations, the min- 

ing engineer may work as an environmental, health and 

safety manager or design engineer. 

The act of mining required different methods of extrac- 

tion depending on the mineralogy, geology, and location 

of the resources. Characteristics such as mineral hard- 

ness, the mineral stratification, and access to that mineral 

will determine the method of extraction. 

Generally, mining is either done from the surface or un- 

derground. Mining can also occur with both surface and 

underground operations taking place on the same reserve. 

Mining activity varies as to what method is employed to 

remove the mineral. 

Surface mining 

 
Surface comprises 90% of the world’s mineral tonnage 

output. Also called open pit mining, surface mining is 

removing minerals in formations that are at or near the 

surface. Ore retrieval is done by material removal from 

the land in its natural state. Surface mining often alters 

the land characteristics, shape, topography, and geologi- 

cal make-up. 

Surface mining involves quarrying which is excavating 

minerals by means of machinery such as cutting, cleav- 

ing, and breaking. Explosives are usually used to facilitate 

breakage. Hard minerals such as limestone, sand, gravel, 

and slate are generally quarried into a series of benches. 

Strip mining is done on softer minerals such as clays 

and phosphate are removed through use of mechanical 

shovels, track dozers, and front end loaders. Softer Coal 

seams can also be extracted this way. 

With placer mining, minerals can also be removed from 

the bottoms of lakes, rivers, streams, and even the ocean 

by dredge mining. In addition, in-situ mining can be done 

from the surface using dissolving agents on the ore body 

and retrieving the ore via pumping. The pumped material 

is then set to leach for further processing. Hydraulic min- 

ing is utilized in forms of water jets to wash away either 

overburden or the ore itself.[12]
 

 

 

Mining process 

 
Blasting Explosives are used to break up a rock for- 

mation and aid in the collection of ore in a process called 

blasting. Blasting utilizes the heat and immense pressure 

of the detonated explosives to shatter and fracture a rock 

mass. The type of explosives used in mining are high 

explosives which vary in composition and performance 

properties. The mining engineer is responsible for the 

selection and proper placement of these explosives, in or- 

der to maximize efficiency and safety. Blasting occurs in 

many phases of the mining process, such as development 

of infrastructure as well as production of the ore. 

 

 

 

1.20.5 Mining health and safety 

 

Main article: Mine Safety and Health Administration 

 
Legal attention to Mining Health and Safety began in the 

late 19th century and in the subsequent 20th century pro- 

gressed to a comprehensive and stringent codification of 

enforcement and mandatory health and safety regulation. 

A mining engineer in whatever role they occupy must fol- 

low all federal, state, and local mine safety laws. 
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United States 

 

Main article: Mine Safety and Health Act of 1977 

 
The United States Congress, through the passage of the 

Federal Mine Safety and Health Act of 1977, known as 

the Miner’s Act, created the Mine Safety and Health Ad- 

ministration (MSHA) under the US Department of La- 

bor. 

This comprehensive Act provides miners with rights 

against retaliation for reporting violations, consolidated 

regulation of coal mines with metallic and nonmetallic 

mines, and created the independent Federal Mine Safety 

and Health Review Commission to review MSHA’s re- 

ported violations.[13]
 

The Act as codified in Code of Federal Regulations § 30 

(CFR § 30) covers all miners at an active mine. When a 

mining engineer works at an active mine he or she is sub- 

ject to the same rights, violations, mandatory health and 

safety regulations, and mandatory training as any other 

worker at the mine. The mining engineer can be legally 

identified as a “miner.”[14]
 

The Act establishes the rights of miners. The miner may 

report at any time a hazardous condition and request an 

inspection. The miners may elect a miners’ representa- 

tive to participate during an inspection, pre-inspection 

meeting, and post-inspection conference. The miners and 

miners’ representative shall be paid for their time during 

all inspections and investigations.[15]
 

 

 

1.20.6 Mining and the environment 
 

United States 

 
Land reclamation is regulated for surface and under- 

ground mines according to the Surface Mining Control 

and Reclamation Act of 1977. The law creates as a part of 

the Department of Interior, the Bureau of Surface Mining 

(OSM). OSM states on their website, “OSM is charged 

with balancing the nation’s need for continued domestic 

coal production with protection of the environment.” 

The law requires that states set up their own Reclamation 

Departments and legislate laws related to reclamation for 

coal mining operations. The states may impose additional 

regulations and regulate other minerals in addition to coal 

for land reclamation.[16]
 

 

 

1.20.7 See also 

 

• School of Mines 
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1.20.10 External links 

• SME (Society for Mining Metallurgy and Explo- 

ration), publishes the monthly magazine Mining En- 
gineering 

• U.S. Department of Labor: Mining and geological 
engineers 

• British Geological Survey Mineral Processing 

• Turkısh Mining Engineers 

• Mineral Exploration Properties of Turkey 

• Mining Science and Technologies in Russia 

 

1.21 Mineral Processing 
 
 

Crushing, a form of comminution, one of the unit operations of 
mineral processing 

 
In the field of extractive metallurgy, mineral processing, 

also known as ore dressing, is the process of separating 

commercially valuable minerals from their ores. 

 
1.21.1 History 

 

A set of Cornish stamps 

Before the advent of heavy machinery the raw ore was 

broken up using hammers wielded by hand, a process 

called “spalling”. Before long, mechanical means were 

found to achieve this. For instance, stamp mills were 

used in Samarkand as early as 973. They were also in 

use in medieval Persia. By the 11th century, stamp mills 

were in widespread use throughout the medieval Islamic 

world, from Islamic Spain and North Africa in the west 

to Central Asia in the east.[1] A later example was the 

Cornish stamps, consisting of a series of iron hammers 

mounted in a vertical frame, raised by cams on the shaft 

of a waterwheel and falling onto the ore under gravity. 

The simplest method of separating ore from gangue con- 

sists of picking out the individual crystals of each. This 

is a very tedious process, particularly when the indi- 

vidual particles are small. Another comparatively sim- 

ple method relies on the various minerals having differ- 

ent densities, causing them to collect in different places: 

metallic minerals (being heavier) will drop out of suspen- 

sion more quickly than lighter ones, which will be carried 

further by a stream of water. The process of panning and 

sifting for gold uses both of these methods. Various de- 

vices known as 'buddles’ were used to take advantage of 

this property. Later, more advanced machines were used 

such as the Frue vanner, invented in 1874. 

Other equipment used historically includes the hutch, a 

trough used with some ore-dressing machines and the 

keeve or kieve, a large tub used for differential settlement. 

 
1.21.2 Unit operations 

 

Mineral processing can involve four general types of unit 

operation: comminution – particle size reduction; sizing – 

separation of particle sizes by screening or classification; 

concentration by taking advantage of physical and surface 

chemical properties; and dewatering – solid/liquid sepa- 

ration. In all of these processes, the most important con- 

siderations are the economics of the processes and this 

is dictated by the grade and recovery of the final prod- 

uct. To do this, the mineralogy of the ore needs to be 

considered as this dictates the amount of liberation re- 

quired and the processes that can occur. The smaller the 

particles processes, the greater the theoretical grade and 

recovery of the final product, but this however is difficult 

to do with fine particles as they prevent certain concen- 

tration processes from occurring. 

 
Comminution 

 

Comminution is particle size reduction of materials. 

Comminution may be carried out on either dry materi- 

als or slurries. Crushing and grinding are the two primary 

comminution processes. Crushing is normally carried out 

on “run-of-mine”[2] ore, while grinding (normally carried 

out after crushing) may be conducted on dry or slurried 

material. In comminution, the size reduction of particles 
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is done by three types of forces: compression, impact and 

attrition. Compression and impact forces are extensively 

used in crushing operations while attrition is the dominant 

force in grinding. The primarily used equipment in crush- 

ing are-jaw crushers, gyratory crushers and cone crushers 

whereas rod mills and ball mills, closed circuited with a 

classifier unit, are generally employed for grinding pur- 

poses in a mineral processing plant. Crushing is a dry 

process whereas grinding is generally performed wet and 

hence is more energy intensive. 

 
Sizing 

 

 

Screening ore through a sieve, Fixed Nitrogen Research Labora- 
tory, 1930 

 

 
Sizer 2000 for screening coarse to small particles 

 
Sizing is the general term for separation of particles ac- 

cording to their size. 

The simplest sizing process is screening, or passing the 

particles to be sized through a screen or number of 

screens. Screening equipment can include grizzlies,[3]
 

bar screens, wedge wire screens, radial sieves, ba- 

nana screens, multi-deck screens, vibratory screen, fine 

screens, flip flop screens and wire mesh screens. Screens 

can be static (typically the case for very coarse material), 

or they can incorporate mechanisms to shake or vibrate 

the screen. Some considerations in this process include 

the screen material, the aperture size, shape and orienta- 

tion, the amount of near sized particles, the addition of 

water, the amplitude and frequency of the vibrations, the 

angle of inclination, the presence of harmful materials, 

like steel and wood, and the size distribution of the par- 

ticles. 

Classification refers to sizing operations that exploit the 

differences in settling velocities exhibited by particles of 

different size. Classification equipment may include ore 

sorters, gas cyclones, hydrocyclones, rotating trommels, 

rake classifiers or fluidized classifiers. 

An important factor in both comminution and sizing op- 

erations is the determination of the particle size distribu- 

tion of the materials being processed, commonly referred 

to as particle size analysis. Many techniques for analyz- 

ing particle size are used, and the techniques include both 

off-line analyses which require that a sample of the mate- 

rial be taken for analysis and on-line techniques that allow 

for analysis of the material as it flows through the process. 

 

Concentration 

 

There are a number of ways to increase the concentration 

of the wanted minerals: in any particular case the method 

chosen will depend on the relative physical and surface 

chemical properties of the mineral and the gangue. Con- 

centration is defined as the number of moles of a solute 

in a volume of the solution. In case of mineral processing 

concentration means the increase of the percentage of the 

valuable mineral in the concentrate. 

 

Gravity concentration 

 

Gravity separation is the separation of two or more min- 

erals of different specific gravity by their relative move- 

ment in response to the force of gravity and one or more 

other forces (such as centrifugal forces, magnetic forces, 

buoyant forces), one of which is resistance to motion 

(drag force) by a viscous medium such as heavy media, 

water or, less commonly, air. 

Gravity separation is one of the oldest technique in min- 

eral processing but has seen a decline in its use since 

the introduction of methods like flotation, classification, 

magnetic separation and leaching. Gravity separation 

dates back to at least 3000 BC when Egyptians used the 

technique for separation of gold. 

It is necessary to determine the suitability of a gravity 

concentration process before it is employed for concen- 

tration of an ore. The concentration criterion is commonly 
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used for this purpose, designated CC in the following 

equation (where SG represents specific gravity): 

 

CC = 
SG(heavy mineral) − SG(fluid) 

SG(light mineral) − SG(fluid) 

• for CC > 2.5, suitable for separation of particles 
above 75 micron in size 

• for 1.75 < CC < 2.5, suitable for separation of par- 
ticles above 150 micron in size 

• for 1.50 < CC < 1.75, suitable for separation of par- 
ticles above 1.7 mm in size 

• for 1.25 < CC < 1.50, suitable for separation of par- 
ticles above 6.35 mm in size 

• for CC < 1.25, not suitable for any size 

Although concentration criteria is a useful rule of thumb 

when predicting amenability to gravity concentration, 

factors such as particle shape and relative concentration 

of heavy and light particles can dramatically affect sepa- 

ration efficiency in practice. 

 

Classification 

 
There are several methods that make use of the weight or 

density differences of particles:[4]
 

 

• Heavy media or dense media separation (these in- 
clude the Sepro Condor DMS, baths, drums, lar- 

codems, dyana whirlpool separators, and dense 
medium cyclones) 

• Shaking tables, such as the Wilfley table[5]
 

• Spiral separators 

• Reflux Classifier 

• Jig concentrators are continuous processing grav- 
ity concentration devices using a pulsating fluidized 
bed.(RMS-Ross Corp. Circular Jig Plants) 

• Centrifugal bowl concentrators, such as the Knelson 
concentrator and Falcon Concentrator 

• Multi gravity separators (Falcon Concentrator, 

Knelson, Mozley (Multi or Enhanced Gravity Sep- 
arator now manufactured by Gravity Mining Ltd, 
England. www.gravitymining.com), Salter Cy- 

clones (Multi-Gravity Separator) and the Kelsey Jig) 

• Inline pressure Jigs 

• Reichert Cones 

• Sluices 

• Elutriators 

These processes can be classified as either density sepa- 

ration or gravity (weight) separation. 

In dense media separation a media is created with a den- 

sity in between the density of the ore and gangue parti- 

cles. When subjected to this media particles either float 

or sink depending on their density relative to the media. 

In this way the separation takes place purely on density 

differences and does not, in principle, relay on any other 

factors such as particle weight or shape. In practice, parti- 

cle size and shape can affect separation efficiency. Dense 

medium separation can be performed using a variety of 

mediums. These include, organic liquids, aqueous solu- 

tions or suspensions of very fine particles in water or air. 

The organic liquids are typically not used due to their tox- 

icity, difficulties in handling and relative cost. Industri- 

ally, the most common dense media is a suspension of fine 

magnetite and/or ferrosilicon particles. An aqueous solu- 

tion as a dense medium is used in coal processing in the 

form of a belknap wash and suspensions in air are used in 

water-deficient areas, like areas of China, where sand is 

used to separate coal from the gangue minerals. 

Gravity separation is also called relative gravity separa- 

tion as it separates particles due to their relative response 

to a driving force. This is controlled by factors such as 

particle weight, size and shape. These processes can also 

be classified into multi-G and single G processes. The 

difference is the magnitude of the driving force for the 

separation. Multi-G processes allow the separation of 

very fine particles to occur (in the range of 5 to 50 mi- 

cron) by increasing the driving force of separation in or- 

der to increase the rate at which particles separate. In 

general, single G process are only capable of processing 

particles that are greater than approximately 80 micron 

in diameter. 

Of the gravity separation processes, the spiral concen- 

trators and circular jigs are two of the most economical 

due to their simplicity and use of space. They operate by 

flowing film separation and can either use washwater or 

be washwater-less. The washwater spirals separate parti- 

cles more easily but can have issues with entrainment of 

gangue with the concentrate produced. 

 

 

Froth Flotation 

 

Froth flotation is an important concentration process. 

This process can be used to separate any two different 

particles and operated by the surface chemistry of the 

particles. In flotation, bubbles are introduced into a pulp 

and the bubbles rise through the pulp. In the process, 

hydrophobic particles become bound to the surface of 

the bubbles. The driving force for this attachment is the 

change in the surface free energy when the attachment 

occurs. These bubbles rise through the slurry and are 

collected from the surface. To enable these particles to 

attach, careful consideration of the chemistry of the pulp 

needs to be made. These considerations include the pH, 
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Froth flotation cells used to concentrate copper and nickel sulfide 
minerals, Falconbridge, Ontario. 

 

 
Eh and the presence of flotation reagents. The pH is im- 

portant as it changes the charge of the particles surface 

and the Eh affects the chemisorption of collectors on the 

surface of the particles. 

The addition of flotation reagents also affects the oper- 

ation of these processes. The most important chemical 

that is added is the collector. This chemical binds to the 

surface of the particles as it is a surfactant. The main 

considerations in this chemical is the nature of the head 

group and the size of the hydrocarbon chain. The hydro- 

carbon tail needs to be short to maximize the selectivity 

of the desired mineral and the headgroup dictates which 

minerals it attaches to. 

The frothers are another important chemical addition to 

the pulp as it enables stable bubbles to be formed. This is 

important as if the bubble coalesce, minerals fall off their 

surface. The bubbles however should not be too stable as 

this prevents easy transportation and dewatering of the 

concentrate formed. The mechanism of these frothers 

is not completely known and further research into their 

mechanisms is being performed. 

Depressants and activators are used to selectively sepa- 

rate one mineral from another. Depressants inhibit the 

flotation of one mineral or minerals while activators en- 

able the flotation of others. Examples of these include 

CN−, used to depress all sulfides but galena and this de- 

pressant is believed to operate by changing the solubility 

of chemisorbed and physisorbed collectors on sulfides. 

This theory originates from Russia. An example of an 

activator is Cu2+ ions, used for the flotation of sphalerite. 

There are a number of cells able to be used for the flota- 

tion of minerals. these include flotation columns and me- 

chanical flotation cells. The flotation columns are used 

for finer minerals and they typically have a higher grade 

and lower recovery of minerals than mechanical flotation 

cells. The cells in use at the moment can exceed 300 

m3. This is done as they are cheaper per unit 

volume than smaller cells, but they are not able to be 

controlled as easily as smaller cells. 

This process was invented in the 19th century in Aus- 

 

tralia. It was used to recover a sphalerite concentrate from 

tailings, produced using gravity concentration. Further 

improvements have come from Australia in the form of 

the Jameson Cell, developed at the University of New- 

castle, Australia. This operated by the use of a plunging 

jet that generates fine bubbles. These fine bubbles have a 

higher kinetic energy and as such they can be used for the 

flotation of fine grained minerals, such as those produced 

by the isamill. 

 

Electrostatic separation 

 

There are two main types of electrostatic separators. 

These work in similar ways, but the forces applied to the 

particles are different and these forces are gravity and 

electrostatic attraction. The two types are electrodynamic 

separators (or high tension rollers) or electrostatic sepa- 

rators. In high tension rollers, particles are charged by a 

corona discharge. This charges the particles that subse- 

quently travel on a drum. The conducting particles lose 

their charge to the drum and are removed from the drum 

with centripetal acceleration. Electrostatic plate separa- 

tors work by passing a stream of particles past a charged 

anode. The conductors lose electrons to the plate and are 

pulled away from the other particles due to the induced 

attraction to the anode. These separators are used for par- 

ticles between 75 and 250 micron and for efficient sepa- 

ration to occur, the particles need to be dry, have a close 

size distribution and uniform in shape. Of these consider- 

ations, one of the most important is the water content of 

the particles. This is important as a layer of moisture on 

the particles will render the non-conductors as conductors 

as the layer of the water is conductive. 

Electrostatic plate separators are usually used for streams 

that have small conductors and coarse non-conductors. 

The high tension rollers are usually used for streams that 

have coarse conductors and fine non-conductors. 

These separators are commonly used for separating 

mineral sands, an example of one of these mineral pro- 

cessing plants is the CRL processing plant at Pinkenba 

in Brisbane Queensland. In this plant, zircon, rutile and 

ilmenite are separated from the silica gangue. In this 

plant, the separation is performed in a number of stages 

with roughers, cleaners, scavengers and recleaners. 

 

Magnetic separation 

 

Magnetic separation is a process in which magnetically 

susceptible material is extracted from a mixture using a 

magnetic force. This separation technique can be useful 

in mining iron as it is attracted to a magnet. In mines 

where wolframite was mixed with cassiterite, such as 

South Crofty and East Pool mine in Cornwall or with bis- 

muth such as at the Shepherd and Murphy mine in Moina, 

Tasmania, magnetic separation was used to separate the 

ores. At these mines a device called a Wetherill’s Mag- 
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netic Separator (invented by John Price Wetherill, 1844– 

1906)[1] was used. In this machine the raw ore, after 

calcination was fed onto a moving belt which passed un- 

derneath two pairs of electromagnets under which fur- 

ther belts ran at right angles to the feed belt. The first 

pair of electromagnets was weakly magnetised and served 

to draw off any iron ore present. The second pair were 

strongly magnetised and attracted the wolframite, which 

is weakly magnetic. These machines were capable of 

treating 10 tons of ore a day.This process of separating 

magnetic substances from the non-magnetic substances 

in a mixture with the help of a magnet is called magnetic 

separation.. 

This process operates by moving particles in a magnetic 

field. The force experienced in the magnetic field is given 

by the equation f=m/k.H.dh/dx. with k=magnetic sus- 

ceptibility, H-magnetic field strength, and dh/dx being 

the magnetic field gradient. As seen in this equation, the 

separation can be driven in two ways, either through a 

gradient in a magnetic field or the strength of a magnetic 

field. The different driving forces are used in the different 

concentrators. These can be either with water or without. 

Like the spirals, washwater aids in the separation of the 

particles while increases the entrainment of the gangue in 

the concentrate. 

 

Automated Ore Sorting 
 

See also: Sensor-based sorting 

 
Modern, automated sorting applies optical sensors (visi- 

ble spectrum, near infrared, X-ray, ultraviolet), that can 

be coupled with electrical conductivity and magnetic sus- 

ceptibility sensors, to control the mechanical separation 

of ore into two or more categories on an individual rock 

by rock basis. Also new sensors have been developed 

which exploit material properties such as electrical con- 

ductivity, magnetization, molecular structure and thermal 

conductivity. Sensor based sorting has found application 

in the processing of nickel, gold, copper, coal and dia- 

monds. 

 

Dewatering 

 

Dewatering is an important process in mineral process- 

ing. The purpose of dewatering is to remove water ab- 

sorbed by the particles which increases the pulp density. 

This is done for a number of reasons, specifically, to en- 

able ore handling and concentrates to be transported eas- 

ily, allow further processing to occur and to dispose of 

the gangue. The water extracted from the ore by dewa- 

tering is recirculated for plant operations after being sent 

to a water treatment plant. The main processes that are 

used in dewatering include dewatering screens such as 

Sepro-Sizetec Screens, sedimentation, filtering, and ther- 

mal drying. These processes increase in difficulty and 

cost as the particle size decreases. 

Dewatering screens operate by passing particles over a 

screen. The particles pass over the screen while the water 

passes through the apertures in the screen. This process 

is only viable for coarse ores that have a close size distri- 

bution as the apertures can allow small particles to pass 

through. 

Sedimentation operates by passing water into a large 

thickener or clarifier. In these devices, the particles settle 

out of the slurry under the effects of gravity, or centripetal 

forces. These are limited by the surface chemistry of the 

particles and the size of the particles. To aid in the sed- 

imentation process, flocculants and coagulants are added 

to reduce the repulsive forces between the particles. This 

repulsive force is due to the double layer formed on the 

surface of the particles. The flocculants work by bind- 

ing multiple particles together while the coagulants work 

by reducing the thickness of the charged layer on the 

outside of the particle. After thickening, slurry is often 

stored in ponds or impoundments. Alternatively, it can 

pumped into a belt press or membrane filter press to re- 

cycle process water and create stackable, dry filter cake, 

or “tailings”.[6]
 

Thermal drying is usually used for fine particles and to re- 

move low water content in the particles. Some common 

processes include rotary dryers, fluidised beds, spray dri- 

ers, hearth dryers and rotary tray dryers. This process is 

usually expensive to operate due to the fuel requirement 

of the dryers. 

 

1.21.3 Other processes 
 

Many mechanical plants also incorporate 

hydrometallurgical or pyrometallurgical processes as part 

of an extractive metallurgical operation. Geometallurgy 

is a branch of extractive metallurgy that combines 

mineral processing with the geologic sciences. This 

includes the study of oil agglomeration[7][8][9][10]
 

A number of auxiliary materials handling operations are 

also considered a branch of mineral processing such as 

storage (as in bin design), conveying, sampling, weighing, 

slurry transport, and pneumatic transport. 

The efficiency and efficacy of many processing tech- 

niques are influenced by upstream activities such as min- 

ing method and blending.[11]
 

 
1.21.4 See also 

• Ball mill 

• Dartmoor tin-mining 

• Science of Flotation 

• Rocker box 
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1.21.5 Notes 
 

[1] Adam Robert Lucas (2005), “Industrial Milling in the An- 

cient and Medieval Worlds: A Survey of the Evidence for 

an Industrial Revolution in Medieval Europe”, Technology 
and Culture 46 (1): 1-30 [10-1 & 27] 

 

[2] Run-of-mine: The raw mined material as it is delivered 

prior to treatment of any sort. “Dictionary of Mining, 

Mineral, and Related Terms”. Hacettepe University - De- 

partment of Mining Engineering. Retrieved 2010-08-07. 
 

[3] Grizzly: a grid of iron bars that allows ore of the correct 

size to travel down the ore pass to the bottom of the mine, 

ready for hoisting to the surface. An active, articulating 

“grizzly” that is able to roll, scrub, clean and discharge 

oversize rock and boulder of up to 4 foot (1220 mm mi- 

nus)diameter, while recovering all the 2 inch minus (51 

mm minus) slurry material for further screening, sepa- 

ration and recovery of target metals/minerals is the DE- 

ROCKER system (RMS-Ross Corporation) “Geevor Tin 

Mine: Grizzly men”. Geevor Tin Mine Museum. Re- 

trieved 2010-08-07. 
 

[4] Lowrie, Raymond L; Society for Mining, Metallurgy and 

Exploration (2002), SME mining reference handbook, So- 

ciety for Mining, Metallurgy, and Exploration, ISBN 978- 

0-87335-175-1 - chapter 17 - Classification section by 

Paul D. Chamberlin 
 

[5] “Mill Machines: The Wilfley Table”. Copper Country Ex- 

plorer.  Retrieved 2010-08-07. 
 

[6] “Tons Per Hour Product Guide 2016” (PDF). 
 

[7] Preparation of salty coals with oil-agglomeration technol- 

ogy / V. S. Biletskyi, A. Kheloufi, P. V. Sergeev // 9th 

International conference on coal science (ICCS’97), 7–12 

September 1997, Essen, Germany. V. 1. P.535-538. 
 

[8] Investigation of laws of selective flocculation of coals 

with syn-thetic latexes / P. V. Sergeev, V. S. Biletskyy // 

ICCS’97. 7–12 September 1997, Essen, Germany. V. 1. 

p. 503-506. 
 

[9] C.-W. Fan, R. Markuszewski, and T. D. Wheelock, “Oil 

Agglomeration of Coal in Salt Solutions: Effects of Hy- 

drophobicity and Other Parameters on Coal Recovery” 
 

[10] Beletskyi V., Shendrik T. Ennobling of salty coals by 
means of oil agglomeration Technical and Geoinforma- 

tional Systems in Mining. Proceedings of the School of 

underground mining, Dnipropetrovsk/Yalta, 2–8 October 

2011. / CRC Press Taylor & Francis Group, London, UK. 

A Balkema Book. 2011. p. 135-140. 
 

[11] Whitacre, J., Iorio, A., Schellenberg, S. “Coal Blending: 

Business Value, Analysis, and Optimization” 
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1.22 Structural Engineering 
 
Structural engineering is mainly a sub-division of civil 

engineering where structural engineers are trained to un- 

derstand, predict, and calculate the stability, strength 

and rigidity of built structures for buildings[1] and non- 

building structures, to develop designs and integrate their 

design with that of other designers, and to supervise con- 

struction of projects on site.[2] They can also be involved 

in the design of machinery, medical equipment, vehicles 

etc. where structural integrity affects functioning and 

safety. 

Structural engineering theory is based upon applied 

physical laws and empirical knowledge of the struc- 

tural performance of different materials and geome- 

tries. Structural engineering design utilizes a number 

of relatively simple structural elements to build complex 

structural systems. Structural engineers are responsible 

for making creative and efficient use of funds, structural 

elements and materials to achieve these goals.[2]
 

 

1.22.1 Structural Engineer (Professional) 

Main article: Structural Engineer 

 
Structural engineers are responsible for engineering 

design and analysis. Entry-level structural engineers may 

design the individual structural elements of a structure, 

for example the beams, columns, and floors of a building. 

More experienced engineers may be responsible for the 
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The Eiffel Tower is a historical achievement of structural engi- 
neering. 

 

 
structural design and integrity of an entire system, such 

as a building. 

Structural engineers often specialize in particular fields, 

such as bridge engineering, building engineering, pipeline 

engineering, industrial structures, or special mechanical 

structures such as vehicles, ships or aircraft. 

Structural engineering has existed since humans first 

started to construct their own structures. It became a 

more defined and formalized profession with the emer- 

gence of the architecture as distinct profession from the 

engineering during the industrial revolution in the late 

19th century. Until then, the architect and the structural 

engineer were usually one and the same thing - the master 

builder. Only with the development of specialized knowl- 

edge of structural theories that emerged during the 19th 

and early 20th centuries, did the professional structural 

engineers come into existence. 

The role of a structural engineer today involves a signif- 

icant understanding of both static and dynamic loading, 

and the structures that are available to resist them. The 

 

complexity of modern structures often requires a great 

deal of creativity from the engineer in order to ensure the 

structures support and resist the loads they are subjected 

to. A structural engineer will typically have a four or five 

year undergraduate degree, followed by a minimum of 

three years of professional practice before being consid- 

ered fully qualified. Structural engineers are licensed or 

accredited by different learned societies and regulatory 

bodies around the world (for example, the Institution of 

Structural Engineers in the UK). Depending on the de- 

gree course they have studied and/or the jurisdiction they 

are seeking licensure in, they may be accredited (or li- 

censed) as just structural engineers, or as civil engineers, 

or as both civil and structural engineers. Another inter- 

national organisation is IABSE (International Association 

for Bridge and Structural Engineering).[3] The aim of that 

association is to exchange knowledge and to advance the 

practice of structural engineering worldwide in the ser- 

vice of the profession and society. 

 
1.22.2 History of Structural Engineering 

 

Main article: History of structural engineering 

Structural engineering dates back to 2700 B.C.E. when 
 

 

Pont du Gard, France, a Roman era aqueduct circa 19 BC. 

 
the step pyramid for Pharaoh Djoser was built by 

Imhotep, the first engineer in history known by name. 

Pyramids were the most common major structures built 

by ancient civilizations because the structural form of a 

pyramid is inherently stable and can be almost infinitely 

scaled (as opposed to most other structural forms, which 

cannot be linearly increased in size in proportion to in- 

creased loads).[4]
 

However, it’s important to note that the structural stability 

of the pyramid is not primarily a result of its shape. The 

integrity of the pyramid is intact as long as each of the 

stones is able to support the weight of the stone above it.[5] 

The limestone blocks were taken from a quarry near the 

build site. Since the compressive strength of limestone is 

anywhere from 30 to 250 MPa (MPa = Pa * 10^6), the 

blocks will not fail under compression.[6] Therefore, the 
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structural strength of the pyramid stems from the material 

properties of the stones from which it was built rather than 

the pyramid’s geometry. 

Throughout ancient and medieval history most architec- 

tural design and construction was carried out by artisans, 

such as stone masons and carpenters, rising to the role 

of master builder. No theory of structures existed, 

and understanding of how structures stood up was ex- 

tremely limited, and based almost entirely on empirical 

evidence of 'what had worked before'. Knowledge was 

retained by guilds and seldom supplanted by advances. 

Structures were repetitive, and increases in scale were 

incremental.[4]
 

No record exists of the first calculations of the strength 

of structural members or the behavior of structural ma- 

terial, but the profession of structural engineer only re- 

ally took shape with the Industrial Revolution and the 

re-invention of concrete (see History of Concrete). The 

physical sciences underlying structural engineering began 

to be understood in the Renaissance and have since devel- 

oped into computer-based applications pioneered in the 

1970s.[7]
 

 

1.22.3 Timeline 

• 1452–1519 Leonardo da Vinci made many contri- 
butions 

• 1638: Galileo Galilei published the book "Two New 
Sciences" in which he examined the failure of simple 
structures 

 

• 1660: Hooke’s law by Robert Hooke 

• 1687: Isaac Newton published "Philosophiae Nat- 
uralis Principia Mathematica" which contains the 
Newton’s laws of motion 

 

• 1750:  Euler–Bernoulli beam equation 

• 1700–1782: Daniel Bernoulli introduced the princi- 
ple of virtual work 

• 1707–1783: Leonhard Euler developed the theory 
of buckling of columns 

 
• 1826: Claude-Louis Navier published a treatise on 

the elastic behaviors of structures 

• 1873: Carlo Alberto Castigliano presented his dis- 

sertation “Intorno ai sistemi elastici”, which contains 

his theorem for computing displacement as partial 
derivative of the strain energy. This theorem in- 

cludes the method of least work as a special case 

• 1874: Otto Mohr formalized the idea of a statically 
indeterminate structure. 

 

 
 

Galileo Galilei published the book "Two New Sciences" in which 
he examined the failure of simple structures 

 

 

Isaac Newton published "Philosophiae Naturalis Principia Math- 
ematica" which contains the Newton’s laws of motion 

 

• 1922: Timoshenko corrects the Euler-Bernoulli 
beam equation 

• 1936: Hardy Cross' publication of the moment dis- 
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Leonhard Euler developed the theory of buckling of columns 
 

tribution method, an important innovation in the de- 

sign of continuous frames. 

• 1941: Alexander Hrennikoff solved the discretiza- 
tion of plane elasticity problems using a lattice 
framework 

• 1942: R. Courant divided a domain into finite sub- 
regions 

• 1956: J. Turner, R. W. Clough, H. C. Martin, and 

L. J. Topp’s paper on the “Stiffness and Deflection 

of Complex Structures” introduces the name “finite- 

element method” and is widely recognized as the 

first comprehensive treatment of the method as it is 

known today 

 
Structural failure 

 

Main articles: Structural failure and List of structural 

failures and collapses 

 
The history of structural engineering contains many col- 

lapses and failures. Sometimes this is due to obvious neg- 

ligence, as in the case of the Pétion-Ville school collapse, 

in which Rev. Fortin Augustin “constructed the building 
all by himself, saying he didn't need an engineer as he had 
good knowledge of construction” following a partial col- 

lapse of the three-story schoolhouse that sent neighbors 

fleeing. The final collapse killed 94 people, mostly chil- 

dren. 

In other cases structural failures require careful study, 

and the results of these inquiries have resulted in im- 

 

proved practices and greater understanding of the science 

of structural engineering. Some such studies are the result 

of forensic engineering investigations where the original 

engineer seems to have done everything in accordance 

with the state of the profession and acceptable practice 

yet a failure still eventuated. A famous case of structural 

knowledge and practice being advanced in this manner 

can be found in a series of failures involving box girders 

which collapsed in Australia during the 1970s. 

 
 

1.22.4 Specializations 

Building structures 
 

See also: Building engineering 

Structural building engineering includes all  structural 

 

 

Sydney Opera House, designed by Architect Jørn Utzon and struc- 
tural design by Ove Arup & Partners 

 

 

 
Millennium Dome in London, UK, by Richard Rogers and Buro 
Happold 

 
engineering related to the design of buildings. It is a 

branch of structural engineering closely affiliated with 

architecture. 

Structural building engineering is primarily driven by the 

creative manipulation of materials and forms and the un- 

derlying mathematical and scientific ideas to achieve an 

end which fulfills its functional requirements and is struc- 

turally safe when subjected to all the loads it could rea- 

sonably be expected to experience. This is subtly differ- 

ent from architectural design, which is driven by the cre- 

ative manipulation of materials and forms, mass, space, 
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Burj Khalifa, in Dubai, the world’s tallest building, shown under 
construction in 2007 (since  completed) 

 
 

volume, texture and light to achieve an end which is aes- 

thetic, functional and often artistic. 

The architect is usually the lead designer on buildings, 

with a structural engineer employed as a sub-consultant. 

The degree to which each discipline actually leads the de- 

sign depends heavily on the type of structure. Many struc- 

tures are structurally simple and led by architecture, such 

as multi-storey office buildings and housing, while other 

structures, such as tensile structures, shells and gridshells 

are heavily dependent on their form for their strength, and 

the engineer may have a more significant influence on the 

form, and hence much of the aesthetic, than the architect. 

The structural design for a building must ensure that the 

building is able to stand up safely, able to function with- 

out excessive deflections or movements which may cause 

fatigue of structural elements, cracking or failure of fix- 

tures, fittings or partitions, or discomfort for occupants. 

It must account for movements and forces due to temper- 

ature, creep, cracking and imposed loads. It must also en- 

sure that the design is practically buildable within accept- 

able manufacturing tolerances of the materials. It must 

allow the architecture to work, and the building services 

to fit within the building and function (air conditioning, 

 

ventilation, smoke extract, electrics, lighting etc.). The 

structural design of a modern building can be extremely 

complex, and often requires a large team to complete. 

Structural engineering specialties for buildings include: 

 

• Earthquake engineering 

• Façade engineering 

• Fire engineering 

• Roof engineering 

• Tower engineering 

• Wind engineering 

 
Earthquake engineering structures 

 

Main article: Earthquake engineering structures 

 
Earthquake engineering structures are those engi- 

neered to withstand earthquakes. 

 

 

Earthquake-proof pyramid El Castillo, Chichen Itza 

 
The main objectives of earthquake engineering are to 

understand the interaction of structures with the shak- 

ing ground, foresee the consequences of possible earth- 

quakes, and design and construct the structures to 

perform during an earthquake. 

Earthquake-proof structures are not necessarily ex- 

tremely strong like the El Castillo pyramid at Chichen Itza 

shown above. In fact, many structures considered strong 

may in fact be stiff, which can result in poor seismic per- 

formance. 

One important tool of earthquake engineering is base iso- 

lation, which allows the base of a structure to move freely 

with the ground. 

 
 

Civil engineering structures 

 

Civil structural engineering includes all structural engi- 

neering related to the built environment. It includes: 
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The structural engineer is the lead designer on these struc- 

tures, and often the sole designer. In the design of struc- 

tures such as these, structural safety is of paramount im- 

portance (in the UK, designs for dams, nuclear power sta- 

tions and bridges must be signed off by a chartered engi- 

neer). 

Civil engineering structures are often subjected to very 

extreme forces, such as large variations in temperature, 

dynamic loads such as waves or traffic, or high pressures 

from water or compressed gases. They are also often con- 

structed in corrosive environments, such as at sea, in in- 

dustrial facilities or below ground. 

 
Mechanical structures 

 

 

Car 

 

 

Motorbike 

 
Principles of structural engineering are applied to variety 

of mechanical (moveable) structures. The design of static 

structures assumes they always have the same geometry 

(in fact, so-called static structures can move significantly, 

and structural engineering design must take this into ac- 

count where necessary), but the design of moveable or 

moving structures must account for fatigue, variation in 

the method in which load is resisted and significant de- 

flections of structures. 

The forces which parts of a machine are subjected to can 

vary significantly, and can do so at a great rate. The forces 

which a boat or aircraft are subjected to vary enormously 

and will do so thousands of times over the structure’s life- 

time. The structural design must ensure that such struc- 

tures are able to endure such loading for their entire de- 

sign life without failing. 

These works can require mechanical structural engineer- 

ing: 
 

• Boilers and pressure vessels 

• Coachworks and carriages 

• Cranes 

• Elevators 

• Escalators 

• Marine vessels and hulls 

 
Aerospace structures 

 

 

An Airbus A380, the world’s largest passenger airliner 

 
Aerospace structure types include launch vehicles, (Atlas, 

Delta, Titan), missiles (ALCM, Harpoon), Hypersonic 

vehicles  (Space Shuttle),  military aircraft (F-16,  F- 

18) and commercial aircraft (Boeing 777, MD-11). 

Aerospace structures typically consist of thin plates with 

stiffeners for the external surfaces, bulkheads and frames 

to support the shape and fasteners such as welds, rivets, 

screws and bolts to hold the components together. 

 
Nanoscale structures 

 

A nanostructure is an object of intermediate size be- 

tween molecular and microscopic (micrometer-sized) 

structures. In describing nanostructures it is necessary 

to differentiate between the number of dimensions on the 

nanoscale. Nanotextured surfaces have one dimension on 

the nanoscale, i.e., only the thickness of the surface of 

an object is between 0.1 and 100 nm. Nanotubes have 

two dimensions on the nanoscale, i.e., the diameter of 

the tube is between 0.1 and 100 nm; its length could be 

much greater. Finally, spherical nanoparticles have three 

dimensions on the nanoscale, i.e., the particle is between 

0.1 and 100 nm in each spatial dimension. The terms 

nanoparticles and ultrafine particles (UFP) often are used 
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Design of missile needs in depth understanding of Structural 
Analysis 

 

synonymously although UFP can reach into the microme- 

tre range. The term 'nanostructure' is often used when 

referring to magnetic technology. 

 
Structural Engineering for Medical Science 

 

 

Designing Medical Equipment needs in-depth understanding of 
Structural Engineering 

 

Medical equipment (also known as armamentarium) is 

designed to aid in the diagnosis, monitoring or treat- 

ment of medical conditions. There are several basic 

types: Diagnostic equipment includes medical imaging 

machines, used to aid in diagnosis ; equipment includes 

infusion pumps, medical lasers and LASIK surgical ma- 

chines ; Medical monitors allow medical staff to measure 

a patient’s medical state. Monitors may measure patient 

 

vital signs and other parameters including ECG, EEG, 

blood pressure, and dissolved gases in the blood ; Diag- 

nostic Medical Equipment may also be used in the home 

for certain purposes, e.g. for the control of diabetes mel- 

litus. A biomedical equipment technician (BMET) is a 

vital component of the healthcare delivery system. Em- 

ployed primarily by hospitals, BMETs are the people re- 

sponsible for maintaining a facility’s medical equipment. 

 

1.22.5 Structural elements 

Main article: Space frame 

Any structure is essentially made up of only a small num- 

 
 

 
 

 

A statically determinate simply supported beam, bending under 
an evenly distributed load. 

 

ber of different types of elements: 
 

• Columns 

• Beams 

• Plates 

• Arches 

• Shells 

• Catenaries 

 

Many of these elements can be classified according to 

form (straight, plane / curve) and dimensionality (one- 

dimensional / two-dimensional): 

 
Columns 

 

Main article: Column 

 
Columns are elements that carry only axial force - com- 

pression - or both axial force and bending (which is tech- 

nically called a beam-column but practically, just a col- 

umn). The design of a column must check the axial ca- 

pacity of the element, and the buckling capacity. 

The buckling capacity is the capacity of the element to 

withstand the propensity to buckle. Its capacity depends 
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upon its geometry, material, and the effective length of 

the column, which depends upon the restraint conditions 

at the top and bottom of the column. The effective length 

is K ∗ l where l is the real length of the column and K is 

the factor dependent on the restraint conditions. 

The capacity of a column to carry axial load depends on 

the degree of bending it is subjected to, and vice versa. 

This is represented on an interaction chart and is a com- 

plex non-linear relationship. 

 

Beams 
 

Main article: Beam 

A beam may be defined as an element in which one di- 
 

Little Belt: a truss bridge in Denmark 

 
mension is much greater than the other two and the ap- 

plied loads are usually normal to the main axis of the el- 

ement. Beams and columns are called line elements and 

are often represented by simple lines in structural model- 

ing. 

 

• cantilevered (supported at one end only with a fixed 
connection) 

• simply supported (supported vertically at each end; 
horizontally on only one to withstand friction, and 
able to rotate at the supports) 

• fixed (supported at both ends by fixed connection; 
unable to rotate at the supports) 

• continuous (supported by three or more supports) 

• a combination of the above (ex. supported at one 
end and in the middle) 

 
Beams are elements which carry pure bending only. 

Bending causes one part of the section of a beam (divided 

along its length) to go into compression and the other part 

into tension. The compression part must be designed to 

resist buckling and crushing, while the tension part must 

be able to adequately resist the tension. 

Trusses 
 

Main article: Truss 

A truss is a structure comprising members and connec- 

 

 

The McDonnell Planetarium by Gyo Obata in St Louis, Missouri, 
USA, a concrete shell structure 

 

 

 
The 630 foot (192 m) high, stainless-clad (type 304) Gateway 
Arch in Saint Louis, Missouri 

 
tion points or nodes. When members are connected at 

nodes and forces are applied at nodes members can act 

in tension or in compression. Members acting in com- 

pression are referred to as compression members or struts 

while members acting in tension are referred to as tension 

members or ties. Most trusses use gusset plates to connect 

intersecting elements. Gusset plates are relatively flexible 
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and unable to transfer bending moments at the connec- 

tions, thus allowing the truss members to act primarily in 

tension or compression. 

Trusses are usually utilised in large-span structures, 

where it would be uneconomical to use solid beams. 

 
Plates 

 

Plates carry bending in two directions. A concrete flat 

slab is an example of a plate. Plates are understood by 

using continuum mechanics, but due to the complexity 

involved they are most often designed using a codified 

empirical approach, or computer analysis. 

They can also be designed with yield line theory, where 

an assumed collapse mechanism is analysed to give an 

upper bound on the collapse load (see Plasticity). This 

technique is used in practice [8] but because the method 

provides an upper-bound, i.e. an unsafe prediction of the 

collapse load, for poorly conceived collapse mechanisms 

great care is needed to ensure that the assumed collapse 

mechanism is realistic.[9]
 

 
Shells 

 

Main article: Thin-shell structure 

See also: Gridshell 

 
Shells derive their strength from their form, and carry 

forces in compression in two directions. A dome is an 

example of a shell. They can be designed by making a 

hanging-chain model, which will act as a catenary in pure 

tension, and inverting the form to achieve pure compres- 

sion. 

 
Arches 

 

Main article: Arch 

 
Arches carry forces in compression in one direction only, 

which is why it is appropriate to build arches out of ma- 

sonry. They are designed by ensuring that the line of 

thrust of the force remains within the depth of the arch. It 

is mainly used to increase the bountifulness of any struc- 

ture. 

 
Catenaries 

 

Main article: Tensile structure 

 
Catenaries derive their strength from their form, and 

carry transverse forces in pure tension by deflecting (just 

as a tightrope will sag when someone walks on it). They 

are almost always cable or fabric structures. A fabric 

structure acts as a catenary in two directions. 

Structural engineering theory 
 

Main article: Structural engineering theory 

Structural engineering depends upon a detailed knowl- 

 

 

 
Figure of a bolt in shear stress. Top figure illustrates single shear, 
bottom figure illustrates double shear. 

 

edge of applied mechanics, materials science and applied 

mathematics to understand and predict how structures 

support and resist self-weight and imposed loads. To ap- 

ply the knowledge successfully a structural engineer gen- 

erally requires detailed knowledge of relevant empirical 

and theoretical design codes, the techniques of structural 

analysis, as well as some knowledge of the corrosion re- 

sistance of the materials and structures, especially when 

those structures are exposed to the external environment. 

Since the 1990s, specialist software has become avail- 

able to aid in the design of structures, with the func- 

tionality to assist in the drawing, analyzing and designing 

of structures with maximum precision; examples include 

AutoCAD, StaadPro, ETABS, Prokon, Revit Structure, 

Inducta RCB, etc. Such software may also take into con- 

sideration environmental loads, such as from earthquakes 

and winds. 

 
Materials 

 

Main article: Structural material 

 
Structural engineering depends on the knowledge of ma- 

terials and their properties, in order to understand how 

different materials support and resist loads. 

Common structural materials are: 

• Iron: Wrought iron, Cast iron 

• Concrete: Reinforced concrete, Prestressed con- 
crete 

• Alloy: Steel, Stainless steel 

• Masonry 
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• Timber:  Hardwood, Softwood 

• Aluminium 

• Composite materials: Plywood 

• Other structural materials:Adobe, Bamboo, Carbon 
fibre, Fiber reinforced plastic, Mudbrick, Roofing 
materials 

 

1.22.6 See also 
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1.23   Transportation Engineering 
 
 

The engineering of this roundabout in Bristol, England, attempts 
to make traffic flow free-moving 

 
Transportation engineering or transport engineering 

is the application of technology and scientific principles 

to the planning, functional design, operation and man- 

agement of facilities for any mode of transportation in 

order to provide for the safe, efficient, rapid, comfort- 

able, convenient, economical, and environmentally com- 

patible movement of people and goods (transport) . It is 

a sub-discipline of civil engineering.[1] The importance 

of transportation engineering within the civil engineer- 

ing profession can be judged by the number of divisions 

in ASCE (American Society of Civil Engineers) that are 

directly related to transportation. There are six such divi- 

sions (Aerospace; Air Transportation; Highway; Pipeline; 

Waterway, Port, Coastal and Ocean; and Urban Trans- 

portation) representing one-third of the total 18 technical 

divisions within the ASCE (1987).[2]
 

The planning aspects of transportation engineering re- 

late to elements of urban planning, and involve techni- 

cal forecasting decisions and political factors. Technical 

forecasting of passenger travel usually involves an urban 

transportation planning model, requiring the estimation 

of trip generation (how many trips for what purpose), 

trip distribution (destination choice, where is the trav- 

eler going), mode choice (what mode is being taken), 

and route assignment (which streets or routes are being 

used). More sophisticated forecasting can include other 

aspects of traveler decisions, including auto ownership, 

trip chaining (the decision to link individual trips together 

in a tour) and the choice of residential or business loca- 

tion (known as land use forecasting). Passenger trips are 

the focus of transportation engineering because they of- 

ten represent the peak of demand on any transportation 

system. 

A review of descriptions of the scope of various commit- 

tees indicates that while facility planning and design con- 

tinue to be the core of the transportation engineering field, 

such areas as operations planning, logistics, network anal- 

ysis, financing, and policy analysis are also important to 

civil engineers, particularly to those working in highway 

and urban transportation. The National Council of Ex- 

aminers for Engineering and Surveying (NCEES) list on- 

line the safety protocols, geometric design requirements, 

and signal timing. 

Transportation engineering, as practiced by civil engi- 

neers, primarily involves planning, design, construction, 

maintenance, and operation of transportation facilities. 

The facilities support air, highway, railroad, pipeline, wa- 

ter, and even space transportation.[1] The design aspects 

of transportation engineering include the sizing of trans- 

portation facilities (how many lanes or how much capac- 

ity the facility has), determining the materials and thick- 

ness used in pavement designing the geometry (vertical 

and horizontal alignment) of the roadway (or track). 

Before any planning occurs the Engineer must take what 

is known as an inventory of the area or if it is appropriate, 

the previous system in place. This inventory or database 

must include information on (1)population, (2)land use, 

(3)economic activity, (4)transportation facilities and ser- 

vices, (5)travel patterns and volumes, (6)laws and or- 

dinances, (7)regional financial resources, (8)community 

values and expectations. These inventories help the en- 

gineer create business models to complete accurate fore- 

casts of the future conditions of the systemReview. 

Operations and management involve traffic engineering, 

so that vehicles move smoothly on the road or track. 

Older techniques include signs, signals, markings, and 

tolling. Newer technologies involve intelligent trans- 

portation systems, including advanced traveler informa- 

tion systems (such as variable message signs), advanced 

traffic control systems (such as ramp meters), and vehicle 

infrastructure integration. Human factors are an as- 

pect of transportation engineering, particularly concern- 
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ing driver-vehicle interface and user interface of road 

signs, signals, and markings. 

 
 

1.23.1 Highway engineering 
 

Main article: Highway engineering 

Engineers in this specialization: 

• Handle the planning, design, construction, and op- 
eration of highways, roads, and other vehicular fa- 

cilities as well as their related bicycle and pedestrian 
realms. 

 

• Estimate the transportation needs of the public and 
then secure the funding for the project. 

 

• Analyze locations of high traffic volumes and high 
collisions for safety and capacity. 

 

• Use civil engineering principles to improve the 
transportation system. 

 

• Utilizes the three design controls which are the 
drivers, the vehicles, and the roadways themselves. 

 

 

1.23.2 Railroad engineering 
 

Main article: Railway systems engineering 

 
Railway engineers handle the design, construction, and 

operation of railroads and mass transit systems that use 

a fixed guideway (such as light rail or even monorails). 

Typical tasks would include determining horizontal and 

vertical alignment design, station location and design, and 

construction cost estimating. Railroad engineers can also 

move into the specialized field of train dispatching which 

focuses on train movement control. 

Railway engineers also work to build a cleaner and safer 

transportation network by reinvesting and revitalizing the 

rail system to meet future demands. In the United States, 

railway engineers work with elected officials in Wash- 

ington, D.C. on rail transportation issues to make sure 

that the rail system meets the country’s transportation 

needs.[3]
 

 

1.23.3 Port and harbor engineering 
 

Port and harbor engineers handle the design, construc- 

tion, and operation of ports, harbors, canals, and other 

maritime facilities. This is not to be confused with marine 

engineering. 

 
1.23.4 Airport engineering 

 

Airport engineers design and construct airports. Airport 

engineers must account for the impacts and demands of 

aircraft in their design of airport facilities. These engi- 

neers must use the analysis of predominant wind direc- 

tion to determine runway orientation, determine the size 

of runway border and safety areas, different wing tip to 

wing tip clearances for all gates and must designate the 

clear zones in the entire port. 

 
 

1.23.5 Professional Societies 

• Young Professionals in Transportation (YPT) [4]
 

• Institute of Transportation Engineers (ITE) [5]
 

• American Society for Highway Engineering 
(ASHE) [6]

 

• American Society of Civil Engineers (ASCE) [7]
 

• The American Association of State Highway and 
Transportation Officials (AASHTO)[8]

 

• Eastern Asia Society for Transportation Studies 
(EASTS)[9]

 

 

1.23.6 See also 

• All-four 

• Bicycle transportation engineering 

• Heuristic routing 

• Individual mobility 

• Intelligent Transportation System (ITS) 

• Interplanetary Transport Network 

• Pavement  engineering 

• Principles of Intelligent Urbanism 

• Space syntax (pedestrian and vehicular analysis us- 
ing similar 

techniques to standard transportation  engineering) 

• Transportation forecasting 

• Transportation  planning 

• Utility cycling 
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1.23.8 External links 

• http://www.ite.org Institute of Transportation Engi- 
neers, a professional society for transportation engi- 
neers 

• http://www.itsa.org ITS America 

• http://www.asce.org  ASCE 

 

1.24 Transportation planning 
 
 

1948 San Francisco roadway plan 

 
Transportation planning is the process of defining fu- 

ture policies, goals, investments and designs to prepare 

for future needs to move people and goods to destinations. 

As practiced today, it is a collaborative process that incor- 

porates the input of many stakeholders including various 

government agencies, the public and private businesses. 

Transportation planners apply a multi-modal and/or com- 

prehensive approach to analyzing the wide range of alter- 

natives and impacts on the transportation system to influ- 

ence beneficial outcomes. 

Transportation planning is also commonly referred to 

as transport planning internationally, and is involved 

with the evaluation, assessment, design and siting of 

transport facilities (generally streets, highways, bike lanes 

and public transport lines). 

 

1.24.1 Models and Sustainability 

See also: Sustainable transport 

Transportation planning, or transport planning, has his- 
 

 

Chicago Transit Authority Chicago 'L' trains use elevated tracks 
for a portion of the system known as the Loop, which is located 
in the Chicago Loop community area. This is an example of 
the siting of transportation facilities resulting from transportation 
planning. 

 
 

 

A bypass the Old Town in Szczecin, Poland 
 

torically followed the rational planning model of defin- 

ing goals and objectives, identifying problems, generat- 

ing alternatives, evaluating alternatives, and developing 

plans. Other models for planning include rational ac- 

tor, transit oriented development, satisficing, incremental 
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planning, organizational process, collaborative planning, 

and political bargaining. 

Planners are increasingly expected to adopt a multi- 

disciplinary approach, especially due to the rising im- 

portance of environmentalism. For example, the use of 

behavioural psychology to persuade drivers to abandon 

their automobiles and use public transport instead. The 

role of the transport planner is shifting from technical 

analysis to promoting sustainability through integrated 

transport policies.[1] For example, in Hanoi the increas- 

ing number of motorcycles is responsible not only for 

environmental damage but also for slowing down eco- 

nomic growth. In the long run the plan is to reduce traf- 

fic through a change in urban planning. Through eco- 

nomic incentives and attractive alternatives experts hope 

to lighten traffic in the short run.[2]
 

 
1.24.2 United Kingdom 

 

In the United Kingdom transport planning has tradition- 

ally been a branch of civil engineering. In the 1950s and 

1960s it was generally believed that the motor car was an 

important element in the future of transport as economic 

growth spurred on car ownership figures. The role of the 

transport planner was to match motorway and rural road 

capacity against the demands of economic growth. Urban 

areas would need to be redesigned for the motor vehicle 

or else impose traffic containment and demand manage- 

ment to mitigate congestion and environmental impacts. 

These policies were popularised in a 1963 government 

publication, Traffic in Towns. The contemporary Smeed 

Report on congestion pricing was initially promoted to 

manage demand but was deemed politically unaccept- 

able. In more recent times this approach has been carica- 

tured as “predict and provide” – to predict future trans- 

port demand and provide the network for it, usually by 

building more roads. 

The publication of Planning Policy Guidance 13 in 

1994 (revised in 2001),[3] followed by A New Deal for 

Transport[4] in 1998 and the white paper Transport Ten 

Year Plan 2000[5] again indicated an acceptance that un- 

restrained growth in road traffic was neither desirable nor 

feasible. The worries were threefold: concerns about 

congestion, concerns about the effect of road traffic on 

the environment (both natural and built) and concerns 

that an emphasis on road transport discriminates against 

vulnerable groups in society such as the poor, the elderly 

and the disabled. 

These documents reiterated the emphasis on integration: 

 

• integration within and between different modes of 
transport 

• integration with the environment 

• integration with land use planning 

• integration with policies for education, health and 

wealth creation. 

 
This attempt to reverse decades of underinvestment in the 

transport system has resulted in a severe shortage of trans- 

port planners. It was estimated in 2003 that 2,000 new 

planners would be required by 2010 to avoid jeopardis- 

ing the success of the Transport Ten Year Plan . 

During 2006 the Transport Planning Society defined the 

key purpose of transport planning as: 

 
to plan, design, deliver, manage 
and review transport, balancing the 
needs of society, the economy and 
the environment.[6]

 

 
The following key roles must be performed by transport 

planners: 
 

• take account of the social, economic and environ- 
mental context of their work 

• understand the legal, regulatory policy and resource 
framework within which they work 

• understand and create transport policies, strategies 
and plans that contribute to meeting social, eco- 
nomic and environmental needs 

• design the necessary transport projects, systems and 
services 

• understand the commercial aspects of operating 
transport systems and services 

• know about and apply the relevant tools and tech- 
niques 

• must be competent in all aspects of management, 
in particular communications, personal skills and 

project management.[6]
 

 
The UK Treasury recognises and has published guidance 

on the systematic tendency for project appraisers to be 

overly optimistic in their initial estimates.[7]
 

 

1.24.3 United States 

 

A Civilian Conservation Corps (CCC) map of the planned route 
of a parkway. During the 1930s, the CCC was actively in- 
volved in creating and improving roads throughout rural areas 
and parks 

 
Transportation planning in the United States is in the 

midst of a shift similar to that taking place in the United 
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Kingdom, away from the singular goal of moving ve- 

hicular traffic and towards an approach that takes into 

consideration the communities and lands through which 

streets, roads, and highways pass (“the context”). More 

so, it places a greater emphasis on passenger rail net- 

works, which had been neglected until recently. This new 

approach, known as Context Sensitive Solutions (CSS), 

seeks to balance the need to move people efficiently and 

safely with other desirable outcomes, including historic 

preservation, environmental sustainability, and the cre- 

ation of vital public spaces. 

The initial guiding principles of CSS came out of the 

1998 “Thinking Beyond the Pavement” conference[8] as 

a means to describe and foster transportation projects 

that preserve and enhance the natural and built environ- 

ments, as well as the economic and social assets of the 

neighborhoods they pass through. CSS principles have 

since been adopted as guidelines for highway design in 

federal legislation.[9] Also, in 2003, the Federal High- 

way Administration announced that under one of its three 

Vital Few Objectives (Environmental Stewardship and 

Streamlining) they set the target of achieving CSS inte- 

gration within all state Departments of Transportation by 

September 2007.[10]
 

In recent years, there has been a movement to provide 

“complete” transportation corridors under the "complete 

streets" movement. In response to auto-centric design of 

transportation networks, complete streets encompass all 

users and modes of transportation in a more equitable 

manner.[11] The complete streets movement entails many 

of the CSS principles as well as pedestrian, bicycle and 

older adult movements to improve transportation in the 

United States.[11]
 

These recent pushes for changes to the profession of 

transportation planning has led to the development of 

a professional certification program by the Institute of 

Transportation Engineers, the Professional Transporta- 

tion Planner in 2007. In response an advanced form 

of certification - the Advanced Specialty Certification in 

Transportation Planning was developed by the American 

Planning Association thereafter in 2011. The Certified 

Transportation Planner credential is only available for 

those professional planners (AICP members) who have 

at a minimum of eight years of transportation planning 

experience. 

 

The Technical Process 

 

Most regional transport planners employ what is called 

the rational model of planning. The model views planning 

as a logical and technical process that uses the analysis of 

quantitative data to decide how to best invest resources in 

new and existing transport infrastructure.[12]
 

Since World War II, this attitude in planning has resulted 

in the widespread use of travel modelling as a key com- 

ponent of regional transport planning.  The models’ rise 

in popularity can also be attributed to a rapid increase 

in the number of automobiles on the road, widespread 

suburbanization and a large increase in federal or national 

government spending upon transport in urban areas. All 

of these phenomena dominated the planning culture in 

the late 1940s, 1950s and 1960s. Regional transport plan- 

ning was needed because increasingly cities weren’t just 

cities anymore, but parts of a complex regional system.[13]
 

The US process, according to Johnston (2004) and 

the FHWA and Federal Transit Administration (FTA) 

(2007), generally follows a pattern which can be divided 

into three different stages. Over the course of each 

of three phases, the metropolitan planning organization 

(MPO) is also supposed to consider air quality and en- 

vironmental issues, look at planning questions in fiscally 

constrained way and involve the public. In the first stage, 

called preanalysis, the MPO considers what problems and 

issues the region faces and what goals and objectives it 

can set to help address those issues. During this phase the 

MPO also collects data on wide variety of regional char- 

acteristics, develops a set of different alternatives that will 

be explored as part of the planning process and creates 

a list of measurable outcomes that will be used to see 

whether goals and objectives have been achieved. John- 

ston notes that many MPOs perform weakly in this area, 

and though many of these activities seem like the “soft” 

aspects of planning that aren’t really necessary, they’re 

absolutely essential to ensuring that the models used in 

second phase are accurate and complete .[13]
 

The second phase is technical analysis. The process in- 

volves much technical maneuvering, but basically the de- 

velopment of the models can be broken down as follows. 

Before beginning, the MPO collects enormous amounts 

of data. This data can be thought of as falling into two 

categories: data about the transport system and data about 

adjacent land use. The best MPOs are constantly collect- 

ing this data.[13]
 

The actual analysis tool used in the US is called the Ur- 

ban Transportation Modeling System (UTMS), though it 

is often referred to as the four-step process. As its nick- 

name suggestions, UTMS has four steps: trip generation, 

trip distribution, mode choice and trip/route assignment. 

In trip generation, the region is subdivided into a large 

number of smaller units of analysis called traffic analy- 

sis zones (TAZs). Based on the number and character- 

istics of the households in each zone, a certain number 

of trips is generated. In the second step, trip distribu- 

tion, trips are separated out into categories based on their 

origin and purpose: generally, these categories are home- 

based work, home-based other and non-home based. In 

each of three categories, trips are matched to origin and 

destination zones using the data that has been collected. 

In mode choice, trips are assigned to a mode (usually auto 

or transit) based on what’s available in a particular zone, 

the characteristics of the household within that zone and 

the cost of the mode for each mode in terms of money 
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and time. Since most trips by bicycle or walking are gen- 

erally shorter, they are assumed to have stayed within one 

zone and are not included in the analysis. Finally, in route 

assignment, trips are assigned to the network. As partic- 

ular parts of the network are assigned trips, the vehicle 

speed slows down, so some trips are assigned to alternate 

routes in such a way that all trip times are equal. This is 

important because the ultimate goal is system-wide op- 

timization, not optimization for any one individual. The 

finished product is traffic flows and speeds for each link 

in the network.[13]
 

Ideally, these models would include all the different be- 

haviours that are associated with transport, including 

complex policy questions which are more qualitative in 

nature. Because of the complexity of transport issues, 

this is often not possible in practice. This results in 

models which may estimate future traffic conditions well, 

but are ultimately based on assumptions made on the 

part of the planner. Some planners carry out additional 

sub-system modelling on things like automobile owner- 

ship, time of travel, location of land development, loca- 

tion and firms and location of households to help to fill 

these knowledge gaps, but what are created are never- 

theless models, and models always include some level of 

uncertainty.[13]
 

The post-analysis phase involves plan evaluation, pro- 

gramme implementation and monitoring of the results. 

Johnston notes that for evaluation to be meaningful it 

should be as comprehensive as possible. For exam- 

ple, rather than just looking at decreases in congestion, 

MPOs should consider economic, equity and environ- 

mental issues.[13]
 

 

 
Politics and Transportation Planning 

 
Although a transportation planning process may appear 

to be a rational process based on standard and objec- 

tive methodologies, it is often influenced by political pro- 

cesses. Transportation planning is closely interrelated to 

the public nature of government works projects. As a 

result, transportation planners play both a technical and 

a coordinating role. Politicians often have vastly differ- 

ing perspectives, goals and policy desires. Transportation 

planners help by providing information to decision mak- 

ers, such as politicians, in a manner that produces benefi- 

cial outcomes. This role is similar to transportation engi- 

neers, who are often equally influenced by politics in the 

technical process of transportation engineering design. 

 

 
 

Integration with Urban planning 

 
Transport isochrone maps can be used in connection with 

urban planning to evaluate sites.[14][15][16][17]
 

1.24.4 See also 

• American Planning Association (U.S.) 

• Auto-restricted  zone 

• Employee scheduling software 

• Focal point 

• Low-emission zone 

• List of planning journals 

• Professional Transportation Planner (U.S.) 

• Transport engineering 

• Strategic Environmental Assessment 

• Transport Planning Professional (UK) 

• Transportation forecasting 

• Trip distribution 

• Urban freight distribution 

• Kemp, Roger L., Cities and Cars: A Handbook of 
Best Practices, McFarland and Co., Inc., Publishers, 
Jefferson, NC, USA, and London, England, UK, 

(2007). (ISBN 978-0-7864-2919-6). 
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1.24.6 External links 

• Spatial Decision Support Knowledge Portal 

 

1.25 Traffic engineering (trans- 

portation) 
 
For the engineering of communications and computer 

networks, see Teletraffic engineering. 

Traffic engineering is a branch of civil engineering that 
 

Complex intersections with multiple vehicle lanes, bike lanes, and 
crosswalks are common examples of traffic engineering projects 

 
uses engineering techniques to achieve the safe and ef- 

ficient movement of people and goods on roadways. It 

focuses mainly on research for safe and efficient traffic 

flow, such as road geometry, sidewalks and crosswalks, 

cycling infrastructure, traffic signs, road surface markings 

and traffic lights. Traffic engineering deals with the func- 

tional part of transportation system, except the infrastruc- 

tures provided. 

Traffic engineering is closely associated with other disci- 

plines: 
 

• Transport engineering 

• Pavement  engineering 

• Bicycle transportation engineering 

• Highway engineering 

• Transportation  planning 

• Urban planning 

• Human factors engineering. 

 

Typical traffic engineering projects involve designing 

traffic control device installations and modifications, in- 

cluding traffic signals, signs, and pavement markings. 

However, traffic engineers also consider traffic safety by 

investigating locations with high crash rates and develop- 

ing countermeasures to reduce crashes. Traffic flow man- 

agement can be short-term (preparing construction traffic 

control plans, including detour plans for pedestrian and 

vehicular traffic) or long-term (estimating the impacts of 

proposed commercial developments on traffic patterns). 

Increasingly, traffic problems are being addressed by de- 

veloping systems for intelligent transportation systems, 

often in conjunction with other engineering disciplines, 

such as computer engineering and electrical engineering. 

 

1.25.1 Traffic systems 
 

Traditionally, road improvements have consisted mainly 

of building additional infrastructure. However, dynamic 

elements are now being introduced into road traffic man- 

agement. Dynamic elements have long been used in rail 

transport. These include sensors to measure traffic flows 

and automatic, interconnected, guidance systems to man- 

age traffic (for example, traffic signs which open a lane in 

different directions depending on the time of day). Also, 

traffic flow and speed sensors are used to detect problems 

and alert operators, so that the cause of the congestion can 

be determined, and measures can be taken to minimize 

delays. These systems are collectively called intelligent 

transportation  systems. 

 
Lane flow equation 

 

The relationship between lane flow (Q, vehicles per hour), 

space mean speed (V, kilometers per hour) and density 

(K, vehicles per kilometer) is 
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A ramp meter limits the rate at which vehicles can enter the free- 
way 

 

Q = KV 

Observation on limited access facilities suggests that up 

to a maximum flow, speed does not decline while den- 

sity increases. However, above a critical threshold, in- 

creased density reduces speed. Additionally, beyond a 

further threshold, increased density reduces flow as well. 

Therefore, speeds and lane flows at bottlenecks can be 

kept high during peak periods by managing traffic density 

using devices that limit the rate at which vehicles can enter 

the highway. Ramp meters, signals on entrance ramps 

that control the rate at which vehicles are allowed to enter 

the mainline facility, provide this function (at the expense 

of increased delay for those waiting at the ramps). 

 

1.25.2 Highway safety 
 

Highway safety engineering is a branch of traffic engi- 

neering that deals with reducing the frequency and sever- 

ity of crashes. It uses physics and vehicle dynamics, as 

well as road user psychology and human factors engineer- 

ing, to reduce the influence of factors that contribute to 

crashes. 

A typical traffic safety investigation follows these steps [1]
 

 
1. Identify and prioritize investigation loca- 

tions. Locations are selected by looking for 

sites with higher than average crash rates, and 

to address citizen complaints. 

 
2. Gather data. This includes obtaining police 

reports of crashes, observing road user behav- 

ior, and collecting information on traffic signs, 

road surface markings, traffic lights and road 

geometry. 

 
3. Analyze data. Look for collisions patterns 

or road conditions that may be contributing to 

the problem. 

 

4. Identify possible countermeasures to reduce 

the severity or frequency of crashes. 
 

• Evaluate cost/benefit ratios of the 

alternatives 

• Consider whether a proposed im- 

provement will solve the problem, 

or cause “crash migration.” For ex- 

ample, preventing left turns at one 

intersection may eliminate left turn 

crashes at that location, only to in- 

crease them a block away. 

• Are any disadvantages of pro- 

posed improvements likely to be 

worse than the problem you are try- 

ing to solve? 

 

5. Implement improvements. 

 
6. Evaluate results. Usually, this occurs some 

time after the implementation. Have the sever- 

ity and frequency of crashes been reduced to an 

acceptable level? If not, return to step 2. 

 

1.25.3 See also 

• Bus lane / bus priority / bus rapid transit 

• Gridlock 

• Hierarchy of roads 

• ITS 

• Kerner’s breakdown minimization principle 

• Microsimulation 

• Queueing theory 

• Road safety audit 

• Road traffic control 

• Road traffic safety 

• Route assignment 

• Signal timing 

• Solomon curve 

• Three-phase traffic theory 

• Traffic congestion / traffic flow / traffic signals 

• Traffic congestion: Reconstruction with Kerner’s 
three-phase theory 
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1.26 Intelligent transportation sys- 

tem 
 

ITS graphical user interface displaying the Hungarian highway 
network and its data points 

 
Intelligent transportation systems (ITS) are advanced 

applications which, without embodying intelligence as 

such, aim to provide innovative services relating to dif- 

ferent modes of transport and traffic management and 

enable various users to be better informed and make 

safer, more coordinated, and 'smarter' use of transport 

networks. They are considered a part of the Internet of 

things. 

Although ITS may refer to all modes of transport, EU 

Directive 2010/40/EU (7 July 2010) defined ITS as sys- 

tems in which information and communication technolo- 

gies are applied in the field of road transport, including 

infrastructure, vehicles and users, and in traffic manage- 

ment and mobility management, as well as for interfaces 

with other modes of transport.[1]
 

 

1.26.1 Background 
 

Recent governmental activity in the area of ITS — is fur- 

ther motivated by an increasing focus on homeland se- 

curity. Many of the proposed ITS systems also involve 

surveillance of the roadways, which is a priority of home- 

land security.[2] Funding of many systems comes either 

directly through homeland security organisations or with 

their approval. Further, ITS can play a role in the rapid 

mass evacuation of people in urban centers after large ca- 

sualty events such as a result of a natural disaster or threat. 

Much of the infrastructure and planning involved with 

ITS parallels the need for homeland security systems. 

In the developing world, the migration from rural to ur- 

banized habitats has progressed differently. Many ar- 

eas of the developing world have urbanised without sig- 

nificant motorisation and the formation of suburbs. A 

small portion of the population can afford automobiles, 

but the automobiles greatly increase congestion in these 

multimodal transportation systems. They also produce 

considerable air pollution, pose a significant safety risk, 

and exacerbate feelings of inequities in the society. High 

population density could be supported by a multimodal 

system of walking, bicycle transportation, motorcycles, 

buses, and trains. 

Other parts of the developing world, such as China, India 

and Brazil remain largely rural but are rapidly urbanis- 

ing and industrialising. In these areas a motorised in- 

frastructure is being developed alongside motorisation of 

the population. Great disparity of wealth means that only 

a fraction of the population can motorise, and therefore 

the highly dense multimodal transportation system for the 

poor is cross-cut by the highly motorised transportation 

system for the rich. 

 
 

1.26.2 Intelligent transportation technolo- 
gies 

 

Intelligent transport systems vary in technologies applied, 

from basic management systems such as car navigation; 

traffic signal control systems; container management sys- 

tems; variable message signs; automatic number plate 

recognition or speed cameras to monitor applications, 

such as security CCTV systems; and to more advanced 

applications that integrate live data and feedback from 

a number of other sources, such as parking guidance 

and information systems; weather information; bridge de- 

icing (US deicing) systems; and the like. Additionally, 

predictive techniques are being developed to allow ad- 

vanced modelling and comparison with historical base- 

line data. Some of these technologies are described in 

the following sections.[3]
 

 

Wireless communications 

 

Various forms of wireless communications technologies 

have been proposed for intelligent transportation systems. 

Radio modem communication on UHF and VHF fre- 

quencies are widely used for short and long range com- 

munication within ITS. 

Short-range communications of 350 m can be accom- 

plished using IEEE 802.11 protocols, specifically WAVE 
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Traffic monitoring gantry with wireless communication dish an- 
tenna 

 
 

or the Dedicated Short Range Communications standard 

being promoted by the Intelligent Transportation Society 

of America and the United States Department of Trans- 

portation. Theoretically, the range of these protocols can 

be extended using Mobile ad hoc networks or Mesh net- 

working. 

Longer range communications have been proposed using 

infrastructure networks such as WiMAX (IEEE 802.16), 

Global System for Mobile Communications (GSM), or 

3G. Long-range communications using these methods are 

well established, but, unlike the short-range protocols, 

these methods require extensive and very expensive in- 

frastructure deployment. There is lack of consensus as to 

what business model should support this infrastructure. 

Auto Insurance companies have utilised ad hoc solutions 

to support eCall and behavioural tracking functionalities 

in the form of Telematics 2.0. 

 
 

Computational technologies 

 

Recent advances in vehicle electronics have led to a 

move towards fewer, more capable computer proces- 

sors on a vehicle. A typical vehicle in the early 2000s 

would have between 20 and 100 individual networked 

microcontroller/Programmable logic controller modules 

with non-real-time operating systems. The current trend 

is toward fewer, more costly microprocessor modules 

with hardware memory management and real-time op- 

erating systems. The new embedded system platforms 

allow for more sophisticated software applications to 

be implemented, including model-based process control, 

artificial intelligence, and ubiquitous computing. Perhaps 

the most important of these for Intelligent Transportation 

Systems is artificial intelligence. 

 
 

Floating car data/floating cellular data 

 

Main article: Floating car data 

“Floating car” or “probe” data collected other transport 

routes. Broadly speaking, four methods have been used 

to obtain the raw data: 

 

 
 

RFID E-ZPass reader attached to the pole and its antenna (right) 
used in traffic monitoring in New York City by using vehicle re- 
identification method 

 

• Triangulation method. In developed countries a 

high proportion of cars contain one or more mobile 

phones. The phones periodically transmit their pres- 

ence information to the mobile phone network, even 

when no voice connection is established. In the mid- 

2000s, attempts were made to use mobile phones 

as anonymous traffic probes. As a car moves, so 

does the signal of any mobile phones that are inside 

the vehicle. By measuring and analysing network 

data using triangulation, pattern matching or cell- 

sector statistics (in an anonymous format), the data 

was converted into traffic flow information. With 

more congestion, there are more cars, more phones, 

and thus, more probes. In metropolitan areas, the 

distance between antennas is shorter and in theory 

accuracy increases. An advantage of this method 

is that no infrastructure needs to be built along the 

road; only the mobile phone network is leveraged. 

But in practice the triangulation method can be com- 

plicated, especially in areas where the same mobile 

phone towers serve two or more parallel routes (such 

as a motorway (freeway) with a frontage road, a mo- 

torway (freeway) and a commuter rail line, two or 

more parallel streets, or a street that is also a bus 

line). By the early 2010s, the popularity of the tri- 

angulation method was declining. 

• Vehicle re-identification. Vehicle re-identification 

methods require sets of detectors mounted along the 

road. In this technique, a unique serial number for a 

device in the vehicle is detected at one location and 

then detected again (re-identified) further down the 

road. Travel times and speed are calculated by com- 

paring the time at which a specific device is detected 

by pairs of sensors. This can be done using the MAC 

addresses from Bluetooth or other devices,[4] or us- 

ing the RFID serial numbers from electronic toll col- 

lection (ETC) transponders (also called “toll tags”). 

• GPS based methods. An increasing number of 
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vehicles are equipped with in-vehicle satnav/GPS 

(satellite navigation) systems that have two-way 

communication with a traffic data provider. Posi- 

tion readings from these vehicles are used to com- 

pute vehicle speeds. Modern methods may not use 

dedicated hardware but instead Smartphone based 

solutions using so called Telematics 2.0 approaches. 

• Smartphone-based rich monitoring. Smart- 

phones having various sensors can be used to track 

traffic speed and density. The accelerometer data 

from smartphones used by car drivers is monitored 

to find out traffic speed and road quality. Audio data 

and GPS tagging of smartphones enables identifica- 

tion of traffic density and possible traffic jams. This 

was implemented in Bangalore, India as a part of a 

research experimental system Nericell.[5]
 

 
Floating car data technology provides advantages over 

other methods of traffic measurement: 
 

• Less expensive than sensors or cameras 

• More coverage (potentially including all locations 
and streets) 

• Faster to set up and less maintenance 

• Works in all weather conditions, including heavy 
rain 

 
Sensing  technologies 

 

Technological advances in telecommunications and in- 

formation technology, coupled with ultramodern/state- 

of-the-art microchip, RFID (Radio Frequency Identifi- 

cation), and inexpensive intelligent beacon sensing tech- 

nologies, have enhanced the technical capabilities that 

will facilitate motorist safety benefits for intelligent trans- 

portation systems globally. Sensing systems for ITS are 

vehicle- and infrastructure-based networked systems, i.e., 

Intelligent vehicle technologies. Infrastructure sensors 

are indestructible (such as in-road reflectors) devices that 

are installed or embedded in the road or surrounding 

the road (e.g., on buildings, posts, and signs), as re- 

quired, and may be manually disseminated during pre- 

ventive road construction maintenance or by sensor in- 

jection machinery for rapid deployment. Vehicle-sensing 

systems include deployment of infrastructure-to-vehicle 

and vehicle-to-infrastructure electronic beacons for iden- 

tification communications and may also employ video 

automatic number plate recognition or vehicle magnetic 

signature detection technologies at desired intervals to in- 

crease sustained monitoring of vehicles operating in crit- 

ical zones. 

 
Inductive loop detection Inductive loops can be 

placed in a roadbed to detect vehicles as they pass through 

 

 
 

Saw cut loop detectors for vehicle detection buried in the pave- 
ment at this intersection as seen by the rectangular shapes of loop 
detector sealant at the bottom part of this picture. 

 
 

the loop’s magnetic field. The simplest detectors sim- 

ply count the number of vehicles during a unit of time 

(typically 60 seconds in the United States) that pass over 

the loop, while more sophisticated sensors estimate the 

speed, length, and class of vehicles and the distance be- 

tween them. Loops can be placed in a single lane or across 

multiple lanes, and they work with very slow or stopped 

vehicles as well as vehicles moving at high speed. 

 
 

Video vehicle detection Traffic-flow measurement and 

automatic incident detection using video cameras is an- 

other form of vehicle detection. Since video detection 

systems such as those used in automatic number plate 

recognition do not involve installing any components di- 

rectly into the road surface or roadbed, this type of system 

is known as a “non-intrusive” method of traffic detection. 

Video from cameras is fed into processors that analyse 

the changing characteristics of the video image as vehi- 

cles pass. The cameras are typically mounted on poles 

or structures above or adjacent to the roadway. Most 

video detection systems require some initial configuration 

to “teach” the processor the baseline background image. 

This usually involves inputting known measurements such 

as the distance between lane lines or the height of the 

camera above the roadway. A single video detection pro- 

cessor can detect traffic simultaneously from one to eight 

cameras, depending on the brand and model. The typical 

output from a video detection system is lane-by-lane ve- 

hicle speeds, counts, and lane occupancy readings. Some 

systems provide additional outputs including gap, head- 

way, stopped-vehicle detection, and wrong-way vehicle 

alarms. 

 
 

Bluetooth detection Bluetooth is an accurate and inex- 

pensive way to measure travel time and make origin and 

destination analysis. Bluetooth is a wireless standard used 

to communicate between electrondresses from Bluetooth 

devices in passing vehicles. If these sensors are intercon- 
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nected they are able to calculate travel time and provide 

data for origin and destination matrices. Compared to 

other traffic measurement technologies, Bluetooth mea- 

surement has some differences: 
 

• Accurate measurement points with absolute confir- 
mation to provide to the second travel times. 

• Is non-intrusive, which can lead to lower-cost instal- 
lations for both permanent and temporary sites. 

• Is limited to how many Bluetooth devices are broad- 
casting in a vehicle so counting and other applica- 
tions are limited. 

• Systems are generally quick to set up with little to 
no calibration needed. 

 
Since Bluetooth devices become more prevalent on board 

vehicles and with more portable electronics broadcasting, 

the amount of data collected over time becomes more ac- 

curate and valuable for travel time and estimation pur- 

poses. 

 
Audio detection It is also possible to measure traffic 

density on a road using the Audio signal that consists 

of the cumulative sound from tire noise, engine noise, 

engine-idling noise, honks and air turbulence noise. A 

roadside-installed microphone picks up the audio that 

comprises the various vehicle noise and Audio signal pro- 

cessing techniques can be used to estimate the traffic 

state. The accuracy of such a system compares well with 

the other methods described above.[6]
 

 
Information fusion from multiple traffic sensing 

modalities The data from the different sensing tech- 

nologies can be combined in intelligent ways to determine 

the traffic state accurately. A Data fusion based approach 

that utilizes the road side collected acoustic, image and 

sensor data has been shown to combine the advantages of 

the different individual methods.[7]
 

 
1.26.3 Intelligent transportation applica- 

tions 

Emergency vehicle notification systems 

 

The in-vehicle eCall is generated either manually by the 

vehicle occupants or automatically via activation of in- 

vehicle sensors after an accident. When activated, the 

in-vehicle eCall device will establish an emergency call 

carrying both voice and data directly to the nearest emer- 

gency point (normally the nearest E1-1-2 public-safety 

answering point, PSAP). The voice call enables the vehi- 

cle occupant to communicate with the trained eCall op- 

erator. At the same time, a minimum set of data will be 

sent to the eCall operator receiving the voice call. 

The minimum set of data contains information about the 

incident, including time, precise location, the direction 

the vehicle was traveling, and vehicle identification. The 

pan-European eCall aims to be operative for all new type- 

approved vehicles as a standard option. Depending on 

the manufacturer of the eCall system, it could be mo- 

bile phone based (Bluetooth connection to an in-vehicle 

interface), an integrated eCall device, or a functional- 

ity of a broader system like navigation, Telematics de- 

vice, or tolling device. eCall is expected to be offered, 

at earliest, by the end of 2010, pending standardization 

by the European Telecommunications Standards Institute 

and commitment from large EU member states such as 

France and the United Kingdom. 
 

 

Congestion pricing gantry at North Bridge Road, Singapore. 

 
The EC funded project SafeTRIP is developing an open 

ITS system that will improve road safety and provide a 

resilient communication through the use of S-band satel- 

lite communication. Such platform will allow for greater 

coverage of the Emergency Call Service within the EU. 

 
Automatic road enforcement 

 

Main article: Traffic enforcement camera 

A traffic enforcement camera system, consisting of a 
 

Automatic speed enforcement gantry or " Lombada Eletrônica" 
with ground sensors at Brasilia, D.F. 

 

camera and a vehicle-monitoring device, is used to detect 
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and identify vehicles disobeying a speed limit or some 

other road legal requirement and automatically ticket of- 

fenders based on the license plate number. Traffic tickets 

are sent by mail. Applications include: 
 

• Speed cameras that identify vehicles traveling over 
the legal speed limit. Many such devices use radar 

to detect a vehicle’s speed or electromagnetic loops 
buried in each lane of the road. 

• Red light cameras that detect vehicles that cross a 
stop line or designated stopping place while a red 
traffic light is showing. 

• Bus lane cameras that identify vehicles traveling in 

lanes reserved for buses. In some jurisdictions, bus 
lanes can also be used by taxis or vehicles engaged 

in car pooling. 

• Level crossing cameras that identify vehicles cross- 
ing railways at grade illegally. 

• Double white line cameras that identify vehicles 
crossing these lines. 

• High-occupancy vehicle lane cameras that identify 
vehicles violating HOV requirements. 

 
Variable speed limits 

 

Further information: Speed limit § Variable speed limits 

Recently some jurisdictions have begun experimenting 

with variable speed limits that change with road conges- 

tion and other factors. Typically such speed limits only 

change to decline during poor conditions, rather than be- 

ing improved in good ones. One example is on Britain’s 

M25 motorway, which circumnavigates London. On the 

most heavily traveled 14-mile (23 km) section (junction 

10 to 16) of the M25 variable speed limits combined 

with automated enforcement have been in force since 

1995. Initial results indicated savings in journey times, 

smoother-flowing traffic, and a fall in the number of ac- 

cidents, so the implementation was made permanent in 

1997. Further trials on the M25 have been thus far proven 

inconclusive.[8]
 

 
Collision avoidance systems 

 

Japan has installed sensors on its highways to notify mo- 

torists that a car is stalled ahead.[9]
 

 
Dynamic traffic light sequence 

 

A 2008 paper was written about using RFID for dynamic 

traffic light sequences. It circumvents or avoids problems 

that usually arise with systems that use image process- 

ing and beam interruption techniques. RFID technology 

with appropriate algorithm and database were applied to 

 

 
 

Example variable speed limit sign in the United States. 
 
 

a multi-vehicle, multi-lane and multi-road junction area 

to provide an efficient time management scheme. A dy- 

namic time schedule was worked out for the passage of 

each column. The simulation showed the dynamic se- 

quence algorithm could adjust itself even with the pres- 

ence of some extreme cases. The paper said the system 

could emulate the judgment of a traffic police officer on 

duty, by considering the number of vehicles in each col- 

umn and the routing proprieties.[10]
 

 

1.26.4 Cooperative systems on the road 
 

Communication cooperation on the road includes car-to- 

car, car-to-infrastructure, and vice versa. Data available 

from vehicles are acquired and transmitted to a server for 

central fusion and processing. These data can be used 

to detect events such as rain (wiper activity) and conges- 

tion (frequent braking activities). The server processes a 

driving recommendation dedicated to a single or a spe- 

cific group of drivers and transmits it wirelessly to vehi- 

cles. The goal of cooperative systems is to use and plan 

communication and sensor infrastructure to increase road 
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safety. The definition of cooperative systems in road traf- 

fic is according to the European Commission:[11][12]
 

 
“Road operators, infrastructure, vehicles, their 

drivers and other road users will cooper- 

ate to deliver the most efficient, safe, se- 

cure and comfortable journey. The vehicle- 

vehicle and vehicle-infrastructure co-operative 

systems will contribute to these objectives be- 

yond the improvements achievable with stand- 

alone systems.” 

 
ITS World Congress is an annual trade show to promote 

ITS technologies. ERTICO– ITS Europe, ITS Amer- 

ica and ITS AsiaPacific sponsor the annual ITS World 

Congress and exhibition. Each year the event takes 

place in a different region (Europe, Americas or Asia- 

Pacific).[13] The first ITS World Congress was held in 

Paris in 1994. 

 
 

1.26.5 Europe 
 

The Network of National ITS Associations is a grouping 

of national ITS interests. It was officially announced 7 

October 2004 in London. The secretariat is at ERTICO 

– ITS Europe.[14]
 

ERTICO – ITS Europe is a public/private partnership 

promoting the development and deployment of ITS. They 

connect public authorities, industry players, infrastruc- 

ture operators, users, national ITS associations and other 

organisations together. The ERTICO work programme 

focuses on initiatives to improve transport safety, security 

and network efficiency whilst taking into account mea- 

sures to reduce environmental impact. 

 
 

1.26.6 United States 
 

In the United States, each state has an ITS chapter 

that holds a yearly conference to promote and showcase 

ITS technologies and ideas. Representatives from each 

Department of Transportation (state, cities, towns, and 

counties) within the state attend this conference. 

 
 

1.26.7 Market 
 

ITS market size is estimated to attain USD 47.6 billion by 

2022.[15] Escalating need for road safety along with cost 

effectiveness is likely to boost global demand. 

ATMS ITS market size was the leading product segment 

and was valued USD 7.1 billion in 2014, with forecast of 

USD 18.4 billion by 2022, at a CAGR of 12.7%. These 

systems are deployed in order to ensure proficient use of 

road space and reduce congestion. 

ATPS was valued at USD 4.8 billion in 2014, and is ex- 

pected to achieve USD 13.2 billion by 2022, at an esti- 

mated CAGR of 13.3% over the coming few years. 

ITS improves supply chain course and yield high cost ra- 

tio. Increasing acceptance in emerging markets such as 

Russia, India, Brazil, South Africa and China has offered 

several  economic advantages. 

 
1.26.8 See also 

• Automated planning and scheduling 

• Automatic parking 

• Driverless car 

• Intelligent speed adaptation 

• Intelligent Transportation Systems Institute 

• Map database management 

• National Transportation Communications for Intel- 
ligent Transportation System Protocol 

• Road Weather Information System 

• SCATS 

• Scalable Urban Traffic Control 

• STREAMS Integrated Intelligent Transport System 

• Telematics 

• Telematics 2.0 

• Traffic estimation and prediction system 

• Traffic Message Channel 

• Traffic optimization 

• Vehicular communication systems 

• Vehicular Ad Hoc Network 

• Freeway Traffic Management System or COMPASS 

• RESCU – similar system to COMPASS used by the 
City of Toronto 
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1.26.10 External links 

• Intelligent transportation system at DMOZ 

• ITS Handbook available for free download online 

• U.S. Department of Transportation – Intelligent 
Transportation Systems Joint Program Office web- 
site 

• 

Guide to Federal ITS Research – U.S. Department 

of Transportation 

• ITS Safety Applications Factsheet – U.S. Depart- 
ment of Transportation 

• SMART Highways Magazine 

 

1.27 Railway engineering 
 
“Railway engineer” redirects here. For the operator of a 

train, see Railroad engineer. 

 
Railway engineering is a multi-faceted engineering dis- 

cipline dealing with the design, construction and oper- 

ation of all types of railway systems. It encompasses 

a wide range of engineering disciplines, including civil 

engineering, computer engineering, electrical engineer- 

ing, mechanical engineering, industrial engineering and 

production engineering. A great many other engineering 

sub-disciplines are also called upon. 

 

1.27.1 History 
 

With the advent of the railways in the early nineteenth 

century, a need arose for a specialized group of engineers 

capable of dealing with the unique problems associated 

with railway engineering. As the railways expanded and 

became a major economic force, a great many engineers 

became involved in the field, probably the most notable 

in Britain being Richard Trevithick, George Stephenson 

and Isambard Kingdom Brunel. Today, railway systems 

engineering continues to be a vibrant field of engineering. 

 

1.27.2 Subfields 

• Mechanical engineering 

• Command, control & railway signalling 

• Office systems design 

• Data center design 

• SCADA 

• Network design 

• Electrical engineering 

• Energy electrification 

• Third rail 

• Fourth rail 

• Overhead contact system 

• Civil engineering 

• Permanent way engineering 

• Light rail systems 
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• On-track plant 

• Rail systems integration 

• Train control systems 

• Cab signalling 

• Railway vehicle engineering 

• Rolling resistance 

• Curve resistance 

• Wheel–rail interface 

• Hunting oscillation 

• Railway systems engineering 

• Railway signalling 

• Fare collection 

• CCTV 

• Public address 

• Intrusion detection 

• Access control 

• Systems  integration 

 

1.27.3 Professional  organizations 
 

In the UK: The Railway Division of the Institution of 

Mechanical Engineers (IMechE). 

In the US The American Railway Engineering and 

Maintenance-of-Way Association (AREMA) 

Worldwide The Institute of Railway Signal Engineers 

(IRSE) 

 

1.27.4 See also 

• Association of American Railroads 

• Degree of curvature 

• List of engineering topics 

• List of engineers 

• Minimum railway curve radius 

• Radius of curvature (applications) 

• Track transition curve 

 

1.27.5 External links 

• Institution of Mechanical Engineers - Railway Divi- 
sion 

• AAR 

1.28 Hydrology 
 
For other uses, see Hydrology (agriculture) and 

Hydrology (album). 

See also: Outline of hydrology 

 

 

Water covers 70% of the Earth’s surface. 

 
Hydrology is the scientific study of the movement, distri- 

bution, and quality of water on Earth and other planets, 

including the water cycle, water resources and environ- 

mental watershed sustainability. A practitioner of hydrol- 

ogy is a hydrologist, working within the fields of earth 

or environmental science, physical geography, geology or 

civil and environmental engineering.[1] Using various an- 

alytical methods and scientific techniques, they collect 

and analyze data to help solve water related problems 

such as environmental preservation, natural disasters, and 

water management.[2]
 

Hydrology subdivides into surface water hydrol- 

ogy, groundwater hydrology (hydrogeology), and 

marine hydrology. Domains of hydrology include 

hydrometeorology, surface hydrology, hydrogeology, 

drainage-basin management and water quality, where 

water plays the central role. 

Oceanography and meteorology are not included because 

water is only one of many important aspects within those 

fields. 

Hydrological research can inform environmental engi- 

neering, policy and planning. 

The term hydrology comes from Greek: ὕδωρ, hydōr, 

“water"; and λόγος, logos, “study”. 

 

1.28.1 Branches 

• Chemical hydrology is the study of the chemical 
characteristics of water. 

• Ecohydrology is the study of interactions between 
organisms and the hydrologic cycle. 

• Hydrogeology is the study of the presence and move- 
ment of groundwater. 

• Hydroinformatics is the adaptation of information 
technology to hydrology and water resources appli- 
cations. 
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• Hydrometeorology is the study of the transfer of wa- 
ter and energy between land and water body surfaces 
and the lower atmosphere. 

 

• Isotope hydrology is the study of the isotopic signa- 
tures of water. 

 

• Surface hydrology is the study of hydrologic pro- 
cesses that operate at or near Earth’s surface. 

 

• Drainage basin management covers water-storage, 
in the form of reservoirs, and flood-protection. 

 

• Water quality includes the chemistry of water in 
rivers and lakes, both of pollutants and natural so- 
lutes. 

 
 

1.28.2 Applications 

• Determining the water balance of a region. 

• Determining the agricultural water balance. 

• Designing riparian restoration projects. 

• Mitigating and predicting flood, landslide and 
drought risk. 

• Real-time flood forecasting and flood warning. 

• Designing irrigation schemes and managing agricul- 
tural productivity. 

• Part of the hazard module in catastrophe modeling. 

• Providing drinking water. 

• Designing dams for water supply or hydroelectric 
power generation. 

• Designing bridges. 

• Designing sewers and urban drainage system. 

• Analyzing the impacts of antecedent moisture on 
sanitary sewer systems. 

 

• Predicting geomorphologic changes, such as erosion 
or sedimentation. 

 

• Assessing the impacts of natural and anthropogenic 
environmental change on water resources. 

 

• Assessing contaminant transport risk and establish- 
ing environmental policy guidelines. 

1.28.3 History 
 

Hydrology has been a subject of investigation and engi- 

neering for millennia. For example, about 4000 BC the 

Nile was dammed to improve agricultural productivity of 

previously barren lands. Mesopotamian towns were pro- 

tected from flooding with high earthen walls. Aqueducts 

were built by the Greeks and Ancient Romans, while the 

history of China shows they built irrigation and flood con- 

trol works. The ancient Sinhalese used hydrology to build 

complex irrigation works in Sri Lanka, also known for 

invention of the Valve Pit which allowed construction of 

large reservoirs, anicuts and canals which still function. 

Marcus Vitruvius, in the first century BC, described a 

philosophical theory of the hydrologic cycle, in which 

precipitation falling in the mountains infiltrated the 

Earth’s surface and led to streams and springs in the 

lowlands. With adoption of a more scientific approach, 

Leonardo da Vinci and Bernard Palissy independently 

reached an accurate representation of the hydrologic cy- 

cle. It was not until the 17th century that hydrologic vari- 

ables began to be quantified. 

Pioneers of the modern science of hydrology include 

Pierre Perrault, Edme Mariotte and Edmund Halley. By 

measuring rainfall, runoff, and drainage area, Perrault 

showed that rainfall was sufficient to account for flow 

of the Seine. Marriotte combined velocity and river 

cross-section measurements to obtain discharge, again in 

the Seine. Halley showed that the evaporation from the 

Mediterranean Sea was sufficient to account for the out- 

flow of rivers flowing into the sea. 

Advances in the 18th century included the Bernoulli 

piezometer and Bernoulli’s equation, by Daniel Bernoulli, 

and the Pitot tube, by Henri Pitot. The 19th century 

saw development in groundwater hydrology, including 

Darcy’s law, the Dupuit-Thiem well formula, and Hagen- 

Poiseuille's capillary flow equation. 

Rational analyses began to replace empiricism in the 20th 

century, while governmental agencies began their own 

hydrological research programs. Of particular impor- 

tance were Leroy Sherman’s unit hydrograph, the infiltra- 

tion theory of Robert E. Horton, and C.V. Theis’s aquifer 

test/equation describing well hydraulics. 

Since the 1950s, hydrology has been approached with 

a more theoretical basis than in the past, facilitated by 

advances in the physical understanding of hydrological 

processes and by the advent of computers and especially 

geographic information systems (GIS). 

 

1.28.4 Themes 

Main article: Water cycle 

 
The central theme of hydrology is that water circulates 

throughout the Earth through different pathways and at 
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different rates. The most vivid image of this is in the 

evaporation of water from the ocean, which forms clouds. 

These clouds drift over the land and produce rain. The 

rainwater flows into lakes, rivers, or aquifers. The water 

in lakes, rivers, and aquifers then either evaporates back 

to the atmosphere or eventually flows back to the ocean, 

completing a cycle. Water changes its state of being sev- 

eral times throughout this cycle. 

The areas of research within hydrology concern the 

movement of water between its various states, or within 

a given state, or simply quantifying the amounts in these 

states in a given region. Parts of hydrology concern de- 

veloping methods for directly measuring these flows or 

amounts of water, while others concern modelling these 

processes either for scientific knowledge or for making 

prediction in practical applications. 

 

Groundwater 

 

 

Building a map of groundwater contours 

 
Ground water is water beneath Earth’s surface, often 

pumped for drinking water.[1] Groundwater hydrology 

(hydrogeology) considers quantifying groundwater flow 

and solute transport. Problems in describing the saturated 

zone include the characterization of aquifers in terms of 

flow direction, groundwater pressure and, by inference, 

groundwater depth (see: aquifer test). Measurements 

here can be made using a piezometer. Aquifers are also 

described in terms of hydraulic conductivity, storativity 

and transmissivity. There are a number of geophysical 

methods[3] for characterising aquifers. There are also 

problems in characterising the vadose zone (unsaturated 

zone).[4]
 

 

Infiltration 
 

Main article:  Infiltration (hydrology) 

Infiltration is the process by which water enters the soil. 

Some of the water is absorbed, and the rest percolates 

down to the water table. The infiltration capacity, the 

maximum rate at which the soil can absorb water, de- 

pends on several factors. The layer that is already satu- 

rated provides a resistance that is proportional to its thick- 

ness, while that plus the depth of water above the soil 

provides the driving force (hydraulic head). Dry soil can 

allow rapid infiltration by capillary action; this force di- 

minishes as the soil becomes wet. Compaction reduces 

the porosity and the pore sizes. Surface cover increases 

capacity by retarding runoff, reducing compaction and 

other processes. Higher temperatures reduce viscosity, 

increasing  infiltration.[5]:250–275
 

 

Soil moisture 

 

Soil moisture can be measured in various ways;   

by capacitance probe, time domain reflectometer or 

Tensiometer. Other methods include solute sampling and 

geophysical methods. 

 
 

Surface water flow 

 

Hydrology considers quantifying surface water flow and 

solute transport, although the treatment of flows in large 

rivers is sometimes considered as a distinct topic of hy- 

draulics or hydrodynamics. Surface water flow can in- 

clude flow both in recognizable river channels and other- 

wise. Methods for measuring flow once water has reached 

a river include the stream gauge (see: discharge), and 

tracer techniques. Other topics include chemical trans- 

port as part of surface water, sediment transport and ero- 

sion. 

One of the important areas of hydrology is the in- 

terchange between rivers and aquifers. Groundwa- 

ter/surface water interactions in streams and aquifers can 

be complex and the direction of net water flux (into sur- 

face water or into the aquifer) may vary spatially along a 

stream channel and over time at any particular location, 

depending on the relationship between stream stage and 

groundwater levels. 

 
 

Precipitation and evaporation 

 

In some considerations, hydrology is thought of as start- 

ing at the land-atmosphere boundary and so it is impor- 

tant to have adequate knowledge of both precipitation 

and evaporation. Precipitation can be measured in var- 

ious ways: disdrometer for precipitation characteristics 

at a fine time scale; radar for cloud properties, rain rate 

estimation, hail and snow detection; rain gauge for rou- 

tine accurate measurements of rain and snowfall; satellite 

for rainy area identification, rain rate estimation, land- 

cover/land-use, and soil moisture, for example. 
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Evaporation is an important part of the water cycle. It is 

partly affected by humidity, which can be measured by 

a sling psychrometer. It is also affected by the presence 

of snow, hail and ice and can relate to dew, mist and fog. 

Hydrology considers evaporation of various forms: from 

water surfaces; as transpiration from plant surfaces in nat- 

ural and agronomic ecosystems. A direct measurement of 

evaporation can be obtained using Simon’s evaporation 

pan. 

Detailed studies of evaporation involve boundary layer 

considerations as well as momentum, heat flux and en- 

ergy budgets. 

 

 

Remote sensing 

 

Remote sensing of hydrologic processes can provide in- 

formation on locations where in situ sensors may be un- 

available or sparse. It also enables observations over large 

spatial extents. Many of the variables constituting the ter- 

restrial water balance, for example surface water storage, 

soil moisture, precipitation, evapotranspiration, and snow 

and ice, are measurable using remote sensing at various 

spatial-temporal resolutions and accuracies.[6] Sources of 

remote sensing include land-based sensors, airborne sen- 

sors and satellite sensors which can capture microwave, 

thermal and near-infrared data or use lidar, for example. 

 

 

Water quality 

 

Main article: Water quality 

 
In hydrology, studies of water quality concern organic 

and inorganic compounds, and both dissolved and sed- 

iment material. In addition, water quality is affected by 

the interaction of dissolved oxygen with organic mate- 

rial and various chemical transformations that may take 

place. Measurements of water quality may involve either 

in-situ methods, in which analyses take place on-site, of- 

ten automatically, and laboratory-based analyses and may 

include  microbiological analysis. 

 

 

Integrating measurement and modelling 
 

• Budget analyses 

• Parameter estimation 

• Scaling in time and space 

• Data assimilation 

• Quality control of data – see for example Double 
mass analysis 

Prediction 

 

Observations of hydrologic processes are used to make 

predictions of the future behaviour of hydrologic systems 

(water flow, water quality). One of the major current con- 

cerns in hydrologic research is “Prediction in Ungauged 

Basins” (PUB), i.e. in basins where no or only very few 

data exist. 

 
Statistical hydrology 

 

By analyzing the statistical properties of hydrologic 

records, such as rainfall or river flow, hydrologists can es- 

timate future hydrologic phenomena. When making as- 

sessments of how often relatively rare events will occur, 

analyses are made in terms of the return period of such 

events. Other quantities of interest include the average 

flow in a river, in a year or by season. 

These estimates are important for engineers and 

economists so that proper risk analysis can be performed 

to influence investment decisions in future infrastructure 

and to determine the yield reliability characteristics of 

water supply systems. Statistical information is utilized 

to formulate operating rules for large dams forming part 

of systems which include agricultural, industrial and 

residential demands. 

 
Modeling 

 

Hydrological models are simplified, conceptual represen- 

tations of a part of the hydrologic cycle. They are pri- 

marily used for hydrological prediction and for under- 

standing hydrological processes, within the general field 

of scientific modeling. Two major types of hydrological 

models can be distinguished: 
 

• Models based on data. These models are black box 

systems, using mathematical and statistical concepts 

to link a certain input (for instance rainfall) to the 

model output (for instance runoff). Commonly used 

techniques are regression, transfer functions, and 

system identification. The simplest of these mod- 

els may be linear models, but it is common to de- 

ploy non-linear components to represent some gen- 

eral aspects of a catchment’s response without going 

deeply into the real physical processes involved. An 

example of such an aspect is the well-known behav- 

ior that a catchment will respond much more quickly 

and strongly when it is already wet than when it is 

dry.. 

• Models based on process descriptions. These mod- 

els try to represent the physical processes observed 

in the real world. Typically, such models contain 

representations of surface runoff, subsurface flow, 

evapotranspiration, and channel flow, but they can 

be far more complicated. These models are known 
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as deterministic hydrology models. Deterministic 

hydrology models can be subdivided into single- 

event models and continuous simulation models. 

 
Recent research in hydrological modeling tries to have 

a more global approach to the understanding of the 

behavior of hydrologic systems to make better predictions 

and to face the major challenges in water resources man- 

agement. 

 
Transport 

 

Main article: Hydrologic transport model 

 
Water movement is a significant means by which other 

material, such as soil, gravel, boulders or pollutants, are 

transported from place to place. Initial input to receiv- 

ing waters may arise from a point source discharge or a 

line source or area source, such as surface runoff. Since 

the 1960s rather complex mathematical models have been 

developed, facilitated by the availability of high speed 

computers. The most common pollutant classes ana- 

lyzed are nutrients, pesticides, total dissolved solids and 

sediment. 

 
1.28.5 Organizations 

Intergovernmental organizations 

• 

US Army Corps of Engineers Hydrologic Engineer- 

ing Center, USA[16]
 

• Hydrologic Research Center, USA[17]
 

• NOAA Economics and Social Sciences, USA[18]
 

• University of Oklahoma Center for Natural Hazards 
and Disasters Research, USA[19]

 

• National Hydrology Research Centre, Canada[20]
 

• National Institute of Hydrology, India[21]
 

 
National and international societies 

• Geological Society of America (GSA) – Hydroge- 
ology Division[22]

 

• American Geophysical Union (AGU) – Hydrology 
Section[23]

 

• National Ground Water Association (NGWA)[24]
 

• American Water  Resources Association[25]
 

• Consortium of Universities for the Advancement of 
Hydrologic Science, Inc. (CUAHSI)[26]

 

• International Association of Hydrological Sciences 
(IAHS)[27][28] 

• Statistics in Hydrology Working Group (subgroup of 
[29] 

• International Hydrological Programme  (IHP)[7]
 

 
International research bodies 

• International Water Management Institute 
(IWMI)[8]

 

• UNESCO-IHE Institute for Water Education[9]
 

 
National research bodies 

• Centre for Ecology and Hydrology – UK[10]
 

• Centre for Water Science, Cranfield University, 
UK[11] 

• eawag – aquatic research, ETH Zürich, 
Switzerland[12]

 

• Institute of Hydrology, Albert-Ludwigs-University 
of Freiburg, Germany[13]

 

• United States Geological Survey – Water Resources 
of the United States[14]

 

• NOAA's National Weather Service – Office of Hy- 
drologic Development, USA[15]

 

IAHS) 

• German Hydrological Society (DHG: Deutsche Hy- 
drologische  Gesellschaft)[30]

 

• Italian Hydrological Society (SII-IHS) – http:// 
www.sii-ihs.it 

• Nordic Association for  Hydrology[31]
 

• British Hydrological Society[32]
 

• Russian Geographical Society (Moscow Center) – 
Hydrology Commission[33]

 

• International Association for Environmental 
Hydrology[34]

 

• International Association of Hydrogeologists[35]
 

 
Basin- and catchment-wide overviews 

• Connected Waters Initiative, University of New 

South Wales[36] – Investigating and raising aware- 
ness of groundwater and water resource issues in 
Australia 

• Murray Darling Basin Initiative, Department of En- 
vironment and Heritage, Australia[37]
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1.28.6 Research journals 

• Hydrological Processes, ISSN 1099-1085 (elec- 
tronic) 0885-6087 (paper), John Wiley & Sons 

• Hydrology Research, ISSN 0029-1277, IWA Pub- 
lishing (formerly Nordic Hydrology) 

• Journal of Hydroinformatics, ISSN 1464-7141, 
IWA Publishing 

• Journal of Hydrologic Engineering, ISSN 0733- 
9496, ASCE Publication 

• Journal of Hydrology 

• Water Research 

• Water  Resources Research 

• Hydrological Sciences Journal - Journal of the 
International Association of Hydrological Sciences 
(IAHS) ISSN 0262-6667 (Print), ISSN 2150-3435 

(Online) 

 

1.28.7 See also 

• Aqueous solution 

• Climatology 

• Environmental engineering science 

• Green Kenue a software tool for hydrologic mod- 
ellers 

• Hydrography 

• Hydrology (agriculture) 

• International Hydrological Programme 

• Nash–Sutcliffe model efficiency coefficient 

• Socio-hydrology 

• Water distribution on Earth 

• WEAP (Water Evaluation And Planning) software 
to model catchment hydrology from climate and 
land use data 

 

Other water-related fields 

 

• Oceanography is the more general study of water in 
the oceans and estuaries. 

• Meteorology is the more general study of the at- 
mosphere and of weather, including precipitation as 
snow and rainfall. 

• 

Limnology is the study of lakes, rivers and wetlands. 
It covers the biological, chemical, physical, geologi- 

cal, and other attributes of all inland waters (running 
and standing waters, both fresh and saline, natural or 

man-made).[38]
 

• Water resources are sources of water that are useful 
or potentially useful. Hydrology studies the avail- 
ability of those resources, but usually not their uses. 
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1.28.10 External links 

• Hydrology.nl – Portal to international hydrology and 
water resources 

• Decision tree to choose an uncertainty method for 
hydrological and hydraulic modelling 

• Experimental Hydrology Wiki 

 

1.29 List of engineering societies 
 
An engineering society is a professional organization 

for engineers of various disciplines. Some are umbrella 

type organizations which accept many different disci- 

plines, while others are discipline-specific. Many award 

professional designations, such as European Engineer, 

professional engineer, chartered engineer, incorporated 

engineer or similar. There are also many student-run en- 

gineering societies, commonly at universities or technical 

colleges. 
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1.29.1 Africa 

South Africa 

• South African Institute of Electrical Engineers 

• Engineering Council of South Africa 

 

1.29.2 Americas 

Canada 

 

In Canada, the term “engineering society” sometimes 

refers to organizations of engineering students as opposed 

to professional societies of engineers. The Canadian Fed- 

eration of Engineering Students, whose membership con- 

sists of most of the engineering student societies from 

across Canada (see below), is the national association of 

undergraduate engineering student societies in Canada. 

Canada also has many traditions related to the calling of 

an engineer. 

The Engineering Institute of Canada (French: l'Institut 

Canadien des ingénieurs) has the following member 

societies:[1]
 

 

• Institution of Mechanical Engineers (Canadian 
Branch of the IMechE) 

• Canadian Maritime Section of the Marine Technol- 
ogy Society 

• Canadian Nuclear Society 

• Canadian Society for Civil Engineering 

• Canadian Society for Chemical  Engineering 

 
Ontario 

• Professional Engineers Ontario 

• Engineering Society of Queen’s University 

• UOIT Engineering Students’ Society 

 
United States 

• Alpha Pi Mu 

• American Academy of Environmental Engineers 

• American Association of Engineering Societies 

• American Helicopter Society 

• American Indian Council of Architects and Engi- 
neers 

• American Indian Science and Engineering Society 

• 

American Institute of Aeronautics and Astronautics 

• American Institute of Chemical Engineers 

• American Nuclear Society 

• American Railway Engineering Association 

• American Society for Engineering Education 

• American Society of Agricultural and Biological 
Engineers 

• American Society of Civil Engineers 

• American Society of Heating, Refrigerating and 
Air-Conditioning  Engineers 

• American Society of Mechanical Engineers 

• American Society of Naval Engineers 

• American Society of Plumbing Engineers 

• American Society of Safety Engineers 

• American Society for Nondestructive Testing 

• American Welding Society 

• Architectural Engineering Institute 

• ASM International 

• Association for Computing Machinery 

• Audio Engineering Society 

• Biomedical Engineering Society 

• Chi Epsilon 

• Engineering Society of Buffalo 

• Eta Kappa Nu 

• Institute of Biological Engineering 

• Institute of Electrical and Electronics Engineers 

• Institute of Industrial Engineers 

• Institute of Transportation Engineers 

• National Society of Black Engineers 

• National Society of Professional Engineers 

• Order of the Engineer 

• Pi Tau Sigma 

• Society for the Advancement of Material and Pro- 
cess Engineering 

• Society of American Military Engineers 

• Society of Automotive Engineers 

• Society of Broadcast Engineers 
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• Society of Fire Protection Engineers 

• Society of Hispanic Professional Engineers 

• Society of Manufacturing Engineers 

• Society of Naval Architects and Marine Engineers 

• Society of Petroleum Engineers 

• Society of Women Engineers 

• Tau Beta Pi 

• Tire Society 

 

1.29.3 Asia 

Azerbaijan 

• Caspian Engineers Society 

 

Bangladesh 

• Institution of Engineers, Bangladesh 

• Bangladesh Computer Society 

 

China 

• Chinese Society for Electrical Engineering 

 

Hong Kong 

• International Association of Engineers 

• Hong Kong Institution of Engineers 

 

India 

• Aeronautical Society of India 

• Computer Society of India 

• The Institution of Engineers (India) 

• Institution of Electronics and Telecommunication 
Engineers 

• Indian Institute of Chemical Engineers 

• Indian Institution of Industrial Engineering 

• Society of EMC Engineers (India) 

• Indian Society for Technical Education 

• Indian Science Congress Association 

• Institute of Mechanical Engineers 

• International Association of engineers 

• International Academy for Science & Technology 
Education and Research 

Japan 

• Japan Society of Civil Engineers 

 
Philippines 

 

In the Philippines, the Professional Regulation Commis- 

sion is a three-man commission attached to the office of 

the president of the Philippines. Its mandate is to reg- 

ulate and supervise the practice of the professionals (ex- 

cept lawyers) who constitute the highly skilled manpower 

of the country. As the agency-in-charge of the profes- 

sional sector, the PRC plays a strategic role in developing 

the corps of professionals for industry, commerce, gov- 

ernance, and the economy. 

 
Associations Accredited by the Professional Regula- 

tion Commission 

• Philippine Institute of Civil Engineers 

• Society of Naval Architects and Marine Engineers 

 
Pakistan 

• Pakistan Engineering Council 

• Pakistan Society for Engineering Education 

 
Saudi Arabia 

• Saudi Council of Engineers 

 
Sri Lanka 

• BCS Sri Lanka Section 

• Institution of Engineers, Sri Lanka 

• Institution of Incorporated Engineers, Sri Lanka 

 

1.29.4 Europe 

• European Federation of National Engineering As- 
sociations 

• European Association for Structural Dynamics 

 
Azerbaijan 

• Caspian Engineers Society 

 
France 

• Association Française de Mécanique 
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Germany 

• Verein Deutscher Ingenieure 

 
Greece 

• Technical Chamber of Greece 

 
Ireland 

• Institution of Engineers of Ireland 

• Institute of Physics and Engineering in Medicine 

 
Portugal 

• Ordem dos Engenheiros 

 
Russia 

• Russian Union of Engineers 

 
Turkey 

• Chamber of Computer Engineers of Turkey 

• Chamber of Electrical Engineers of Turkey 

• Union of chambers of Turkish engineers and archi- 
tects 

 
United Kingdom 

 

In the United Kingdom, the Engineering Council is the 

regulatory body for the engineering profession. The 

Engineering Council was incorporated by Royal Char- 

ter in 1981 and controls the award of chartered engi- 

neer, incorporated engineer, engineering technician and 

information and communications technology technician 

titles, through licences issued to thirty six recognised In- 

stitutions. There are also 19 professional affiliate insti- 

tutions, not licensed, but with close associations to the 

Engineering Council. 

The Royal Academy of Engineering is the national 

academy for engineering, analogous to the Royal Society 

in science and the British Academy in arts and humani- 

ties. 

 
Professional Institutions licensed by the Engineering 

Council 

• • British Computer Society 

• British Institute of Non-Destructive Testing 

• Chartered Institution of Building Services En- 
gineers 

• 

Chartered Institution of Highways and Trans- 
portation 

• Chartered Institute of Plumbing and Heating 
Engineering 

• Chartered Institution of Water and Environ- 
mental Management 

• Energy Institute 

• Institute of Acoustics 

• Institute of Cast Metals Engineers 

• Institute of Highway Engineers 

• Institute of Healthcare Engineering and Estate 
Management 

• Institute of Marine Engineering, Science and 
Technology 

• Institute of Materials, Minerals and Mining 

• Institute of Physics 

• Institute of Physics and Engineering in 
Medicine 

• Institute of Measurement and Control 

• Institution of Agricultural Engineers 

• Institution of Civil Engineers 

• Institution of Chemical Engineers 

• Institution of Diesel and Gas Turbine Engi- 
neers 

• Institution of Engineering Designers 

• Institution of Engineering and Technology 

• Institution of Fire Engineers 

• Institution of Gas Engineers and Managers 

• Institution of Mechanical Engineers 

• Institution of Railway Signal Engineers 

• Institution of Structural Engineers 

• Nuclear Institute 

• Royal Aeronautical Society 

• Royal Engineers 

• Royal Institution of Naval Architects 

• Society of Environmental Engineers 

• Society of Operations Engineers 

• The Welding Institute 

 
Professional Affiliate bodies of the Engineering 

Council 

• • Association for Project Management 

• Chartered Association of Building Engineers 

• Chartered Institution of Civil Engineering 
Surveyors 

• Chartered Quality Institute 

• Institute of Mathematics and its Applications 

• International Council on Systems Engineering 
(UK Chapter) 

• Institute of Nanotechnology 
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Professional Engineering Bodies not affiliated to the 

Engineering Council 

• • Cleveland Institution of Engineers 

• Institution of Engineers and Shipbuilders in 
Scotland 

• Institute of the Motor Industry 

• Society of Professional Engineers UK 

• Women’s Engineering Society 

 

Former bodies merged or defunct 

• • Institution of Electrical Engineers 

• Institution of Incorporated Engineers 

• Institution of Nuclear Engineers 

• Society of Engineers 

 

Ireland 

• Institution of Engineers of Ireland 

 

1.29.5 Oceania 

Australia 

• Engineers Australia 

• Association of Professional Engineers, Scientists 
and Managers, Australia 

 
New Zealand 

• Institution of Professional Engineers New Zealand 

• New Zealand Computer Society 

• University of Canterbury Engineering Society Inc. 

 

1.29.6 International 

• Audio Engineering Society 

• International Council on Systems Engineering 

• International Geodetic Student Organisation 

• International Society of Automation 

• International Society for Optical Engineering 

• International Society of Pharmaceutical Engineer- 
ing 

• Institute of Electrical and Electronics Engineers 

• National Society of Black Engineers 

• Society of Automotive Engineers 

• Society of Professional Engineers UK 

1.29.7 See also 

• Engineer 

• Engineering 

• Fields of engineering 

• Learned society 

• Standards  organizations 

• Professional association 

• The Ritual of the Calling of an Engineer 
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Chapter 2 
 

Science and Muslims 

 
2.1 Islamic Golden Age 

 

 

 

 

 
 

Scholars at an Abbasid library, from the Maqamat of al-Hariri 
by Yahya ibn Mahmud al-Wasiti, Baghdad, 1237 AD 

 
 
 

The Islamic Golden Age is the era in the history of Is- 

lam, traditionally dated from the 8th century to the 13th 

century, during which much of the historically Islamic 

world was ruled by various caliphates and science, eco- 

nomic development and cultural works flourished.[1][2][3] 

This period is traditionally understood to have begun dur- 

ing the reign of the Abbasid caliph Harun al-Rashid (786 

to 809) with the inauguration of the House of Wisdom 

in Baghdad, where scholars from various parts of the 

world with different cultural backgrounds were mandated 

to gather and translate all of the world’s classical knowl- 

edge into the Arabic language.[4][5] This period is tradi- 

tionally said to have ended with the collapse of the Ab- 

basid caliphate due to Mongol invasions and the Sack of 

Baghdad in 1258 AD.[6] A few contemporary scholars 

place the end of the Islamic Golden Age as late as the 

end of 15th to 16th centuries.[1][2][3]
 

 

 

 

 

 

 

 

 

Expansion of the Islamic Caliphate, 622–750. 
Expansion under Muhammad, 622–632 
Expansion during the Rashidun Caliphate, 632–661 
Expansion during the Umayyad Caliphate, 661–750 

 
 
 

2.1.1 History of the concept 

 

The metaphor of a golden age began to be applied in 19th- 

century literature about Islamic history, in the context of 

the western aesthetic fashion known as Orientalism. The 

author of a Handbook for Travelers in Syria and Pales- 
tine in 1868 observed that the most beautiful mosques 

of Damascus were “like Mohammedanism itself, now 

rapidly decaying” and relics of “the golden age of Islam”. 
[7] 

 

There is no unambiguous definition of term, and depend- 

ing on whether it is used with a focus on cultural or on 

military achievement, it may be taken to refer to rather 

disparate time spans. Thus, one author would have it ex- 

tend to the duration of the caliphate, or to “six and a half 

centuries”,[8] while another would have it end after only 

a few decades of Rashidun conquests, with the death of 

Umar and the First Fitna.[9]
 

During the early 20th century, the term was used only 

occasionally, and often referred to the early military suc- 

cesses of the Rashidun caliphs. It was only in the sec- 

ond half of the 20th century that the term came to be 

used with any frequency, now mostly referring to the cul- 

tural flourishing of science and mathematics under the 

caliphate during the 9th to 11th centuries (between the 

establishment of organised scholarship in the House of 

Wisdom and the beginning of the crusades),[10] but of- 

ten extended to include part of the late 8th or the 12th to 

early 13th centuries.[11]  Definitions may still vary consid- 
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erably. Equating the end of the golden age with the end 

of the caliphate is a convenient cut-off point based on 

a historical landmark, but it can be argued that Islamic 

culture had entered a gradual decline much earlier; thus, 

Khan (2003) identifies the proper golden age as being the 

two centuries between 750–950, arguing that the begin- 

ning loss of territories under Harun al-Rashid worsened 

after the death of al-Ma'mun in 833, and that the crusades 

in the 12th century resulted in a further weakening of the 

Abbasid empire from which it never recovered.[12]
 

 

2.1.2 Causes 

Religious influence 
 

Main article: Islamic attitudes towards science 

 
The various Quranic injunctions and Hadith, which place 

values on education and emphasize the importance of ac- 

quiring knowledge, played a vital role in influencing the 

Muslims of this age in their search for knowledge and the 

development of the body of science.[13][14][15]
 

 
Government sponsorship 

 

The Muslim government heavily patronized scholars. 

The money spent on the Translation Movement for some 

translations is estimated to be equivalent to about twice 

the annual research budget of the United Kingdom’s 

Medical Research Council.[16] The best scholars and no- 

table translators, such as Hunayn ibn Ishaq, had salaries 

that are estimated to be the equivalent of professional 

athletes today.[16] The House of Wisdom was a library 

established in Abbasid-era Baghdad, Iraq by Caliph al- 

Mansur.[17]
 

 
Earlier cultural influence 

 

Main articles: Greek contributions to Islamic world, 

Indian influence on Islamic science, Christian influences 

in Islam, and Chinese influences on Islamic pottery 

 
During this period, the Muslims showed a strong interest 

in assimilating the scientific knowledge of the civiliza- 

tions that had been conquered. Many classic works of 

antiquity that might otherwise have been lost were trans- 

lated from Greek, Persian, Indian, Chinese, Egyptian, 

and Phoenician civilizations into Arabic and Persian, and 

later in turn translated into Turkish, Hebrew, and Latin.[5]
 

Christians, especially the adherents of the Church of the 

East (Nestorians), contributed to Islamic civilization dur- 

ing the reign of the Ummayads and the Abbasids by trans- 

lating works of Greek philosophers and ancient science 

to Syriac and afterwards to Arabic.[18][19] They also ex- 

celled in many fields, in particular philosophy, science 

(such as Hunayn ibn Ishaq,[20][21] Qusta ibn Luqa,[22] 

Masawaiyh,[23][24] Patriarch Eutychius,[25] and Jabril ibn 

Bukhtishu[26]) and theology. For a long period of time 

the personal physicians of the Abbasid Caliphs were often 

Assyrian Christians.[27][28] Among the most prominent 

Christian families to serve as physicians to the caliphs 

were the Bukhtishu dynasty.[29][30]
 

Throughout the 4th to 7th centuries, Christian schol- 

arly work in the Greek and Syriac languages was either 

newly translated or had been preserved since the Hel- 

lenistic period. Among the prominent centers of learn- 

ing and transmission of classical wisdom were Chris- 

tian colleges such as the School of Nisibis[31] and the 

School of Edessa,[32] and the renowned hospital and med- 

ical academy of Jundishapur, which was the intellec- 

tual, theological and scientific center of the Church of 

the East.[33][34][35] The House of Wisdom was founded 

in Baghdad in 825, modelled after the Academy of 

Gondishapur. It was led by Christian physician Hunayn 

ibn Ishaq, with the support of Byzantine medicine. Many 

of the most important philosophical and scientific works 

of the ancient world were translated, including the work 

of Galen, Hippocrates, Plato, Aristotle, Ptolemy and 

Archimedes. Many scholars of the House of Wisdom 

were of Christian background.[36]
 

 
New technology 

 

 

A manuscript written on paper during the Abbasid Era. 

 
With a new and easier writing system, and the 

introduction of paper, information was democratized to 

the extent that, for probably the first time in history, it be- 

came possible to make a living from simply writing and 

selling books.[37] The use of paper spread from China 

into Muslim regions in the eighth century, arriving in 

Al-Andalus on the Iberian peninsula, present-day Spain 

in the 10th century. It was easier to manufacture than 

parchment, less likely to crack than papyrus, and could 

absorb ink, making it difficult to erase and ideal for keep- 

ing records. Islamic paper makers devised assembly-line 

methods of hand-copying manuscripts to turn out editions 

far larger than any available in Europe for centuries.[38] It 
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was from these countries that the rest of the world learned 

to make paper from linen.[39]
 

 

 

2.1.3 Philosophy 
 

Main article: Islamic Philosophy 

Ibn Rushd and Ibn Sina played a major role in sav- 

 

Islamic architecture in Alhambra, Al-Andalus, in modern-day 
Spain 

 

ing the works of Aristotle, whose ideas came to dom- 

inate the non-religious thought of the Christian and 

Muslim worlds. Ibn Sina and other philosophers such 

as al-Kindi and al-Farabi combined Aristotelianism and 

Neoplatonism with other ideas introduced through Islam. 

Arabic philosophic literature was translated into Latin 

and Ladino, contributing to the development of modern 

European philosophy. During this period, non-Muslims 

were allowed to flourish relative to treatment of religious 

minorities in the Christian Byzantine Empire. The Jewish 

philosopher Moses Maimonides, who lived in Andalusia, 

is an example. 

 

 

Metaphysics 

 

Avicenna argued his "Floating man" thought experiment 

concerning self-awareness, in which a man prevented of 

sense experience by being blindfolded and free falling 

would still be aware of his existence.[40]
 

Epistemology 

 

In epistemology, Ibn Tufail wrote the novel Hayy  
ibn Yaqdhan and in response Ibn al-Nafis wrote the 

novel Theologus Autodidactus. Both were concerning 

autodidacticism as illuminated through the life of a feral 

child spontaneously generated in a cave on a desert island. 

 

2.1.4 Mathematics 

Main article: Mathematics in medieval Islam 

 

 
Algebra 

 

Geometric patterns: an archway in the Sultan’s lodge in the Ot- 
toman Green Mosque in Bursa, Turkey (1424), its girih strap- 
work forming 10-point stars and pentagons 

 
Muḥammad ibn Mūsā al-Khwārizmī played a signifi- 

cant role in the development of algebra, algorithms, and 

Hindu-Arabic  numerals. 

 
Geometry 

 

Main article: Islamic geometric patterns 

 
Islamic art makes use of geometric patterns and sym- 

metries in many of its art forms, notably in girih tilings. 

These are formed using a set of five tile shapes, namely 

a regular decagon, an elongated hexagon, a bow tie, a 

rhombus, and a regular pentagon. All the sides of these 

tiles have the same length; and all their angles are mul- 

tiples of 36° (π/5 radians), offering fivefold and ten- 

fold symmetries. The tiles are decorated with strapwork 
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lines (girih), generally more visible than the tile bound- 

aries. In 2007, the physicists Peter Lu and Paul Stein- 

hardt argued that girih from the 15th century resem- 

bled quasicrystalline Penrose tilings.[41][42][43][44] Elabo- 

rate geometric zellige tilework is a distinctive element 

in Moroccan architecture.[45] Muqarnas vaults are three- 

dimensional but were designed in two dimensions with 

drawings of geometrical cells.[46]
 

 
Trigonometry 

 

B 

 

C 

Scientific method 

 
Ibn al-Haytham (Alhazen) was a significant figure in the 

history of scientific method, particularly in his approach 

to experimentation,[49][50][51][52] and has been described 

as the “world’s first true scientist”.[53]
 

Avicenna made rules for testing the effectiveness of 

drugs, including that the effect produced by the experi- 

mental drug should be seen constantly or after many rep- 

etitions, to be counted.[54] The physician Rhazes was an 

early proponent of experimental medicine and recom- 

mended using control for clinical research. He said: “If 

you want to study the effect of bloodletting on a condi- 

tion, divide the patients into two groups, perform blood- 

letting only on one group, watch both, and compare the 

results.”[55]
 

 

 
Astronomy 

 

Main article: Astronomy in medieval Islam 

In about 964 AD, the Persian astronomer Abd al- 
 

A 

A triangle labelled with the components of the law of sines. Cap- 
ital A, B and C are the angles, and lower-case a, b, c are the 
sides opposite them. (a opposite A, etc.) 

 
Ibn Muʿādh al-Jayyānī is one of several Islamic mathe- 

maticians to whom the law of sines is attributed; he wrote 

his The Book of Unknown Arcs of a Sphere in the 11th 

century. This formula relates the lengths of the sides of 

any triangle, rather than only right triangles, to the sines 

of its angles.[47] According to the law, 

 
sin A 

a = 
sin B 

b 
= 

sin C 
. 

c 

where a, b, and c are the lengths of the sides of a triangle, 

and A, B, and C are the opposite angles (see figure). 
 

 

Calculus 

 

Alhazen discovered the sum formula for the fourth power, 

using a method that could be generally used to determine 

the sum for any integral power. He used this to find the 

volume of a paraboloid. He could find the integral for- 

mula for any polynomial without having developed a gen- 

eral formula.[48]
 

 

2.1.5 Natural sciences 

Main article: Science in the medieval Islamic world 

Tusi couple 
 
 

Rahman al-Sufi, writing in his Book of Fixed Stars, de- 

scribed a “nebulous spot” in the Andromeda constella- 

tion, the first definitive reference to what we now know 

is the Andromeda Galaxy, the nearest spiral galaxy to 

our galaxy.[56] Nasir al-Din al-Tusi invented a geometri- 

cal technique called a Tusi-couple, which generates linear 

motion from the sum of two circular motions to replace 

Ptolemy's problematic equant[57] The Tusi couple was 

later employed in Ibn al-Shatir's geocentric model and 

Nicolaus Copernicus' heliocentric Copernican model[58] 

although it is not known who the intermediary is or if 

Copernicus rediscovered the technique independently. 
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Physics 
 

Main article: Islamic physics 

 
Alhazen played a role in the development of optics. 

One of the prevailing theories of vision in his time and 

place was the emission theory supported by Euclid and 

Ptolemy, where sight worked by the eye emitting rays of 

light, and the other was the Aristotelean theory that sight 

worked when the essence of objects flows into the eyes. 

Alhazen correctly argued that vision when occurred when 

light, traveling in straight lines, reflects off an object into 

the eyes. 

 
Chemistry 

 

Al-Kindi warned against alchemists attempting the trans- 

mutation of simple, base metals into precious ones like 

gold in the ninth century.[54][59]
 

 
Biology 

 

 

The eye, according to Hunain ibn Ishaq. From a manuscript 
dated circa 1200. 

 

In the cardiovascular system,  Ibn al-Nafis in     his 
Commentary on Anatomy in Avicenna’s Canon was the 

that all the blood that reached the left ventricle did so af- 

ter passing through the lung.[60] He also stated that there 

must be small communications, or pores, between the 

pulmonary artery and pulmonary vein, a prediction that 

preceded the discovery of the pulmonary capillaries of 

Marcello Malpighi by 400 years. The Commentary was 

rediscovered in the twentieth century in the Prussian State 

Library in Berlin; whether its view of the pulmonary cir- 

culation influenced scientists such as Michael Servetus is 

unclear.[60]
 

In the nervous system, Rhazes stated that nerves had 

motor or sensory functions, describing 7 cranial and 31 

spinal cord nerves. He assigned a numerical order to the 

cranial nerves from the optic to the hypoglossal nerves. 

He classified the spinal nerves into 8 cervical, 12 thoracic, 

5 lumbar, 3 sacral, and 3 coccygeal nerves. He used this 

to link clinical signs of injury to the corresponding loca- 

tion of lesions in the nervous system.[61]
 

Modern commentators have likened medieval accounts 

of the “struggle for existence” in the animal kingdom to 

the framework of the theory of evolution. Thus, in his 

survey of the history of the ideas which led to the the- 

ory of natural selection, Conway Zirkle noted that al- 

Jahiz was one of those who discussed a “struggle for exis- 

tence”, in his Kitab al-Hayawan (Book of Animals), writ- 

ten in the 9th century.[62] In the 13th century, Nasir al- 

Din al-Tusi believed that humans were derived from ad- 

vanced animals, saying, “Such humans [probably anthro- 

poid apes][63] live in the Western Sudan and other distant 

corners of the world. They are close to animals by their 

habits, deeds and behavior.”[63] In 1377, Ibn Khaldun in 

his Muqaddimah stated, "“The animal kingdom was de- 

veloped, its species multiplied, and in the gradual process 

of Creation, it ended in man & arising from the world of 

the monkeys.”[64]
 

 
2.1.6 Engineering 

See also: List of inventions in the medieval Islamic world 

 
The Banū Mūsā brothers, in their Book of Ingenious 

Devices, describe an automatic flute player which may 

have been the first programmable machine.[65] The flute 

sounds were produced through hot steam and the user 

could adjust the device to various patterns so that they 

could get various sounds from it.[66]
 

 
2.1.7 Social sciences 

Ibn Khaldun is regarded to be among the   found- 
[n 1] 

first to contradict the contention of the Galen School ing fathers of modern sociology, historiography, 

that blood could pass between the ventricles in the heart 

through the cardiac inter-ventricular septum that sepa- 

demography,[n 1]
 and economics.[67][n 2]

 

rates them, saying that there is no passage between the 

ventricles at this point.[60] Instead, he correctly argued 
2.1.8 Healthcare 
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Hospitals 

 

 

 

Entrance to the Qawaloon complex which housed the notable 
Qawaloon hospital. 

 
 

Hospitals in this era were the first to require medical 

diplomas to license doctors.[68] In the medieval Islamic 

world, hospitals were built in most major cities. The hos- 

pitals were typically run by a three-man board compris- 

ing a non-medical administrator, a physician who served 

as mutwalli (dean) and the shaykh saydalani, the chief 

pharmacist, who oversaw the dispensary. 

Medical facilities traditionally closed each night, but by 

the 10th century laws were passed to keep hospitals open 

24 hours a day, and hospitals were forbidden to turn 

away patients who were unable to pay.[69] Eventually, 

charitable foundations called waqfs were formed to sup- 

port hospitals, as well as schools.[69] This money sup- 

ported free medical care for all citizens.[69] In a notable 

example, a 13th-century governor of Egypt Al Mansur 

Qalawun ordained a foundation for the Qalawun hospi- 

tal that would contain a mosque and a chapel, separate 

wards for different diseases, a library for doctors and a 

pharmacy.[70] The Qalawun hospital was based in a for- 

mer Fatimid palace which had accommodation for 8,000 

people - [71] “it served 4,000 patients daily.”[72] The waqf 

stated, 

 

 
"...The hospital shall keep all patients, men 

and women, until they are completely recov- 

ered. All costs are to be borne by the hospi- 

tal whether the people come from afar or near, 

whether they are residents or foreigners, strong 

or weak, low or high, rich or poor, employed 

or unemployed, blind or sighted, physically or 

mentally ill, learned or illiterate. There are no 

conditions of consideration and payment, none 

is objected to or even indirectly hinted at for 

non-payment.”[70]
 

Pharmacies 

 
By the ninth century, there was a rapid expansion of pri- 

vate pharmacies in many Muslim cities. Initially, these 

were unregulated and managed by personnel of incon- 

sistent quality. Decrees by Caliphs Al-Ma'mun and Al- 

Mu'tasim required examinations to license pharmacists 

and pharmacy students were trained in a combination of 

classroom exercises coupled with day-to-day practical ex- 

periences with drugs. To avoid conflicts of interest, doc- 

tors were banned from owning or sharing ownership in 

a pharmacy. Pharmacies were periodically inspected by 

government inspectors called muhtasib, who checked to 

see that the medicines were mixed properly, not diluted 

and kept in clean jars. Violators were fined or beaten.[54]
 

 

 
Medicine 

 

Main article: Islamic medicine 

 
Rhazes differentiated through careful observation the two 

diseases smallpox and measles, which were previously 

lumped together as a single disease that caused rashes.[73] 

This was based on location and the time of the appearance 

of the symptoms and he also scaled the degree of sever- 

ity and prognosis of infections according to the color and 

location of rashes.[74] Al-Zahrawi was the first physician 

to describe an ectopic pregnancy, and the first physician 

to identify the hereditary nature of haemophilia.[75]
 

On hygienic practices, Rhazes, who was once asked to 

choose the site for a new hospital in Baghdad, suspended 

pieces of meat at various points around the city, and rec- 

ommended building the hospital at the location where the 

meat putrefied most slowly.[55]
 

For Islamic scholars, Indian and Greek physicians and 

medical researchers Sushruta, Galen, Mankah, Atreya, 

Hippocrates, Charaka, and Agnivesa were pre-eminent 

authorities.[76] In order to make the Indian and Greek tra- 

dition more accessible, understandable, and teachable, Is- 

lamic scholars ordered and made more systematic the vast 

Indian and Greco-Roman medical knowledge by writing 

encyclopedias and summaries. Sometimes, past schol- 

ars were criticized, like Rhazes who criticized and re- 

futed Galen’s revered theories, most notably, the Theory 

of Humors and was thus accused of ignorance.[55] It 

was through 12th-century Arabic translations that me- 

dieval Europe rediscovered Hellenic medicine, includ- 

ing the works of Galen and Hippocrates, and discovered 

ancient Indian medicine, including the works of Sushruta 

and Charaka.[77][78] Works such as Avicenna's The Canon 
of Medicine were translated into Latin and disseminated 

throughout Europe. During the 15th and 16th centuries 

alone, The Canon of Medicine was published more than 

thirty-five times. It was used as a standard medical text- 

book through the 18th century in Europe.[79]
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Surgery 

 

Al-Zahrawi was a tenth century Spanish physician. He 

is sometimes referred to as the “Father of surgery”.[80] 

He describes what is thought to be the first attempt 

at reduction mammaplasty for the management of 

gynaecomastia.[80] He is credited with the performance 

of the first thryoidectomy.[81]
 

 
2.1.9 Education 

 

An entrance to the Al Azhar University, Cairo 

 
The University of Al Karaouine, founded in 859 AD, is 

arguably the world’s oldest degree-granting university.[82] 

The Al-Azhar University was another early university. 

The madrasa is one of the relics of the Fatimid dy- 

nasty era of Egypt, descended from Fatimah, daughter of 

Muhammad. Fatimah was called Az-Zahra (the brilliant), 

and it was named in her honor.[83] It was founded as a 

mosque by the Fatimid commander Jawhar, at the orders 

of the Caliph Al-Muizz as he founded the city for Cairo. 

It was (probably on Saturday) in Jamadi al-Awwal in the 

year 359 A.H. Its building was completed on the 9th of 

Ramadan in the year 361 A.H. Both Al-'Aziz Billah and 

Al-Hakim bi-Amr Allah added to its premises. It was fur- 

ther repaired, renovated, and extended by Al-Mustansir 

Billah and Al-Hafiz Li-Din-illah. Fatimid Caliphs always 

encouraged scholars and jurists to have their study-circles 

and gatherings in this mosque, and thus it was turned into 

a university. Al Azhar University now has the claim of 

being the oldest University still functioning.[84] The in- 

tellectual life in Egypt during the Fatimid era reached a 

great degree of progress and activity due to the number 

of scholars who either lived in Egypt, or came from out- 

side, as well as the number of books available. The Fa- 

timid Caliphs gave prominent positions to the scholars in 

their courts and encouraged the students. Fatimids paid 

attention to establishing libraries in their palaces so that 

the scholars might polish up their knowledge and benefit 

from what their predecessors had done.[84]
 

 

 

2.1.10 Commerce and travel 
 
 

Introductory summary overview map from al-Idrisi's 1154 world 
atlas (note that South is at the top of the map). 

 
 

Apart from the Nile, Tigris, and Euphrates, navigable 

rivers were uncommon in the Middle East, so transport 

by sea was very important. Navigational sciences were 

highly developed, making use of a rudimentary sextant 

(known as a kamal). When combined with detailed maps 

of the period, sailors were able to sail across oceans rather 

than skirt along the coast. Muslim sailors were also re- 

sponsible for reintroducing large, three-masted merchant 

vessels to the Mediterranean. The name caravel may de- 

rive from an earlier Arab boat known as the qārib.[85]
 

Many Muslims went to China to trade, and these Mus- 

lims began to have a great economic impact and influ- 

ence on the country. Muslims virtually dominated the 

import/export industry by the time of the Sung dynasty 

(960-1279).[86]
 

 

 

2.1.11 Arts and culture 
 

Poetry 

 
The 13th century Persian poet Rumi wrote some of the 

finest Persian poetry and is still one of the best selling 

poets in America.[87][88]
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Art 

 

Main article: Islamic art 

The golden age of Islamic art lasted from 750 to the 16th 

 

 

Marquetry and tile-top table, 1560 

 
century, when ceramics (especially lusterware), glass, 

metalwork, textiles, illuminated manuscripts, and wood- 

work flourished. Manuscript illumination became an im- 

portant and greatly respected art, and Persian miniature 

painting flourished in the Persianate world. Calligraphy, 

an essential aspect of written Arabic, developed in 

manuscripts and architectural decoration. 

 
 

Architecture 

 

Main article: Islamic architecture 

The Great Mosque of Kairouan (in Tunisia), the ances- 

tor of all the mosques in the western Islamic world,[89] 

is one of the best preserved and most significant exam- 

ples of early great mosques. Founded in 670, it dates 

in its present form largely from the 9th century.[90] The 

Great Mosque of Kairouan is constituted of a three-tiered 

square minaret, a large courtyard surrounded by colon- 

naded porticos, and a huge hypostyle prayer hall covered 

on its axis by two cupolas.[89]
 

The Great Mosque of Samarra in Iraq was completed in 

847. It combined the hypostyle architecture of rows of 

columns supporting a flat base, above which a huge spi- 

ralling minaret was constructed. 

The beginning of construction of the Great Mosque at 

Cordoba in 785 marked the beginning of Islamic ar- 

chitecture in Spain and Northern Africa. The mosque 

is noted for its striking interior arches. Moorish ar- 

chitecture reached its peak with the construction of the 

Alhambra, the magnificent palace/fortress of Granada, 

with its open and breezy interior spaces adorned in red, 

blue, and gold. The walls are decorated with stylized 

foliage motifs, Arabic inscriptions, and arabesque de- 

sign work, with walls covered in geometrically patterned 

glazed tiles. 

 

 
 

The medieval Al-Azhar Mosque, Cairo 
 
 

Many traces of Fatimid architecture exist in Cairo today, 

the most defining examples include the Al Azhar Univer- 

sity and the Al Hakim mosque. 

 
Freedom of expression 

 

A significant feature of the Fatimid era were the freedoms 

given to the people and liberties given to the mind and rea- 

son. People could believe whatever they liked provided 

they did not infringe other’s rights. The Fatimids reserved 

separate pulpits for different Islamic sects, and scholars 

expressed their ideas in whatever manner they pleased. 

The Fatimids gave patronage to scholars and invited them 

from every place, financially supported them, and ignored 

what they believed in, even when it went against Fatimid 

beliefs.[84][91] 

 
2.1.12 Decline 

Invasions 

 

The Crusades put the Islamic world under pressure with 

invasions in the 11th and 12th centuries, but a far greater 

threat emerged from the East during the 13th century: 

in 1206, Genghis Khan established a powerful dynasty 

among the Mongols of central Asia. During the 13th cen- 

tury, this Mongol Empire conquered most of the Eurasian 

land mass, including China in the east and much of the 

old Islamic caliphate (as well as Kievan Rus) in the west. 

The destruction of Baghdad and the House of Wisdom by 
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[98] 

 
 

 
 

Trade routes inherited by the Muslim civilization were ruined 
by invading Mongols, which according to Ibn Khaldun ruined 
economies. Later the European Age of Exploration bypassed the 
land routes 

 

Hulagu Khan in 1258 has been seen by some as the end 

of the Islamic Golden Age.[92] Later Mongol leaders, such 

as Timur, destroyed many cities, slaughtered hundreds of 

thousands of people, and did irrevocable damage to the 

ancient irrigation systems of Mesopotamia. Muslims in 

lands subject to the Mongols now faced northeast, toward 

the land routes to China, rather than toward Mecca. 

 
time, citing a revival of works produced on rational sci- 

entific topics during the seventeenth century.[95][96]
 

 

2.1.13 See also 

• Golden age of Jewish culture in Spain 

• Ibn Sina Academy of Medieval Medicine and Sci- 
ences 

• Islamic astronomy 

• Islamic studies 

• List of Iranian scientists 

• Ophthalmology in medieval Islam 

• Timeline of Islamic science and technology 

• Christian influences in Islam 

• Emirate of Sicily 

 

2.1.14 Notes 

[1] • "...regarded by some Westerners as the true father 
[97] 

In the Iberian Peninsula, the Catholic Monarchs com- 

pleted the Reconquista with a war against the Emirate of 

Granada that started in 1482 and ended with Granada’s 

complete annexation in early 1492, which also marks, for 

some historians, the end of the Islamic Golden Age. The 

Ottoman conquest of the Arabic-speaking Middle East in 

1516-17 placed the traditional heart of the Islamic world 

under Ottoman Turkish control. The rational sciences 

continued to flourish in the Middle East during the Ot- 

toman period.[93]
 

 
Economics 

 

To account for the decline of Islamic science, it has been 

argued that the Sunni Revival in the 11th and 12th cen- 

turies produced a series of institutional changes that de- 

creased the relative payoff to producing scientific works. 

With the spread of madrasas and the greater influence of 

religious leaders, it became more lucrative to produce re- 

ligious knowledge.[94]
 

Ahmad Y. al-Hassan has rejected the thesis that lack of 

creative thinking was a cause, arguing that science was 

always kept separate from religious argument; he instead 

analyzes the decline in terms of economic and political 

factors, drawing on the work of the 14th-century writer 

Ibn Khaldun. Al-Hassan extended the golden age up to 

the 16th century, noting that scientific activity continued 

to flourish up until then.[3] Several other contemporary 

scholars have also extended it to around the 16th to 17th 

centuries, and analysed the decline in terms of political 

and economic factors.[1][2] More recent research has chal- 

lenged the notion that it underwent decline even at that 

of historiography and sociology”. 

• “Ibn Khaldun has been claimed the forerunner of a 

great number of European thinkers, mostly sociolo- 

gists, historians, and philosophers”.(Boulakia 1971) 

• “The founding father of Eastern Sociology”. 

• “This grand scheme to find a new science of so- 

ciety makes him the forerunner of many of the 

eighteenth and nineteenth centuries system-builders 

such as Vico, Comte and Marx.” “As one of the 

early founders of the social sciences...”.[99]
 

[2] • “He is considered by some as a father of modern 

economics, or at least a major forerunner. The 

Western world recognizes Khaldun as the father of 

sociology but hesitates in recognizing him as a great 

economist who laid its very foundations. He was 

the first to systematically analyze the functioning of 

an economy, the importance of technology, special- 

ization and foreign trade in economic surplus and 

the role of government and its stabilization poli- 

cies to increase output and employment. More- 

over, he dealt with the problem of optimum tax- 

ation, minimum government services, incentives, 

institutional framework, law and order, expecta- 

tions, production, and the theory of value”.Cosma, 

Sorinel (2009). “Ibn Khaldun’s Economic Think- 

ing”. Ovidius University Annals of Economics 

(Ovidius University Press) XIV:52–57 
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Congress contains examples of Islamic book bind- 
ings. 

 
 

2.2 Science in the medieval Islamic 

world 

 

The Tusi couple, a mathematical device invented by Nasir al- 
Din Tusi in 1247 to model the not perfectly circular motions of 
the planets 

 
Science in the medieval Islamic world was the sci- 

ence developed and practised during the Islamic Golden 

Age under the Abbasid Caliphate (c. 800–1250). Is- 

lamic scientific achievements encompassed a wide range 

of subject areas, especially astronomy,  mathematics, 

and medicine. Other subjects of scientific inquiry in- 

cluded alchemy and chemistry, botany, geography and 

cartography, ophthalmology, pharmacology, physics, and 

zoology. 

In the 8th century, scholars had translated Indian, 

Assyrian, Sassanian (Persian) and Greek knowledge, in- 

cluding the works of Aristotle, into Arabic. These trans- 

lations became a wellspring for advances by scientists 

from Muslim-ruled areas during the Middle Ages.[1]
 

 

2.2.1 Context 

 

The Abbasid Caliphate at its greatest extent, c. 850 

 
Through the Umayyad and, in particular, the succeeding 

Abbasid Caliphate's early phase, lies the period of Islamic 

history known as the Islamic Golden Age, between 692 

and 945, with stable political structures and flourishing 

trade. Major religious and cultural works of the empire 

were translated into Arabic. The culture inherited Greek, 

Indic, Assyrian and Persian influences, and a new com- 

mon civilisation formed, based on Islam. An era of high 

culture and innovation ensued.[2]
 

 
2.2.2 Fields of inquiry 

 

Islamic scientific achievements encompass a wide range 

of subject areas, especially mathematics, astronomy, and 

medicine.[1] Other subjects of scientific inquiry included 

physics, alchemy and chemistry, ophthalmology, and 

geography  and cartography.[3]
 

 
Alchemy and chemistry 

 

Main article: Alchemy and chemistry in medieval Islam 

 
Alchemy was already well established before the rise of 

Islam, based on the belief that substances were made up 

of the four Aristotelian elements, fire, earth, air, and wa- 

ter in different proportions. Alchemists supposed that 

gold was the noblest metal, and that other metals formed 

a series down to the basest, such as lead. They believed, 

too, that a fifth element, the elixir, could transform a base 
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metal into gold. Jabir ibn Hayyan (8th–9th centuries) 

wrote on alchemy, based on his own experiments. He 

described laboratory techniques and experimental meth- 

ods that would continue to be used when alchemy had 

transformed into chemistry. Ibn Hayyan identified many 

substances including sulfuric and nitric acids. He de- 

scribed processes including sublimation, reduction and 

distillation. He utilized equipment such as the alembic 

and the retort stand. There is considerable uncertainty as 

to the actual provenance of many works that are ascribed 

to him.[4][5][6] 

 

Astronomy and cosmology 

 

 

al-Biruni's explanation of the phases of the moon 

 
Main articles: Astronomy in medieval Islam and 

Cosmology in medieval Islam 

 
Astronomy was one of the major disciplines within Is- 

lamic science. The effort was devoted both towards 

understanding the nature of the cosmos and to practi- 

cal purposes, including determining the Qibla, the di- 

rection in which to pray, and to astrology, predicting 

events affecting human life and selecting suitable times 

for actions such as going to war or founding a city.[7] Al- 

Battani (850–922) accurately determined the length of 

the solar year. He contributed to numeric tables, such 

as the Tables of Toledo, used by astronomers to pre- 

dict the movements of the sun, moon and planets across 

the sky. Some of his astronomic tables were later used 

by Copernicus.[8] Al-Zarqali (1028–1087) developed a 

more accurate astrolabe, used for centuries afterwards. 

He constructed a water clock in Toledo. He discovered 

that the Sun’s apogee moves slowly relative to the fixed 

stars, and obtained a good estimate of its motion.[9] for 

its rate of change.[10] Nasir al-Din al-Tusi (1201–1274) 

wrote an important revision to Ptolemy’s celestial model. 

When he became Helagu’s astrologer, he was given an 

observatory and gained access to Chinese techniques and 

observations. He developed trigonometry as a separate 

field, and compiled the most accurate astronomical tables 

available up to that time.[11]
 

 

 

Quince, Cypress, and Sumac trees, in Zakariya al-Qazwini's 13th 
century Wonders of Creation 

 

 

 

 

Botany 

 

 
The study of the natural world extended to a detailed ex- 

amination of plants. The work done was directly useful 

in the unprecedented growth of pharmacology across the 

Islamic world. Al-Dinawari is considered the founder of 

Arabic botany for his six-volume Kitab al-Nabat (Book 
of Plants). Only volumes 3 and 5 have survived, with 

part of volume 6 reconstructed from quoted passages. In 

what survives, 637 plants are described in alphabetical or- 

der from the letters sin to ya, so the whole book must have 

covered several thousand kinds of plant. Al-Dinawari de- 

scribes the phases of plant growth and the production of 

flowers and fruit. Zakariya al-Qazwini's thirteenth cen- 

tury encyclopedia ʿAjā'ib al-makhlūqāt (The Wonders of 
Creation) contained among many other topics both real- 

istic botany and fantastic trees which grew birds on their 

twigs in place of leaves, but which could only be found in 

the far-distant British Isles.[12][13]
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Surviving fragment of the first World Map of Piri Reis (1513) 
 

Geography and cartography 

 

Main article: Geography and cartography in medieval 

Islam 

 
The swift spread of Islam across West Asia and North 

Africa encouraged and involved an unprecedented growth 

in trade and travel by land and sea as far away as South- 

east Asia, China, much of Africa, Scandinavia and even 

Iceland. Geographers worked to create and fill in in- 

creasingly accurate maps of the known world, starting 

from many existing but fragmentary sources.[14]al-Idrisi 

(1100–1166) created a map of the world for Roger, the 

Norman King of Sicily, and wrote the Book of Roger, a 

geographic study of the peoples, climates, resources and 

industries of all the world known at that time.[15] Piri 

Reis (c. 1470–1553) made a map of the New World 

and West Africa in 1513, making use of maps from 

Greece, Portugal, Muslim sources, and perhaps one made 

by Christopher Columbus.[16]
 

 

down, North at top 

 

 
Mathematics 

 

 

A page from al-Khwarizmi's Algebra 

 

Main article: Mathematics in medieval Islam 

 
Islamic mathematicians gathered, organised and clari- 

fied the mathematics they inherited from ancient Egypt, 

Greece, India, Mesopotamia and Persia, and went on to 

make innovations of their own. Islamic mathematics can 

be divided into algebra, geometry and arithmetic. Alge- 

bra was mainly used for recreation and had few practical 

applications. Geometry was studied at different levels. 

Some texts contain practical geometrical rules for sur- 

veying and for measuring figures. Theoretical geometry 

was a necessary prerequisite for understanding astronomy 

and optics, and it required years of concentrated work. 

Soon after the establishment of the Abbasid caliphate 

and the founding of Baghdad in the mid-eighth century, 

some mathematical knowledge must have been assim- 

ilated from the pre-Islamic Persian tradition in astron- 

omy. Astronomers from India were invited to the court of 

the caliph in the late eighth century, and they explained 

• Modtheeernrudimentary trigonometrical techniques used in In- 
copy of al-Idrisi's 1154 Tabula Rogeriana, upside- dian astronomy. Ancient Greek works such as Ptolemy's 
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Almagest and Euclid’s Elements were translated into Ara- 

bic. During the second half of the ninth century, Is- 

lamic mathematicians were already making contributions 

to the most sophisticated parts of Greek geometry. Is- 

lamic mathematics reached its apogee in the Eastern part 

of the Islamic world between the tenth and twelfth cen- 

turies CE, though little support was provided for it. Most 

mathematical works were written in Arabic, others in 

Persian.[17][18][19] 

 

Omar Khayyam's “Cubic equation and intersection of conic sec- 
tions” 

 
al-Khwarizmi (8th–9th centuries), considered the great- 

est mathematician of Islamic civilization, was instrumen- 

tal in the adoption of the Indian numbering system, later 

known as Arabic numerals. He developed algebra, which 

also had Indian antecedents, introducing methods of sim- 

plifying equations, and used Euclidean geometry in his 

proofs.[20][21] Ibn Ishaq al-Kindi (801–873) worked on 

cryptography for the caliphate.[22] Avicenna (ca. 980– 

1037) contributed to the development of mathemati- 

cal techniques such as Casting out nines.[23] Thabit ibn 

Qurra (835–901) calculated the solution to a chessboard 

problem involving an exponential series.[24] al-Farabi 

(ca. 870–950) attempted to describe, geometrically, the 

repeating patterns popular in Islamic decorative motifs. 

His book on the subject is titled Spiritual Crafts and Natu- 
ral Secrets in the Details of Geometrical Figures.[25] Omar 

Khayyam (1048–1131), known in the West as a poet, cal- 

culated the length of the year to within 5 decimal places. 

He found geometric solutions to all 13 forms of cubic 

equations. He developed some quadratic equations still 

in use.[26] Jamshid al-Kashi (ca. 1380–1429) is credited 

with several theorems of trigonometry including the Law 

of Cosines, also known as Al-Kashi’s Theorem. He is of- 

ten credited with the invention of decimal fractions, and 

a method like Horner’s to calculate roots. He calculated 

π correct to 17 significant figures.[27]
 

 
Medicine 

 

A coloured illustration from Mansur's Anatomy, c. 1450 

 
Main article: Medicine in medieval Islam 

 
Islamic society paid careful attention to medicine, follow- 

ing a hadith enjoining the preservation of good health. 

Its physicians inherited knowledge and traditional med- 

ical beliefs from the civilisations of classical Greece, 

Rome, Syria, Persia and India. These included the writ- 

ings of Hippocrates, including the theory of the four hu- 

mours, and the theories of Galen.[28] al-Razi (ca. 854– 

925/935) identified smallpox and measles, and recog- 

nized that fever was a part of the body’s defenses. He 

wrote a 23-volume compendium of Chinese, Indian, Per- 

sian, Syriac and Greek medicine. al-Razi questioned the 

classical Greek medical theory of how the four humors 

regulate life processes. He challenged Galen's work on 

several fronts, including the treatment of bloodletting, 

arguing that it was effective.[29] al-Zahrawi (936–1013) 

was a surgeon whose most important surviving work 

is referred to as al-Tasrif (Medical Knowledge). It is 

a 30 volume set mainly discussing medical symptoms, 

treatments, and pharmacology, but the last volume, on 

surgery, describes surgical instruments, supplies, and pi- 
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oneering procedures.[30] Avicenna (ca. 980–1037) wrote 

the major medical textbook, The Canon of Medicine.[23] 

ibn al-Nafis (1213–1288) wrote an influential book on 

medicine, believed to have replaced Avicenna’s Canon in 

the Islamic world. He wrote commentaries on Galen and 

Avicenna’s works. One of these commentaries was dis- 

covered in 1924, and yielded a description of pulmonary 

transit, the circulation of blood through the lungs.[31]
 

 
Optics and ophthalmology 

 

 

The eye according to Hunayn ibn Ishaq, c. 1200 
 

Main articles: Physics in medieval Islam § Optics, and 

Medieval Islamic ophthalmology 

 
Optics developed rapidly in this period. By the ninth 

century, there were works on physiological optics as 

well as mirror reflections, and geometrical and physi- 

cal optics. Hunayn ibn Ishaq (809–873) wrote the book 

Ten Treatises on the Eye, influential in the West until 

the 17th century.[32] Abbas ibn Firnas (810–887) devel- 

oped lenses for magnification and the improvement of 

vision.[33] Ibn Sahl (ca. 940–1000) discovered the law of 

refraction known as Snell’s law. He used the law to pro- 

duce the first Aspheric lenses that focused light without 

geometric aberrations.[34][35] In the eleventh century, Ibn 

al-Haytham (Alhazen, 965–1040) rejected Greek ideas 

about vision, and argued in his “Book of Optics” that 

light was reflected upon different surfaces in different di- 

rections, thus causing different light signatures of objects 

seen.[36][37][38] He also studied the effects of light refrac- 

tion, and suggested that the mathematics of reflection and 

refraction needed to be consistent with the anatomy of the 

eye.[39] 

 

 

Pharmacology 

 
 

Ibn Sina teaching the use of drugs. 15th century Great Canon of 

Avicenna 

 
Advances in botany and chemistry in the Islamic world 

encouraged developments in pharmacology. Muhammad 

ibn Zakarīya Rāzi (Rhazes) (865-915) promoted the 

medical uses of chemical compounds. Abu al-Qasim al- 

Zahrawi (Abulcasis) (936-1013) pioneered the prepara- 

tion of medicines by sublimation and distillation. His 

Liber servitoris provides recipes and instructions for 

preparing “simples” from which were compounded the 

complex drugs then used. Sabur Ibn Sahl (d 869), was 

the first physician to describe a large variety of drugs and 

remedies for ailments. Al-Biruni (973-1050) wrote the 

Kitab al-Saydalah (The Book of Drugs), describing in de- 

tail the properties of drugs, the role of pharmacy and 

the duties of the pharmacist. Ibn Sina (Avicenna) de- 

scribed 700 preparations, their properties, mode of action 

and their indications, devoting a whole volume to simple 

drugs in The Canon of Medicine. Works by Masawaih al- 

Mardini (c. 925–1015) and Ibn al-Wafid (1008–1074) 

were both printed in Latin more than fifty times, ap- 

pearing as De Medicinis universalibus et particularibus by 

Masawaiyh (Mesue) the younger, and the Medicamen- 
tis simplicibus by Ibn al-Wafid (Abenguefit). Peter of 

Abano (1250–1316) translated and added a supplement 

to the work of al-Mardini under the title De Veneris. Al- 

Muwaffaq, in the 10th century, wrote The foundations 
of the true properties of Remedies, describing chemicals 

such as arsenious oxide and silicic acid. He made clear 

distinction between sodium carbonate and potassium car- 

bonate, and drew attention to the poisonous nature of 

copper compounds, especially copper vitriol, and also 

lead compounds.[40]
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Self trimming lamp in Ahmad ibn Mūsā ibn Shākir's treatise on 
mechanical devices, c. 850 

 

Main article: Physics in medieval Islam 

 
The fields of physics studied in this period, apart from 

optics and astronomy which are described separately, are 

aspects of mechanics: statics, dynamics, kinematics and 

motion. In the sixth century John Philoponus had re- 

jected the Aristotelian view of motion, and argued that 

an object acquires an inclination to move when it has a 

motive power impressed on it. In the eleventh century Ibn 

Sina adopted roughly the same idea, that a moving object 

has force which is dissipated by external agents like air 

resistance.[41] Ibn Sina distinguished between 'force' and 

'inclination' (mayl); he claimed that an object gained mayl 
when the object is in opposition to its natural motion. He 

concluded that continuation of motion is attributed to the 

inclination that is transferred to the object, and that ob- 

ject will be in motion until the mayl is spent. However, he 

also claimed that a projectile in a vacuum would not stop 

unless it is acted upon, a view consistent with Newton’s 

first law of motion, inertia;[42] but as a non-Aristotelian 

suggestion, it was essentially abandoned until it was de- 

scribed as “impetus” by Jean Buridan (c. 1295–1363), 

who was influenced by Ibn Sina’s Book of Healing.[41]
 

In Abū Rayḥān al-Bīrūnī's (973–1048) Shadows, 
non-uniform motion is described as the result of 

acceleration.[43] Ibn-Sina’s theory of mayl tried to 

relate the velocity and weight of a moving object, a 

precursor of the concept of momentum.[44] Aristotle’s 

theory of motion stated that a constant force produces 

a uniform motion; Abu'l-Barakāt al-Baghdādī (c. 1080 

– 1164/5) contradicted this, arguing that velocity and 

acceleration are two different things, and and that force 

is proportional to acceleration and not velocity.[45]
 

Ibn Bajjah (Avempace, c. 1085–1138) proposed that for 

every force there is a reaction force. While he did not 

specify that these forces be equal, it was still an early ver- 

sion of Newton’s third law of motion.[46]
 

The Banu Musa brothers, Jafar-Muhammad, Ahmad 

and al-Hasan (ca. early 9th century) created auto- 

mated devices described in their Book of Ingenious De- 

vices.[47][48][49] 

 
Zoology 

 

 

Page from the Kitāb al-Hayawān by Al-Jahiz 

 

Further information: Kitāb al-Hayawān 

 
Many classical works including those of Aristotle were 

transmitted from Greek to Syriac, then to Arabic, then to 

Latin in the Middle Ages. Aristotle’s zoology remained 

dominant in its field for the next two thousand years.[50] 

The Kitāb al-Hayawān (بكتا الحيوان , English: Book of 
Animals) is a 9th-century Arabic translation of History of 
Animals: 1–10, On the Parts of Animals: 11–14,[51] and 

Generation of Animals: 15–19.[52][53]
 

The book was mentioned by Al-Kindī (d. 850), and 

commented on by Avicenna (Ibn Sīnā) in his The Book 
of Healing. Avempace (Ibn Bājja) and Averroes (Ibn 

Rushd) commented on On the Parts of Animals and 

Generation of Animals, Averroes criticising Avempace’s 
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2.2.3 Significance 
 

Further information: Islamic contributions to Medieval 

Europe and Latin translations of the 12th century 

 
Historians of science differ in their views of the signifi- 

cance of the scientific accomplishments in the medieval 

Islamic world. The traditionalist view, exemplified by 

Bertrand Russell,[55] holds that Islamic science, while ad- 

mirable in many technical ways, lacked the intellectual 

energy required for innovation and was chiefly important 

for preserving ancient knowledge, and handing it on to 

medieval Europe. The revisionist view, exemplified by 

Abdus Salam,[56] George Saliba[57] and John M. Hob- 

son[58] holds that a Muslim scientific revolution occurred 

during the Middle Ages.[59] Scholars such as Donald 

Routledge Hill and Ahmad Y Hassan argue that Islam was 

the driving force behind these scientific achievements.[60]
 

According to Ahmed Dallal, science in medieval Islam 

was “practiced on a scale unprecedented in earlier hu- 

man history or even contemporary human history”.[61] 

Toby E. Huff[62][63] takes the view that, although sci- 

ence in the Islamic world did produce innovations, it did 

not lead to a Scientific Revolution, which in his view re- 

quired an ethos which existed in Europe in the twelfth 

and thirteenth centuries but not elsewhere in the world.[64] 

Will Durant, Fielding H. Garrison, Hossein Nasr and 

Bernard Lewis held that Muslim scientists helped in lay- 

ing the foundations for an experimental science with 

their contributions to the scientific method and their 

empirical, experimental and quantitative approach to sci- 

entific inquiry.[65][66][67][68] 

 

2.2.4 See also 

• Continuity thesis 

• Hindu and Buddhist contribution to science in me- 
dieval Islam 

• History of scientific method 

• Islamic economics in the world 

• Islamic philosophy 

• Logic in Islamic philosophy 

• Qur'an and science 

• Scholasticism 

• Timeline of Islamic science and technology 
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2.3 List of inventions in the me- 

dieval Islamic world 
 

A number of inventions were made in the medieval 

Islamic world, especially during the "Islamic Golden 

Age" (9th to 13th centuries),[1][2] and, to a lesser extent, 

in the late medieval period in the Ottoman Empire and 

the Emirate of Granada, Safavid Persia and the Mughal 

Empire empires. 

Science and technology in the Islamic world was mostly 

focussed on the adoption and preservation of knowledge 
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from Greco-Roman antiquity, India, Persia and China, 

but in some cases, improvements and innovations were 

made. Such innovations are listed below, in chronologi- 

cal order. 

 

2.3.1 List 
 

 

The interiors of the Alhambra in Spain are decorated with 
arabesque designs. 

 

 
Arab caliphates 

8th century 

• Tin-glazing: The tin-glazing of ceramics was in- 
vented by Muslim potters in 8th-century Basra, Iraq. 

The first examples of this technique can be found as 

blue-painted ware in 8th-century Basra.[3] The old- 

est fragments found to-date were excavated from the 

 

 
 

Al-Kindi's 9th-century Manuscript on Deciphering Crypto- 

graphic Messages was the first book on cryptanalysis and fre- 
quency analysis. 

 
 

Al-Kindi (also known as “Alkindus” in Europe), in 

A Manuscript on Deciphering Cryptographic Mes- 
sages. This treatise includes the first description of 

the method of frequency analysis.[6][7]
 

 

10th century 
 

• Vertical-axle windmill: A small wind wheel oper- 

ating an organ is described as early as the 1st century 

AD by Hero of Alexandria.[8][9] The first vertical- 

axle windmills were eventually built in Sistan, Persia 

as described by Muslim geographers. These wind- 

mills had long vertical driveshafts with rectan- 

gle shaped blades.[10] They may have been con- 

structed as early as the time of the second Rashidun 

caliph Umar (634-644 AD), though some argue 

that this account may have been a 10th-century 

amendment.[11] Made of six to twelve sails covered 

in reed matting or cloth material, these windmills 

were used to grind grains and draw up water, and 

used in the gristmilling and sugarcane industries.[12] 

Horizontal axle windmills of the type generally used 

today, however, were developed in Northwestern 
[8][9] 

palace of Samarra about 80 kilometres (50 miles) 

north of Baghdad.[4]
 

 

9th century 
 

• Lusterware: Lustre glazes were applied to pottery 
in Mesopotamia in the 9th century; the technique 

soon became popular in Persia and Syria.[5] Earlier 
uses of lustre are known. 

• Frequency analysis in cryptology: the first known 
recorded explanation of cryptanalysis was given by 

Europe in the 1180s. 
 

11th century 
 

• Lute: while pre-Islamic Arabs had similar instru- 
ments, the Lute (Oud) is thought to have been in- 

vented in the 11th century, and spread from Iraq 

to other areas under Muslim provinces.[13][14] The 

modern guitar is also thought to have from the Oud. 
Introduced through medieval Spain, the guitar was 

initially referred to as guitarra moresca (moorish 

guitar) in the 12th century.[13][15]
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• Mercuric chloride (formerly corrosive sublimate): 

used to disinfect wounds.[16]
 

 

12th century 

 

• Bridge mill: The bridge mill was a unique type of 
watermill that was built as part of the superstructure 
of a bridge. The earliest record of a bridge mill is 

from Córdoba, Spain in the 12th century.[17]
 

• Hybrid trebuchet:  The term Al-Ghadban (The 

and brewed as they are today. From Mocha, cof- 

fee spread to Egypt and North Africa,[27] and by the 

16th century, it had reached the rest of the Middle 

East, Persia and Turkey. From the Muslim world, 

coffee drinking spread to Italy, then to the rest of 

Europe, and coffee plants were transported by the 

Dutch to the East Indies and to the Americas.[28]
 

• Iznik pottery: Produced in Ottoman Turkey as 
early as the 15th century AD[29] It consists of a 
body, slip, and glaze, where the body and glaze are 

[30] 

Furious One) was applied to the hybrid trebuchet, “quartz-frit.” The “frits” in both cases “are un- 

though the usage of the term was not consistent and 

may have taken on a broader meaning.[18] The first 

usual in that they contain lead oxide as well as soda"; 
the lead oxide would help reduce the thermal ex- 

[31] 

record of a counterweight trebuchet was in the 12th pansion coefficient of the ceramic. Microscopic 

century from Mardi ibn Ali al-Tarsusi while talking 

of the conquests of Saladin.[19]
 

 

13th century 

 

• Rocket technology was adopted from China in the 
13th century. In c. 1275, Hasan al-Rammah de- 
scribed "...an egg which moves itself and burns.”[20]

 

• Fritware: It refers to a type of pottery which was 

first developed in the Near East, beginning in the 

late 1st millennium, for which frit was a significant 

ingredient. A recipe for “fritware” dating to c. 1300 

AD written by Abu’l Qasim reports that the ratio 

of quartz to “frit-glass” to white clay is 10:1:1.[21] 

This type of pottery has also been referred to as 

“stonepaste” and “faience” among other names.[22] 

A 9th-century corpus of “proto-stonepaste” from 

Baghdad has “relict glass fragments” in its fabric.[23]
 

 
Emirate of Granada 

14th century 

• Hispano-Moresque ware: This was a style of 

Islamic pottery created in Islamic Spain, after the 
Moors had introduced two ceramic techniques to 
Europe: glazing with an opaque white tin-glaze, 

and painting in metallic lusters. Hispano-Moresque 
ware was distinguished from the pottery of Christen- 

dom by the Islamic character of its decoration.[24]
 

 
Ottoman period 

15th century 

• Coffee: The earliest credible evidence of either cof- 
fee drinking or knowledge of the coffee tree ap- 

pears in the middle of the 15th century, in the Sufi 

monasteries of the Yemen in southern Arabia.[25][26] 

It was in Yemen that coffee beans were first roasted 

analysis reveals that the material that has been la- 

beled “frit” is “interstitial glass” which serves to con- 

nect the quartz particles.[32]
 

 

16th century 

 

• Hookah or waterpipe: according to Cyril Elgood 

(PP.41, 110), the physician Irfan Shaikh, at the 
court of the Mughal emperor Akbar I (1542-1605) 

invented the Hookah or waterpipe used most com- 

monly for smoking tobacco.[33][34][35][36]
 

• Marching band and military band: The marching 
band and military band both have their origins in the 
Ottoman military band, performed by the Janissary 

since the 16th century.[37]
 

 
2.3.2 See also 

• Islamic Golden Age 

• Timeline of science and engineering in the Islamic 
world 

• Science in medieval Islam 

• Science in the medieval Islamic world 

• Islamic attitudes towards science 

• Medicine in the medieval Islamic world 

• Islamic arts 

• Islamic economics 

• Islamic literature 

• Islamic philosophy 

• Islamic technology 

• Islamic pottery 

• Arab Agricultural Revolution 
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2.3.4 External links 

• Qatar Digital Library - an online portal providing 
access to previously digitised British Library archive 
materials relating to Gulf history and Arabic science 

• 1001 Inventions: Discover The Muslim Heritage In 
Our World 

• “How Greek Science Passed to the Arabs” by De 
Lacy O'Leary 

 

 

2.4 Islamic world contributions to 

Medieval Europe 
 
 

A Christian and a Muslim playing chess, illustration from the 
Book of Games of Alfonso X (c. 1285). The game of chess 
originated in India, evolved in the Islamic world, and reached 
Europe via Byzantine transmission by the 11th century.[1]

 

 
During the high medieval period, the Islamic world was 

at its cultural peak, supplying information and ideas to 

Europe, via Andalusia, Sicily and the Crusader king- 

doms in the Levant. These included Latin translations 

of the Greek Classics and of Arabic texts in astronomy, 

mathematics, science, and medicine. Other contributions 

included technological and scientific innovations via the 

Silk Road, including Chinese inventions such as paper 

and gunpowder. 

The Islamic world also influenced other aspects of me- 

dieval European culture, partly by original innovations 

made during the "Islamic Golden Age", including vari- 

ous fields such as the arts, agriculture, alchemy, music, 

pottery, etc. 

Many Arabic loanwords in Western European languages, 

including English, mostly via Old French, date from this 

period.[2] This includes traditional star names such as 

Aldebaran, scientific terms like alchemy (whence also 

chemistry), algebra, algorithm, etc. and names of com- 

modities such as sugar, camphor, cotton, etc. 

 
2.4.1 Transmission  routes 

 

Further information: Latin translations of the 12th cen- 

tury, Norman-Arab-Byzantine culture, and Arab Agri- 

cultural Revolution 

Europe and the Islamic lands had multiple points of con- 
 

The Tabula Rogeriana, drawn by Al-Idrisi for Roger II of Sicily 
in 1154, was one of the most advanced world maps of its era. 

 
tact during the Middle Ages. The main points of trans- 

mission of Islamic knowledge to Europe lay in Sicily and 

in Spain, particularly in Toledo (with Gerard of Cremone, 

1114–1187, following the conquest of the city by Span- 

ish Christians in 1085). In Sicily, following the Islamic 

conquest of the island in 965 and its reconquest by the 

Normans in 1091, a syncretistic Norman-Arab-Byzantine 

culture developed, exemplified by rulers such as King 

Roger II, who had Islamic soldiers, poets and scientists at 

his court. The Moroccan Muhammad al-Idrisi wrote The 
Book of Pleasant Journeys into Faraway Lands or Tabula 
Rogeriana, one of the greatest geographical treatises of 

the Middle Ages, for Roger.[3]
 

The Crusades also intensified exchanges between Europe 

and the Levant, with the Italian maritime republics tak- 

ing a major role in these exchanges. In the Levant, in 

such cities as Antioch, Arab and Latin cultures inter- 

mixed intensively.[4]
 

During the 11th and 12th centuries, many Christian 

scholars travelled to Muslim lands to learn sciences. No- 

table examples include Leonardo Fibonacci (c. 1170 

–c. 1250), Adelard of Bath (c. 1080–c. 1152) and 

Constantine the African (1017–1087). From the 11th 

to the 14th centuries, numerous European students at- 

tended Muslim centers of higher learning (which the au- 

thor calls “universities”) to study medicine, philosophy, 

mathematics, cosmography and other subjects.[5]
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2.4.2 Aristotelianism and other philoso- 
phies 

 

Further information: Transmission of the Greek Classics, 

Aristotelianism, Corpus Aristotelicum, Early Islamic 

philosophy, Avicennism, and Averroism 

 
In the Middle East, many classical Greek texts, espe- 

cially the works of Aristotle, were translated into Syriac 

during the 6th and 7th centuries by Nestorian, Melkite 

or Jacobite monks living in Palestine, or by Greek ex- 

iles from Athens or Edessa who visited Islamic centres 

of higher learning. The Islamic world then kept, trans- 

lated, and developed many of these texts, especially in 

centers of learning such as Baghdad, where a "House of 

Wisdom" with thousands of manuscripts existed as early 

as 832. These texts were in turn translated into Latin by 

scholars such as Michael Scot (who made translations of 

Historia Animalium and On the Soul as well as of Aver- 

roes’s commentaries)[6] during the Middle Ages.[1] East- 

ern Christians played an important role in exploiting this 

knowledge, especially through the Christian Aristotelian 

School of Baghdad in the 11th and 12th centuries. 

Later Latin translations of these texts originated in mul- 

tiple places. Toledo, Spain (with Gerard of Cremona's 

Almagest) and Sicily became the main points of transmis- 

sion of knowledge from the Islamic world to Europe.[7] 

Burgundio of Pisa (died 1193) discovered lost texts of 

Aristotle in Antioch and translated them into Latin. 

From Islamic Spain, the Arabic philosophical literature 

was translated into Hebrew, Latin, and Ladino. The Jew- 

ish philosopher Moses Maimonides, Muslim sociologist- 

historian Ibn Khaldun, Carthage citizen Constantine the 

African who translated Greek medical texts, and Al- 

Khwarizmi’s collation of mathematical techniques were 

important figures of the Golden Age. 

 

 

Averroes was influential in the rise of secular thought in Western 
Europe.[8]

 

 
Avicennism and Averroism are terms for the revival of 

the Peripatetic school in medieval Europe due to the in- 

fluence of Avicenna and Averroes, respectively. Avi- 

cenna was an important commentator on the works of 

Aristotle, modifying it with his own original thinking in 

some areas, notably logic.[9] The main significance of 

Latin Avicennism lies in the interpretation of Avicen- 

nian doctrines such as the nature of the soul and his 

existence-essence distinction, along with the debates and 

censure that they raised in scholastic Europe. This was 

particularly the case in Paris, where so-called Arabic cul- 

ture was proscribed in 1210, though the influence of his 

psychology and theory of knowledge upon William of 

Auvergne and Albertus Magnus have been noted.[10] The 

effects of Avicennism in were later submerged by the 

much more influential Averroism, the Aristotelianism of 

Averroes, one of the most influential Muslim philoso- 

phers in the West.[11] Averroes disagreed with Avicenna’s 

interpretations of Aristotle in areas such as the unity of 

the intellect, and it was his interpretation of Aristotle 

which had the most influence in medieval Europe. Dante 

Aligheri argues along Averroist lines for a secularist the- 

ory of the state in De Monarchia.[8] Averroes also devel- 

oped the concept of "existence precedes essence".[12]
 

Al-Ghazali also had an important influence on medieval 

Christian philosopher along with Jewish thinkers like 

Maimonides.[13]
 

 

 

Imaginary debate between Averroes and Porphyry. Monfredo de 
Monte Imperiali Liber de herbis, 14th century.[14]

 

 

 
George Makdisi (1989) has suggested that two particu- 

lar aspects of Renaissance humanism have their roots in 

the medieval Islamic world, the “art of dictation, called in 

Latin, ars dictaminis,” and “the humanist attitude toward 

classical language". He notes that dictation was a neces- 

sary part of Arabic scholarship (where the vowel sounds 

need to be added correctly based on the spoken word), 

and argues that the medieval Italian use of the term “ars 

dictaminis” makes best sense in this context. He also be- 

lieves that the medieval humanist favouring of classical 

Latin over medieval Latin makes most sense in the con- 

text of a reaction to Arabic scholarship, with its study of 

the classical Arabic of the Koran in preference to me- 

dieval Arabic.[15]
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2.4.3 Sciences 
 

Further information: Latin translations of the 12th 

century and Science in the medieval Islamic world 

 
During the Islamic Golden Age, certain advances were 

made in scientific fields, notably in mathematics and 

astronomy (algebra, spherical trigonometry), and in 

chemistry, etc. which were later also transmitted to the 

West.[1][16] 

Stefan of Pise translated into Latin around 1127 an Arab 

manual of medical theory. The method of algorism for 

performing arithmetic with Indian-Arabic numerals was 

developed by the Persian al-Khwarizmi in the 9th cen- 

tury, and introduced in Europe by Leonardo Fibonacci 

(1170–1250).[17] A translation by Robert of Chester of 

the Algebra by al-Kharizmi is known as early as 1145. 

Ibn al-Haytham (Alhazen, 980–1037) compiled treatises 

on optical sciences, which were used as references by 

Newton and Descartes. Medical sciences were also highly 

developed in Islam as testified by the Crusaders, who re- 

lied on Arab doctors on numerous occasions. Joinville 

reports he was saved in 1250 by a “Saracen” doctor.[18]
 

 

Surgical operation, 15th-century Turkish  manuscript 

 
Contributing to the growth of European science was the 

major search by European scholars such as Gerard of 

Cremona for new learning. These scholars were inter- 

ested in ancient Greek philosophical and scientific texts 

(notably the Almagest) which were not obtainable in Latin 

in Western Europe, but which had survived and been 

translated into Arabic in the Muslim world. Gerard was 

said to have made his way to Toledo in Spain and learnt 

Arabic specifically because of his “love of the Almagest". 
While there he took advantage of the “abundance of 

books in Arabic on every subject”.[19] Islamic Spain and 

Sicily were particularly productive areas because of the 

proximity of multi-lingual scholars. These scholars trans- 

lated many scientific and philosophical texts from Arabic 

into Latin.[20][21] Gerard personally translated 87 books 

from Arabic into Latin, including the Almagest, and also 

Muhammad ibn Mūsā al-Khwārizmī's On Algebra and 
Almucabala, Jabir ibn Aflah's Elementa astronomica,[22]

 

al-Kindi's On Optics, Ahmad ibn Muhammad ibn Kathīr 

al-Farghānī's On Elements of Astronomy on the Celes- 
tial Motions, al-Farabi's On the Classification of the Sci- 
ences,[23] the chemical and medical works of Rhazes,[24] 

the works of Thabit ibn Qurra and Hunayn ibn Ishaq,[25] 

and the works of Arzachel, Jabir ibn Aflah, the Banū 

Mūsā, Abū Kāmil Shujā ibn Aslam, Abu al-Qasim al- 

Zahrawi (Abulcasis), and Ibn al-Haytham (including the 

Book of Optics). 

 
Alchemy 

 

See also: Alchemy and chemistry in medieval Islam 

 
Western alchemy was directly dependent upon Arabic 

sources.[26] The Latin alchemical works of “Geber” (Jābir 

ibn Hayyān) were standard texts for European alchemists. 

The exact attribution of these works remains a matter 

of some controversy. Some are undoubtedly translations 

from Arabic from works attributed to Jābir ibn Hayyān, 

including the Kitab al-Kimya (titled Book of the Com- 
position of Alchemy in Europe), translated by Robert of 

Chester (1144);[27] and the Book of Seventy, translated 

by Gerard of Cremona (before 1187).[28] Whether these 

were actually written by one man (or whether indeed Jābir 

was a real historical figure) is disputed, but there is no 

doubting the influence on medieval European alchemy 

of the translated Arabic works.[lower-alpha 1] The alchem- 

ical works of Muhammad ibn Zakarīya Rāzi (Rhazes) 

were translated into Latin around the 12th century.[24] 

Several technical Arabic words from Arabic alchemical 

works, such as alkali,[30] found their way into European 

languages and became part of scientific vocabulary. 

 

Astronomy, mathematics, physics 

 

See also: Astronomy in Islam, Islamic mathematics, and 

Physics in the medieval Islamic world 

 
The translation of Al-Khwarizmi's work greatly influ- 

enced mathematics in Europe. As Professor Victor J. 

Katz writes: “Most early algebra works in Europe in 

fact recognized that the first algebra works in that con- 

tinent were translations of the work of al-Khwärizmï and 

other Islamic authors. There was also some awareness 

that much of plane and spherical trigonometry could be 

attributed to Islamic authors”.[31] The words algorithm, 

deriving from Al-Khwarizmi’s Latinized name Algo- 

rismi, and algebra, deriving from the title of his AD 

820 book Hisab al-jabr w’al-muqabala, Kitab al-Jabr 
wa-l-Muqabala are themselves Arabic loanwords. This 

and other Arabic astronomical and mathematical works, 

such as those by al-Battani[22] and Muhammad al-Fazari's 

Great Sindhind (based on the Surya Siddhanta and the 

works of Brahmagupta).[32] were translated into Latin 

during the 12th century.[33]
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A German manuscript page teaching use of Arabic numerals 
(Hans Talhoffer,  1459) 

 

 

European and Arab practicing geometry together. 15th-century 
manuscript 

 

 
Al-Khazini's Zij as-Sanjari (1115–1116) was translated 

into Greek by Gregory Choniades in the 13th century and 

was studied in the Byzantine Empire.[34] The astronom- 

ical modifications to the Ptolemaic model made by al- 

Battani and Averroes led to non-Ptolemaic models pro- 

duced by Mo'ayyeduddin Urdi (Urdi lemma), Nasīr al- 

 

 
 

Astrolabe quadrant, England, 1388 
 

 
Dīn al-Tūsī (Tusi-couple) and Ibn al-Shatir, which were 

later adapted into the Copernican heliocentric model. 

Abū al-Rayhān al-Bīrūnī's Ta'rikh al-Hind and Kitab al- 
qanun al-Mas’udi were translated into Latin as Indica and 

Canon Mas’udicus respectively. 

Fibonacci presented the first complete European account 

of Arabic numerals and the Hindu-Arabic numeral sys- 

tem in his Liber Abaci (1202).[24]
 

Al-Jayyani's The book of unknown arcs of a sphere (a 

treatise on spherical trigonometry) had a “strong influ- 

ence on European mathematics”.[35] Regiomantus’ On 
Triangles (c. 1463) certainly took his material on spheri- 

cal trigonometry (without acknowledgement) from Arab 

sources. Much of the material was taken from the 12th- 

century work of Jabir ibn Aflah, as noted in the 16th cen- 

tury by Gerolamo Cardano.[31]
 

A short verse used by Fulbert of Chartres (952-970 – 

1028) to help remember some of the brightest stars in the 

sky gives us the earliest known use of Arabic loanwords in 

a Latin text:[36] "Aldebaran stands out in Taurus, Menke 

and Rigel in Gemini, and Frons and bright Calbalazet in 

Leo. Scorpio, you have Galbalagrab; and you, Capri- 

corn, Deneb. You, Batanalhaut, are alone enough for 

Pisces.”[37]
 

Ibn al-Haytham (Alhazen) wrote the Book of Optics 
(1021), in which he developed a theory of vision and light 

which built on the work of the Roman writer Ptolemy (but 

which rejected Ptolemy’s theory that light was emitted by 

the eye, insisting instead that light rays entered the eye), 

and was the most significant advance in this field until 

Kepler.[38] The Book of Optics was an important stepping 

stone in the history of the scientific method and history 

of optics.[39] The Latin translation of the Book of Op- 
tics influenced the works of many later European scien- 

tists, including Roger Bacon and Johannes Kepler.[40][41] 

The book also influenced other aspects of European cul- 

ture. In religion, for example, John Wycliffe, the intellec- 

tual progenitor of the Protestant Reformation, referred to 

Alhazen in discussing the seven deadly sins in terms of 
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the distortions in the seven types of mirrors analyzed in 

De aspectibus. In literature, Alhazen’s Book of Optics is 

praised in Guillaume de Lorris' Roman de la Rose.[42] In 

art, the Book of Optics laid the foundations for the linear 

perspective technique and may have influenced the use of 

optical aids in Renaissance art (see Hockney-Falco the- 

sis).[42] These same techniques were later employed in 

the maps made by European cartographers such as Paolo 

Toscanelli during the Age of Exploration.[41]
 

The theory of motion developed by Avicenna from 

Aristotelian physics may have influenced Jean Buri- 

dan's theory of impetus (the ancestor of the inertia and 

momentum concepts).[43] The work of Galileo Galilei 

on classical mechanics (superseding Aristotelian physics) 

was also influenced by earlier medieval physics writers, 

including  Avempace.[44]
 

The magnetic compass, a Chinese invention, is first men- 

tioned in Arabic sources of c. 1300, by the Yemeni Sultan 

al-Ashraf and by Egyptian astronomer Ibn Simʿun.[45]
 

Other notable works include those of Nur Ed-Din Al Be- 

trugi, notably On the Motions of the Heavens,[24][46] Abu 

 

 
 

Syrian medicinal jars c. 1300, excavated in Fenchurch Street, 
London.  London Museum 

 

lated was Avicenna's The Canon of Medicine (1025), 

which was translated into Latin and then disseminated 

in manuscript and printed form throughout Europe. It 

remained a standard medical textbook in Europe until 

the early modern period, and during the 15th and 16th 

centuries alone, The Canon of Medicine was published 
[49] 

Mashar's Introduction to Astrology,[47] Abū Kāmil Shujā more than thirty-five times. Avicenna noted the con- 

ibn Aslam’s Algebra,[22] and De Proprietatibus Elemen- 
torum, an Arabic work on geology written by a pseudo- 

Aristotle.[24] B 

 
Medicine 

 

See also: Medicine in the medieval Islamic world 

One of the most important medical works to be trans- 
 

European depiction of the Persian doctor al-Razi, in Gerard of 
Cremona's Receuil des traités de médecine (1250–1260). Ger- 
ard de Cremona translated numerous works by Arabic scholars, 
such as al-Razi and Ibn Sina.[48]

 

tagious nature of some infectious diseases (which he at- 

tributed to “traces” left in the air by a sick person), and 

discussed how to effectively test new medicines.[50] He 

also wrote The Book of Healing, a more general encyclo- 

pedia of science and philosophy, which became another 

popular textbook in Europe. Muhammad ibn Zakarīya 

Rāzi) wrote the Comprehensive Book of Medicine, with 

its careful description of and distinction between measles 

and smallpox, which was also influential in Europe. Abu 

al-Qasim al-Zahrawi wrote Kitab al-Tasrif, an encyclo- 

pedia of medicine which was particularly famed for its 

section on surgery. It included descriptions and diagrams 

of over 200 surgical instruments, many of which he de- 

veloped. The surgery section was translated into Latin by 

Gerard of Cremona in the 12th century, and used in Eu- 

ropean medical schools for centuries, still being reprinted 

in the 1770s.[51][52]
 

 

Facade of a meeting between a Muslim scholar and a Frankish 
lord 

 

Other medical Arabic works translated into Latin dur- 
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ing the medieval period include the works of Razi and 

Avicenna (including The Book of Healing and The Canon 
of Medicine),[53] and Ali ibn Abbas al-Majusi's medical 

encyclopedia, The Complete Book of the Medical Art.[24] 

Mark of Toledo in the early 13th century translated the 

Qur'an as well as various medical works.[54]
 

 
2.4.4 Technology and culture 

 

19th-century depiction of La Zisa, Palermo, showing Arab- 
Norman art and architecture combining Occidental features 
(such as the Classical pillars and friezes) with Islamic decora- 

tions and calligraphy.[55]
 

 

 
Agriculture and textiles 

 

Further information: Arab Agricultural Revolution 

 
Various fruits and vegetables were introduced to Europe 

in this period via the Middle East and North Africa, some 

from as far as China and India, including the artichoke, 

spinach, and aubergine.[56]
 

New techniques in clothing and new materials were also 

introduced, including muslin, taffetas, and satin. 

 

Arts 
 

Main article: Islamic influences on Western art 

 
Islamic decorative arts were highly valued imports to Eu- 

rope throughout the Middle Ages. Largely because of 

accidents of survival, most surviving examples are those 

that were in the possession of the church. In the early pe- 

riod textiles were especially important, used for church 

vestments, shrouds, hangings and clothing for the elite. 

Islamic pottery of everyday quality was still preferred to 

European wares. Because decoration was mostly orna- 

mental, or small hunting scenes and the like, and inscrip- 

tions were not understood, Islamic objects did not of- 

fend Christian sensibilities.[57] Medieval art in Sicily is in- 

teresting stylistically because of the mixture of Norman, 

Arab and Byzantine influences in areas such as mosaics 

and metal inlays, sculpture, and bronze-working.[58]
 

 
Writing 

 

Main article: Pseudo-Kufic 

The Arabic Kufic script was often imitated for decora- 
 

Pseudo-Kufic script in the Virgin Mary's halo, detail of Adora- 

tion of the Magi (1423) by Gentile da Fabriano. The script is 
further divided by rosettes like those on Mamluk dishes.[59]

 

 

tive effect in the West during the Middle Ages and the 

Renaissance, to produce what is known as pseudo-Kufic: 

“Imitations of Arabic in European art are often described 

as pseudo-Kufic, borrowing the term for an Arabic script 

that emphasizes straight and angular strokes, and is most 

commonly used in Islamic architectural decoration”.[60] 

Numerous cases of pseudo-Kufic are known from Euro- 

pean art from around the 10th to the 15th century; usually 

the characters are meaningless, though sometimes a text 

has been copied. Pseudo-Kufic would be used as writ- 

ing or as decorative elements in textiles, religious halos 

or frames. Many are visible in the paintings of Giotto.[60] 

The exact reason for the incorporation of pseudo-Kufic 

in early Renaissance painting is unclear. It seems that 

Westerners mistakenly associated 13th- and 14th-century 

Middle-Eastern scripts as being identical with the scripts 

current during Jesus's time, and thus found natural to rep- 

resent early Christians in association with them:[61] “In 
Renaissance art, pseudo-Kufic script was used to deco- 
rate the costumes of Old Testament heroes like David”.[62] 

Another reason might be that artist wished to express a 

cultural universality for the Christian faith, by blending 
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together various written languages, at a time when the 

church had strong international ambitions.[63]
 

 
Carpets 

 

Main article: Oriental carpets in Renaissance painting 

Carpets of Middle-Eastern origin, either from the 
 

The Somerset House Conference (1604) artist unknown, shows 
English and Spanish diplomats gathered around a table covered 
by an Oriental carpet. 

 
Ottoman Empire, the Levant or the Mamluk state of 

Egypt or Northern Africa, were a significant sign of 

wealth and luxury in Europe, as demonstrated by their 

frequent occurrence as important decorative features in 

paintings from the 13th century and continuing into the 

Baroque period. Such carpets, together with Pseudo- 

Kufic script offer an interesting example of the integra- 

tion of Eastern elements into European painting, most 

particularly those depicting religious subjects.[64]
 

 
Music 

 

Main articles: Arabic music and Andalusian classical 

music 

 
A number of musical instruments used in European mu- 

sic were influenced by Arabic musical instruments, in- 

cluding the rebec (ancestor of the violin) from the rebab, 

the guitar from qitara, the naker from naqareh[65] and the 

shawm and dulzaina from the reed instruments zamr and 

al-zurna.[66]
 

There are many different theories regarding the origins 

of the troubadour tradition; one of the most commonly 

held theories is that it had Arabic origins. William of 

Aquitaine, the first troubadour whose work survives, had 

extensive contact with the Islamic world in the Crusade 

of 1101 and in the Reconquista in Spain (where he 

was given a rock crystal vase by a Muslim ally). In 

his study, Lévi-Provençal is said to have found four 

Arabo-Hispanic verses nearly or completely recopied in 

 

 
 

Muslim and Christian playing lutes. Miniature from Cantigas de 
Santa Maria by King Alfonso X 

 
 

William’s manuscript.[67] According to historic sources, 

William VIII, the father of William IX, brought to 

Poitiers hundreds of Muslim prisoners.[68] The hypothe- 

sis that the troubadour tradition was created, more or less, 

by William after his experience of Moorish arts while 

fighting with the Reconquista in Spain was championed 

by Ramón Menéndez Pidal in the early 20th century, but 

its origins go back as far as Giammaria Barbieri in the 

16th century. Certainly “a body of song of compara- 

ble intensity, profanity and eroticism [existed] in Arabic 

from the second half of the 9th century onwards.”[69]
 

The standard theory on the origins of the Western solfège 

musical notation is that is arose in Italy in the 11th cen- 

tury, but some scholars have argued that the solfège syl- 

lables (do, re, mi, fa, sol, la, ti) may have been derived 

from the syllables of the Arabic solmization system Durr- 
i-Mufassal (“Separated Pearls”) (dal, ra, mim, fa, sad, 
lam). This origin theory was first proposed by Menin- 

ski in his Thesaurus Linguarum Orientalum (1680) and 

then by Laborde in his Essai sur la Musique Ancienne 
et Moderne (1780), but is unsupported by documentary 

evidence.[70][71]
 

 
Technology 

 

See also: Timeline of Muslim scientists and engineers 

A number of technologies in the Islamic world were 

adopted in European medieval technology. These in- 

cluded various crops;[72] various astronomical instru- 

ments, including the Greek astrolabe which Arab as- 

tronomers developed and refined into such instruments as 

the Quadrans Vetus, a universal horary quadrant which 

could be used for any latitude,[73] and the Saphaea, a 

universal astrolabe invented by Abū Ishāq Ibrāhīm al- 

Zarqālī;[74] the astronomical sextant; various surgical in- 

struments, including refinements on older forms and com- 
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Syrian or Egyptian pieces of glass with Arabic inscriptions, exca- 
vated in London. London Museum. 

 

 

Early-16th century Andalusian dish with pseudo-Arabic script 
around the edge, excavated in London. London Museum. 

 
 

pletely new inventions;[52] and advanced gearing in wa- 

terclocks and automata.[75] Distillation was known to the 

Greeks and Romans, but was rediscovered in medieval 

Europe through the Arabs.[76] The word alcohol (to de- 

scribe the liquid produced by distillation) comes from 

Arabic al-kuhl.[77] The word alembic (via the Greek Am- 

bix) comes from Arabic al-anbiq.[78] Islamic examples of 

complex water clocks and automata are believed to have 

strongly influenced the European craftsmen who pro- 

duced the first mechanical clocks in the 13th century.[79]
 

The importation of both the ancient and new technology 

from the Middle East and the Orient to Renaissance Eu- 

rope represented “one of the largest technology transfers 

in world history.”[80]
 

In an influential 1974 paper, historian Andrew Watson 

suggested that there had been an Arab Agricultural Rev- 

olution between 700 and 1100, which had diffused a 

large number of crops and technologies from Spain into 

medieval Europe, where farming was mostly restricted 

to wheat strains obtained much earlier via central Asia. 

 

 
 

The Aldrevandini Beaker, Venetian glass with enamel decoration 
derived from Islamic technique and style. c. 1330.[81]

 

 
 

Watson listed eighteen crops, including sorghum from 

Africa, citrus fruits from China, and numerous crops 

from India such as mangos, rice, cotton and sugar cane, 

which were distributed throughout Islamic lands that, 

according to Watson, had previously not grown them. 

Watson argued that these introductions, along with an 

increased mechanization of agriculture, led to major 

changes in economy, population distribution, vegetation 

cover, agricultural production and income, population 

levels, urban growth, the distribution of the labour force, 

linked industries, cooking, diet and clothing in the Islamic 

world. Also transmitted via Muslim influence, a silk in- 

dustry flourished, flax was cultivated and linen exported, 

and esparto grass, which grew wild in the more arid parts, 

was collected and turned into various articles.[72] How- 

ever Michael Decker has challenged significant parts of 

Watson’s thesis, including whether all these crops were 

introduced to Europe during this period. Decker used lit- 

erary and archaeological evidence to suggest that four of 

the listed crops (i.e. durum wheat, Asiatic rice, sorghum 

and cotton) were common centuries before the Islamic 

period, that the crops which were new were not as im- 

portant as Watson had suggested, and generally arguing 

that Islamic agricultural practices in areas such as irriga- 

tion were more of an evolution from those of the ancient 

world than the revolution suggested by Watson.[82]
 

The production of sugar from sugar cane,[83] water clocks, 

pulp and paper, silk, and various advances in making 

perfume, were transferred from the Islamic world to me- 

dieval Europe.[84] Fulling mills and advances in mill tech- 

nology may have also been transmitted from the Islamic 

world to medieval Europe,[85] along with the large-scale 
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use of inventions like the suction pump,[86] noria and 

chain pumps for irrigation purposes. According to Wat- 

son, “The Islamic contribution was less in the invention 

of new devices than in the application on a much wider 

scale of devices which in pre-Islamic times had been used 

only over limited areas and to a limited extent.”[87] These 

innovations made it possible for some industrial opera- 

tions that were previously served by manual labour or 

draught animals to be driven by machinery in medieval 

Europe.[88]
 

 
Coinage 

 

 

Tarì gold coin of Roger II of Sicily, with Arabic inscriptions, 
minted in Palermo. British Museum. 

 

While the earliest coins were minted and widely circu- 

lated in Europe, and Ancient Rome, Islamic coinage had 

some influence on Medieval European minting. The 8th- 

century English king Offa of Mercia minted a near-copy 

of Abbasid dinars struck in 774 by Caliph Al-Mansur 

with “Offa Rex” centered on the reverse.[89] The moneyer 

visibly had little understanding of Arabic, as the Arabic 

text contains a number of errors. 

In Sicily, Malta and Southern Italy from about 913 tarì 

gold coins of Islamic origin were minted in great number 

by the Normans, Hohenstaufens and the early Angevins 

rulers.[91] When the Normans invaded Sicily in the 12th 

century, they issued tarì coins bearing legends in Arabic 

and Latin.[92] The tarìs were so widespread that imita- 

tions were made in southern Italy (Amalfi and Salerno) 

which only used illegible “pseudo-Kufic” imitations of 

Arabic.[93][94] 

According to Janet Abu-Lughod: 

 
The preferred specie for international 

transactions before the 13th century, in Eu- 

rope as well as the Middle East and even In- 

 

 
 

A gold dinar of the English king Offa of Mercia, a copy of the 
dinars of the Abbasid Caliphate (774). It combines the Latin 
legend OFFA REX with Arabic legends. British Museum.[90]

 

 

 
Crusader coins of the Kingdom of Jerusalem. Left: Denier in 
European style with Holy Sepulchre. Middle: One of the first 
Kingdom of Jerusalem gold coins, copying Islamic dinars. Right: 
Gold coin after 1250, with Christian symbols following Papal 
complaints. British Museum. 

 
 

dia, were the gold coins struck by Byzantium 

and then Egypt. It was not until after the 13th 

century that some Italian cities (Florence and 

Genoa) began to mint their own gold coins, 

but these were used to supplement rather than 

supplant the Middle Eastern coins already in 

circulation.[95]
 

 

2.4.5 Literature 
 

Further information: Islamic literature, Arabic literature, 

and Persian literature 

 
It was first suggested by Miguel Asín Palacios in 1919 that 

Dante Alighieri's Divine Comedy, considered the great- 

est epic of Italian literature, derived many features of 

and episodes about the hereafter directly or indirectly 

from Arabic works on Islamic eschatology, such as the 

Hadith and the spiritual writings of Ibn Arabi. The Kitab 
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al-Miraj, concerning Muhammad's ascension to Heaven, 

was translated into Latin in 1264 or shortly before[96] 

as Liber Scale Machometi, “The Book of Muhammad’s 

Ladder”. Dante was certainly aware of Muslim philos- 

ophy, naming Avicenna and Averroes last in his list of 

non-Christian philosophers in Limbo, alongside the great 

Greek and Latin philosophers.[97][98] How strong the sim- 

ilarities are to Kitab al-Miraj remains a matter of schol- 

arly debate however, with no clear evidence that Dante 

was in fact influenced. 

 

2.4.6 See also 

• Hindu and Buddhist contribution to science in me- 
dieval Islam 

• Reception of Islam in Early Modern Europe 

• Renaissance of the 12th century 

 

2.4.7 Notes 

[1] A few of the Latin works are now attributed to a Pseudo- 

Geber, as although attributed to “Geber”, they have no 

identified Arabic source and appear to have been com- 

posed in Latin in the 13th century.[29]
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2.4.10 External links 

• “Influence of Arabic and Islamic Philosophy on the 
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wani, Professor of Comparative Literature. 

• “How Greek Science Passed to the Arabs” by De 
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2.5 Mathematics in medieval Islam 
 
Mathematics during the Golden Age of Islam, espe- 

cially during the 9th and 10th centuries, was built on 

Greek mathematics (Euclid, Archimedes, Apollonius) 

and Indian mathematics (Aryabhata, Brahmagupta). Im- 

portant progress was made, such as the full development 

of the decimal place-value system to include decimal 

fractions, the first systematised study of algebra (named 

for The Compendious Book on Calculation by Completion 
and Balancing by scholar Al-Khwarizmi), and advances 

in geometry and trigonometry.[1]
 

Arabic works also played an important role in the trans- 

mission of mathematics to Europe during the 10th to 12th 

centuries.[2]
 

 
2.5.1 History 

Algebra 
 

Further information: History of algebra 

 

 
 

A page from the The Compendious Book on Calculation by 

Completion and Balancing by Al-Khwarizmi 

 
 

The study of algebra, which itself is derived from the 

Arabic word meaning completion or “reunion of bro- 

ken parts”,[3] flourished during the Islamic golden age. 

Muhammad ibn Musa al-Khwarizmi, a scholar in the 

House of Wisdom in Baghdad, is along with the Greek 

mathematician Diophantus, known as the father of alge- 

bra. In his book The Compendious Book on Calculation 
by Completion and Balancing, Al-Khwarizmi deals with 

ways to solve for the positive roots of first and second 

degree (linear and quadratic) polynomial equations. He 

also introduces the method of reduction, and unlike Dio- 

phantus, gives general solutions for the equations he deals 

with.[4][5][6] 

Al-Khwarizmi’s algebra was rhetorical, which means that 

the equations were written out in full sentences. This was 

unlike the algebraic work of Diophantus, which was syn- 

copated, meaning that some symbolism is used. The tran- 

sition to symbolic algebra, where only symbols are used, 

can be seen in the work of Ibn al-Banna' al-Marrakushi 

and Abū al-Ḥasan ibn ʿ Alī al-Qalaṣādī.[7][6]
 

On the work done by Al-Khwarizmi, J. J. O'Connor and 

Edmund F. Robertson said:[8]
 

 
“Perhaps one of the most significant 

advances made by Arabic mathematics began 
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Omar Khayyám's “Cubic equations and intersections of conic 
sections” the first page of the two-chaptered manuscript kept in 
Tehran University 

 
 
 

at this time with the work of al-Khwarizmi, 

namely the beginnings of algebra. It is im- 

portant to understand just how significant this 

new idea was. It was a revolutionary move 

away from the Greek concept of mathematics 

which was essentially geometry. Algebra 

was a unifying theory which allowed rational 

numbers, irrational numbers, geometrical 

magnitudes, etc., to all be treated as “alge- 

braic objects”. It gave mathematics a whole 

new development path so much broader in 

concept to that which had existed before, and 

provided a vehicle for future development 

of the subject. Another important aspect of 

the introduction of algebraic ideas was that it 

allowed mathematics to be applied to itself in 

a way which had not happened before.” 

— MacTutor History of Mathematics archive 

 

 

 

 
Several other mathematicians during this time period 

expanded on the algebra of Al-Khwarizmi. Omar 

Khayyam, along with Sharaf al-Dīn al-Tūsī, found several 

solutions of the cubic equation. Omar Khayyam found 

the general geometric solution of a cubic equation. 

To solve the third-degree equation x3 + a2x = b Khayyám 
con- structed the parabola x2 = ay, a circle with diameter b/ a2, 
and a vertical line through the intersection point. The solution 
is given by the length of the horizontal line segment from the 
origin to the intersection of the vertical line and the x-axis. 

 

 
Cubic equations 

 

Further information:  Cubic equation 

 
Omar Khayyám (c. 1038/48 in Iran – 1123/24)[9] wrote 

the Treatise on Demonstration of Problems of Algebra 
containing the systematic solution of cubic or third-order 

equations, going beyond the Algebra of al-Khwārizmī.[10] 

Khayyám obtained the solutions of these equations by 

finding the intersection points of two conic sections. This 

method had been used by the Greeks,[11] but they did not 

generalize the method to cover all equations with positive 

roots.[10]
 

Sharaf al-Dīn al-Ṭūsī (? in Tus, Iran – 1213/4) developed 

a novel approach to the investigation of cubic equations— 

an approach which entailed finding the point at which a 

cubic polynomial obtains its maximum value. For exam- 

ple, to solve the equation x3 + a = bx , with a and 

b positive, he would note that the maximum point of 

the 

curve  y = bx − x3 occurs at x = 
√ 

b  , and that the 

equation would have no solutions, one solution or two so- 

lutions, depending on whether the height of the curve at 

that point was less than, equal to, or greater than a. His 

surviving works give no indication of how he discovered 

his formulae for the maxima of these curves. Various 

conjectures have been proposed to account for his dis- 

covery of them.[12]
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Induction 
 

See also: Mathematical induction § History 

 
The earliest implicit traces of mathematical induction can 

be found in Euclid's proof that the number of primes is 

infinite (c. 300 BCE). The first explicit formulation of the 

principle of induction was given by Pascal in his Traité du 
triangle arithmétique (1665). 

In between, implicit proof by induction for arithmetic se- 

quences was introduced by al-Karaji (c. 1000) and con- 

tinued by al-Samaw'al, who used it for special cases of 

the binomial theorem and properties of Pascal’s triangle. 

 

Irrational numbers 

 

The Greeks had discovered irrational numbers, but were 

not happy with them and only able to cope by draw- 

ing a distinction between magnitude and number. In the 

Greek view, magnitudes varied continuously and could 

be used for entities such as line segments, whereas num- 

bers were discrete. Hence, irrationals could only be han- 

dled geometrically; and indeed Greek mathematics was 

mainly geometrical. Islamic mathematicians including 

Abū Kāmil Shujāʿ ibn Aslam and Ibn Tahir al-Baghdadi 

slowly removed the distinction between magnitude and 

number, allowing irrational quantities to appear as co- 

efficients in equations and to be solutions of algebraic 

equations.[13][14] They worked freely with irrationals as 

mathematical objects, but they did not examine closely 

their nature.[15]
 

In the twelfth century, Latin translations of Al- 

Khwarizmi's Arithmetic on the Indian numerals intro- 

duced the decimal positional number system to the 

Western world.[16] His Compendious Book on Calcula- 
tion by Completion and Balancing presented the first sys- 

tematic solution of linear and quadratic equations. In 

Renaissance Europe, he was considered the original in- 

ventor of algebra, although it is now known that his work 

is based on older Indian or Greek sources.[17] He revised 

Ptolemy's Geography and wrote on astronomy and astrol- 

ogy. However, C.A. Nallino suggests that al-Khwarizmi’s 

original work was not based on Ptolemy but on a deriva- 

tive world map,[18] presumably in Syriac or Arabic. 

 
Spherical trigonometry 

 

Further information: Law of sines and History of 

trigonometry 

 
The spherical law of sines was discovered in the 10th cen- 

tury: it has been attributed variously to Abu-Mahmud 

Khojandi, Nasir al-Din al-Tusi and Abu Nasr Mansur, 

with Abu al-Wafa' Buzjani as a contributor.[13] Ibn 

Muʿādh al-Jayyānī's The book of  unknown arcs of  a 

sphere in the 11th century introduced the general law of 

sines.[19] The plane law of sines was described in the 13th 

century by Nasīr al-Dīn al-Tūsī. In his On the Sector Fig- 
ure, he stated the law of sines for plane and spherical tri- 

angles, and provided proofs for this law.[20]
 

 

2.5.2 Other major figures 

• 'Abd al-Hamīd ibn Turk (fl. 830) (quadratics) 

• Thabit ibn Qurra (826–901) 

• Sind ibn Ali (d. after 864) 

• Ismail al-Jazari (1136–1206) 

• Abū Sahl al-Qūhī (c. 940–1000) (centers of gravity) 

• Abu'l-Hasan al-Uqlidisi (952–953) (arithmetic) 

• 'Abd al-'Aziz al-Qabisi (d. 967) 

• Ibn al-Haytham (ca. 965–1040) 

• Abū al-Rayḥān al-Bīrūnī (973–1048) (trigonome- 
try) 

• Ibn Maḍāʾ (c. 1116–1196) 

• Jamshīd al-Kāshī (c. 1380–1429) (decimals and es- 
timation of the circle constant) 

 

2.5.3 Gallery 

 

 

 

 

 

• Engraving of Abū Sahl al-Qūhī's perfect compass 
to draw conic sections. 

 

 

 
 

• The theorem of Ibn 
Haytham. 

 

 

2.5.4 See also 

• Arabic numerals 

• Indian influence on Islamic mathematics in medieval 
Islam 

• History of calculus 

• History of geometry 
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2.6 Physics in the medieval Islamic 

world 
 

Main article: Science in the medieval Islamic world 

 
The natural sciences saw various advancements during 

the Golden Age of Islam (from roughly the mid 8th to 

the mid 13th centuries), adding a number of innovations 

to the Transmission of the Classics (such as Aristotle, 

Ptolemy, Euclid, Neoplatonism).[1] During this period, 

Islamic theology was encouraging of thinkers to find 

knowledge, .[2] Thinkers from this period included Al- 

Farabi, Abu Bishr Matta, Ibn Sina, al-Hassan Ibn al- 

Haytham and Ibn Bajjah.[3] These works and the impor- 

tant commentaries on them were the wellspring of sci- 

ence during the medieval period. They were translated 

into Arabic, the lingua franca of this period. 

Islamic scholarship had inherited Aristotelian physics 

from the Greeks and during the Islamic Golden Age de- 

veloped it further. However the Islamic world had a 

greater respect for knowledge gained from empirical ob- 

servation, and believed that the universe is governed by 

a single set of laws. Their use of empirical observa- 

tion led to the formation of crude forms of the scientific 

method.[4] The study of physics in the Islamic world 

started in Iraq and Egypt.[5] Fields of physics studied in 

this period include optics, mechanics (including statics, 

dynamics, kinematics and motion), and astronomy. 

 

2.6.1 Physics 
 

Islamic scholarship had inherited Aristotelian physics 

from the Greeks and during the Islamic Golden Age de- 

veloped it further, especially placing emphasis on obser- 

vation and a priori reasoning, developing early forms of 

the scientific method. With Aristotelian physics, physics 

was seen as lower than demonstrative mathematical sci- 

ences, but in terms of a larger theory of knowledge, 

physics was higher than astronomy; many of whose prin- 

ciples derive from physics and metaphysics.[6] The pri- 

mary subject of physics, according to Aristotle, was mo- 

tion or change; there were three factors involved with 

this change, underlying thing, privation, and form. In 

his Metaphysics, Aristotle believed that the Unmoved 
Mover was responsible for the movement of the cosmos, 

which Neoplatonists later generalized as the cosmos were 

eternal.[1] Al-Kindi argued against the idea of the cosmos 

being eternal by claiming that the eternality of the world 

lands one in a different sort of absurdity involving the 

infinite; Al-Kindi asserted that the cosmos must have a 

temporal origin because traversing an infinite was impos- 

sible. 

One of the first commentaries of Aristotle’s Metaphysics 
is by Al-Farabi. In "'The Aims of Aristotle’s Meta- 

physics”, Al-Farabi argues that metaphysics is not spe- 

cific to natural beings, but at the same time, metaphysics 

is higher in universality than natural beings.[1]
 

 
2.6.2 Optics 

 

Cover page for Ibn al-Haytham’s Book of Optics 

 

One field in physics, optics, developed rapidly in this pe- 

riod. By the ninth century, there were works on physio- 

logical optics as well as mirror reflections, and geometri- 

cal and physical optics.[7] In the eleventh century, Ibn al- 

Haytham not only rejected the Greek idea about vision, 

he came up with a new theory.[8] ibn al-Haytham postu- 

lated in his “Book of Optics” that light was reflected upon 

different surfaces in different directions, thus causing dif- 

ferent light signatures for a certain object that we see.[9] It 

was a different approach than that which was previously 

thought by Greek scientists, such as Euclid or Ptolemy, 

who believed rays were emitted from the eye to an ob- 

ject and back again. Al-Haytham, with this new theory 

of optics, was able to study the geometric aspects of the 
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visual cone theories without explaining the physiology of 

perception.[7] Also in his Book of Optics, Ibn al-Haytham 

used mechanics to try and understand optics. Using pro- 

jectiles, he observed that objects that hit a target perpen- 

dicularly exert much more force than projectiles that hit 

at an angle. Al-Haytham applied this discovery to op- 

tics and tried to explain why direct light hurts the eye, 

because direct light approaches perpendicularly and not 

at an oblique angle.[9] Taqī al-Dīn tried to disprove the 

widely held belief that light is emitted by the eye and not 

the object that is being observed. He explained that, if 

light came from our eyes at a constant velocity it would 

take much too long to illuminate the stars for us to see 

them while we are still looking at them, because they are 

so far away. Therefore, the illumination must be coming 

from the stars so we can see them as soon as we open our 

eyes.[10]
 

 
2.6.3 Astronomy 

Main article: Astronomy in medieval Islam 

 
The Islamic understanding of the astronomical model was 

based on the Greek Ptolemaic system. However many 

early astronomers had started to question the model. It 

was not always accurate in its predictions and was over 

complicated because astronomers were trying to math- 

ematically describe the movement of the heavenly bod- 

ies. Ibn al-Haytham published Al-Shukuk ala Batiamyus 
(“Doubts on Ptolemy”), which outlined his many criti- 

cisms of the Ptolemaic paradigm. This book encouraged 

other astronomers to develop new models to explain ce- 

lestial movement better than Ptolemy.[11] In al-Haytham’s 

Book of Optics he argues that the celestial spheres were 

not made of solid matter, and that the heavens are less 

dense that air. [12] Al-Haytham eventually concludes that 

heavenly bodies follow the same laws of physics as earthly 

bodies.[13] Some astronomers theorized about gravity too, 

al-Khazini suggests that the gravity an object contains 

varies depending on its distance from the center of the 

universe. The center of the universe in this case refers to 

the center of the Earth.[14]
 

 
2.6.4 Mechanics 

Inertia 

 

John Philoponus had rejected the Aristotelian view of 

motion, and argued that an object acquires an inclina- 

tion to move when it has a motive power impressed on 

it. In the eleventh century Ibn Sina had roughly adopted 

this idea, believing that a moving object has force which 

is dissipated by external agents like air resistance.[15] Ibn 

Sina made distinction between 'force' and 'inclination' 

(called “mayl”), he claimed that an object gained mayl 

when the object is in opposition to its natural motion. So 

he concluded that continuation of motion is attributed to 

the inclination that is transferred to the object, and that 

object will be in motion until the mayl is spent. He also 

claimed that projectile in a vacuum would not stop un- 

less it is acted upon. This conception of motion is con- 

sistent with Newton’s first law of motion, inertia. Which 

states that an object in motion will stay in motion unless 

it is acted on by an external force.[16] This idea which 

dissented from the Aristotelian view was basically aban- 

doned until it was described as “impetus” by John Buri- 

dan, who was influenced by Ibn Sina’s Book of Heal- 
ing.[15] 

 
Acceleration 

 

In Abū Rayḥān al-Bīrūnī text Shadows, he recognizes 

that non-uniform motion is the result of acceleration.[17] 

Ibn-Sina’s theory of mayl tried to relate the velocity and 

weight of a moving object, this idea closely resembled the 

concept of momentum[18] Aristotle’s theory of motion 

stated that a constant force produces a uniform motion, 

Abu'l-Barakāt al-Baghdādī contradicted this and devel- 

oped his own theory of motion. In his theory he showed 

that velocity and acceleration are two different things and 

force is proportional to acceleration and not velocity. [19]
 

 
Reaction 

 

Ibn Bajjah proposed that for every force there is always a 

reaction force. While he did not specify that these forces 

be equal it is still an early version of the third law of mo- 

tion which states that for every action there is an equal 

and opposite reaction.[20]
 

 
2.6.5 See also 

• Astronomy in medieval Islam 

• History of optics 

• History of physics 

• History of scientific method 

• Islamic contributions to Medieval Europe 

• Islamic Golden Age 

• Science in medieval Islam 

• Science in the Middle Ages 
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2.7 Medicine in the medieval Is- 

lamic world 
 
This article is about medicine in the medieval Islamic 

culture. For Islamic religion in medicine, see Prophetic 

medicine. For the contemporary alternative practice, see 

Unani. 

In the history of medicine,  Islamic  medicine, 

 

Folio from an Arabic manuscript of Dioscorides, De Materica 
Medica, 1229 

 
also known as Arabic medicine, refers to the sci- 

ence of medicine developed in the Islamic Golden Age, 

and written in Arabic, the lingua franca of Islamic 

civilization.[1][2]
 

Islamic medicine preserved, systematized and developed 

the medical knowledge of classical antiquity.[3] During 

the post-classical era, Islamic medicine was the most ad- 

vanced in the world, integrating concepts of the ancient 

Greek, Roman, Persian as well as the ancient Indian tra- 

ditions of Ayurveda. At the same time, the knowledge 

of the classical medicine was nearly lost to the medieval 

medicine of Western Europe, only to be regained by Eu- 

ropean physicians when they became familiar with Is- 

lamic medical authors during the Renaissance of the 12th 

century.[4]
 

Medieval Islamic physicians largely retained their author- 

ity until the rise of medicine as a part of the natural sci- 

ences, beginning with the Age of Enlightenment, nearly 

six hundred years after their textbooks were  written. 
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Many aspects of their writings are still worth reading even 

today,[5] and their memory is held in high respect by the 

physicians of today. 

 
2.7.1 Overview 

 

Medicine was a central part of medieval Islamic cul- 

ture. Responding to circumstances of time and place, 

Islamic physicians and scholars developed a large and 

complex medical literature exploring, analyzing, and 

synthesizing the theory and practice of medicine Is- 

lamic medicine was initially built on tradition, chiefly 

the theoretical and practical knowledge developed in 

Arabia and was known at Muhammad's time, ancient 

Hellenistic medicine such as Unani, ancient Indian 

medicine such as Ayurveda, and the ancient Iranian 

Medicine of the Academy of Gundishapur. The works 

of ancient Greek and Roman physicians Hippocrates,[6] 

Galen and Dioscorides[6] also had a lasting impact on Is- 

lamic medicine.[7] Ophthalmology has been described as 

the most successful branch of medicine researched at the 

time, with the works of Ibn Al-Haitham remaining an au- 

thority in the field until early modern times.[8]
 

 
2.7.2 Origins and sources 

Ṭibb an-Nabawī - Prophetic Medicine 

 

The adoption by the newly forming Islamic society of 

the medical knowledge of the surrounding, or newly con- 

quered, “heathen” civilizations had to be justified as be- 

ing in accordance with the beliefs of Islam. Early on, the 

study and practice of medicine was understood as an act 

of piety, founded on the principles of Imaan (faith) and 

Tawakkul (trust).[2][9]
 

 
The Prophet not only instructed sick peo- 

ple to take medicine, but he himself invited 

expert physicians for this purpose. 

— As-Suyuti’s Medicine of the Prophet p.125 

 

 

Muhammad's opinions on health issues, and habits with 

regard to leading a healthy life, were collected early on, 

and edited as a separate corpus of writings under the ti- 

tle Ṭibb an-Nabī (“The Medicine of the Prophet”). In 

the 14th century, Ibn Khaldun, in his work Muqaddimah 
provides a brief overview over what he called “the art and 

craft of medicine”, separating the science of medicine 

from religion:[10]
 

 
You'll have to know that the origin of all 

maladies goes back to nutrition, as the Prophet 

– God bless him! – says with regard to the 

entire medical tradition, as commonly known 

by all physicians, even if this is contested by 

the religious scholars. These are his words: 

“The stomach is the House of Illness, and 
abstinence is the most important medicine. The 
cause of every illness is a poor digestion.” 
— Ibn Khaldūn, Muqaddima, V, 18 

 

 
The Sahih al-Bukhari, a collection of prophetic tra- 

ditions, or hadith by Muhammad al-Bukhari refers to 

a collection of Muhammad’s opinions on medicine, 

by his younger contemporary Anas bin-Malik. Anas 

writes about two physicians who had treated him by 

cauterization and mentions that the prophet wanted to 

avoid this treatment and had asked for alternative treat- 

ments. Later on, there are reports of the caliph ʿ Uthmān 

ibn ʿAffān fixing his teeth with a wire made of gold. 

He also mentions that the habit of cleaning one’s teeth 

with a small wooden toothpick dates back to pre-islamic 

times.[11]
 

The “Prophetic medicine” was rarely mentioned by the 

classical authors of Islamic medicine, but lived on in 

the materia medica for some centuries. In his Kitab as- 
Ṣaidana (Book of Remedies) from the 10./11. century, 

Al-Biruni refers to collected poems and other works deal- 

ing with, and commenting on, the materia medica of the 

old Arabs.[11]
 

The most famous physician was Al-Ḥariṯ ben-Kalada aṯ- 

Ṯaqafī, who lived at the same time as the prophet. He 

is supposed to have been in touch with the Academy 

of Gondishapur, perhaps he was even trained there. 

He reportedly had a conversation once with Khosrow I 

Anushirvan about medical topics.[12]
 

 
Physicians during the early years of Islam 

 

Most likely, the Arabian physicians became familiar with 

the Graeco-Roman and late Hellenistic medicine through 

direct contact with physicians who were practicing in the 

newly conquered regions rather than by reading the orig- 

inal or translated works. The translation of the capital of 

the emerging Islamic world to Damascus may have facil- 

itated this contact, as Syrian medicine was part of that 

ancient tradition. The names of two Christian physicians 

are known: Ibn Aṯāl worked at the court of Muawiyah I, 

the founder of the Umayyad dynasty. The caliph abused 

his knowledge in order to get rid of some of his enemies 

by way of poisoning. Likewise, Abu l-Ḥakam, who was 

responsible for the preparation of drugs, was employed 

by Muawiah. His son, grandson, and great-grandson were 

also serving the Umayyad and Abbasid caliphate.[11]
 

These sources testify to the fact that the physicians of the 

emerging islamic society were familiar with the classical 

medical traditions already at the times of the Umayyads. 

The medical knowledge likely arrived from Alexandria, 

and was probably transferred by Syrian scholars, or trans- 

lators, finding its way into the Islamic world.[11]
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7th–9th century: The adoption of earlier traditions 

 

 

The Byzantine embassy of John the Grammarian in 829 to Al- 
Ma'mun (depicted left) from Theophilos (depicted right) 

 
Very few sources provide information about how the ex- 

panding Islamic society received any medical knowledge. 

A physician called Abdalmalik ben Abgar al-Kinānī from 

Kufa in Iraq is supposed to have worked at the medical 

school of Alexandria before he joined ʿ Umar ibn ʿ Abd al- 

ʿAzīz’s court. ʿ Umar transferred the medical school from 

Alexandria to Antioch.[13] It is also known that members 

of the Academy of Gondishapur travelled to Damascus. 

The Academy of Gondishapur remained active through- 

out the time of the Abbasid caliphate, though.[14]
 

An important source from the second half of the 8th cen- 

tury is Jabir ibn Hayyans “Book of Poisons”. He only cites 

earlier works in Arabic translations, as were available to 

him, including Hippocrates, Plato, Galen, Pythagoras, 

and Aristotle, and also mentions the Persian names of 

some drugs and medical plants. 

In 825, the Abbasid caliph Al-Ma'mun founded the 

House of Wisdom (Arabic: بيت الحكمة; Bayt al-Hikma) in 

Baghdad, modelled after the Academy of Gondisha- 

pur. Led by the Christian physician Hunayn ibn Ishaq, 

and with support by Byzance, all available works from 

the antique world were translated, including Galen, 

Hippocrates, Plato, Aristotle, Ptolemy and Archimedes. 

It is currently understood that the early Islamic medicine 

was mainly informed directly from Greek sources from 

the Academy of Alexandria, translated into the Arabic 

language; the influence of the Persian medical tradition 

seems to be limited to the materia medica, although the 

Persian physicians were familiar with the Greek sources 

as well.[14]
 

 
Ancient Greek, Roman, and late hellenistic medical 

literature 

 

Ancient Greek and Roman texts Various transla- 

tions of some works and compilations of ancient medi- 

cal texts are known from the 7th century. Hunayn ibn 

Ishaq, the leader of a team of translators at the House 

of Wisdom in Baghdad played a key role with regard to 

the translation of the entire known corpus of classical 

medical literature. Caliph Al-Ma'mun had sent envoys to 

the Byzantine emperor Theophilos, asking him to provide 

whatever classical texts he had available. Thus, the great 

medical texts of Hippocrates and Galen were translated 

into Arabian, as well as works of Pythagoras, Akron of 

Agrigent, Democritus, Polybos, Diogenes of Apollonia, 

medical works attributed to Plato, Aristotle, Mnesitheus 

of Athens, Xenocrates, Pedanius Dioscorides, Kriton, 

Soranus of Ephesus, Archigenes, Antyllus, Rufus of Eph- 

esus were translated from the original texts, other works 

including those of Erasistratos were known by their cita- 

tions in Galens works.[15]
 

 

Late hellenistic texts The works of Oribasius, physi- 

cian to the Roman emperor Julian, from the 4th cen- 

tury AD, were well known, and were frequently cited 

in detail by Muhammad ibn Zakariya al-Razi (Rhazes). 

The works of Philagrius of Epirus, who also lived in the 

4th century AD, are only known today from quotations 

by Arabic authors. The philosopher and physician John 

the Grammarian, who lived in the 6th century AD was 

attributed the role of a commentator on the Summaria 
Alexandrinorum. This is a compilation of 16 books by 

Galen, but corrupted by superstitious ideas.[16] The physi- 

cians Gessios of Petra and Palladios were equally known 

to the Arabic physicians as authors of the Summaria. 

Rhazes cites the Roman physician Alexander of Tralles 

(6th century) in order to support his criticism of Galen. 

The works of Aëtius of Amida were only known in later 

times, as they were neither cited by Rhazes nor by Ibn 

al-Nadim, but cited first by Al-Biruni in his “Kitab as- 

Saidana”, and translated by Ibn al-Hammar in the 10th 

century.[15]
 

One of the very first books which were translated from 

Greek into Syrian, and then into Arabic during the time 

of the fourth Umayyad caliph Marwan I by the Jewish 

scholar Māsarĝawai al-Basrĩ was the medical compila- 

tion Kunnāš, by Ahron, who lived during the 6th cen- 

tury. Later on, Hunayn ibn Ishaq has provided a better 

translation.[11]
 

The physician Paul of Aegina lived in Alexandria during 

the time of the Arab expansion. His works seem to have 

been used as an important reference by the early islamic 

physicians, and were frequently cited from Rhazes up to 

Avicenna. Paul of Aegina provides a direct connection 

between the late Hellenistic and the early islamic medical 

science.[15]
 

 

Arabic translations of Hippocrates The early 

islamic physicians were familiar with the life of 

Hippocrates, and were aware of the fact that his biogra- 

phy was in part a legend. Also they knew that several per- 

sons lived who were called Hippocrates, and their works 

were compiled under one single name: Ibn an-Nadīm 

has conveyed a short treatise by Tabit ben-Qurra on al- 
Buqratun (“the (various persons called) Hippokrates”). 
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Translations of some of Hippocrates’s works must have 

existed before Hunayn ibn Ishaq started his translations, 

because the historian Al-Yaʾqūbī compiled a list of the 

works known to him in 872. Fortunately, his list also 

supplies a summary of the content, quotations, or even 

the entire text of the single works. The philosopher Al- 

Kindi wrote a book with the title at-Tibb al-Buqrati (The 

Medicine of Hippocrates), and his contemporary Hunayn 

ibn Ishāq then translated Galens commentary on Hip- 

pocrates. Rhazes is the first Arabic-writing physician who 

makes thorough use of Hippocrates’s writings in order to 

set up his own medical system. Al-Tabari maintained that 

his compilation of hippocratic teachings (al-Muʾālaḡāt 
al-buqrāṭīya) was a more appropriate summary. The 

work of Hippocrates was cited and commented on dur- 

ing the entire period of medieval islamic medicine.[17]
 

 
Arabic translations of Galen Galen is one of the 

most famous scholars and physicians of the Classical an- 

tiquity. Today, the original texts of some of his works, 

and details of his biography, are lost, and are only known 

to us because they were translated into Arabic.[18] Jabir 

ibn Hayyan frequently cites Galen’s books, which were 

available in early Arabic translations. In 872 AD, Ya'qubi 

refers to some of Galens works. The titles of the books 

he mentions differ from those chosen by Hunayn ibn 

Ishāq for his own translations, thus suggesting earlier 

translations must have existed. Hunayn frequently men- 

tions in his comments to works which he had translated 

that he considered earlier translations as insufficient, and 

had provided completely new translations. Early transla- 

tions might have been available before the 8th century, 

most likely they were translated from Syrian or Persian 

language.[19]
 

Within the medieval islamic medicine, Hunayn ibn Ishāq 

and his younger contemporary Tabit ben-Qurra play an 

important role as translators and commentators of Galens 

work. They also tried to compile and summarize a con- 

sistent medical system from these works, and add this to 

the medical science of their period. However, starting al- 

ready with Jabir ibn Hayyan in the 8th century, and even 

more pronounced in Rhazes’s treatise on vision, criticism 

of Galens ideas took on. in the 10th century, the physi- 

cian 'Ali ibn al-'Abbas al-Majusi wrote:[20]
 

 

With regard to the great and extraordinary 

Galen, he has written numerous works, each of 

which only comprises a section of the science. 

There are lengthy passages, and redundancies 

of thoughts and proofs, throughout his works. 

[…] None of them I'm able to regard […] as 

being comprehensive. 

— al-Majusi, 10th century 

 

 
Syrian and Persian medical literature 

Syrian texts During the 10th century, Ibn Wahshiyya 

compiled writings by the Nabataeans, including also med- 

ical information. The Syrian scholar Sergius of Reshaina 

translated various works by Hippocrates and Galen, of 

whom parts 6–8 of a pharmacological book, and frag- 

ments of two other books have been preserved. Hunayn 

ibn Ishāq has translated these works into Arabic. An- 

other work, still existing today, by an unknown Syrian au- 

thor, likely has influenced the Arabic-writing physicians 

Al-Tabari[21] and Yūhannā ibn Māsawaiyh.[22]
 

The earliest known translation from the Syrian language 

is the Kunnāš of the scholar Ahron (who himself had 

translated it from the Greek), which was translated into 

the Arabian by Māsarĝawai al-Basrĩ in the 7th cen- 

tury. Syrian physicians also played an important role 

at the Academy of Gondishapur; their names were pre- 

served because they worked at the court of the Abbasid 

caliphs.[22]
 

 
Persian texts Again the Academy of Gondishapur 

played an important role, guiding the transmission of 

Persian medical knowledge to the Arabic physicians. 

Founded, according to Gregorius Bar-Hebraeus, by the 

Sassanid ruler Shapur I during the 3rd century AD, the 

academy connected the ancient Greek and Indian medi- 

cal traditions. Arabian physicians trained in Gondisha- 

pur may have established contacts with early Islamic 

medicine. The treatise Abdāl al-adwiya by the Christian 

physician Māsarĝawai (not to be confused with the trans- 

lator M. al-Basrĩ) is of some importance, as the opening 

sentence of his work is:[23]
 

 
These are the medications which were 

taught by Greek, Indian, and Persian physi- 

cians. 

— Māsarĝawai, Abdāl al-adwiya 

 

 
In his work Firdaus al-Hikma (The Paradise of Wisdom), 

Al-Tabari uses only a few Persian medical terms, es- 

pecially when mentioning specific diseases, but a large 

number of drugs and medicinal herbs are mentioned 

usig their Persian names, which have also entered the 

medical language of Islamic medicine.[24] As well as al- 

Tabari, Rhazes rarely uses Persian terms, and only refers 

to two Persian works: Kunnāš fārisi und al-Filāha al- 
fārisiya.[22]

 

 
Indian medical literature 

 

Indian scientific works, e.g. on Astronomy were al- 

ready translated by Yaʿqūb ibn Ṭāriq and Muḥammad 

ibn Ibrāhīm al-Fazārī during the times of the Abbasid 

caliph Al-Mansur. Under Harun al-Rashid, at latest, the 

first translations were performed of Indian works about 

medicine and pharmacology. In one chapter on Indian 
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medicine, Ibn al-Nadim mentions the names of three of 

the translators: Mankah, Ibn Dahn, and ʾAbdallah ibn 

ʾAlī.[25] Yūhannā ibn Māsawaiyh cites an Indian textbook 

in his treatise on ophthalmology. 

at-Tabarī devotes the last 36 chapters of his Firdaus al- 
Hikmah to describe the Indian medicine, citing Sushruta, 

Charaka, and the Ashtanga Hridaya (Sanskrit: अष्टांग हृदय, 

aṣṭāṇga hṛdaya; “The eightfold Heart”), one of the most 

important books on Ayurveda, translated between 773 

and 808 by Ibn-Dhan. Rhazes cites in al-Hawi and in 

Kitab al-Mansuri both Sushruta and Charaka besides 

other authors unknown to him by name, whose works he 

cites as '"'min kitab al-Hind”, „an Indian book”.[26][27]
 

Meyerhof suggested that the Indian medicine, like the 

Persian medicine, has mainly influenced the arabic 

materia medica, because there is frequent reference to 

Indian names of herbal medicines and drugs, which were 

unknown to the Greek medical tradition.[28] Whilst Syr- 

ian physicians transmitted the medical knowledge of the 

ancient Greeks, most likely Persian physicians, probably 

from the Academy of Gondishapur, were the first inter- 

mediates between the Indian and the arabic medicine[27]
 

In the 11th century, Al-Biruni, who also wrote a history 

of India (Kitab Tarich al-Hind), wrote in his Kitab as- 
Ṣaidana (Book of Pharmacology):[29]

 

 
In the East there is no country whose peo- 

ple are devoted to science except the Indians; 

but especially these disciplines [i.e., medicine] 

are based on principles which are opposed to 

the rules which we peoples of the West are 

used to. Besides, our being opposed to them 

in terms of language, religion, manners and 

habits, as well as their unduly anxiousness 

with regard to purity and impurity annihilates 

any convergence, and cuts off any means of 

discussion. 

— Al-Biruni, preface to the Kitab as-Ṣaidana, 

11th century AD 

 

 

2.7.3 Physicians  and scientists 
 

The authority of the great physicians and scientists of the 

Islamic Golden age has influenced the art and science of 

medicine for many centuries. Their concepts and ideas 

about medical ethics are still discussed today, especially 

in the Islamic parts of our world. Their ideas about the 

conduct of physicians, and the doctor–patient relationship 

are discussed as potential role models for physicians of 

today.[9][30] 

 
The art of healing was dead, Galen revived 

it; it was scattered and dis-arrayed, Razi re- 

arranged and re-aligned it; it was incomplete, 

Ibn Sinna perfected it.[31]
 

Ali ibn Mousa al-Ridha 

 

 

A manuscript of Al-Risalah al-Dhahabiah by Ali al-Ridha.[32]
 

 
Ali ibn Mousa al-Ridha (765–818) was the eighth Imam 

of shia. His treatise "Al-Risalah al-Dhahabiah" (“The 

Golden Treatise”) deals with medical cures and the main- 

tenance of good health, and is dedicated to the caliph 

Ma'mun.[33] It was regarded at his time as an important 

work of literature in the science of medicine, and the 

most precious medical treatise from the point of view of 

Muslimic religious tradition. It is honoured by the title 

“the golden treatise” as Ma'mun had ordered it to be writ- 

ten in gold ink.[34][35] In his work, Al-Ridha is influenced 

by the concept of humoral medicine[36]
 

 
Ali ibn Sahl Rabban al-Tabari 

 

The first encyclopedia of medicine in Arabic language[37] 

was by Persian scientist Ali ibn Sahl Rabban al-Tabari's 

Firdous al-Hikmah (“Paradise of Wisdom” ), written in 

seven parts, c. 860. Al-Tabari, a pioneer in the field 

of child development, emphasized strong ties between 

psychology and medicine, and the need for psychotherapy 

and counseling in the therapeutic treatment of pa- 

tients.  His encyclopedia also discussed the influence 
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of Sushruta and Chanakya on medicine,[38] including 

psychotherapy.[39]
 

 

Muhammad bin Sa'id al-Tamimi 

 

Al-Tamimi, the physician (d. 990) became renown for 

his skills in compounding medicines, especially theriac, 

an antidote for poisons. His works, many of which no 

longer survive, are cited by later physicians. Taking what 

was known at the time by the classical Greek writers, Al- 

Tamimi expanded on their knowledge of the properties of 

plants and minerals, becoming avant garde in his field.[40]
 

 

Ali ibn al-'Abbas al-Majusi 

 

'Ali ibn al-'Abbas al-Majusi (died 994 AD), also known 

as Haly Abbas, was famous for the Kitab al-Maliki trans- 

lated as the Complete Book of the Medical Art and later, 

more famously known as The Royal Book. This book was 

translated by Constantine and was used as a textbook of 

surgery in schools across Europe.[41] One of the greatest 

contributions Haly Abbas made to medical science was 

his description of the capillary circulation found within 

the Royal Book.[2]
 

 

Muhammad ibn Zakariya al-Razi 

each patient must be treated individually, and his empha- 

sis on hygiene and diet reflect the ideas and concepts of 

the empirical hippocratic school. Rhazes considered the 

influence of the climate and the season on health and well- 

being, he took care that there was always clean air and an 

appropriate temperature in the patients’ rooms, and rec- 

ognized the value of prevention as well as the need for a 

careful diagnosis and prognosis.[42][43]
 

 

In the beginning of an illness, chose 

remedies which do not weaken the [patient’s] 

strength. […] Whenever a change of nutrition 

is sufficient, do not use medication, and 

whenever single drugs are sufficient, do not 

use composite drugs. 

— Al-Razi 

 

 
Kitab-al Hawi fi al-tibb (Liber continens) The 

kitab-al Hawi fi al-tibb (al-Hawi , Latinized: 

The Comprehensive book of medicine, Continens Liber, 

The Virtuous Life) was one of al-Razis largest works, a 

collection of medical notes that he made throughout his 

life in the form of extracts from his reading and observa- 

tions from his own medical experience.[44][45][46][47] In its 

published form, it consists of 23 volumes. Al-Razi cites 

Greek, Syrian, Indian and earlier Arabic works, and also 

includes medical cases from his own experience. Each 

volume deals with specific parts or diseases of the body. 

'Ali ibn al-'Abbas al-Majusi reviewed the al-Hawi in his 

own book Kamil as-sina'a: 
 

 

 

 

 

image: Folio from the “Liber continens” by Al-Razi 

 

 

 

 
 

Left 

[In al-Hawi] he refers to everything which 

is important for a physician to maintain health, 

and treat illness by means of medications 

and diet. He describes the signs of illness 

and does not omit anything which would be 

necessary for anyone who wants to learn the 

art of healing.  However, he does not talk 

Right image: “Liber continens”, translated by Gerard of 

Cremona, second half of the 13th century 

 
Muhammad ibn Zakariya al-Razi (Latinized: Rhazes) 

was one of the most versatile scientists of the Islamic 

Golden Age. A Persian-born physician, alchemist and 

philosopher, he is most famous for his medical works, but 

he also wrote botanical and zoological works, as well as 

books on physics and mathematics. His work was highly 

respected by the 10th/11th century physicians and scien- 

tists al-Biruni and al-Nadim, who recorded biographical 

information about al-Razi, and compiled lists of, and pro- 

vided commentaries on, his writings. Many of his books 

were translated into Latin, and he remained one of the 

undisputed authorities in European medicine well into the 

17th century. 

In medical theory, al-Razi relied mainly on Galen, but his 

particular attention to the individual case, stressing that 

about physical topics, about the science of 

the elements, temperaments and humours, 

nor does he describe the structure of organs 

or the [methods of] surgery. His book is 

without structure and logical consequence, and 

does not demonstrate the scientific method. 

[…] In his description of every illness, their 

causes, symptoms and treatment he describes 

everything which is known to all ancient and 

modern physicians since Hippocrates and 

Galen up to Hunayn ibn Ishaq and all those 

who lived in-between, leaving nothing out of 

all that every one of them has ever written, 

carefully noting down all of this in his book, 

so that finally all medical works are contained 

within his own book. 

— al-Majusi, Kamil as-sina'a, transl. Leclerc, 

Vol. I, p. 386–387 
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Al-Hawi remained an authoritative textbook on medicine 

in most European universities, regarded until the seven- 

teenth century as the most comprehensive work ever writ- 

ten by a medical scientist.[31] It was first translated into 

Latin in 1279 by Faraj ben Salim, a physician of Sicilian- 

Jewish origin employed by Charles of Anjou. 

 
Kitab al-Mansuri (Liber ad Almansorem) The al- 
Kitab al-Mansuri (الكتاب المنصوري في الطب, La- 

tinized: Liber almansoris, Liber medicinalis ad Alman- 
sorem) was dedicated to “the Samanid prince Abu Salih 

al-Mansur ibn Ishaq, governor of Rayy.”[48][49] The book 

contains a comprehensive encyclopedia of medicine in 

ten sections. The first six sections are dedicated to medi- 

cal theory, and deal with anatomy, physiology and pathol- 

ogy, materia medica, health issues, dietetics, and cos- 

metics. The remaining four parts describe surgery, tox- 

icology, and fever.[50] The ninth section, a detailed dis- 

cussion of medical pathologies arranged by body parts, 

circulated in autonomous Latin translations as the Liber 
Nonus.[49][51] 

'Ali ibn al-'Abbas al-Majusi comments on the al-Mansuri 

in his book Kamil as-sina'a: 

 

In his book entitled “Kitab al-Mansuri”, al- 

Razi summarizes everything which concerns 

the art of medicine, and does never neglect any 

issue which he mentions. However, everything 

is much abbreviated, according to the goal he 

has set himself. 

— al-Majusi, Kamil as-sina'a, transl. Leclerc, 

Vol. I, p. 386 

 

 

The book was first translated into Latin in 1175 by 

Gerard of Cremona. Under various titles (“Liber (medic- 

inalis) ad Almansorem"; “Almansorius"; “Liber ad Al- 

mansorem"; “Liber nonus”) it was printed in Venice in 

1490,[52] 1493,[53] and 1497.[54][55] Amongst the many 

European commentators on the Liber nonus, Andreas 

Vesalius paraphrased al-Razis work in his “Paraphrases 
in nonum librum Rhazae”, which was first published in 

Louvain, 1537.[56]
 

 
Kitab Tibb al-Muluki (Liber Regius) Another work 

of al-Razi is called the Kitab Tibb al-Muluki (Regius). 
This book covers the treatments and cures of diseases 

and ailments, through dieting. It is thought to have been 

written for the noble class who were known for their glut- 

tonous behavior and who frequently became ill with stom- 

ach diseases. 

 
Kitab al-Jadari wa-l-hasba (De variolis et morbillis) 

Until the discovery of Tabit ibn Qurras earlier work, 

al-Razis treatise on smallpox and measles was considered 

the earliest monograph on these infectious diseases. His 

careful description of the initial symptoms and clinical 

course of the two diseases, as well as the treatments he 

suggests based on the observation of the symptoms, is 

considered a masterpiece of Islamic medicine.[57]
 

 

Other works Other works include A Dissertation on 
the causes of the Coryza which occurs in the spring when 
roses give forth their scent, a tract in which al-Razi dis- 

cussed why it is that one contracts coryza or common cold 

by smelling roses during the spring season,[31] and Bur’al 
Sa’a (Instant cure) in which he named medicines which 

instantly cured certain diseases.[31]
 

 

Abu-Ali al-Husayn ibn Abdullah ibn-Sina 

 

 

 

 

 

 

 

 
 

Left image: 

One of the oldest existing copies of The Canon of 

Medicine by Avicenna, c. 1030 

Right image: The Canon of Medicine, printed in Venice 

1595 

 
Ibn Sina, more commonly known in west as Avicenna 

was a Persian polymath and physician of the tenth and 

eleventh centuries. He was known for his scientific works, 

but especially his writing on medicine.[58] He has been 

described as the “Father of Early Modern Medicine”.[59] 

Ibn Sina is credited with many varied medical obser- 

vations and discoveries, such as recognizing the poten- 

tial of airborne transmission of disease, providing insight 

into many psychiatric conditions, recommending use of 

forceps in deliveries complicated by fetal distress, dis- 

tinguishing central from peripheral facial paralysis and 

describing guinea worm infection and trigeminal neural- 

gia.[60] He is credited for writing two books in particu- 

lar: his most famous, al-Canon fi al Tibb (The Canon of 
Medicine), and also The Book of Healing. His other works 

cover subjects including angelology, heart medicines, and 

treatment of kidney diseases.[58]
 

Avicenna’s medicine became the representative of Is- 

lamic medicine mainly through the influence of his 

famous work al-Canon fi al Tibb (The Canon of 
Medicine).[58] The book was originally used as a textbook 

for instructors and students of medical sciences in the 

medical school of Avicenna.[58] The book is divided into 

5 volumes: The first volume is a compendium of medical 

principles, the second is a reference for individual drugs, 

the third contains organ-specific diseases, the fourth dis- 
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cusses systemic illnesses as well as a section of preven- 

tative health measures, and the fifth contains descriptions 

of compound medicines.[60] The Canon was highly influ- 

ential in medical schools and on later medical writers.[58]
 

 
2.7.4 Medical contributions from medieval 

Islam 

Human anatomy and physiology 

 

Mansur ibn Ilyas: Anatomy of the human body ( نسانا  تشريح بدن 

, Tashrīḥ-i badan-i insān), c. 1450, U.S. National Library of 
Medicine. 

 

It is claimed that an important advance in the knowledge 

of human anatomy and physiology was made by Ibn al- 

Nafis, but whether this was discovered via human dissec- 

tion is doubtful because “al-Nafis tells us that he avoided 

the practice of dissection because of the shari'a and his 

own 'compassion' for the human body”.[61][62]
 

The movement of blood through the human body was 

thought to be known due to the work of the Greek 

physicians.[63] However, there was the question of how 

the blood flowed from the right ventricle of the heart to 

the left ventricle, before the blood is pumped to the rest 

of the body.[63] According to Galen in the 2nd century, 

blood reached the left ventricle through invisible passages 

in the septum.[63] By some means, Ibn al-Nafis, a 13th- 

century Syrian physician, found the previous statement 

on blood flow from the right ventricle to the left to be 

false.[63] Ibn al-Nafis discovered that the ventricular sep- 

tum was impenetrable, lacking any type of invisible pas- 

sages, showing Galen’s assumptions to be false.[63] Ibn 

al-Nafis discovered that the blood in the right ventricle 

of the heart is instead carried to the left by way of the 

lungs.[63] This discovery was one of the first descriptions 

of the pulmonary circulation,[63] although his writings on 

the subject were only rediscovered in the 20th century,[64] 

and it was William Harvey's later independent discovery 

which brought it to general attention.[65]
 

According to the Ancient Greeks, vision was thought to a 

visual spirit emanating from the eyes that allowed an ob- 

ject to be perceived.[63] The 11th century Iraqi scientist 

Ibn al-Haytham, also known as Al-hazen in Latin, devel- 

oped a radically new concept of human vision.[63] Ibn al- 

Haytham took a straightforward approach towards vision 

by explaining that the eye was an optical instrument.[63] 

The description on the anatomy of the eye led him to form 

the basis for his theory of image formation, which is ex- 

plained through the refraction of light rays passing be- 

tween 2 media of different densities.[63] Ibn al-Haytham 

developed this new theory on vision from experimental 

investigations.[63] In the 12th century, his Book of Op- 
tics was translated into Latin and continued to be studied 

both in the Islamic world and in Europe until the 17th 

century.[63]
 

Ahmad ibn Abi al-Ash’ath, a famous physician from Mo- 

sul, Iraq, described the physiology of the stomach in a live 

lion in his book al-Quadi wa al-muqtadi.[66] He wrote: 

 

“When food enters the stomach, especially 

when it is plentiful, the stomach dilates and 

its layers get stretched...onlookers thought the 

stomach was rather small, so I proceeded to 

pour jug after jug in its throat…the inner layer 

of the distended stomach became as smooth as 

the external peritoneal layer. I then cut open 

the stomach and let the water out. The stom- 

ach shrank and I could see the pylorus…"[66]
 

 

Ahmad ibn Abi al-Ash’ath observed the physiology of 

the stomach in a live lion in 959. This description pre- 

ceded William Beaumont by almost 900 years, making 

Ahmad ibn al-Ash’ath the first person to initiate experi- 

mental events in gastric physiology.[66]
 

According to Galen, in his work entitled De ossibus ad 
tirones, the lower jaw consists of two parts, proven by the 

fact that it disintegrates in the middle when cooked. Abd 

al-Latif al-Baghdadi, while on a visit to Egypt, encoun- 

tered many skeletal remains of those who had died from 

starvation near Cairo. He examined the skeletons and es- 

tablished that the mandible consists of one piece, not two 

as Galen had taught.[67] He wrote in his work Al-Ifada w- 
al-Itibar fi al_Umar al Mushahadah w-al-Hawadith al- 
Muayanah bi Ard Misr, or “Book of Instruction and Ad- 

monition on the Things Seen and Events Recorded in the 

Land of Egypt":[67]
 

 

All anatomists agree upon that the bone 
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of the lower jaw consists of two parts joined 

together at the chin. […] The inspection of 

this part of the corpses convinced me that the 

bone of the lower jaw is all one, with no joint 

nor suture. I have repeated the observation a 

great number of times, in over two hundred 

heads […] I have been assisted by various 

different people, who have repeated the same 

examination, both in my absence and under 

my eyes. 

— Abd al-Latif al-Baghdadi, Relation from 

Egypt, c. 1200 AD 

 

 

Unfortunately, Al-Baghdadi’s discovery did not gain 

much attention from his contemporaries, because the in- 

formation is rather hidden within the detailed account of 

the geography, botany, monuments of Egypt, as well as of 

the famine and its consequences. He did never publish his 

anatomical observations in a separate book, as had been 

his intention.[67]
 

 
Drugs 

 

Medical contributions made by medieval Islam included 

the use of plants as a type of remedy or medicine. 

Medieval Islamic physicians used natural substances as 

a source of medicinal drugs—including Papaver som- 
niferum Linnaeus, poppy, and Cannabis sativa Linnaeus, 

hemp.[68] In pre-Islamic Arabia, neither poppy nor hemp 

was known.[68] Hemp was introduced into the Islamic 

countries in the ninth century from India through Persia 

and Greek culture and medical literature.[68] The Greek, 

Dioscorides,[69] who according to the Arabs is the great- 

est botanist of antiquity, recommended hemp’s seeds to 

“quench geniture” and its juice for earaches.[68] Begin- 

ning in 800 and lasting for over two centuries, poppy 

use was restricted to the therapeutic realm.[68] However, 

the dosages often exceeded medical need and was used 

repeatedly despite what was originally recommended. 

Poppy was prescribed by Yuhanna b. Masawayh to re- 

lieve pain from attacks of gallbladder stones, for fevers, 

indigestion, eye, head and tooth aches, pleurisy, and to 

induce sleep.[68] Although poppy had medicinal benefits, 

Ali al-Tabari explained that the extract of poppy leaves 

was lethal, and that the extracts and opium should be con- 

sidered poisons.[68]
 

 
Surgery 

 

The development and growth of hospitals in ancient Is- 

lamic society expanded the medical practice to what 

is currently known as surgery. Surgical procedures 

were known to physicians during the medieval period 

because of earlier texts that included descriptions of 

the procedures.[70] Translation from pre-Islamic medi- 

cal publishings was a fundamental building block for 

physicians and surgeons in order to expand the practice. 

Surgery was uncommonly practiced by physicians and 

other medical affiliates due to a very low success rate, 

even though earlier records provided favorable outcomes 

to certain operations.[70] There were many different types 

of procedures performed in ancient Islam, especially in 

the area of ophthalmology. 

 
 

Techniques Bloodletting and cauterization were tech- 

niques widely used in ancient Islamic society by physi- 

cians, as a therapy to treat patients. These two techniques 

were commonly practiced because of the wide variety of 

illnesses they treated. Cauterization, a procedure used 

to burn the skin or flesh of a wound, was performed to 

prevent infection and stop profuse bleeding. To perform 

this procedure, physicians heated a metal rod and used it 

to burn the flesh or skin of a wound. This would cause 

the blood from the wound to clot and eventually heal the 

wound.[71]
 

Bloodletting, the surgical removal of blood, was used to 

cure a patient of bad “humours” considered deleterious 

to one’s health.[71] A phlebotomist performing bloodlet- 

ting on a patient drained the blood straight from the veins. 

“Wet” cupping, a form of bloodletting, was performed by 

making a slight incision in the skin and drawing blood by 

applying a heated cupping glass. The heat and suction 

from the glass caused the blood to rise to the surface of 

the skin to be drained. “Dry cupping”, the placement of a 

heated cupping glass (without an incision) on a particular 

area of a patient’s body to relieve pain, itching, and other 

common ailments, was also used.[71] Though these proce- 

dures seem relatively easy for phlebotomists to perform, 

there were instances where they had to pay compensa- 

tion for causing injury or death to a patient because of 

carelessness when making an incision. Both cupping and 

phlebotomy were considered helpful when a patient was 

sickly.[71]
 

 
 

Treatment Surgery was important in treating patients 

with eye complications, such as trachoma and cataracts. 

A common complication of trachoma patients is the 

vascularization of the tissue that invades the cornea of the 

eye, which was thought to be the cause of the disease, by 

ancient Islamic physicians. The technique used to correct 

this complication was done surgically and known today as 

peritomy. This procedure was done by “employing an in- 

strument for keeping the eye open during surgery,a num- 

ber of very small hooks for lifting, and a very thin scalpel 

for excision.”[71] A similar technique in treating compli- 

cations of trachoma, called pterygium, was used to re- 

move the triangular-shaped part of the bulbar conjunctiva 

onto the cornea. This was done by lifting the growth with 

small hooks and then cut with a small lancet. Both of 

these surgical techniques were extremely painful for the 

patient and intricate for the physician or his assistants to 

perform.[71]
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In medieval Islamic literature, cataracts were thought to 

have been caused by a membrane or opaque fluid that 

rested between the lens and the pupil. The method for 

treating cataracts in medieval Islam (known in English as 

couching) was known through translations of earlier pub- 

lishings on the technique.[71] A small incision was made 

in the sclera with a lancet and a probe was then inserted 

to patients and to self, and also the patients’ responsibil- 

ity to physicians.[73]
 

The earliest surviving Arabic work on medical ethics is 

Ishaq ibn 'Ali al-Ruhawi's Adab al-Tabib (Arabic: أدب 

 -Adab aț-Ṭabīb, "Morals of the physician” or “Prac الطبيب

tical Medical Deontology") and was based on the works 
[74] 

and used to depress the lens, pushing it to one side of of Hippocrates and Galen. Al-Ruhawi regarded physi- 

the eye. After the procedure was complete, the eye was 

then washed with salt water and then bandaged with cot- 

ton wool soaked in oil of roses and egg whites. After 

the operation, there was concern that the cataract, once 

it had been pushed to one side, would reascend, which is 

why patients were instructed to lie on his or her back for 

several days following the surgery.[71]
 

 

Anesthesia and antisepsis 

 

In both modern society and medieval Islamic soci- 

ety, anesthesia and antisepsis are important aspects of 

surgery. Before the development of anesthesia and anti- 

sepsis, surgery was limited to fractures, dislocations, trau- 

matic injuries resulting in amputation, and urinary dis- 

orders or other common infections.[71] Ancient Islamic 

physicians attempted to prevent infection when perform- 

ing procedures for a sick patient, for example by wash- 

ing a patient before a procedure; similarly, following a 

procedure, the area was often cleaned with “wine, wined 

mixed with oil of roses, oil of roses alone, salt water, or 

vinegar water”, which have antiseptic properties.[71] Var- 

ious herbs and resins including frankincense, myrrh, cas- 

sia, and members of the laurel family were also used to 

prevent infections, although it is impossible to know ex- 

actly how effective these treatments were in the preven- 

tion of sepsis. The pain-killing uses of opium had been 

known since ancient times; other drugs including “hen- 

bane, hemlock, soporific black nightshade, lettuce seeds” 

were also used by Islamic physicians to treat pain. Some 

of these drugs, especially opium, were known to cause 

drowsiness, and some modern scholars have argued that 

these drugs were used to cause a person to lose con- 

sciousness before an operation, as a modern-day anes- 

thetic would. However, there is no clear reference to such 

a use before the 16th century.[71]
 

Islamic scholars introduced mercuric chloride to disinfect 

wounds.[72]
 

 
2.7.5 Medical ethics 

 

Physicians like al-Razi wrote about the importance of 

morality in medicine, and may have presented, together 

with Avicenna and Ibn al-Nafis, the first concept of ethics 

in Islamic medicine.[30] He felt that it was important not 

only for the physician to be an expert in his field, but also 

to be a role model. His ideas on medical ethics were di- 

vided into three concepts:  the physician’s responsibility 

cians as “guardians of souls and bodies”, and wrote twenty 

chapters on various topics related to medical ethics.[75]
 

 
2.7.6 Hospitals 

 

Hospital Building (“darüşşifa”) of Divriği Great Mosque, Seljuq 
period, 13th century, Turkey 

 
Many hospitals were developed during the early Islamic 

era. They were called Bimaristan, or Dar al-Shifa, the 

Persian and Arabic words both meaning “house [or place] 

of the sick.”[76] The idea of a hospital being a place for the 

care of sick people was taken from the early Caliphs.[77] 

The bimaristan is seen as early as the time of Muhammad, 

and the Prophet’s mosque in the city of Madinah held 

the first Muslim hospital service in its courtyard.[78] Dur- 

ing the Ghazwah Khandaq (the Battle of the Trench), 

Muhammad came across wounded soldiers and he or- 

dered a tent be assembled to provide medical care.[78] 

Over time, Caliphs and rulers expanded traveling bi- 

maristans to include doctors and pharmacists. 

Umayyad Caliph Al-Walid ibn Abd al-Malik is often 

credited with building the first bimaristan in Damascus 

in 707 AD.[79] The bimaristan had a staff of salaried 

physicians and a well equipped dispensary.[78] It treated 

the blind, lepers and other disabled people, and also 

separated those patients with leprosy from the rest of 

the ill.[78] Some consider this bimaristan no more than 

a lepersoria because it only segregated patients with 

leprosy.[79] The first true Islamic hospital was built dur- 

ing the reign of Caliph Harun al-Rashid.[77] The Caliph 

invited the son of chief physician, Jabril ibn Bukhtishu to 

head the new Baghdad bimaristan. It quickly achieved 

fame and led to the development of other hospitals in 

Baghdad.[77][80] 
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Features of bimaristans 

 

 

The Bimaristan of Granada 

 
As hospitals developed during the Islamic civilization, 

specific characteristics were attained. Bimaristans were 

secular. They served all people regardless of their race, 

religion, citizenship, or gender.[77] The Waqf documents 

stated nobody was ever to be turned away.[78] The ul- 

timate goal of all physicians and hospital staff was to 

work together to help the well-being of their patients.[78] 

There was no time limit a patient could spend as an 

inpatient;[79] the Waqf documents stated the hospital 

was required to keep all patients until they were fully 

recovered.[77] Men and women were admitted to sep- 

arate but equally equipped wards.[77][78] The separate 

wards were further divided into mental disease, conta- 

Muslim scholars. Al-Biruni states that “pharmacy be- 

came independent from medicine as language and syntax 

are separate from composition, the knowledge of prosody 

from poetry, and logic from philosophy, for it [pharmacy] 

is an aid [to medicine] rather than a servant”. Sabur (d. 

869) wrote the first text on pharmacy.[82]
 

 
2.7.8  Women and medicine 

 

Birth of a prince. Illustration of Rashid-ad-Din’s Jami' al- 
tawarikh. 14th century. Note the astrologers with their astro- 
labes. 

 
During the medieval time period Hippocratic treaties be- 

came used widespread by medieval physicians, due the 

treaties practical form as well as their accessibility for 
[83] 

gious disease, non-contagious disease, surgery, medicine, medieval practicing physicians. Hippocratic treaties of 

and eye disease.[78][79] Patients were attended to by same 

sex nurses and staff.[79] Each hospital contained a lecture 

hall, kitchen, pharmacy, library, mosque and occasionally 

a chapel for Christian patients.[79][81] Recreational mate- 

rials and musicians were often employed to comfort and 

cheer patients up.[79]
 

The hospital was not just a place to treat patients: 

it also served as a medical school to educate and 

train students.[78] Basic science preparation was learned 

through private tutors, self-study and lectures. Islamic 

hospitals were the first to keep written records of patients 

and their medical treatment.[78] Students were respon- 

sible in keeping these patient records, which were later 

edited by doctors and referenced in future treatments.[79]
 

Gynecology and Obstetrics were commonly referred to 

by Muslim clinicians when discussing female diseases.[83] 

The Hippocratic authors associated women’s general and 

reproductive health and organs and functions that were 

believed to have no counterparts in the male body.[83]
 

 
Beliefs 

 

The Hippocratics blamed the womb for many of the 

women’s health problems, such as schizophrenia.[83] They 

described the womb as an independent creature inside 

the female body; and, when the womb was not fixed in 

place by pregnancy, the womb which craves moisture, 

was believed to move to moist body organs such as the 
[83] 

During this era, physician licensure became mandatory liver, heart, and brain. The movement of the womb 

in the Abbasid Caliphate.[79] In 931 AD, Caliph Al- 

Muqtadir learned of the death of one of his subjects as 

a result of a physician’s error.[81] He immediately or- 

dered his muhtasib Sinan ibn Thabit to examine and 

prevent doctors from practicing until they passed an 

examination.[79][81] From this time on, licensing exams 

were required and only qualified physicians were allowed 

to practice medicine.[79][81]
 

 
2.7.7 Pharmacy 

 

The birth of pharmacy as an independent, well-defined 

profession was established in the early ninth century by 

was assumed to cause many health conditions most par- 

ticularly that of menstruation was also considered essen- 

tial for maintaining women’s general health. 

Many beliefs regarding women’s bodies and their health 

in the Islamic context can be found in the religious lit- 

erature known as “medicine of the prophet.” These texts 

suggested that men stay away from women during their 

menstrual periods, “for this blood is corrupt blood,” and 

could actually harm those who come in contact with it.[84] 

Much advice was given with respect to the proper diet to 

encourage female health and in particular fertility. For 

example: quince makes a woman’s heart tender and bet- 

ter; incense will result in the woman giving birth to a 

male; the consumption of water melons while pregnant 
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will increase the chance the child is of good character and 

countenance; dates should be eaten both before childbirth 

to encourage the bearing of sons and afterwards to aid the 

woman’s recovery; parsley and the fruit of the palm tree 

stimulates sexual intercourse; asparagus eases the pain of 

labor; and eating the udder of an animal increases lac- 

tation in women.[85] In addition to being viewed as a re- 

ligiously significant activity, sexual activity was consid- 

ered healthy in moderation for both men and women. 

However, the pain and medical risk associated with child- 

birth was so respected that women who died while giving 

birth could be viewed as martyrs.[86] The use of invoca- 

tions to God, and prayers were also a part of religious be- 

lief surrounding women’s health, the most notable being 

Muhammad’s encounter with a slave-girl whose scabbed 

body he saw as evidence of her possession by the Evil 

Eye. He recommended that the girl and others possessed 

by the Eye use a specific invocation to God in order to rid 

themselves of its debilitating effects on their spiritual and 

physical health.[87]
 

 

Roles 

 

It has been written that male guardians such as fathers 

and husbands did not consent to their wives or daugh- 

ters being examined by male practitioners unless abso- 

lutely necessary in life or death circumstances.[88] The 

male guardians would just as soon treat their women 

themselves or have them be seen by female practition- 

ers for the sake of privacy.[88] The women similarly felt 

the same way; such is the case with pregnancy and the ac- 

companying processes such as child birth and breastfeed- 

ing, which were solely reliant upon advice given by other 

women.[88] The role of women as practitioners appears 

in a number of works despite the male dominance within 

the medical field. Two female physicians from Ibn Zuhr's 

family served the Almohad ruler Abu Yusuf Ya'qub al- 

Mansur in the 12th century.[89] Later in the 15th cen- 

tury, female surgeons were illustrated for the first time 

in Şerafeddin Sabuncuoğlu's Cerrahiyyetu'l-Haniyye (Im- 
perial Surgery).[90] The treatment provided of women by 

men was justified to some, whom were believers, through 

the ideals of the Prophetic medicine (al-tibba alnabawi) 

other wise known as “medicine of the prophet” (tibb al- 

nabi) which provided the argument that men can treat 

women, and women men, even if this means they must ex- 

pose the patients genitals in necessary circumstances.[88]
 

Female doctors, Midwives, and wet nurses have all been 

mentioned in literature of the time period.[91]
 

 
2.7.9 Role of Christians 

 

A hospital and medical training center existed at 

Gundeshapur. The city of Gundeshapur was founded in 

271 by the Sassanid king Shapur I. It was one of the ma- 

jor cities in Khuzestan province of the Persian empire in 

what is today Iran. A large percentage of the population 

were Syriacs, most of whom were Christians. Under the 

rule of Khosrau I, refuge was granted to Greek Nestorian 

Christian philosophers including the scholars of the Per- 

sian School of Edessa (Urfa)(also called the Academy of 

Athens), a Christian theological and medical university. 

These scholars made their way to Gundeshapur in 529 

following the closing of the academy by Emperor Jus- 

tinian. They were engaged in medical sciences and ini- 

tiated the first translation projects of medical texts.[92] 

The arrival of these medical practitioners from Edessa 

marks the beginning of the hospital and medical center at 

Gundeshapur.[93] It included a medical school and hospi- 

tal (bimaristan), a pharmacology laboratory, a translation 

house, a library and an observatory.[94] Indian doctors 

also contributed to the school at Gundeshapur, most no- 

tably the medical researcher Mankah. Later after Islamic 

invasion, the writings of Mankah and of the Indian doc- 

tor Sustura were translated into Arabic at Baghdad.[95] 

Daud al-Antaki was one of the last generation of influen- 

tial Arab Christian writers. 

 
2.7.10 Legacy 

 

Medieval Islam’s receptiveness to new ideas and heritages 

helped it make major advances in medicine during this 

time, adding to earlier medical ideas and techniques, ex- 

panding the development of the health sciences and cor- 

responding institutions, and advancing medical knowl- 

edge in areas such as surgery and understanding of the 

human body, although many Western scholars have not 

fully acknowledged its influence (independent of Roman 

and Greek influence) on the development of medicine.[63]
 

Through the establishment and development of hospitals, 

ancient Islamic physicians were able to provide more in- 

trinsic operations to cure patients, such as in the area of 

ophthalmology. This allowed for medical practices to be 

expanded and developed for future reference. 

The contributions of the two major Muslim philosophers 

and physicians, Al-Razi and Ibn Sina, provided a lasting 

impact on Muslim medicine. Through their compilation 

of knowledge into medical books they each had a ma- 

jor influence on the education and filtration of medical 

knowledge in Islamic culture. 

Additionally there were some iconic contributions made 

by women during this time, such as the documentation: 

of female doctors, physicians, surgeons, wet nurses, and 

midwives. 

 
2.7.11 See also 

• Al-Tasrif 

• Anatomy Charts of the Arabs 

• Bimaristan 
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• Ibn Sina Academy of Medieval Medicine and Sci- 
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• Inventions in the Islamic world 

• Islamic Bioethics 

• Islamic Golden Age 

• Medieval medicine 

• Science in the medieval Islamic world 

• De Gradibus 

• Medical Encyclopedia of Islam and Iran 

• The Canon of Medicine 
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Chapter 3 
 

Science and Muslims Contribution 
 

 

3.1 List of Arab scientists and 

scholars 
 
This is a list of Arab scientists and scholars from the 

Muslim World and Spain (Al-Andalus) who lived from 

antiquity up until the beginning of the modern age, con- 

sisting primarily of scholars during the Middle Ages. In 

some cases, their exact ancestry is unclear. 

Both the Arabic and Latin names are given. The follow- 

ing Muslim naming articles are not used for indexing: 
 

• Al - the 

• ibn, bin, banu - son of 

• abu - father of, the one with 

 

To maintain consistency and keep the list easy to navigate, 

please follow the Entries Format for the List of Arab sci- 
entists and scholars on the Talk page when adding names. 

Contents : 

 
• Top 

• 0–9 

• A 

• B 

• C 

• D 

• E 

• F 

• G 

• H 

• I 

• J 

• K 

• 

L 

• M 

• N 

• O 

• P 

• Q 

• R 

• S 

• T 

• U 

• V 

• W 

• X 

• Y 

• Z 

 

3.1.1 A 

• Ahmad al-Qalqashandi (1355 or 1356, Nile Delta, 
Egypt–1418), writer and mathematician 

• Abd el-Latif el-Baghdadi (1162, Baghdad–Iraq– 
1231), physician, historian and Egyptologist 

• Avempace - See Ibn Bajjah (1085–1138), polymath 

• Abulcasis - See Al-Zahrawi (936–1013), philoso- 
pher, doctor and dentist 

• Ahmad ibn Fadlan (10th century, Baghdad,Iraq), 
writer and traveler; member of an embassy of the 
Caliph of Baghdad to the Volga Bulgars 

• Ahmad ibn Majid (1432, Ras al-Khaimah, Oman– 
1500,?), navigator and poet 

• Ahmed ibn Yusuf (835, Baghdad–912, Egypt), 
mathematician 
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• Ali Ben Isa (9th century) 

• Ali ibn Ridwan (c. 988, Giza, Egypt–1061, Egypt), 
astronomer and geometer with Khalid Ben Abdul- 
melik 

• Al-Asma'i (739, Basra, Iraq–831, Basra, Iraq), pio- 
neer of zoology, botany and animal husbandry 

• Abubacer - See Ibn Tufail (1105–1185), writer, 
novelist, Islamic philosopher, Islamic theologian, 
physician, astronomer, vizier, and court official 

• Ahmed Zewail 

• Nayef Al-Rodhan 

• Ahmad ibn Yusuf, mathematician 

• Abū Kāmil Shujāʿ ibn Aslam, mathematician 

• Abu al-Hasan al-Ash'ari, Shafi'i scholar and theolo- 
gian 

• Rufaida Al-Aslamia, physician 

• Ahmad ibn Mājid, navigator and cartographer 

 

3.1.2 B 

• Ibn Tahir al-Baghdadi (980, Baghdad, Iraq–1037), 
arithmetic 

• Al-Baqillani (?, Basra, Iraq–1013, Basra, Iraq), the- 
ologian, scholar, and Maliki lawyer 

• Al-Battani (850, Harran, Turkey–929, Qasr al-Jiss, 
Iraq), astronomer and mathematician 

• Abu Mansur al-Baghdadi, heresiologist and mathe- 
matician 

• Abd al-Latif al-Baghdadi, physician, historian, 
Egyptologist and traveler 

• Al-Baladhuri, historian 

• Al-Bakri, geographer and historian 

 

3.1.3 D 

• Ibn Duraid (837, Basra, Iraq–934, Baghdad, Iraq), 
geographer, genealogist, poet, and  philologist 

• Ibn al-Durayhim, cryptologist 

• Al-Dakhwar, physician 

• Al-Dimashqi, geographer 

• Domiyat, explorer 

3.1.4 G 

• Gamal Hemdan (Feary 2, 1928–April 17, 1993), ge- 
ographer 

 

3.1.5 H 

• Haly Abenragel (Abû l-Hasan 'Alî ibn Abî l-Rijâl) 
(?–1037, Kairouan, Tunisia), astrologer, best known 
for his Kitāb al-bāri' fi ahkām an-nujūm 

• Ibn Hawqal (943, Baghdad,Iraq–969,?), writer, ge- 
ographer, and chronicler 

• Hassan Hanafi (born 1935 in Cairo, Egypt), profes- 
sor and chair of philosophy at Cairo University 

• Al-Hajjāj ibn Yūsuf ibn Matar (786–833), mathe- 
matician 

• Abū Muhammad al-Hasan al-Hamdānī (893, 
Yemen–945, Sanaa, Yemen), geographer, historian 
and astronomer 

• Ibn Hubal (1122, Baghdad, Iraq–1213), physician, 
scientist and author of a medical compendium 

• Hayat Sindi (Mecca, SaudiArabia), medical scien- 
tist, known for making major contributions to point- 
of-care medical testing and biotechnology 

• Abu Muhammad al-Hasan al-Hamdani, geographer, 
poet, grammarian, historian, and astronomer 

• Abu al-Majd ibn Abi al-Hakam, physician, musician 
and astrologer 

• Al-Harith ibn Kalada, physician 

• Nafi ibn al-Harith, physician 

• Abu'l Abbas al-Hijazi, traveler, merchant and sailor 

 

3.1.6 I 

• Ikhwan al-Safa اخوان الصفا وخلان الوفا (The 

Brethren of Purity) (Basra, Iraq), a group of neo- 
Platonic Arabic philosophers of the 10th century 

• Al-Idrisi (1099, Ceuta, Maghreb–1166 CE, Sicily), 
geographer and cartographer 

• Ibn Abi Ishaq (died AD 735), earliest known gram- 
marian of the Arabic language 

• Ibn al-Haytham (965–1040), physicist 

• Ibn al‐Ha'im al‐Ishbili, astronomer and mathemati- 
cian 

• Ibn Arabi, Islamic scholar and philosopher 

• Muhammad al-Idrisi, geographer, cartographer and 
Egyptologist 
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3.1.7 J 

• Al-Jayyani (989, Cordoba, Spain–1079, Jaen, 
Spain), mathematician and author 

• Jābir ibn Hayyān (821–915), polymath who is con- 
sidered the father of chemistry; emphasized system- 

atic experimentation, and did much to free alchemy 
from superstition and turn it into a science 

• Ibn Al-Jazzar (10th century, Qairwan, Tunis), influ- 
ential 10th-century physician and author 

• Al-Jahiz (776, Basra, Iraq–869, Basra, Iraq), 
historian, biologist and author 

• Ibn Jubayr (1145, Valencia, Spain–1217, Egypt), 
geographer, traveller and poet, known for his de- 
tailed travel journals 

• Al-Jubba'i, Mu'tazili theologian and philosopher 

• Ibn Jumay‘, physician 

• Ibn Jazla, physician 

 

3.1.8 K 

• Al-Khalili (1320, Damascus, Syria–1380, Damas- 
cus, Syria), astronomer who compiled extensive ta- 
bles for astronomical use 

• Khalil ibn Ahmad (c. 718, Oman–c. 791), writer 
and philologist, compiled the first dictionary of the 
Arabic language, the Kitab al-Ayn 

• Al-Kindi (c. 801, Kufa, Iraq–873, Bahgdad, Iraq), 
Arab philosopher, mathematician, astronomer, 
physician and geographer 

• Ibn Khaldun (May 27, 1332, Tunis–March 19, 
1406, Cairo, Egypt) 

• Abu 'Ali al-Khayyat, astrologer 

• Al-Kaŝkarī, physician 

 

3.1.9 M 

• Mostafa El-Sayed 

• Al-Masudi ( ?, Baghdad, Iraq–957, Cairo, Egypt), 
historian, geographer and philosopher, traveled to 

Spain, Russia, India, Sri Lanka and China, spent his 
last years in Syria and Egypt 

• Maslamah Ibn Ahmad al-Majriti, (d. 1008 or 1007 
CE), Arab Muslim scholar and astronomer in Spain 

• Al-Ma'arri (December 26, 973–May 10 or May 
21, 1057, Ma'arra (المعرة) in Syria), blind Arab 
philosopher, poet and writer 

 
• Al-Mawardi, known in Latin as Alboacen, (972, 

Basra, Iraq–1058, Iraq), judge, diplomat, and au- 
thor of influential works on governance and ethics 

• Ma Yize (ca. 910, ?–1005, China), astronomer and 
astrologist, worked as the chief official of the astro- 
nomical observatory of the Song dynasty 

• Muhammad Al-Muqaddasi (946 CE, Jerusalem, 

Palestine–), medieval Arab geographer, author of 
Ahsan at-Taqasim fi Ma`rifat il-Aqalim (The Best Di- 
visions for Knowledge of the Regions) 

• Sibt al-Maridini, astronomer and mathematician 

• Muhammad ibn Ahmad ibn Gazi, mathematician 

• Yusuf al-Mu'taman ibn Hud, mathematician 

• Sulaiman Al Mahri, geographer 

 

3.1.10 N 

• Ibn al-Nafis (1213, Damascus, Syria–1288, Cairo, 
Egypt), physician and author, the first to describe 
pulmonary circulation, compiled a medical encyclo- 

pedia and wrote numerous works on other subjects 

• Nur ad-Din al-Betrugi (Alpetragius) (?, Morocco– 

1204, Seville, Spain), astronomer and philosopher; 
the Alpetragius crater on the Moon is named after 
him 

 

3.1.11 O 

3.1.12 Q 

• Thābit ibn Qurra (826, Harran, Turkey–902), math- 
ematician, physician, astronomer, and translator 

• Ibn al-Quff, physician 

• Zakariya al-Qazwini, physician, astronomer, geog- 
rapher 

 

3.1.13 R 

• Al-Ruhawi, physician 

 

3.1.14 S 

• Sameera Moussa (March 3, 1917 – August 5, 1952) 

• Ibn al-Shatir (1304, Damascus–1375, Syria, Dam- 
ascus), astronomer, mathematician, engineer and in- 
ventor, worked at the Umayyad Mosque in Dam- 

ascus, Syria, developed an original astronomical 
model 

• Rashidun al-Suri, physician and botanist 
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3.1.15 T 

• Ibn Al-Thahabi (?, Suhar, Oman–1033 CE, Valen- 
cia, Spain), physician and author of an encyclopedia 
of medicine 

• Ibn Tufail (1105, Granada, Spain–1185, Mar- 
rakech, Morocco), Andalusian writer, novelist, Is- 
lamic philosopher, Islamic theologian, physician, 

astronomer, vizier, and court official 

• Muhammad Tamimi, 10th century physician from 
Palestine 

• Ibn Abi Ramtha al-Tamimi, physician 

 
3.1.16 U 

• Al-Uqlidisi (920, Damascus, Syria–980, Damascus, 
Syria), wrote two works on arithmetic, may have an- 
ticipated the invention of decimals 

• Usamah ibn Munqidh (1095–1188, Damascus, 
Syria), Arab historian, politician, and diplomat 

• Ibn Abi Usaibia (1203–1270, Damascus, Syria), 
physician and historian, wrote Uyun al-Anba fi 
Tabaqat al-Atibba (Lives of the Physicians) 

• Al-Umawi (1400, Spain–1489, Damascus, Syria), 
mathematician, wrote works on mensuration and 
arithmetic 

• Ibn Uthal, physician 

 
3.1.17 W 

• Waddah al-Yaman (Yemen,?–Syria,Damscus,709), 
poet, famous for his erotic and romantic poems 

• Ibn al-Wardi, historian 

 

3.1.18 Y 

• Omar M. Yaghi (1965, Amman, Jordan–present), 
chemistry professor at the University of California, 
Berkeley 

• Ibn Yunus (c. 950–1009), mathematician and as- 
tronomer 

• Yusuf al-Mutamin mathematician, wrote Kitab al- 
Istikmal (Book of Perfection) in mathematics 

• Yaqut al-Hamawi, biographer and geographer 

• Ya'qubi, geographer 

3.1.19 Z 

• Al-Zahrawi (936, Cordoba, Spain–1013, Cordoba, 

Spain), Islam’s greatest medieval surgeon, wrote 

comprehensive medical texts combining Middle- 

Eastern, Indian and Greco-Roman classical teach- 

ings, shaped European surgical procedures un- 

til the Renaissance, considered the “father of 

surgery", wrote Al-Tasrif, a thirty-volume collection 

of medical practice 

• Al-Zarqali    (1028,Spain–1087,? CE), 

mathematician, influential astronomer, and in- 
strument maker, contributed to the famous Tables 
of Toledo 

• Ibn Zuhr (1091, Seville, Spain–1161, Seville, 
Spain), prominent physician of the Medieval Islamic 
period 

• Al-Zuhri, geographer 

 

3.1.20 Notes 

3.1.21 See also 

• Islamic science 

• List of Muslim scientists 

• List of Iranian scientists and scholars 

• List of famous Arabs 

 

3.2 List of Muslim scientists 
 
This is a list of scientists who have contributed signifi- 

cantly to science and civilization. 

 

3.2.1 Astronomers 

Main article: List of Muslim astronomers 

 
• Sind ibn Ali (? - 864) 

• Ali Qushji (1403 - 1474) 

• Ahmad Khani (1650 - 1707) 

• Ibrahim al-Fazari (? - 777) 

• Muhammad al-Fazari (? - 796 or 806) 

• Al-Khwarizmi, Mathematician (c. 780 - c. 850) 

• Abu Ma’shar al-Balkhi (Albumasar) (787 - 886 CE) 

• Al-Farghani (800/805 - 870) 
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• Banū Mūsā (Ben Mousa) (9th century) 

• Dīnawarī (815 - 896) 

• Al-Majriti (d. 1008 or 1007 CE) 

• Al-Battani (c. 858 - 929) (Albatenius) 

• Al-Farabi (c. 872 - c. 950) (Abunaser) 

• Abd Al-Rahman Al Sufi (903 - 986) 

• Abu Sa'id Gorgani (9th century) 

• Kushyar ibn Labban (971 - 1029) 

• Abū Ja'far al-Khāzin (900 - 971) 

• Al-Mahani (8th century) 

• Al-Marwazi (9th century) 

• Al-Nayrizi (865 - 922) 

• Al-Saghani (d. 990) 

• Al-Farghani (9th century) 

• Abu Nasr Mansur (970 - 1036) 

• Abū Sahl al-Qūhī (10th century) (Kuhi) 

• Abu-Mahmud al-Khujandi (940 - 1000) 

• Abū al-Wafā' al-Būzjānī (940 - 998) 

• Ibn Yunus (950 - 1009) 

• Ibn al-Haytham (965 - 1040) (Alhacen) 

• Bīrūnī (973 - 1048) 

• Avicenna (980 - 1037) (Ibn Sīnā) 

• Abū Ishāq Ibrāhīm al-Zarqālī (1029 - 1087) 
(Arzachel) 

• Omar Khayyám (1048 - 1131) 

• Al-Khazini (fl. 1115-1130) 

• Ibn Bajjah (1095 - 1138) (Avempace) 

• Ibn Tufail (1105 - 1185) (Abubacer) 

• Nur Ed-Din Al Betrugi (12th century - 1204) (Alpe- 
tragius) 

• Averroes (1126 - 1198) 

• Al-Jazari (1136 - 1206) 

• Sharaf al-Dīn al-Tūsī (died 1213/4) 

• Anvari (1126-1189) 

• 

Qutb al-Din al-Shirazi (1236 - 1311) 

• Shams al-Dīn al-Samarqandī (1250 - 1310) 

• Ibn al-Shatir (1304 - 1375) 

• Shams al-Dīn Abū Abd Allāh al-Khalīlī (1320-80) 

• Jamshīd al-Kāshī (1380 - 1429) 

• Ulugh Beg (1394 - 1449) 

• Taqi al-Din Muhammad ibn Ma'ruf (1526 - 1585) 

• Ahmad Nahavandi (8th and 9th centuries) 

• Haly Abenragel (10th and 11th century) 

• Abolfadl Harawi (10th century) 

• Mu'ayyad al-Din al-'Urdi (1200 - 1266) 

 
3.2.2 Biologists, neuroscientists, and psy- 

chologists 

Further information:  Islamic psychological thought 

 

• Aziz Sancar, Turkish biochemist, the first Muslim 
biologist awarded the Nobel Prize 

• Ibn Sirin (654 - 728), author of work on dreams and 
dream interpretation[1]

 

• Al-Kindi (Alkindus), pioneer of psychotherapy and 
music therapy[2]

 

• Ali ibn Sahl Rabban al-Tabari, pioneer of 
psychiatry, clinical psychiatry and clinical psychol- 

ogy[3] 

• Ahmed ibn Sahl al-Balkhi, pioneer of mental 

health,[4] medical psychology, cognitive psychol- 
ogy, cognitive therapy, psychophysiology and 

psychosomatic medicine[5]
 

• Al-Farabi (Alpharabius), pioneer of social psychol- 
ogy and consciousness studies[6]

 

• Ali ibn Abbas al-Majusi (Haly Abbas), pioneer of 
neuroanatomy, neurobiology and neurophysiology[6]

 

• Abu al-Qasim al-Zahrawi (Abulcasis), pioneer of 
neurosurgery[7]

 

• Ibn al-Haytham (Alhazen), founder of experimental 
psychology, psychophysics, phenomenology and 
visual perception[8]

 

• Al-Biruni, pioneer of reaction time[9]
 

• Mo'ayyeduddin Urdi (died 1566) 

• Nasir al-Din Tusi (1201 - 1274) 

• 

Avicenna (Ibn Sīnā), pioneer of neuropsychiatry,[10]
 

thought experiment, self-awareness  and  self- 

consciousness[11]
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• Ibn Zuhr (Avenzoar), pioneer of neurology and 
neuropharmacology[7]

 

• Syed Ziaur Rahman, pioneer of Environmental 
Pharmacovigilance 

• Averroes, pioneer of Parkinson’s disease[7]
 

• Ibn Tufail, pioneer of tabula rasa and nature versus 
nurture[12]

 

• Mohammad Samir Hossain, theorist,[13] author and 
one of the few Muslim scientists[14] in the field of 
death anxiety research[13][15]

 

 
3.2.3 Chemists and alchemists 

Further information: Alchemy (Islam) 

 
• Khalid ibn Yazid (died 704) (Calid) 

• Jafar al-Sadiq (702-765) 

• Jābir ibn Hayyān (721-815) (Geber), father of 
chemistry[16][17][18] 

• Abbas Ibn Firnas (810-887) (Armen Firman) 

• Al-Kindi (801-873) (Alkindus) 

• Al-Majriti (fl. 1007-1008) 

• Ibn Miskawayh (932-1030) 

• Abū Rayhān al-Bīrūnī (973-1048) 

• Avicenna (980-1037) 

• Al-Khazini (fl. 1115-1130) 

• Nasir al-Din Tusi (1201-1274) 

• Ibn Khaldun (1332-1406) 

• Salimuzzaman Siddiqui (1897-1994) 

• Al-Khwārizmī  (780-850),  algebra, mathematics 

• Ahmed H. Zewail (1946-2016), Nobel Prize in 
Chemistry, 1999[19]

 

• Mostafa El-Sayed (1933- ) 

• Abdul Qadeer Khan (1936- ), nuclear scientist, ura- 
nium enrichment technologist, centrifuge method 
expert 

• Atta ur Rahman, leading scholar in the field of nat- 
ural product chemistry 

• Omar M. Yaghi (1965- ), professor at the University 
of California, Berkeley 

3.2.4 Economists and social scientists 
 

Further information: Islamic economics in the world 

See also: List of Muslim historians and Historiography 

of early Islam 

 

• Abu Hanifa an-Nu‘man (699–767), Islamic ju- 
risprudence scholar 

• Abu Yusuf (731–798), Islamic jurisprudence 
scholar 

• Al-Saghani (d. 990), one of the earliest historians 
of science[20]

 

• Shams al-Mo'ali Abol-hasan Ghaboos ibn Wushm- 
gir (Qabus) (d. 1012), economist 

• Abū Rayhān al-Bīrūnī (973–1048), considered the 
“first anthropologist"[21]  and father of Indology[22]

 

• Ibn Sīnā (Avicenna) (980–1037), economist 

• Ibn Miskawayh (b. 1030), economist 

• Al-Ghazali (Algazel) (1058–1111), economist 

• Al-Mawardi  (1075–1158), economist 

• Nasīr al-Dīn al-Tūsī (Tusi) (1201–1274), economist 

• Ibn al-Nafis (1213–1288), sociologist 

• Ibn Taymiyyah (1263–1328), economist 

• Ibn Khaldun (1332–1406), forerunner of social 

sciences[23] such as demography,[24] cultural his- 
tory,[25] historiography,[26] philosophy of history,[27] 

sociology[24][27]  and economics[28][29]
 

• Al-Maqrizi (1364–1442), economist 

• Akhtar Hameed Khan, Pakistani social scientist; pi- 
oneer of microcredit 

• Muhammad Yunus, Nobel Prize winner 
Bangladeshi economist; pioneer of microfinance 

• Shah Abdul Hannan, pioneer of Islamic banking in 
South Asia 

• Mahbub ul Haq, Pakistani economist; developer of 
Human Development Index and founder of Human 
Development  Report[30][31]

 

 

3.2.5 Geographers and earth scientists 

Further information: Muslim Agricultural Revolution 

 

• Al-Masudi, the “Herodotus of the Arabs”, and pio- 
neer of historical geography[32]
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• Al-Kindi, pioneer of environmental  science[33]
 

• Ibn Al-Jazzar 

• Al-Tamimi 

• Al-Masihi 

• Ali ibn Ridwan 

• Muhammad al-Idrisi, also a cartographer 

• Ahmad ibn Fadlan 

• Abū Rayhān al-Bīrūnī, father of geodesy,[21][24] 

considered the first geologist and “first 
anthropologist"[21]

 

• Avicenna 

• Abd al-Latif al-Baghdadi 

• Averroes 

• Ibn al-Nafis 

• Ibn Jubayr 

• Ibn Battuta 

• Ibn Khaldun 

• Piri Reis 

• Evliya Çelebi 

 

3.2.6 Mathematicians 

Further information: Islamic mathematics: Bi- 
ographies 

 

• Masatoshi Gündüz Ikeda (1926 Tokyo - 2003 
Ankara) 

• Cahit Arf 1910 Selanik (Thessaloniki) (born 1997 
Istanbul, Turkey) 

• Ali Qushji Ali KUŞÇU 

• Al-Hajjāj ibn Yūsuf ibn Matar 

• Khalid ibn Yazid (Calid) 

• Muhammad ibn Mūsā al-Khwārizmī (Algorismi), 
father of algebra[34]  and algorithms[35]

 

• 'Abd al-Hamīd ibn Turk 

• Abū al-Hasan ibn Alī al-Qalasādī (1412–1482), pi- 
oneer of symbolic algebra[36]

 

• Abū Kāmil Shujā ibn Aslam 

• Al-Abbās ibn Said al-Jawharī 

• Al-Kindi (Alkindus) 

• 

Banū Mūsā (Ben Mousa) 

• Ja'far Muhammad ibn Mūsā ibn Shākir 

• Al-Hasan ibn Mūsā ibn Shākir 

• Al-Khwarizmi 

• Al-Mahani 

• Ahmed ibn Yusuf 

• Al-Majriti 

• Al-Battani (Albatenius) 

• Al-Farabi (Abunaser) 

• Al-Nayrizi 

• Abū Ja'far al-Khāzin 

• Brethren of Purity 

• Abu'l-Hasan al-Uqlidisi 

• Al-Saghani 

• Abū Sahl al-Qūhī 

• Abu-Mahmud  al-Khujandi 

• Abū al-Wafā' al-Būzjānī 

• Ibn Sahl 

• Al-Sijzi 

• Ibn Yunus 

• Abu Nasr Mansur 

• Kushyar ibn Labban 

• Al-Karaji 

• Ibn al-Haytham (Alhacen/Alhazen) 

• Abū Rayhān al-Bīrūnī 

• Ibn Tahir al-Baghdadi 

• Al-Nasawi 

• Al-Jayyani 

• Abū Ishāq Ibrāhīm al-Zarqālī (Arzachel) 

• Al-Mu'taman ibn Hud 

• Omar Khayyám 

• Al-Khazini 

• Ibn Bajjah (Avempace) 

• Al-Ghazali (Algazel) 

• Al-Marrakushi 

• Al-Samawal 
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• Ibn Rushd (Averroes) 

• Ibn Seena (Avicenna) 

• Hunayn ibn Ishaq 

• Ibn al-Banna' 

• Ibn al-Shatir 

• 

Abū Sahl al-Qūhī (Kuhi), 10th century 

• Ibn Sahl, 10th century 

• Ibn Yunus, 10th century 

• Al-Karaji, 10th century 

• Ibn al-Haytham (Alhacen),  11th century  Iraqi 
[37] 

• Ja'far ibn Muhammad Abu Ma’shar al-Balkhi (Al- scientist, father of optics, and experimental 

bumasar) 

• Jamshīd al-Kāshī 

• Kamāl al-Dīn al-Fārisī 

• Muḥyi al-Dīn al-Maghribī 

• Mo'ayyeduddin Urdi 

• Muhammad Baqir Yazdi 

• Nasir al-Din al-Tusi - 13th century Persian mathe- 
matician and philosopher 

• Qāḍī Zāda al-Rūmī 

• Qutb al-Din al-Shirazi 

• Shams al-Dīn al-Samarqandī 

• Sharaf al-Dīn al-Tūsī 

• Taqi al-Din Muhammad ibn Ma'ruf 

• Ulugh Beg 

• Al-Samawal al-Maghribi (1130 – 1180) 

 

3.2.7 Physicians and surgeons 

Main article: Muslim doctors 

 

 

3.2.8 Physicists and engineers 

Further information: Islamic physics 

 

• Mimar Sinan (1489/1588), also known as Koca 
Mi'mâr Sinân Âğâ 

• Jafar al-Sadiq, 8th century 

• Banū Mūsā (Ben Mousa), 9th century 

• Ja'far Muhammad ibn Mūsā ibn Shākir 

• Ahmad ibn Mūsā ibn Shākir 

• Al-Hasan ibn Mūsā ibn Shākir 

• Abbas Ibn Firnas (Armen Firman), 9th century 

• Al-Saghani (d. 990) 

physics,[38]  considered the “first scientist"[39]
 

• Abū Rayhān al-Bīrūnī, 11th century, pioneer of ex- 
perimental mechanics[40]

 

• Ibn Sīnā/Seena (Avicenna), 11th century 

• Al-Khazini, 12th century 

• Ibn Bajjah (Avempace), 12th century 

• Hibat Allah Abu'l-Barakat al-Baghdaadi (Nathanel), 
12th century 

• Ibn Rushd/Rooshd (Averroes), 12th century 
Andalusian mathematician, philosopher and 
medical expert 

• Al-Jazari, 13th century civil engineer, 

• Nasir al-Din Tusi, 13th century 

• Qutb al-Din al-Shirazi, 13th century 

• Kamāl al-Dīn al-Fārisī, 13th century 

• Ibn al-Shatir, 14th century 

• Taqi al-Din Muhammad ibn Ma'ruf, 16th century 

• Hezarfen Ahmet Celebi, 17th century 

• Lagari Hasan Çelebi, 17th century 

• Sake Dean Mahomet, 18th century 

• Abdus Salam, 20th century Pakistani physicist, win- 
ner of Nobel Prize in 1979 

• Fazlur Khan, 20th century Bangladeshi Structural 
Engineer 

• Mahmoud Hessaby, 20th century Iranian physicist 

• Ali Javan, 20th century Iranian physicist 

• Bacharuddin Jusuf Habibie, 20th century Indone- 
sian aerospace engineer and president 

• Abdul Kalam, Indian aeronautical engineer, nuclear 
scientist and the 11th President of India 

• Mehran Kardar, Iranian theoretical physicist 

• Munir Nayfeh Palestinian-American particle physi- 
cist 
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• Abdul Qadeer Khan, Pakistani metallurgist and nu- 
clear scientist 

• Riazuddin, Pakistani theoretical physicist 

• Samar Mubarakmand, Pakistani nuclear scientist 
known for his research in gamma spectroscopy and 
experimental development of the linear accelerator 

• Shahid Hussain Bokhari, Pakistani researcher in the 
field of parallel and distributed computing 

• Sultan Bashiruddin Mahmood, Pakistani nuclear en- 
gineer and nuclear physicist 

• Ali Musharafa, Egyptian nuclear physicist 

• Sameera Moussa, Egyptian nuclear physicist 

• Munir Ahmad Khan, father of Pakistan’s nuclear 
program 

• Kerim Kerimov, founder of Soviet space program, a 
lead architect behind first human spaceflight (Vostok 
1), and the lead architect of the first space stations 

(Salyut and Mir)[41][42]
 

• Farouk El-Baz, NASA scientist involved in the first 
Moon landings with the Apollo program[43]

 

• Cumrun Vafa, Iranian theoretical physicist and 
string theorist 

 

3.2.9 Political scientists 

• Shah Waliullah Dehlawi 

• Taqiuddin al-Nabhani 

• Syed Qutb 

• Mohammad Baqir al-Sadr 

• Abul Ala Maududi 

• Hasan al-Turabi 

• Hassan al-Banna 

• Mohamed Hassanein Heikal 

• M. A. Muqtedar Khan 

• Rashid al-Ghannushi 

• Ṣalāḥ ad-Dīn Yūsuf ibn Ayyūb 

• Maulana Abul Kalam Azad 

 

3.2.10 Other scientists and inventors 

• Mir Sayyid Ali Hamadani founder of cashmere wool 
and textile 

• Azizul Haque 
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This article is about ethnic Iranian scientists and scholars 

of the pre-modern era. For scientists from the modern 

Iran, see List of contemporary Iranian scientists, schol- 

ars, and engineers. 

The following is a non-comprehensive list of Iranian 

scientists and engineers who lived from antiquity up un- 

til the beginning of the modern age. 
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Photo taken from medieval manuscript by Qotbeddin Shirazi. 
The image depicts an epicyclic planetary model. 
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3.3.1 A 

• Abdol-Hamid (?–756), founder of Arabic prose 
along with fellow Persian Ibn Muqaffa 

• Abhari  (?–1262/1265), mathematician 

• Abu Dawood (c. 817–889), Islamic scholar 

• Abu Hanifa (699–767), Islamic scholar 

• Abu Nasr-e Mansur (c. 960–1036), mathematician 

• Abu Said Gorgani (9th century) 

• Abu al-Wafa' Buzjani (940–998), mathematician 

• 'Adud al-Dawla (936–983), scientific patron 

• Ahmad ibn Farrokh (12th century), physician 

• Ahmad ibn 'Imad al-Din (11th century), physician 
and chemist 

• Alavi Shirazi (1670–1747), royal physician to 
Mughal Empire of South Asia 

• Amuli, Muhammad ibn Mahmud (c. 1300–1352), 
physician 

• Abū Ja'far al-Khāzin (900–971), mathematician and 
astronomer 

• Ansari, Khwaja Abdullah (1006–1088), Islamic 
scholar 

• Aqa-Kermani (18th century), physician 

• Aqsara'i (?–1379), physician 

• Abu Hafsa Yazid, physician 

• Arzani, Muqim (18th century), physician 

• Astarabadi (15th century), physician 

• Aufi, Muhammad (1171–1242), scientist and histo- 
rian 

• Albubather, physician and astrologer 

• Ibn Abi al-Ashʿath, physician 

• Abu al-Hassan al-Amiri, theologian and philosopher 

• Abu al-Hasan al-Ahwazi, mathematician and as- 
tronomer 

• Abu al-Jud, mathematician 

https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#I
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#J
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#K
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#L
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#M
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#N
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#O
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#P
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#Q
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#R
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#S
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#T
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#U
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#V
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#W
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#X
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#Y
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars#Z
https://en.wikipedia.org/wiki/Ibn_al-Muqaffa%2527
https://en.wikipedia.org/wiki/Abdullah_Ibn_al-Muqaffa
https://en.wikipedia.org/wiki/Athir_al-Din_al-Abhari
https://en.wikipedia.org/wiki/Abu_Dawood
https://en.wikipedia.org/wiki/Abu_Hanifa
https://en.wikipedia.org/wiki/Abu_Nasr_Mansur
https://en.wikipedia.org/wiki/Abu_Said_Gorgani
https://en.wikipedia.org/wiki/Abu_al-Wafa%2527_Buzjani
https://en.wikipedia.org/wiki/%2527Adud_al-Dawla
https://en.wikipedia.org/wiki/Ahmad_ibn_Farrokh
https://en.wikipedia.org/wiki/Ahmad_ibn_%2527Imad_al-Din
https://en.wikipedia.org/wiki/Alavi_Shirazi
https://en.wikipedia.org/wiki/Mughal_Empire
https://en.wikipedia.org/wiki/Muhammad_ibn_Mahmud_Amuli
https://en.wikipedia.org/wiki/Ab%C5%AB_Ja%2527far_al-Kh%C4%81zin
https://en.wikipedia.org/wiki/Khwaja_Abdullah_Ansari
https://en.wikipedia.org/wiki/Muhammad_Aqa-Kermani
https://en.wikipedia.org/wiki/Aqsara%2527i
https://en.wikipedia.org/wiki/Abu_Hafsa_Yazid
https://en.wikipedia.org/wiki/Muqim_Arzani
https://en.wikipedia.org/wiki/Muhammad_Ali_Astarabadi
https://en.wikipedia.org/wiki/Muhammad_Aufi
https://en.wikipedia.org/wiki/Albubather
https://en.wikipedia.org/wiki/Ibn_Abi_al-Ash%CA%BFath
https://en.wikipedia.org/wiki/Abu_al-Hassan_al-Amiri
https://en.wikipedia.org/wiki/Abu_al-Hasan_al-Ahwazi
https://en.wikipedia.org/wiki/Abu_al-Jud


3.3.  LIST OF PRE-MODERN IRANIAN SCIENTISTS AND SCHOLARS 272 
 

 

Muslims and Evolution of Science 

 

 

3.3.2 B 

• Bahmanyār, philosopher 

• Al-Baghawi (c. 1041–1122), Islamic scholar 

• Bahai, Sheikh (1547–1621), poet, mathematician, 
astronomer, engineer, designer, faghih (religious 
scientist), and architect 

• Al-Baladhuri (?–892), historian 

• Abu Maʿshar (787–886), a.k.a. Albumasar, mathe- 
matician 

• Abu Zayd al-Balkhi (850–934), geographer and 
mathematician 

• Balkhi, Ibn, geographer 

• Banū Mūsā brothers (9th century) 

• Khalid ibn Barmak (705–782), Buddhist from Kho- 

rasan in the court of al-Mansur, initiated the Greek 
translation movement of the Abbasid House of Wis- 

dom 

• Abu'l-Fadl Bayhaqi, historian 

• Abu'l-Hasan Bayhaqi, historian and Islamic scholar 

• Al-Bayhaqi, faqih and muhadith 

• Muhammad Baqir Behbahani (1706–1791), theolo- 
gian 

• Ibn Bibi (13th century), historian of the Seljuks of 
Rum 

• Al-Biruni (973–1048), astronomer and mathemati- 
cian 

• Muhammad al-Bukhari (810–870), Islamic scholar 

• Sahl ibn Bishr (c. 786–845 ?), astrologer, mathe- 
matician 

• Bukhtishu (8th century?), Persian Christian physi- 
cian of Academy of Gundishapur 

• Bukhtishu, Abdollah ibn (c. 940–1058), Christian 
physician in Persia 

• Jabril ibn Bukhtishu (9th century), Christian physi- 
cian 

• Bukhtishu, Yuhanna (9th century), Christian physi- 
cian 

• Borzuya (6th century), a.k.a. Borzouyeh-i Tabib, 
physician of Academy of Gundishapur 

• al-Birjandi (?–1528), astronomer and mathemati- 
cian 

• Muhammad Bal'ami, historian 

• Abu Bakr Rabee Ibn Ahmad Al-Akhawyni Bokhari, 
physician 

3.3.3 D 

• Abu Hanifa Dinawari (815–896), polymath 

• Ibn Qutaybah (828–885), historian 

 
3.3.4 E 

• Abubakr Esfarayeni (13th century?), physician 

 
3.3.5 F 

• Farghani (?–880), a.k.a. Alfraganus, astronomer 

• Al-Farabi (872–950) (Al-Farabi, Pharabius), 
philosopher 

• Kamāl al-Dīn al-Fārisī (1267–1319), mathemati- 
cian 

• Fazari, Ibrahim (?–777), mathematician and as- 
tronomer 

• Fazari, Mohammad (?–796), mathematician and as- 
tronomer 

• Feyz Kashani, Mohsen (?–1680), theologian 

• Firishta (1560-1620), historian 

• Ibn al-Faqih, historian and geographer 

• Muhammad ibn Abi Bakr al‐Farisi (d. 1278/1279), 
astronomer 

 
 

3.3.6 G 

• Gardezi, Abu Said (?–1061), geographer and histo- 
rian 

• Ghazali (Algazel, 1058–1111), philosopher 

• Gilani, Hakim (?–1609), royal physician 

• Kushyar Gilani (971–1029), mathematician, geog- 
rapher, astronomer 

• Zayn al-Din Gorgani (1041–1136), royal physician 

• Abu Said Gorgani (9th century), astronomer and 
mathematician 

• Rostam Gorgani (16th century), physician 

• Al-Masihi (?–999), Avicenn'a master 
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3.3.7 H 

• Hakim Ghulam Imam, physician 

• Hakim Muhammad Mehdi Naqi (18th century), 
physician 

• Hakim Muhammad Sharif Khan (18th century), 
physician 

• Hakim Nishaburi (933–1012), Islamic scholar 

• Hallaj  (858–922), mystic-philosopher 

• Hamadani, Mir Sayyid Ali (1314–1384), poet and 
philosopher 

• Hanbal, Ahmad Ibn (780–855), Islamic scholar 

• Harawi, Abolfadl (10th century), astronomer of 
Buyid dynasty 

• Harawi, Muwaffak (10th century),  pharmacologist 

• Harawi, Muhammad ibn Yusuf (died 1542), physi- 
cian 

• Harawi, Ali (died 1215), traveller 

• Hasani, Qavameddin (17th century), physician 

• Habash al-Hasib al-Marwazi, mathematician, as- 
tronomer, geographer 

• Ibn Hindu, (1019-1032), man of letter, physician 

• Haji Bektash Veli, mystic 

• Ayn al-Quzat Hamadani, jurisconsult, mystic, 
philosopher, poet and mathematician 

• Haseb Tabari, astronomer 

 

3.3.8 I 

• Ibn Abi Sadiq (11th century), “The Second Hip- 
pocrates”, Avicenna’s disciple 

• Ibn Khordadbeh (c. 820–912), geographer 

• Ibn Rustah (9th century), explorer and geographer 

• Ilaqi, Yusef (11th century), Avicenna's pupil 

• Mansur ibn Ilyas (14th century), physician 

• Isfahani Abol-fath (10th century),  mathematician 

• Ibn Sina (Avicenna, 980–1037), philosopher and 
physician 

• Isfahani, Jalaleddin (19th century), physician 

• Isfahani, Husayn (15th century), physician 

• Estakhri (?–957), geographer, gives the earliest 
known account of windmills 

• Iranshahri (9th century), philosopher, teacher of 
Muhammad Zakaria Razi 

3.3.9 J 

• Jabir ibn Hayyan (721–815), polymath, consid- 

ered the father of chemistry, emphasized systematic 
experimentation, and did much to free alchemy from 

superstition and turn it into a science 

• Jaghmini (14th century), physician 

• Jaldaki (?–1342), physician 

• Juvayni (1226–1283), historian 

• Juwayni (1028–1085), philosopher, theologian 

• Juzjani, Abu Ubaid (?–1070), physician 

• Jamal al-Din, astronomer 

• Jamasp, philosopher 

• Al-Abbās ibn Said al-Jawharī (800-860), geometer 

 

3.3.10 K 

• Karaji (953–1029), mathematician 

• Jamshid-i Kashani (c. 1380–1429), mathematician 

• Kashfi, Jafar  (1775/6–1850/1), theologian 

• Sadid al-Din al-Kazaruni (14th century), physician 

• Kermani, Iwad (15th century), physician 

• Kermani, Shams-ud-Din, Islamic scholar 

• Al-Khazini (c. 1130), physicist 

• Khayyam, Omar (1048–1131), poet, mathemati- 
cian, and astronomer 

• Khorasani, Sultan Ali (16th century), physician 

• Al-Kharaqī, astronomer and mathematician 

• Khujandi (c. 940–c. 1000), mathematician and as- 
tronomer 

• Muhammad ibn Musa al-Khwarizmi (a.k.a. Al- 
Khwarazmi, c. 780–c. 850), creator of algorithm 
and algebra, mathematician and astronomer 

• Najm al-Dīn al-Qazwīnī al-Kātibī, logician and 
philosopher 

• Shams al-Din al-Khafri, astrologer 

• Abū Sahl al-Qūhī, mathematician and astronomer 

• Kubra, Najmeddin (1145–1220) 

• Abu Ishaq al-Kubunani (d. after 886/1481), math- 
ematician, astronomer 

• Abu Zayn Kahhal, physician 
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3.3.11 M 

• Mahani (9th century), mathematician 

• Muhammad Baqir Yazdi (17th century), he gave the 
pair of amicable numbers 9,363,584 and 9,437,056 

• Majusi, Ibn Abbas (?–c. 890), physician 

• Marvazi, Abu Taher (12th century), philosopher 

• Masawaiyh (777–857), or Masuya 

• Mashallah ibn Athari (740–815), of Jewish origins, 
from Khorasan who designed the city of Baghdad 
based on Firouzabad 

• Mirza Ali Hakim (17th century), physician 

• Miskawayh  (932–1030), philosopher 

• Sharaf al-Zaman al-Marwazi, physician 

• Hamdallah Mustawfi (1281–1349), geographer 

• Mulla Sadra (1572–1640),  philosopher 

• Ibn al-Muqaffa' (?–756), founder of Arabic prose 
along with Abdol-Hamid 

• bin Musa, Hasan (9th century), astronomer 

• bin Musa, Ahmad (9th century), astronomer 

• bin Musa, Muhammad (9th century), astronomer 

• Muhammad ibn Muhammad Tabrizi (13th century), 
philosopher 

• Abu Mansur al-Maturidi, Islamic scholar 

• Muqatil ibn Sulayman, mufassir of Quran 

• Ibn Manda, Hadith scholar 

 

3.3.12 N 

• Nagawri (14th century), physician 

• Nahavandi, Benjamin, Jewish scholar 

• Nahavandi, Ahmad (9th century), astronomer 

• Nakhshabi (14th century), physician 

• Nasir Khusraw (1004–1088), scientist, Ismaili 
scholar, mathematician, philosopher, traveler and 
poet 

• Nasavi (c. 1010–c. 1075), mathematician 

• Natili Tabari (10th century), physician 

• Naubakht (9th century), designer of the city of 
Baghdad 

• Naubakht, Fadhl ibn (8th century), astronmer 

• 

Nawbakhty (4th century), Islamic scholar, philoso- 
pher 

• Nizam  al-Din  Nishapuri, mathematician, as- 
tronomer, jurist, exegete, and poet 

• Nawbakhti, Ruh (10th century), Islamic scholar 

• Nayrizi  (865–1022), mathematician 

• Naqshband, Baha ud-Din (1318–1389), philosopher 

• Abu al-Qasim al-Habib Neishapuri (18th century), 
physician 

• Muslim ibn al-Hajjaj (c. 815–875), Islamic scholar 

• Nurbakhshi (16th century), physician 

• Abu Hafs Umar an-Nasafi, theologian, mufassir, 
muhaddith and historian 

• Al-Nasa'i, hadith collector 

• Shihab al-Din Muhammad al-Nasawi, historian and 
biographer 

• Abu Nu`aym, Islamic scholar 

 

3.3.13 P 

• Paul the Persian (6th century), philosopher 

 

3.3.14 Q 

• Qazwini, Zakariya (1203–1283), physician 

• Qumi, Qazi Sa’id (1633–1692), theologian 

• Qumri (10th century), physician 

• Ali Qushji (1403 – 16 December 1474), mathemati- 
cian, astronomer and physician 

• Ali al-Qari, Islamic scholar 

• Ali Ibn Ibrahim Qomi, jurist and Shia scholar 

• Qushayri, Abd al-Karīm ibn Hawāzin (986–1074), 
philosopher 

 
3.3.15 R 

• Razi, Amin (16th century), geographer 

• Razi Amoli, Fakhreddin (1149–1209), philosopher 

• Razi, Zakariya (Rhazes) (854–932), chemist and 
physicist 

• Razi, Najmeddin (1177–1256), mystic 

• Rumi, Jalal ad-Din Muhammad (1207–1273) 
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• Rashid-al-Din Hamadani (1247–1318), historian, 

physician and politician 

• Abu Hatim Ahmad ibn Hamdan al-Razi, Ismaili 
philosopher 

 

3.3.16 S 

• Sabzevari, Mulla Hadi (1797–1873), poet and 
philosopher 

• Saghani Ostorlabi (?–990), astronomer 

• Sahl, Fadl ibn (?–818), astronomer 

• Sahl, Shapur ibn (?–869), physician 

• Samarqandi, Najibeddin (13th century), physician 

• Samarqandi, Ashraf (c. 1250–c. 1310), mathemati- 
cian, astronomer 

• Sarakhsi, Muhammad ibn Ahmad (?–1096), Islamic 
scholar 

• Ahmad ibn al-Tayyib al-Sarakhsi, historian, trav- 
eller 

• Shahrastani (1086–1153), historian of religions 

• Shahrazuri (13th century), philosopher and physi- 
cian 

• Shahrazuri, Ibn al-Salah (1181–1245), Islamic 
scholar 

• Shaykh Tusi (996–1067), Islamic scholar 

• Ibn Babawayh (923–991), theologian 

• Ibn Sahl, mathematician, physicist 

• Abu ul-Ala Shirazi (d. 1001 CE), physician 

• Shaykh Muhammad ibn Thaleb, physician 

• Shirazi, Imad al-Din Mas’ud (16th century), physi- 
cian 

• Shirazi, Muhammad Hadi Khorasani (18th cen- 
tury), physician 

• Shirazi, Qutbeddin (1236–1311), astronomer 

• Shirazi, Mahmud ibn Ilyas (18th century), physician 

• Shirazi, Najm al-Din Mahmud ibn Ilyas (?–1330), 
physician 

• Shirazi, Qurayshi (17th century), physician 

• Shirazi, Sultan Waezin (1894–1971), theologian 

• Sijzi (c. 945–c. 1020), mathematician 

• Sijzi, Mas’ud (14th century), physician 

• 

Soleiman ibn Hasan (17th century), physician 

• Abd al-Rahman al-Sufi (903–986), astronomer from 
Ray who invented the meridian ring 

• Mūsā ibn Shākir, astronomer 

• Suhrawardi, Shahab al-Din (1155–1191), philoso- 
pher 

• Abu Sulayman Sijistani, philosopher 

• ‘Abd ar-Razzaq as-San‘ani, Islamic scholar 

• Sibawayh, linguist and grammarian 

• Zayn al-Din Omar Savaji, philosopher and logician 

• Zeynalabdin Shirvani, geographer, philosopher and 
poet 

• Abu Yaqub al-Sijistani, Ismaili philosopher 

 

3.3.17 T 

• Tabarani, Abu al-Qasim (873–970), Islamic scholar 

• Tabari Amoli (839–923), historian 

• Tabari, ibn Farrukhan (?–815), astrologer and ar- 
chitect 

• Tabari, Abul Hasan (10th century), physician 

• Tabari, Ibn Sahl (c. 783–c. 858), Jewish convert 
physician, master of Rhazes 

• Tabrizi, Maqsud Ali (17th century), physician 

• Taftazani (1322–1390), theologian, linguist 

• Tayfur, Ibn Abi Tahir (819–893), linguist 

• Tirmidhi (824–892), Islamic scholar 

• Tunakabuni (17th century),  physician 

• Tughra'i (c. 1061–1122), physician 

• Tusi, Nizam ol-Molk (1018–1092), the great vizier 

• Tusi, Nasireddin (1201–1274), mathematician, 
philosopher 

• Tusi, Sharafeddin (?–1213/4),  mathematician 

• Ahmad ibn Muhammad al-Tha'labi, Islamic scholar 

 

3.3.18 U 

• Safi al-Din al-Urmawi (c. 1216 – 1294 AD), musi- 
cian 
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3.3.19 V 

• Amin al-Din Rashid al-Din Vatvat (13th century), 
scholar and physician 

 

3.3.20 W 

• Waqidi (748–822), historian 

• Wassaf, historian 

• Al-Wabkanawi, astronomer 

century CE. He created a history of medicine organized 

as histories of notable physicians, a book about 700 pages 

long. 

 
3.4.1 Biography 

 

Ibn Abi Usaibia was born at Damascus, a member of the 

Banu Khazraj tribe. The son of a physician, he studied 

medicine at Damascus and Cairo. In 1236 he was ap- 

pointed physician to a new hospital in Cairo, but he sur- 

rendered the appointment the following year to take up a 

post given him by the ruler of Damascus in Salkhad near 
[1] 

3.3.21 Y that city. He lived in Salkhad until his death. His only 

 

• Yaʿqūb ibn Ṭāriq (?–796), mathematician and as- 
tronomer 

• Nazif ibn Yumn (?–990), mathematician 

• Yunus ibn Habib, linguist 

• Yahya ibn Ma'in, Islamic scholar 

• Yunus Al-Katib Al-Mughanni, musician 

• Yahya ibn Abi Mansur (d. 830 CE), astronomer 

 

3.3.22 Z 

• Zamakhshari (1074/5–1143/4), scholar and geogra- 
pher 

• Muhammad Zarrindast (11th century), oculist 

• Zayn-e-Attar (?–c. 1403), physician 

 

3.3.23 See also 

• List of contemporary Iranian scientists, scholars, 
and engineers 

• Nizamiyyah 

• Academy of Gundishapur 

• International rankings of Iran in science and tech- 
nology 

• List of Arab scientists and scholars 

 

3.3.24 References 
 

3.4 Ibn Abi Usaibia 
 

Ibn Abī Uṣaybiʿa Muʾaffaq al-Dīn Abū al-ʿAbbās Aḥ- 

mad Ibn Al-Qāsim Ibn Khalīfa al-Khazrajī (Arabic: 

 commonly referred to as Ibn Abi ,(1270–1203 ;ابن أبي أصيبعة

Usaibia, was a Syrian Arab physician of the 13th 

surviving work is Lives of the Physicians. In that work he 

mentions another of his works, but it has not survived.[2]
 

 

3.4.2 Lives of the Physicians 

The title in Arabic ʿUyūn ul-Anbāʾ fī Ṭabaqāt ul-Aṭibbāʾ 
(Arabic: عيون األنباء في طبقات األطباء) is translatable loosely and 

expansively as “selected historical accounts of lives of 

physicians, organized in historical groups”. The title is 

commonly translated into English as History of Physicians 
or Lives of the Physicians.[2] The early chapters are almost 

wholly about the physicians of ancient Greece. The rest 

of the book is mostly about the physicians of medieval Is- 

lam. There are also chapters on Syriac and Indian physi- 

cians. A first version appeared in 1245–1246 and was 

dedicated to the vizier of Damascus. A second and en- 

larged version was produced by the same author, though 

it is uncertain whether the new version was made public 

in the lifetime of the author.[1]
 

 
Editions 

 

In 1884 an Arabic edition was published by August 

Müller (Königsberg, 1884). Today the Arabic text is on- 

line at AlWaraq.net and elsewhere. A full translation into 

English is at Tertullian.org. 

 
3.4.3 References 

[1] Chisholm, Hugh, ed. (1911). Encyclopædia Britannica 

(11th ed.). The entry for Ibn Usaibi‘a in the 1911 Ency- 

clopedia Britannica is at Ref. 
 

[2] Roger Pearse (2011), Preface to the Online Edition -- the 

online edition of the Arabic-to-English translation of Ibn 

Abi Usaibia’s History of Physicians, translated by Lothar 

Kopf. 

 

3.4.4 External links 

• English translation of the Lives of the Physicians, 
translated by L. Kopf, 1954. 
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• Notes and comments on Ibn Abi Usaibia’s work. 

 

 
Warning: Page using Template:Authority control with 

“VIAF”, please move this to Wikidata if possible (this 
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3.5 Al-Biruni 

 
For the lunar crater, see Al-Biruni (crater). For the 

university, see Al-Beroni University. 

Warning: Page using Template:Infobox person with 

unknown parameter “religion” (this message is shown 

only in preview). 

 
Abū Rayḥān Muḥammad ibn Aḥmad Al-Bīrūnī 

(Chorasmian/Persian: نیوبير نيحاربوا    Abū  Rayḥān 
Bērōnī ;[3][4] New Persian: Abū Rayḥān Bīrūnī [5]) (4 

September 973[6][7]  – 9 December 1048[6]),  known  

as Al-Biruni (Arabic:  البيروني) in English,[8]  was  an 

Iranian[9][10][11] scholar and polymath from Khwarezm. 

Al-Biruni is regarded as one of the greatest scholars of 

the medieval Islamic era and was well versed in physics, 

mathematics, astronomy, and natural sciences, and also 

distinguished himself as a historian, chronologist and 

linguist.[11] He studied almost all fields of science and 

was compensated for his research and strenuous work. 

Royalty and powerful members of society sought out 

Al-Biruni to conduct research and study in order to 

uncover certain findings. He lived during the Islamic 

Golden Age, in which scholarly thought went hand in 

hand with the thinking and methodology of the Islamic 

religion. In addition to this type of influence, Al-Biruni 

was also influenced by other nations, such as the Greek, 

who he took inspiration from when he turned to studies 

of philosophy.[12] He was conversant in Khwarezmian, 

Persian, Arabic, Sanskrit, and also knew Greek, Hebrew 

and Syriac. He spent a large part of his life in Ghazni 

in modern-day Afghanistan, capital of the Ghaznavid dy- 

nasty which was based in what is now central-eastern 

Afghanistan. In 1017 he traveled to the Indian subconti- 

nent and authored Tarikh Al-Hind (History of India) after 

exploring the Hindu faith practised in India.[lower-alpha 1] 

He was given the title “founder of Indology". He was an 

impartial writer on customs and creeds of various nations, 

and was given the title al-Ustadh (“The Master”) for his 

remarkable description of early 11th-century India.[11] 

He also made contributions to Earth sciences, and is re- 

garded as the “father of geodesy" for his important con- 

tributions to that field, along with his significant contri- 

butions to geography. 

3.5.1 Life 

 
He was born in the outer district of Kath, the capital 

of the Afrighid dynasty of Khwarezm (now a part of 

Uzbekistan, Kazakhstan, and Turkmenistan[14])[15] (or 

Chorasmia).[16] The word Biruni means “from the outer- 

district” in Persian, and so this became his nisba: “al- 

Bīrūnī" = “the Birunian”.[16] Al-Biruni’s relatives also 

took interest in the studies of science as well, so he grew 

up in an environment encouraging to his interests. He 

even had ties to royalty as there are links in his fam- 

ily to the families of prestigious elites.[17] In order to 

conduct his research, Al-Biruni used different types of 

methods to tackle the different fields he studied. Peo- 

ple consider Al-Biruni to be one of the greatest scien- 

tists in history and especially of Islam because of his dis- 

coveries and methodology. He lived during the Islamic 

Golden Age, which promoted astronomy and encour- 

aged all scholars to work on their research.[17] Al-Biruni 

spent the first twenty-five years of his life in Khwarezm 

where he studied Islamic jurisprudence, theology, gram- 

mar, mathematics, astronomy, medics, philosophy and 

also dabbled in the field of physics and most other sci- 

ences as well.[16] The Iranian Khwarezmian language, 

which was the language of Biruni,[18][19] survived for sev- 

eral centuries after Islam until the Turkification of the re- 

gion, and so must some at least of the culture and lore of 

ancient Khwarezm, for it is hard to see the commanding 

figure of Biruni, a repository of so much knowledge, ap- 

pearing in a cultural vacuum.[20] He was sympathetic to 

the Afrighids, who were overthrown by the rival dynasty 

of Ma'munids in 995. He left his homeland for Bukhara, 

then under the Samanid ruler Mansur II the son of Nuh. 

There he corresponded with Avicenna[21] and there are 

extant exchanges of views between these two scholars. 

In 998, he went to the court of the Ziyarid amir of 

Tabaristan, Shams al-Mo'ali Abol-hasan Ghaboos ibn 

Wushmgir. There he wrote his first important work, 

al-Athar al-Baqqiya 'an al-Qorun al-Khaliyya (literally: 

“The remaining traces of past centuries” and translated as 

“Chronology of ancient nations” or “Vestiges of the Past”) 

on historical and scientific chronology, probably around 

1000 A.D., though he later made some amendments to 

the book. He also visited the court of the Bavandid 

ruler Al-Marzuban. Accepting the definite demise of the 

Afrighids at the hands of the Ma'munids, he made peace 

with the latter who then ruled Khwarezm. Their court 

at Gorganj (also in Khwarezm) was gaining fame for its 

gathering of brilliant scientists. 

In 1017, Mahmud of Ghazni took Rey. Most schol- 

ars, including al-Biruni, were taken to Ghazni, the cap- 

ital of the Ghaznavid dynasty.[1] Biruni was made court 

astrologer[22] and accompanied Mahmud on his invasions 

into India, living there for a few years. He was forty- 

four years old when he went on the journeys with Mah- 

mud of Ghazni.[23] Biruni became acquainted with all 

things related to India. He may even have learned some 
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Sanskrit.[24] During this time he wrote the Kitab ta'rikh 
al-Hind, finishing it around 1030.[25] Along with his writ- 

ing, Al-Biruni also made sure to extend his study to sci- 

ence while on the expeditions. He sought to find a method 

to measure the height of the sun and created an early ver- 

sion of an astrolabe in order to do so.[17] Al-Biruni was 

able to make much progress in his study over the frequent 

travels that he went on throughout the lands of India.[26]
 

 
3.5.2 Mathematics and astronomy 

 

An illustration from al-Biruni’s astronomical works, explains the 
different phases of the moon. 

 

 

 
Diagram illustrating a method proposed and used by Al-Biruni 
to estimate the radius and circumference of the Earth 

 
Ninety-five of 146 books known to have been written by 

Bīrūnī were devoted to astronomy, mathematics, and re- 

lated subjects like mathematical geography.[27] His reli- 

gion contributed to his research of astronomy, as in Islam, 

Muslim customs require knowing the directions of cer- 

tain sacred locations, which can actually be found through 

this type of scientific study.[17] Biruni’s major work on 

astrology[28] is primarily an astronomical and mathemat- 

ical text, only the last chapter concerns astrological prog- 

nostication. His endorsement of astrology is limited, in 

so far as he condemns horary astrology[29] as 'sorcery'. 

In discussing speculation by other Muslim writers on the 

possible motion of the Earth, Biruni acknowledged that 

he could neither prove nor disprove it, but commented 

favourably on the idea that the Earth rotates.[30] He wrote 

an extensive commentary on Indian astronomy in the 

Kitab ta'rikh al-Hind, in which he claims to have resolved 

the matter of Earth’s rotation in a work on astronomy that 

is no longer extant, his Miftah-ilm-alhai'a (Key to Astron- 
omy): 

 
[T]he rotation of the earth does in no way 

impair the value of astronomy, as all appear- 

ances of an astronomic character can quite as 

well be explained according to this theory as 

to the other. There are, however, other rea- 

sons which make it impossible. This question 

is most difficult to solve. The most prominent 

of both modern and ancient astronomers have 

deeply studied the question of the moving of 

the earth, and tried to refute it. We, too, have 

composed a book on the subject called Miftah- 
ilm-alhai'a (Key to Astronomy), in which we 

think we have surpassed our predecessors, if 

not in the words, at all events in the matter.[31]
 

 
In his description of Sijzi’s astrolabe he hints at contem- 

porary debates over the movement of the earth. He car- 

ried on a lengthy correspondence and sometimes heated 

debate with Ibn Sina, in which Biruni repeatedly attacks 

Aristotle’s celestial physics: he argues by simple exper- 

iment that vacuum must exist;[32] he is “amazed” by the 

weakness of Aristotle’s argument against elliptical orbits 

on the basis that they would create vacuum;[33] he attacks 

the immutability of the celestial spheres;[34] and so on. 

In his major extant astronomical work, the Mas’ud 
Canon, Biruni utilizes his observational data to disprove 

Ptolemy’s immobile solar apogee.[35] Not only did he per- 

form research on theories, but he also wrote an in-depth 

analysis and explanation of an astrolabe and how it should 

work. He drew many different depictions of various in- 

struments that are considered to be the precursors of more 

modern objects such as clocks and the astrolabe, in which 

other scientists were able to use to complete these in- 

ventions in the coming years.[17] More recently, Biruni’s 

eclipse data was used by Dunthorne in 1749 to help de- 

termine the acceleration of the moon[36] and his observa- 

tional data has entered the larger astronomical historical 

record and is still used today[37] in geophysics and astron- 

omy. 

 

3.5.3 Physics 
 

Al-Biruni contributed to the introduction of the 

experimental scientific method to mechanics, unified 
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statics and dynamics into the science of mechanics, 

and combined the fields of hydrostatics with dynamics 

to create hydrodynamics. He came up with different 

methods in order to explore densities, weight, and even 

gravity. Along with those methods, Biruni went so far 

as to describe instruments that go along with each of 

those areas as well. Although he never entirely focuses 

just on physics in any of his books, the study of physics 

is present throughout many of his various works. Biruni 

also came up with different hypotheses about heat and 

light.[17]
 

 

 

3.5.4 Geography 
 

 

Four directions and Political divisions of Iran by Abū Rayḥān 
al-Bīrūnī 

 

Bīrūnī also devised his own method of determining the 

radius of the earth by means of the observation of the 

height of a mountain and carried it out at Nandana in Pind 

Dadan Khan (present-day Pakistan).[38] He was heavily 

interested in the workings of the earth and included re- 

search about the planet in many of his works. The re- 

sult of his discovery of radius measurement was due to 

Biruni’s arduous research about the earth.[17]
 

See also: History of geodesy § Al-Biruni 

 

 

 

3.5.5 Pharmacology and mineralogy 

 

Biruni’s most important work was a major 

pharmacopoeia, the “Kitab al-saydala fi al-tibb” (Book on 

the Pharmacopoeia of Medicine), describing essentially 

all the medicines known in his time. It lists synonyms for 

drug names in Syriac, Persian, Greek, Baluchi, Afghan, 

Kurdi, and some Indian languages.[39][40]
 

Due to an apparatus he constructed himself, he succeeded 

in determining the specific gravity of a certain number of 

metals and minerals with remarkable precision.[41]
 

3.5.6 History and chronology 
 

Biruni’s main essay on political history, Kitāb al- 

musāmara fī aḵbār Ḵᵛārazm (Book of nightly conversa- 

tion concerning the affairs of Ḵᵛārazm) is now known 

only from quotations in Bayhaqī’s Tārīkh-e masʿūdī. In 

addition to this various discussions of historical events 

and methodology are found in connection with the lists of 

kings in his al-Āthār al-bāqiya and in the Qānūn as well 

as elsewhere in the Āthār, in India, and scattered through- 

out his other works.[42] Al-Biruni’s study of history was 

not limited to the aforementioned topics, he also touched 

upon the topic of the earth’s creation. He elaborated upon 

the fact that the earth was created from the elements and 

not solely through divine creation. Even though Islam did 

influence his study, he did acknowledge the role of the 

elements.[17]
 

 
 

3.5.7 History of Religions 
 

Bīrūnī is one of the most important Muslim authori- 

ties on the history of religion.[43] Al-Biruni was a pi- 

oneer in the study of comparative religion. He stud- 

ied Zoroastrianism, Judaism, Hinduism, Christianity, 

Buddhism, Islam, and other religions. He treated reli- 

gions objectively, striving to understand them on their 

own terms rather than trying to prove them wrong. His 

underlying concept was that all cultures are at least distant 

relatives of all other cultures because they are all human 

constructs. “What al-Biruni seems to be arguing is that 

there is a common human element in every culture that 

makes all cultures distant relatives, however foreign they 

might seem to one another.”[44]
 

Al-Biruni divides Hindus into an educated and an uned- 

ucated class. He describes the educated as monotheistic, 

believing that God is one, eternal, and omnipotent and 

eschewing all forms of idol worship. He recognizes that 

uneducated Hindus worshipped a multiplicity of idols yet 

points out that even some Muslims (such as the Jabiriyya) 

have adopted anthropomorphic concepts of God.[45]
 

 
 

3.5.8 Indology 
 

Bīrūnī’s fame as an Indologist rests primarily on two 

texts.[46] Al-Biruni wrote an encyclopedic work on In- 

dia called “Tarikh Al-Hind” (History of India) in which 

he explored nearly every aspect of Indian life, includ- 

ing religion, history, geography, geology, science, and 

mathematics. During his journey through India, military 

and political histories were not of Al-Biruni’s main fo- 

cus. Instead, he decided to document the more civilian 

and scholarly areas of Hindu life such as culture, science, 

and religion.[47] He explores religion within a rich cul- 

tural context.[48] He expresses his objective with simple 

eloquence: 
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I shall not produce the arguments of our an- 

tagonists in order to refute such of them, as I 

believe to be in the wrong. My book is noth- 

ing but a simple historic record of facts. I shall 

place before the reader the theories of the Hin- 

dus exactly as they are, and I shall mention in 

connection with them similar theories of the 

Greeks in order to show the relationship exist- 

ing between them.(1910, Vol. 1, p. 7;1958, p. 

5) 

 

An example of Al-Biruni’s analysis is his summary of 

why many Hindus hate Muslims. Biruni notes in the be- 

ginning of his book how the Muslims had a hard time 

learning about the Hindu knowledge and culture.[48] He 

explains that Hinduism and Islam are totally different 

from each other. Moreover, Hindus in 11th century In- 

dia had suffered through waves of destructive attacks on 

many of its cities, and Islamic armies had taken numer- 

ous Hindu slaves to Persia which, claimed Al-Biruni, con- 

tributed to Hindus becoming suspicious of all foreigners, 

not just Muslims. Hindus considered Muslims violent 

and impure, and did not want to share anything with them. 

Over time, Al-Biruni won the welcome of Hindu schol- 

ars. Al-Biruni collected books and studied with these 

Hindu scholars to become fluent in Sanskrit, discover and 

translate into Arabic the mathematics, science, medicine, 

astronomy and other fields of arts as practiced in 11th 

century India. He was inspired by the arguments offered 

by Indian scholars who believed earth must be globular 

in shape, which is the only way to fully explain the dif- 

ference in daylight hours by latitude, seasons and earth’s 

relative positions with moon and stars.[49] At the same 

time, Al-Biruni was also critical of Indian scribes who 

he believed carelessly corrupted Indian documents while 

making copies of older documents.[50] He also criticized 

the Hindus on what he saw them do and not do, like their 

deficiencies in curiosity about history and religion.[48] Al- 

Biruni’s translations as well as his own original contri- 

butions reached Europe in 12th and 13th century, where 

they were actively sought. 

One of the specific aspects of Hindu life that Al-Biruni 

studied was the Hindu calendar. His scholarship on the 

topic exhibited great determination and focus, not to 

mention the excellence in his approach of the in-depth 

research he performed. He developed a method for 

converting the dates of the Hindu calendar to the dates 

of the three different calendars that were common in 

the Islamic countries of his time period, the Greek, the 

Arab/Muslim, and the Persian. Biruni also employed as- 

tronomy in the determination of his theories, which were 

complex mathematical equations and scientific calcula- 

tion that allows one to convert dates and years between 

the different calendars.[51]
 

The book does not limit itself to tedious records of bat- 

tle because Al-Biruni found the social culture to be more 

important. The work includes research on a vast array of 

topics of Indian culture, including descriptions of their 

traditions and customs. Although he tried to stay away 

from political and military history, Biruni did indeed 

record important dates and noted actual sites of where 

significant battles occurred. Additionally, he chronicled 

stories of Indian rulers and told of how they ruled over 

their people with their beneficial actions and acted in 

the interests of the nation. But, his details are brief and 

mostly just list rulers without referring to their real names. 

He did not go on about deeds that each one carried out 

during their reign, which keeps in line with Al-Biruni’s 

mission to try to stay away from political histories. Al- 

Biruni also described the geography of India in his work. 

He documented different bodies of water and other nat- 

ural phenomena. These descriptions are useful to today’s 

modern historians because they are able to use Biruni’s 

scholarship to locate certain destinations in modern-day 

India. Historians are able to make some matches while 

also concluding that certain areas seem to have disap- 

peared and been replaced with different cities. Different 

forts and landmarks were able to be located, legitimiz- 

ing Al-Biruni’s contributions with their usefulness to even 

modern history and archeology.[48]
 

The dispassionate account of Hinduism given by Al- 

Biruni was remarkable for its time. He stated that he was 

fully objective in his wrtitings, remaining unbiased like 

a proper historian should. Biruni documented everything 

about India just as it happened. But, he did note how 

some of the accounts of information that he was given by 

natives of the land may not have been reliable in terms of 

complete accuracy, however, he did try to be as honest as 

possible in his writing.[48] Mohammad Yasin compares 

it to “a magic island of quiet, impartial research in the 

midst of a world of clashing swords, burning towns, and 

plundered temples.”[52]
 

Biruni’s writing was very poetic, which may diminish 

some of the historical value of the work for modern times. 

The lack of description of battle and politics makes those 

parts of the picture completely lost. However, Al-Biruni’s 

work has been used by many in order to check the facts 

of history in other works that may have been ambiguous 

in meaning or had their validity questioned.[48]
 

 

 

3.5.9 Works 
 

Most of the works of Al-Biruni are in Arabic although he 

wrote one of his masterpieces, the Kitab al-Tafhim ap- 

parently in both Persian and Arabic, showing his mastery 

over both languages.[53] Bīrūnī’s catalogue of his own lit- 

erary production up to his 65th lunar/63rd solar year (the 

end of 427/1036) lists 103 titles divided into 12 cate- 

gories: astronomy, mathematical geography, mathemat- 

ics, astrological aspects and transits, astronomical instru- 

ments, chronology, comets, an untitled category, astrol- 

ogy, anecdotes, religion, and books of which he no longer 

possesses copies.[54] His extant works include: 
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• Critical study of what India says, whether accepted 

by reason or refused (Arabic تحقيق ما للهند من 

 also known as the ,(مقولة معقولة في العقل أم مرذولة

Indica – a compendium of India’s religion and 

philosophy 

• The Book of Instruction in the Elements of the Art 
of Astrology (Kitab al-tafhim li-awa’il sina‘at al- 
tanjim). 

• The Remaining Signs of Past Centuries (Arabic 
 a compara- tive – (الآثار الباقية عن القرون الخالية
study of calendars of different cultures and civ- 

ilizations, interlaced with mathematical, astronomi- 
cal, and historical information. 

• The Mas’udi Canon (Persian قانون مسعودي) – 

an extensive encyclopedia on astronomy, geogra- 
phy, and engineering, named after Mas’ud, son of 
Mahmud of Ghazni, to whom he dedicated. 

• Understanding Astrology (Arabic التنجيم التفهيم 

 a question and answer style book about – (لصناعة
mathematics and astronomy, in Arabic and 

Persian. 

• Pharmacy – about drugs and medicines. 

• Gems (Arabic الجماهر في معرفة الجواهر) about ge- 

ology, minerals, and gems, dedicated to Mawdud 
son of Mas’ud. 

• Astrolabe. 

• A historical summary book. 

• History of Mahmud of Ghazni and his father. 

• History of Khawarezm. 

 
Persian work 

 

Biruni wrote most of his works in Arabic, as the scien- 

tific language of his age, however, his Persian version of 

the Al-Tafhim[53] is one of the most important of the 

early works of science in the Persian language, and is a 

rich source for Persian prose and lexicography.[53] The 

book covers the Quadrivium in a detailed and skilled 

fashion.[53]
 

 

3.5.10 Legacy 
 

The lunar crater Al-Biruni and the asteroid 9936 Al- 

Biruni were named in his honour. 

In June 2009 Iran donated a scholar pavilion to United 

Nations Office in Vienna which is placed in the cen- 

tral Memorial Plaza of the Vienna International Cen- 

ter.[55] The Persian Scholars Pavilion at United Nations in 

Vienna, Austria is featuring the statues of four prominent 

Iranian figures.  Highlighting the Iranian architectural 

 

 
 

Lunar crater Al-Biruni, on the far side of the Moon, as seen by 
Apollo 14 

 
 

features, the pavilion is adorned with Persian art forms 

and includes the statues of renowned Iranian scientists 

Avicenna, Abu Rayhan Biruni, Zakariya Razi (Rhazes) 

and Omar Khayyam.[56][57]
 

 

The statue of Al-Biruni in Persian Scholars Pavilion, United Na- 
tions Office in Vienna, Austria 

 

 

3.5.11 Notes and references 

Notes 

 

[1] Al-Biruni’s idea of al-Hind (India) was a cultural zone, 

more or less coinciding with the present day India.[13]
 

 

Citations 

 

[1] The Exact Sciences, E.S.Kennedy, The Cambridge His- 

tory of Iran: The period from the Arab invasion to 

the Saljuqs, Ed. Richard Nelson Frye, (Cambridge Uni- 

versity Press, 1999), 394. 

https://en.wikipedia.org/wiki/The_Remaining_Signs_of_Past_Centuries
https://en.wikipedia.org/wiki/Encyclopedia
https://en.wikipedia.org/wiki/Mahmud_of_Ghazni
https://en.wikipedia.org/wiki/Al-Biruni#cite_note-Nasr-54
https://en.wikipedia.org/wiki/Persian_language
https://en.wikipedia.org/wiki/Al-Biruni#cite_note-Nasr-54
https://en.wikipedia.org/wiki/Quadrivium
https://en.wikipedia.org/wiki/Al-Biruni#cite_note-Nasr-54
https://en.wikipedia.org/wiki/Al-Biruni_(crater)
https://en.wikipedia.org/wiki/9936_Al-Biruni
https://en.wikipedia.org/wiki/9936_Al-Biruni
https://en.wikipedia.org/wiki/Iran
https://en.wikipedia.org/wiki/United_Nations_Office_in_Vienna
https://en.wikipedia.org/wiki/United_Nations_Office_in_Vienna
https://en.wikipedia.org/wiki/Memorial_Plaza_(Vienna)
https://en.wikipedia.org/wiki/Vienna_International_Center
https://en.wikipedia.org/wiki/Vienna_International_Center
https://en.wikipedia.org/wiki/Al-Biruni#cite_note-56
https://en.wikipedia.org/wiki/Persian_Scholars_Pavilion
https://en.wikipedia.org/wiki/Vienna
https://en.wikipedia.org/wiki/Austria
https://en.wikipedia.org/wiki/Al-Biruni_(crater)
https://en.wikipedia.org/wiki/Far_side_of_the_Moon
https://en.wikipedia.org/wiki/Apollo_14
https://en.wikipedia.org/wiki/Avicenna
https://en.wikipedia.org/wiki/Muhammad_ibn_Zakariya_al-Razi
https://en.wikipedia.org/wiki/Omar_Khayyam
https://en.wikipedia.org/wiki/Al-Biruni#cite_note-57
https://en.wikipedia.org/wiki/Al-Biruni#cite_note-57
https://en.wikipedia.org/wiki/Persian_Scholars_Pavilion
https://en.wikipedia.org/wiki/United_Nations_Office_in_Vienna
https://en.wikipedia.org/wiki/United_Nations_Office_in_Vienna
https://en.wikipedia.org/wiki/Austria
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Al-Biruni#cite_note-14


3.5.  AL-BIRUNI 282 
 

 

Muslims and Evolution of Science 

 

 
 

Abu Raihan Al-Biruni, from Khwarazm, must be 

mentioned since he was one of the greatest scien- 

tists in World History"(R.N. Frye, “The Golden age 

of Persia”, 2000, Phoenix Press. pg 162) 

• M. A. Saleem Khan, “Al-Biruni’s discovery of 

India: an interpretative study”, iAcademicBooks, 

2001. pg 11: “It is generally accepted that he was 

Persian by origin, and spoke the Khwarizmian di- 

alect” 

• Rahman, H. U. (1995), A Chronology of Islamic 
History : 570 – 1000 CE, London: Mansell Pub- 

lishing, p. 167, ISBN 1-897940-32-7, A Persian 

by birth, Biruni produced his writings in Arabic, 

though he knew, besides Persian, no less than four 

other languages 
 

[10] •  Biruni (2007). Encyclopædia Britannica. Retrieved 

22 April 2007; 

• David C. Lindberg, Science in the Middle Ages, 
University of Chicago Press, p. 18: 

 

 

 

 

 
The statue of Al-Biruni in United Nations Office in Vienna as a 
part of Persian Scholars Pavilion donated by Iran 

 
 

[2] Kemal Ataman, Understanding other religions: al-Biruni’s 
and Gadamer’s “fusion of horizons”, (CRVP, 2008), 58. 

[3] Sachau, E. (1879). The chronology of ancient nations; an 

english version of the Arabic text of the Athâr-ul-Bâkiya 

of Albîrûnî, or “Vestiges of the past”, (p. Vii). London: 

Pub. for the Oriental translation fund of Great Britain & 

Ireland by W.H. Allen. 

[4] MAcKENZIE, D. (1971). A Concise Pahlavi Dictionary 

(p. 18). OXFORD UNIVERSITY PRESS 

[5] BĪRŪNĪ, ABŪ RAYḤĀN. Encyclopædia Iranica, (1989, 

December 15). Retrieved August 20, 2015. 

[6] Encyclopedia of Islam. Lahore, Pakistan. 1971. p. 264. 

[7]   http://www.astro.com/astro-databank/Al-Biruni, 

_Abdul. Missing or empty |title= (help) 

[8] Encyclopædia Britannica, al-Biruni (Persian scholar and 
scientist) – Britannica Online Encyclopedia, Britan- 

nica.com, retrieved 2010-02-28 

[9] • Bosworth, C. E. (1968), “The Political  and Dy- 

nastic History of the Iranian World (A.D. 1000– 

1217)”, J.A. Boyle (ed.), Cambridge History of 

Iran, vol. 5: The Saljuq and Mongol Periods, Cam- 

bridge University Press: 1–202. [45]. Excerpt from 

page 7:"The Iranian scholar al-BIruni says that the 

Khwarazmian era began when the region was first 

settled and cultivated, this date being placed in the 

early 13th-century BC)" 

• Richard Frye: “The contribution of Iranians to Is- 

lamic mathematics is overwhelming. ..The name of 

“A Persian by birth, a rationalist in dis- 

position, this contemporary of Avicenna and 

Alhazen not only studied history, philosophy, 

and geography in depth, but wrote one of 

the most comprehensive Muslim astronomi- 

cal treatises, the Qanun Al-Masu'di.” 
 

; 
 

• L. Massignon, “Al-Biruni et la valuer internationale 

de la science arabe” in Al-Biruni Commemoration 

Volume, (Calcutta, 1951). pp 217–219. 

; 
 

• Gotthard Strohmaier, “Biruni” in Josef W. Meri, 

Jere L. Bacharach, Medieval Islamic Civilization: A- 
K, index: Vol. 1 of Medieval Islamic Civilization: 
An Encyclopedia, Taylor & Francis, 2006. excerpt 

from page 112: “Although his native Khwarezmian 

was also an Iranian language, he rejected the emerg- 

ing neo-Persian literature of his time (Firdawsi), 

preferring Arabic instead as the only adequate 

medium of science."; 

• D. N. MacKenzie, Encyclopaedia Iranica, 

“CHORASMIA iii. The Chorasmian Language”. 

Excerpt: “Chorasmian, the original Iranian lan- 

guage of Chorasmia, is attested at two stages of 

its development..The earliest examples have been 

left by the great Chorasmian scholar Abū Rayḥān 

Bīrūnī."; 

• A.L.Samian, “Al-Biruni” in Helaine Selin (ed.), 

“Encyclopaedia of the history of science, tech- 

nology, and medicine in non-western cultures ", 

Springer, 1997. excerpt from page 157: “his native 

language was the Khwarizmian dialect” 
 

[11] D.J. Boilot, “Al-Biruni (Beruni), Abu'l Rayhan Muham- 

mad b. Ahmad”, in Encyclopaedia of Islam (Leiden), 

New Ed., vol.1:1236–1238. Excerpt 1: “He was born of 

an Iranian family in 362/973 (according to al-Ghadanfar, 

on 3 Dhu'l-Hididja/ 4 September — see E.  Sachau, 

https://en.wikipedia.org/wiki/International_Standard_Book_Number
http://www.britannica.com/eb/article-9015394
https://en.wikipedia.org/wiki/Encyclop%C3%A6dia_Britannica
https://en.wikipedia.org/wiki/University_of_Chicago_Press
https://en.wikipedia.org/wiki/United_Nations_Office_in_Vienna
https://en.wikipedia.org/wiki/Persian_Scholars_Pavilion
https://en.wikipedia.org/wiki/Iran
http://www.astro.com/astro-databank/Al-Biruni%2C_Abdul
http://www.astro.com/astro-databank/Al-Biruni%2C_Abdul
http://www.britannica.com/EBchecked/topic/66790/al-Biruni
http://www.britannica.com/EBchecked/topic/66790/al-Biruni
https://en.wikipedia.org/wiki/Iranian_language
https://en.wikipedia.org/wiki/Encyclopaedia_of_Islam


3.5.  AL-BIRUNI 283 
 

 

Muslims and Evolution of Science 

 

 
 

Chronology, xivxvi), in the suburb (birun) of Kath, capital 

of Khwarizm”. Excerpt 2:"was one of the greatest schol- 

ars of mediaeval Islam, and certainly the most original and 

profound. He was equally well versed in the mathemati- 

cal, astronomic, physical and natural sciences and also dis- 

tinguished himself as a geographer and historian, chronol- 

ogist and linguist and as an impartial observer of customs 

and creeds. He is known as al-Ustdadh, “the Master”. 

[12] Healey, Christina (2006). Al-Biruni. 

[13] Verdon, Noémie (2015), “Conceptualisation of al-Hind 
by Arabic and Persian writers”, in Himanshu Prabha Ray, 

Negotiating Cultural Identity: Landscapes in Early Me- 
dieval South Asian History, Routledge, p. 52, ISBN 978- 

1-317-34130-7 

[14] Sparavigna, Amelia (2013). “The Science of Al-Biruni”. 

The International Journal of Sciences. 2. 

[15] Al-Biruni, D.J. Boilet, The Encyclopaedia of Islam, Vol. 

I, ed. H.A.R. Gibb, J.H. Kramers, E. Levi-Provencal, J. 

Schacht, (Brill, 1986), 1236. 

[16] C. Edmund Bosworth, “BĪRŪNĪ, ABŪ RAYḤĀN  i. 

Life” in Encyclopedia Iranica. Access date April 2011 

at 

[17] Sparavigna, Amelia (2013). “The Science of Al-Biruni”. 

International Journal of Sciences. 2. 

[18] Gotthard Strohmaier, “Biruni” in Josef W. Meri, Jere L. 

Bacharach, Medieval Islamic Civilization: A-K, index: Vol. 

1 of Medieval Islamic Civilization: An Encyclopedia, Tay- 

lor & Francis, 2006. excerpt from page 112: “Although 

his native Khwarezmian was also an Iranian language, he 

rejected the emerging neo-Persian literature of his time 

(Firdawsi), preferring Arabic instead as the only adequate 

medium of science."; 

[19] D. N. MacKenzie, Encyclopaedia Iranica, “CHORAS- 

MIA iii. The Chorasmian Language” “Chorasmian, the 

original Iranian language of Chorasmia, is attested at 

two stages of its development..The earliest examples have 

been left by the great Chorasmian scholar Abū Rayḥān 

Bīrūnī. 

[20] Bosworth, C.E. "Ḵh̲ W Ārazm.” Encyclopaedia of Islam. 

Edited by: P. Bearman , Th. Bianquis , C.E. Bosworth , E. 

van Donzel and W.P. Heinrichs. Brill, 2007. Brill Online. 

Accessed at 10 November 2007 <http://www.brillonline. 

nl/subscriber/entry?entry=islam_SIM-4205> 

[21] Firoozeh Papan-Matin, Beyond death: the mystical teach- 
ings of ̒ Ayn al-Quḍāt al-Hamadhānī, (Brill, 2010), 111. 

[22] Marshall G. S. Hodgson, The Venture of Islam: Conscience 
and History in a World Civilization, Vol.3, (University of 

Chicago Press, 1958), 168. 

[23] Sparavigna, Amelia (2013). “The Science of Al-Biruni”. 

International Journal of Science. 2. 

[24] Jean Jacques Waardenburg, Muslim Perceptions of other 
Religions: A Historical Survey, (Oxford University Press, 

1999), 27. 

[25] Jean Jacques Waardenburg, 27. 

 

[26] Khan, M.S. (1976). “Al-Biruni and the Political History 

of India”. Oriens. 25/26. 

[27] George Saliba, “BĪRŪNĪ, ABŪ RAYḤĀN iii. Mathe- 

matics and Astronomy” in Encyclopaedia Iranica 
 

[28] Biruni, 'Book of Instruction in the Elements of the Art of 

Astrology', c.1027 

[29] George C. Noonan, 'Classical Scientific Astrology' 

[30]  Douglas (1973, p.210) 

[31] Al-Biruni, trans. by Edward C. Sachau (1888), Alberuni’s 

India: an account of the religion, philosophy, and litera- 

ture, p.277 
 

[32] c.f. questions six and seven; Rafik Berjak, Muzaffar Iqbal 

'Ibn Sinaal-Biruni correspondence pt.V', Islam and Sci- 

ence, Summer, 2005 
 

[33] Rafik Berjak & Muzaffar Iqbal, 'Ibn SinaAl-Biruni cor- 

respondence pt.III', Islam & Science / Summer, 2004 
 

[34] Rafik Berjak & Muzaffar Iqbal, 'Ibn SinaAl-Biruni cor- 

respondence pt.III', Islam & Science / Summer, 2003 
 

[35] Rosenfeld, B. (1974), Review of Zhizn' i trudy Beruni, 

'Biruni', Journal for the History of Astronomy, Vol. 5, 

p.135 
 

[36] M. Th. Houtsma, 'E. J. Brill’s first encyclopaedia of Islam 

1913–1936', p.681 
 

[37] Francis Stephenson (1995), 'Historical eclipses and earth’s 

rotation', pp.45,457,488–499 
 

[38] David Pingree,"BĪRŪNĪ, ABŪ RAYḤĀN iv. Geogra- 

phy” in Encyclopaedia Iranica 
 

[39] Kujundzić, E.; Masić, I. (1999). "[Al-Biruni--a universal 

scientist]". Med.  Arh.  (in Croatian). 53 (2): 117–120. 

PMID 10386051. 
 

[40] Levey, Martin (1973). Early Arabic Pharmacology: An 
Introduction Based on Ancient and Medieval Sources. Brill 

Archive. p. 179. ISBN 90-04-03796-9. 
 

[41] Georges C. Anawati, BĪRŪNĪ, ABŪ RAYḤĀN v. Phar- 

macology and Mineralogy, in Encyclopaedia Iranica 
 

[42] David Pingree, “BĪRŪNĪ, ABŪ RAYḤĀN vi. History 

and Chronology” in Encyclopaedia Iranica 
 

[43] François de Blois,"BĪRŪNĪ, ABŪ RAYḤĀN vii. History 

of Religions” in Encyclopaedia Iranica 

[44] Rosenthal, 1976, p. 10 

[45] Ataman, 2005 
 

[46] Bruce B. Lawerence, “BĪRŪNĪ, ABŪ RAYḤĀN viii. In- 

dology” in Encyclopaedia Iranica 
 

[47] Khan, M.S. (1976). “Al-biruni and the Political History 

of India”. Oriens. 25/26. 

[48] Khan, M.S. (1976). “Al-Biruni and the Political History 

of India”. Oriens. 25/26. 

https://books.google.com/books?id=CgXgCgAAQBAJ&amp;pg=PA52
https://books.google.com/books?id=CgXgCgAAQBAJ&amp;pg=PA52
https://en.wikipedia.org/wiki/International_Standard_Book_Number
http://www.ijsciences.com/pub/article/364
http://www.ijsciences.com/pub/article/364
https://en.wikipedia.org/wiki/Iranian_language
http://www.brillonline.nl/subscriber/entry?entry=islam_SIM-4205
http://www.brillonline.nl/subscriber/entry?entry=islam_SIM-4205
http://www.ijsciences.com/pub/article/364
https://books.google.com/books?id=VbPna7GOoIEC&amp;printsec=frontcover%23v%3Donepage&amp;q&amp;f=false
https://books.google.com/books?id=VbPna7GOoIEC&amp;printsec=frontcover%23v%3Donepage&amp;q&amp;f=false
https://books.google.com/books?id=Hp-H4KhAvoUC&amp;lpg=PR3&amp;pg=PA32%23v%3Donepage&amp;q&amp;f=false
https://en.wikipedia.org/wiki/Al-Biruni#CITEREFDouglas1973
http://findarticles.com/p/articles/mi_m0QYQ/is_1_3/ai_n15947590/pg_2/?tag=content%3Bcol1
http://findarticles.com/p/articles/mi_m0QYQ/is_1_2/ai_n6160528/
http://findarticles.com/p/articles/mi_m0QYQ/is_1_2/ai_n6160528/
http://www.questia.com/googleScholar.qst?docId=5007384244
http://www.questia.com/googleScholar.qst?docId=5007384244
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?bibcode=1974JHA.....5..135R&amp;db_key=AST&amp;page_ind=0&amp;data_type=GIF&amp;type=SCREEN_VIEW&amp;classic=YES
https://books.google.com/books?id=p5U3AAAAIAAJ&amp;pg=PA681
https://books.google.com/books?id=p5U3AAAAIAAJ&amp;pg=PA681
https://books.google.com/books?id=bTEhqlkRn9UC&amp;lpg=PR45
https://books.google.com/books?id=bTEhqlkRn9UC&amp;lpg=PR45
https://en.wikipedia.org/wiki/David_Pingree
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/10386051
https://books.google.com/books?id=LtYUAAAAIAAJ&amp;pg=PA179
https://books.google.com/books?id=LtYUAAAAIAAJ&amp;pg=PA179
https://en.wikipedia.org/wiki/International_Standard_Book_Number


3.5.  AL-BIRUNI 284 
 

 

Muslims and Evolution of Science 

 

 
[49] Bīrūnī, Muḥammad ibn Aḥmad (1910), “On the Shape of 

Heaven and Earth According to the Hindu Astronomers”, 

Alberuni’s India: An Account of the Religion, Philosophy, 
Literature, Geography, Chronology, Astronomy, Customs, 
Laws and Astrology of India about A.D. 1030, 1, London: 

Kegan Paul, Trench, Trübner, pp. 267–269 
 

[50] Bīrūnī, Muḥammad ibn Aḥmad (1910), “On the Hindus 

in General, as an Introduction to Our Account of Them”, 

Alberuni’s India: An Account of the Religion, Philosophy, 
Literature, Geography, Chronology, Astronomy, Customs, 
Laws and Astrology of India about A.D. 1030, 1, London: 

Kegan Paul, Trench, Trübner, p. 17, see also Vol 2 of 

Al-Biruni’s India. 
 

[51] Kennedy, Engle, Wamstad, E.S., Susan, Jeanne (1965). 

“The Hindu Calendar as Described in Al-Biruni’s Masu- 

dic Canon”. Journal of Near Eastern Studies. 24. 
 

[52] Yasin, , Mohammad. (1988). Reading in Indian history. 
New Delhi, India: Atlantic Publishers & Distri,. p. 19. 

ISBN 978-8-1715-6120-9. Retrieved 22 June 2016. 
 

[53] S.H. Nasr, “An introduction to Islamic cosmological doc- 

trines: conceptions of nature and methods used for its 

study by the Ikhwān al-Ṣafāʾ, al-Bīrūnī, and Ibn Sīnā", 

2nd edition, Revised. SUNY press, 1993. pp 111: “Al- 

Biruni wrote one of the masterpieces of medieval science, 

Kitab al-Tafhim, apparently in both Arabic and Persian, 

demonstrating how conversant he was in both tongues. 

The Kitab al-Tafhim is without doubt the most impor- 

tant of the early works of science in Persian and serves as 

a rich source for Persian prose and lexicography as well 

as for the knowledge of the Quadrivium whose subjects it 

covers in a masterly fashion” 
 

[54] David Pingree, BĪRŪNĪ, ABŪ RAYḤĀN ii. Bibliogra- 

phy, in Encyclopaedia Iranica. 
 

[55] UNIS. “Monument to Be Inaugurated at the Vienna In- 

ternational Centre, 'Scholars Pavilion' donated to Inter- 

national Organizations in Vienna by Iran”. Retrieved 11 

September 2016. 
 

[56] http://en.viennaun.mfa.ir/index.aspx?fkeyid=&siteid= 

207&pageid=28858 
 

[57] Hosseini, Mir Masood. “Negareh: Persian Scholars Pavil- 

ion at United Nations Vienna, Austria”. Retrieved 11 

September 2016. 

 

Bibliography 

 

• C.E. Bosworth, “BĪRŪNĪ, ABŪ RAYḤĀN i. Life” 
in Encyclopædia Iranica (accessed April 2011) 

• David Pingree, ""BĪRŪNĪ, ABŪ RAYḤĀN ii. Bib- 
liography”, in Encyclopædia Iranica (accessed April 
2011) 

• George Saliba, “BĪRŪNĪ, ABŪ RAYḤĀN iii. 
Mathematics and Astronomy” in Encyclopædia 
Iranica (accessed April 2011) 

• David Pingree, “BĪRŪNĪ, ABŪ RAYḤĀN iv.  Ge- 

ography” in Encycloapedia Iranica (accessed April 

2011) 

• Georges C. Anawati, “BĪRŪNĪ, ABŪ RAYḤĀN v. 
Pharmacology and Mineralogy” in Encycloapedia 
Iranica (accessed April 2011) 

• David Pingree, “BĪRŪNĪ, ABŪ RAYḤĀN vi. His- 
tory and Chronology” in Encyclpaedia Iranica (ac- 
cessed April 2011) 

• François de Blois, “BĪRŪNĪ, ABŪ RAYḤĀN vii. 
History of Religions”, in Encyclopædia Iranica (ac- 
cessed April 2011) 

• Douglas, A. Vibert (1973), “Al-Biruni, Persian 
Scholar, 973–1048”, Journal of the Royal As- 
tronomical Society of Canada, 67: 209–211, 
Bibcode:1973JRASC..67..209D 

• Bruce B. Lawerence, “BĪRŪNĪ, ABŪ RAYḤĀN 

viii. Indology”, in Encyclopædia Iranica (accessed 

April 2011) 

• Yano, Michio (2007), “Bīrūnī: Abū al‐Rayḥān 

Muḥammad ibn Aḥmad al‐Bīrūnī", in Thomas 
Hockey; et al., The Biographical Encyclopedia of As- 
tronomers, New York: Springer, pp. 131–3, ISBN 
978-0-387-31022-0| (PDF version) 

• Kennedy, E. S. (2008) [1970–80], “Al-Bīrūnī (or 

Bērūnī), Abū Rayḥān (or Abu'l-Rayḥān) Muḥam- 
mad Ibn Aḥmad”, Complete Dictionary of Scientific 
Biography,  Encyclopedia.com 

• Glick, Thomas F.; Livesey, Steven John; Wallis, 
Faith (2005), Medieval Science, Technology, and 
Medicine: An Encyclopedia, Routledge, ISBN 0- 
415-96930-1 

• Abulfadl naba’I (1986), Calendar-making in the His- 
tory, Astan Ghods Razavi Publishing Co. 

• Abolghassem Ghorbani; Markaze Nashre Danesh- 
gahi (1995), Biruni Name, ISBN 964-01-0756-5 

• Kiple, Kenneth F.; Ornelas, Kriemhild Coneè 
(2001), The Cambridge World History of Food, 
Cambridge University Press, ISBN 0-521-40216-6 

• Rashed, Roshdi; Morelon, Régis (1996), 
Encyclopedia of the  History  of  Arabic  Science, 
1 & 3, Routledge, ISBN 0-415-12410-7 

• Saliba, George (1994), A History of Arabic Astron- 
omy: Planetary Theories During the Golden Age of 
Islam, New York University Press, ISBN 0-8147- 

8023-7 

• Dani, Ahmed Hasan (1973), Alberuni’s Indica: A 
record of the cultural history of South Asia about AD 
1030, University of Islamabad Press 

http://www.columbia.edu/cu/lweb/digital/collections/cul/texts/ldpd_5949073_001/
http://www.columbia.edu/cu/lweb/digital/collections/cul/texts/ldpd_5949073_001/
http://www.columbia.edu/cu/lweb/digital/collections/cul/texts/ldpd_5949073_001/
http://www.columbia.edu/cu/lweb/digital/collections/cul/texts/ldpd_5949073_001/
http://www.columbia.edu/cu/lweb/digital/collections/cul/texts/ldpd_5949073_001/
http://www.columbia.edu/cu/lweb/digital/collections/cul/texts/ldpd_5949073_001/
https://books.google.com/books?hl=en&amp;lr&amp;id=hz4LJu1EqJIC&amp;oi=fnd&amp;pg=PR5&amp;dq=%2522TARIKH-AL-HIND%2522%2BAL-BIRUNI&amp;ots=AJEKPp538Q&amp;sig=6jpHEJESK3wQtAvh11MHSbSOvE8%23v%3Dsnippet&amp;q=magic&amp;f=false
https://en.wikipedia.org/wiki/International_Standard_Book_Number
http://www.unis.unvienna.org/unis/pressrels/2009/unisvic167.html
http://www.unis.unvienna.org/unis/pressrels/2009/unisvic167.html
http://www.unis.unvienna.org/unis/pressrels/2009/unisvic167.html
http://en.viennaun.mfa.ir/index.aspx?fkeyid&amp;siteid=207&amp;pageid=28858
http://en.viennaun.mfa.ir/index.aspx?fkeyid&amp;siteid=207&amp;pageid=28858
http://parseed.ir/?ez=8002
http://parseed.ir/?ez=8002
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1973JRASC..67..209D
http://islamsci.mcgill.ca/RASI/BEA/Biruni_BEA.htm
http://islamsci.mcgill.ca/RASI/BEA/Biruni_BEA.htm
https://en.wikipedia.org/wiki/International_Standard_Book_Number
http://islamsci.mcgill.ca/RASI/BEA/Biruni_BEA.pdf
http://www.encyclopedia.com/doc/1G2-2830900460.html
http://www.encyclopedia.com/doc/1G2-2830900460.html
http://www.encyclopedia.com/doc/1G2-2830900460.html
https://en.wikipedia.org/wiki/Dictionary_of_Scientific_Biography
https://en.wikipedia.org/wiki/Dictionary_of_Scientific_Biography
https://en.wikipedia.org/wiki/Routledge
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Encyclopedia_of_the_History_of_Arabic_Science
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/George_Saliba
https://en.wikipedia.org/wiki/New_York_University_Press
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Ahmad_Hasan_Dani


3.6.  IBN AL-HAYTHAM 285 
 

 

Muslims and Evolution of Science 

 

 
• Samian, A.L. (2011), “Reason and Spirit in Al- 

Biruni’s Philosophy of Mathematics”, in Tymie- 

niecka, A-T., Reason, Spirit and the Sacral in the 
New Enlightenment, Islamic Philosophy and Occi- 

dental Phenomenology in Dialogue, 5, Netherlands: 

Springer, pp. 137–146, doi:10.1007/978-90-481- 

9612-8_9, ISBN 978-90-481-9612-8 

• Biruni, Abu al-Rayhan Muhammad ibn Ahmad al- 

(1910), E. Sachau, ed., Al-Beruni’s India: an Ac- 
count of the Religion, Philosophy, Literature, Geog- 
raphy, Chronology, Astronomy, Customs, Laws and 
Astrology of Indiae, London: Kegan Paul, Trench, 

Trubner & Co. 

• Rosenthal, F. (1976), E. Yarshter, ed., Al-Biruni be- 
tween Greece and India, New York: Iran Center, 
Columbia University 

• Yasin, M. (1975), Al-Biruni in India, Islamic Culture 

• Ataman, K. (2005), Re-Reading al-Biruni’s India: 
a Case for Intercultural Understanding, Islam and 
Christian-Muslim  Relations 

 
 

3.5.12 Further reading 

• On the Presumed Darwinism of Alberuni Eight 

Hundred Years before Darwin Jan Z. Wilczynski 

Isis Vol. 50, No. 4 (Dec., 1959), pp. 459–466 (ar- 

ticle consists of 8 pages) Published by: The Univer- 

sity of Chicago Press on behalf of The History of 

Science Society Stable URL: 

 

3.5.13 External links 

• BĪRŪNĪ, ABŪ RAYḤĀN in Encyclopaedia Iranica 

• Gomez, A. G. (2010) Biruni’s Measurement of the 
Earth [online], http://www.academia.edu/8166456/ 
Birunis_measurement_of_the_Earth 

• Gomez, A. G. (2012) Biruni’s Measurement of the 
Earth Geogebra interactive illustration. 

• Richard Covington, Rediscovering Arabic Science, 
2007, Saudi Aramco World 

• “Al-Biruni (973–1048).” Encyclopedia of Oc- 
cultism and Parapsychology. 2001. Encyclope- 
dia.com. 5 Feb. 2015. 

• Al-Bīr Complete Dictionary of Scientific Biography 

| 2008 | Copyright 

• “Abu Rayhan al-Biruni.” Encyclopedia of World Bi- 
ography. 2004. Encyclopedia.com. 5 Feb. 2015 

Works of Al-Biruni online 

• Hogendijk, Jan: The works of al-Bīrūnī – 
manuscripts, critical editions, translations and on- 
line links 

• Elliot, H. M. (Henry Miers), Sir; John Dowson 

(1871), “1. Táríkhu-l Hind of Bírúní", The His- 
tory of India, as Told by Its Own Historians. The 
Muhammadan Period., 2, London : Trübner & Co. 

(At Packard Institute) 

• Sachau, Dr.Edward C. (1910), ALBERUNI'S INDIA 

– An account of ... India about A.D. 1030, Volume 1, 

1, Kegan Paul, Trench Trubner & Co.Ltd., London 

• Sachau, Dr.Edward C. (1910), ALBERUNI'S INDIA 
– An account of ... India about A.D. 1030, Volume 
2., 2, Kegan Paul, Trench Trubner & Co. Ltd., Lon- 

don 

• Alberuni’s India, in English, Volume I. Translated 
by Dr. Edward C Sachau, 1910 

• “On Stones": Biruni’s work on geology, medical 
properties of gemstones full text version + com- 
ments 

 

3.6 Ibn al-Haytham 
 
For the Moon crater, see Alhazen (crater). For the 

asteroid, see 59239 Alhazen. 

 
Abū ʿAlī al-Ḥasan ibn al-Ḥasan ibn al-Haytham 

(Arabic: أبو علي، الحسن بن الحسن بن الهيثم c. 965 – c. 1040 

CE), also known by the Latinization Alhazen or 

Alhacen,[10]  was an Arab[11]  Muslim[12][13][14] scientist, 

mathematician, astronomer, and philosopher.[15] Ibn al- 

Haytham made significant contributions to the princi- 

ples of optics, astronomy, mathematics and visual per- 

ception.[16] He was the first to explain that vision occurs 

when light bounces on an object and then is directed to 

one’s eyes.[17] He spent most of his life close to the court 

of the Fatimid Caliphate in Cairo and earned his living 

authoring various treatises and tutoring members of the 

nobilities.[18]
 

Ibn al-Haytham is widely considered to be one of 

the first theoretical physicists, and an early pro- 

ponent of the concept that a hypothesis must be 

proved by experiments based on confirmable proce- 

dures or mathematical evidence—hence understanding 

the scientific method 200 years before Renaissance sci- 

entists.[19][20][21][22][23][24] 

In medieval Europe, Ibn al-Haytham was honored as 

Ptolemaeus Secundus (the “Second Ptolemy")[25] or 

simply called "The Physicist".[26] He is also sometimes 

called al-Baṣrī after his birthplace Basra in Iraq,[27] or 

al-Miṣrī (“of Egypt”).[28]
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3.6.1 Overview 

Biography 

 

Ibn al-Haytham (Alhazen) was born c. 965 in Basra, 

which was then part of the Buyid emirate,[29] to an Arab 

family.[30] Alhazen arrived in Cairo under the reign of 

Fatimid Caliph al-Hakim, a patron of the sciences who 

was particularly interested in astronomy.[31] He proposed 

to the Caliph a hydraulic project to improve regulation 

of the flooding of the Nile, a task requiring an early at- 

tempt at building a dam at the present site of the Aswan 

Dam,[32] but later his field work convinced him of the 

technical impracticality of this scheme.[33] Alhazen con- 

tinued to live in Cairo, in the neighborhood of the famous 

University of al-Azhar, until his death in 1040.[34] Legend 

has it that after deciding the scheme was impractical and 

fearing the caliph's anger, Alhazen feigned madness and 

was kept under house arrest from 1011 until al-Hakim’s 

death in 1021.[35] During this time, he wrote his influen- 

tial Book of Optics and continued to write further treatises 

on astronomy, geometry, number theory, optics and nat- 

ural philosophy.[36]
 

Among his students were Sorkhab (Sohrab), a Persian 

from Semnan who was his student for over three years, 

and Abu al-Wafa Mubashir ibn Fatek, an Egyptian prince 

who learned mathematics from Alhazen.[37]
 

 
Legacy 

 

Alhazen made significant contributions to optics, num- 

ber theory, geometry, astronomy and natural philosophy. 

Alhazen’s work on optics is credited with contributing a 

new emphasis on experiment. 

His main work, Kitab al-Manazir (Book of Optics) was 

known in the Muslim world mainly, but not exclu- 

sively, through the thirteenth-century commentary by 

Kamāl al-Dīn al-Fārisī, the Tanqīḥ al-Manāẓir li-dhawī 
l-abṣār wa l-baṣā'ir.[38] In al-Andalus, it was used by 

the eleventh-century prince of the Banu Hud dynasty 

of Zaragossa and author of an important mathematical 

text, al-Mu'taman ibn Hūd. A Latin translation of the 

Kitab al-Manazir was made probably in the late twelfth 

or early thirteenth century.[39] This translation was read 

by and greatly influenced a number of scholars in Chris- 

tian Europe including: Roger Bacon,[40] Robert Gros- 

seteste,[41] Witelo, Giambattista della Porta,[42] Leonardo 

Da Vinci,[43] Galileo Galilei,[44] Christiaan Huygens,[45] 

René Descartes,[46] and Johannes Kepler.[47] His research 

in catoptrics (the study of optical systems using mirrors) 

centred on spherical and parabolic mirrors and spherical 

aberration. He made the observation that the ratio be- 

tween the angle of incidence and refraction does not re- 

main constant, and investigated the magnifying power of 

a lens. His work on catoptrics also contains the prob- 

lem known as "Alhazen’s problem".[48] Meanwhile in the 

Islamic world, Alhazen’s work influenced Averroes' writ- 

ings on optics,[49] and his legacy was further advanced 

through the 'reforming' of his Optics by Persian scientist 

Kamal al-Din al-Farisi (died ca. 1320) in the latter’s Kitab 
Tanqih al-Manazir (The Revision of [Ibn al-Haytham’s] 

Optics).[50] Alhazen wrote as many as 200 books, al- 

though only 55 have survived. Some of his treatises on 

optics survived only through Latin translation. During 

the Middle Ages his books on cosmology were trans- 

lated into Latin, Hebrew and other languages. The crater 

Alhazen on the Moon is named in his honour,[51] as was 

the asteroid 59239 Alhazen.[52] In honour of Alhazen, the 

Aga Khan University (Pakistan) named its Ophthalmol- 

ogy endowed chair as “The Ibn-e-Haitham Associate Pro- 

fessor and Chief of Ophthalmology”.[53] Alhazen, by the 

name Ibn al-Haytham, is featured on the obverse of the 

Iraqi 10,000-dinar banknote issued in 2003,[54] and on 

10-dinar notes from 1982. 

The 2015 International Year of Light celebrated the 

1000th anniversary of the works on optics by Ibn Al- 

Haytham.[55]
 

 

3.6.2 Book of Optics 

Main article: Book of Optics 

 
Alhazen’s most famous work[56] is his seven-volume trea- 

tise on optics Kitab al-Manazir (Book of Optics), written 

from 1011 to 1021. 

Optics was translated into Latin by an unknown scholar 

at the end of the 12th century or the beginning of the 

13th century.[57] It was printed by Friedrich Risner in 

1572, with the title Opticae thesaurus: Alhazeni Arabis 
libri septem, nuncprimum editi; Eiusdem liber De Crepus- 
culis et nubium ascensionibus (English : Thesaurus of Op- 

tics: seven books of the Arab Alhazeni, first edition: con- 

cerning twilight and the advancement of clouds).[58] Ris- 

ner is also the author of the name variant “Alhazen"; be- 

fore Risner he was known in the west as Alhacen, which 

is the correct transcription of the Arabic name.[59] This 

work enjoyed a great reputation during the Middle Ages. 

Works by Alhazen on geometric subjects were discov- 

ered in the Bibliothèque nationale in Paris in 1834 by 

E. A. Sedillot. In all, A. Mark Smith has accounted for 

18 full or near-complete manuscripts, and five fragments, 

which are preserved in 14 locations, including one in the 

Bodleian Library at Oxford, and one in the library of 

Bruges.[60]
 

 
Theory of vision 

 

Two major theories on vision prevailed in classical an- 

tiquity. The first theory, the emission theory, was sup- 

ported by such thinkers as Euclid and Ptolemy, who be- 

lieved that sight worked by the eye emitting rays of light. 

The second theory, the intromission theory supported by 

Aristotle and his followers, had physical forms entering 
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Front page of the Opticae Thesaurus, which included the first 
printed Latin translation of Alhazen’s Book of Optics. The il- 
lustration incorporates many examples of optical phenomena in- 
cluding perspective effects, the rainbow, mirrors, and refraction. 

 
 
 

the eye from an object. Previous Islamic writers (such as 

al-Kindi) had argued essentially on Euclidean, Galenist, 

or Aristotelian lines. The strongest influence on the Book 
of Optics was from Ptolemy’s Optics, while the description 

of the anatomy and physiology of the eye was based on 

Galen’s account.[61] Alhazen’s achievement was to come 

up with a theory that successfully combined parts of the 

mathematical ray arguments of Euclid, the medical tra- 

dition of Galen, and the intromission theories of Aristo- 

tle. Alhazen’s intromission theory followed al-Kindi (and 

broke with Aristotle) in asserting that “from each point of 

every colored body, illuminated by any light, issue light 

and color along every straight line that can be drawn from 

that point”.[62] This however left him with the problem 

of explaining how a coherent image was formed from 

many independent sources of radiation; in particular, ev- 

ery point of an object would send rays to every point on 

the eye. What Alhazen needed was for each point on an 

object to correspond to one point only on the eye.[63] He 

attempted to resolve this by asserting that the eye would 

only perceive perpendicular rays from the object—for any 

one point on the eye only saw the ray that reached it di- 

rectly, without being refracted by any other part of the 

eye, would be perceived. He argued using a physical anal- 

ogy that perpendicular rays were stronger than oblique 

rays; in the same way that a ball thrown directly at a board 

might break the board, whereas a ball thrown obliquely 

at the board would glance off, perpendicular rays were 

stronger than refracted rays, and it was only perpendicu- 

lar rays which were perceived by the eye. As there was 

only one perpendicular ray that would enter the eye at any 

one point, and all these rays would converge on the centre 

of the eye in a cone, this allowed him to resolve the prob- 

lem of each point on an object sending many rays to the 

eye; if only the perpendicular ray mattered, then he had 

a one-to-one correspondence and the confusion could be 

resolved.[64] He later asserted (in book seven of the Op- 
tics) that other rays would be refracted through the eye 

and perceived as if perpendicular.[65]
 

His arguments regarding perpendicular rays do not clearly 

explain why only perpendicular rays were perceived; 

why would the weaker oblique rays not be perceived 

more weakly?[66] His later argument that refracted rays 

would be perceived as if perpendicular does not seem 

persuasive.[67] However, despite its weaknesses, no other 

theory of the time was so comprehensive, and it was enor- 

mously influential, particularly in Western Europe: Di- 

rectly or indirectly, his De Aspectibus inspired much ac- 

tivity in optics between the 13th and 17th centuries.[68] 

Kepler's later theory of the retinal image (which resolved 

the problem of the correspondence of points on an ob- 

ject and points in the eye) built directly on the conceptual 

framework of Alhazen.[69]
 

Alhazen showed through experiment that light travels in 

straight lines, and carried out various experiments with 

lenses, mirrors, refraction, and reflection.[70] His analy- 

ses of reflection and refraction considered the vertical and 

horizontal components of light rays separately.[71]
 

The camera obscura was known to the ancient Chinese, 

and was described by the Han Chinese polymathic genius 

Shen Kuo in his scientific book Dream Pool Essays, pub- 

lished in the year 1088 C.E.. Aristotle had discussed 

the basic principle behind it in his Problems, however 

Alhazen’s work also contained the first clear descrip- 

tion, outside of China, of camera obscura in the areas of 

the middle east, Europe, Africa and India.[72] and early 

analysis[73] of the device. 

Alhazen studied the process of sight, the structure of the 

eye, image formation in the eye, and the visual system. 

Ian P. Howard argued in a 1996 Perception article that Al- 

hazen should be credited with many discoveries and the- 

ories previously attributed to Western Europeans writing 

centuries later. For example, he described what became 

in the 19th century Hering’s law of equal innervation. He 

wrote a description of vertical horopters 600 years be- 

fore Aguilonius that is actually closer to the modern defi- 

nition than Aguilonius’s—and his work on binocular dis- 

parity was repeated by Panum in 1858.[74] Craig Aaen- 

Stockdale, while agreeing that Alhazen should be cred- 

ited with many advances, has expressed some caution, 

especially when considering Alhazen in isolation from 

Ptolemy, who Alhazen was extremely familiar with. Al- 

hazen corrected a significant error of Ptolemy regard- 

ing binocular vision, but otherwise his account is very 

similar; Ptolemy also attempted to explain what is now 

called Hering’s law.[75] In general, Alhazen built on and 

expanded the optics of Ptolemy.[76] In a more detailed 

account of Ibn al-Haytham’s contribution to the study 
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of binocular vision based on Lejeune[77] and Sabra,[78] 

Raynaud[79] showed that the concepts of correspondence, 

homonymous and crossed diplopia were in place in Ibn al- 

Haytham’s optics. But contrary to Howard, he explained 

why Ibn al-Haytham did not give the circular figure of the 

horopter and why, by reasoning experimentally, he was 

in fact closer to the discovery of Panum’s fusional area 

than that of the Vieth-Müller circle. In this regard, Ibn 

al-Haytham’s theory of binocular vision faced two main 

limits: the lack of recognition of the role of the retina, 

and obviously the lack of an experimental investigation 

of ocular tracts. 

Alhazen’s most original contribution was that after de- 

scribing how he thought the eye was anatomically con- 

structed, he went on to consider how this anatomy would 

behave functionally as an optical system.[80] His under- 

standing of pinhole projection from his experiments ap- 

pears to have influenced his consideration of image inver- 

sion in the eye,[81] which he sought to avoid.[82] He main- 

tained that the rays that fell perpendicularly on the lens (or 

glacial humor as he called it) were further refracted out- 

ward as they left the glacial humor and the resulting image 

thus passed upright into the optic nerve at the back of the 

eye.[83] He followed Galen in believing that the lens was 

the receptive organ of sight, although some of his work 

hints that he thought the retina was also involved.[84]
 

Alhazen’s synthesis of light and vision adhered to the 

Aristotelian scheme, exhaustively describing the process 

of vision in a logical, complete fashion.[85]
 

 
Scientific method 

The duty of the man who investigates the 

writings of scientists, if learning the truth is 

his goal, is to make himself an enemy of all 

that he reads, and ... attack it from every side. 

He should also suspect himself as he performs 

his critical examination of it, so that he may 

avoid falling into either prejudice or leniency. 

— Alhazen[86]
 

 
 

An aspect associated with Alhazen’s optical research is 

related to systemic and methodological reliance on exper- 

imentation (i'tibar)(Arabic: إعتبار) and controlled test- 

ing in his scientific inquiries. Moreover, his experimen- 

tal directives rested on combining classical physics (ilm 
tabi'i) with mathematics (ta'alim; geometry in particu- 

lar). This mathematical-physical approach to experimen- 

tal science supported most of his propositions in Kitab al- 
Manazir (The Optics; De aspectibus or Perspectivae) and 

grounded his theories of vision, light and colour, as well 

as his research in catoptrics and dioptrics (the study of 

the reflection and refraction of light, respectively).[87]
 

According to Matthias Schramm, Alhazen “was the first 

to make a systematic use of the method of varying the ex- 

perimental conditions in a constant and uniform manner, 

in an experiment showing that the intensity of the light- 

spot formed by the projection of the moonlight through 

two small apertures onto a screen diminishes constantly 

as one of the apertures is gradually blocked up.”[88] G. J. 

Toomer expressed some skepticism regarding Schramm’s 

view,[89] arguing that caution is needed to avoid reading 

anachronistically particular passages in Alhazen’s very 

large body of work, because at the time (1964), his Book 
of Optics had not yet been fully translated from Ara- 

bic. While acknowledging Alhazen’s importance in de- 

veloping experimental techniques, Toomer argued that 

Alhazen should not be considered in isolation from other 

Islamic and ancient thinkers.[90] Toomer does concede 

that “Schramm sums up [Alhazen’s] achievement in the 

development of scientific method.”[91]
 

Mark Smith recounts Alhacen’s elaboration of Ptolemy’s 

experiments in double vision, reflection, and refraction: 

Alhacen’s Optics book influenced the Perspectivists in 

Europe, Roger Bacon, Witelo, and Peckham. The Op- 
tics was incorporated into Risner’s 1572 printing of Opti- 
cae Thesaurus, through which Kepler[92] finally resolved 

the contradictions inherent in Witelo's explanation of the 

imaging chain, from external object to the retina of the 

eye.[93] 

 
Alhazen’s problem 

 

Main article: Alhazen’s problem 

His work on catoptrics in Book V of the Book of Op- 
 

 

The theorem of Ibn Haytham 

 

tics contains a discussion of what is now known as Al- 

hazen’s problem, first formulated by Ptolemy in 150 AD. 

It comprises drawing lines from two points in the plane 

of a circle meeting at a point on the circumference and 

making equal angles with the normal at that point. This 

is equivalent to finding the point on the edge of a circular 

billiard table at which a player must aim a cue ball at a 

given point to make it bounce off the table edge and hit 

another ball at a second given point. Thus, its main ap- 

plication in optics is to solve the problem, “Given a light 

source and a spherical mirror, find the point on the mir- 

ror where the light will be reflected to the eye of an ob- 

server.” This leads to an equation of the fourth degree.[94] 

This eventually led Alhazen to derive a formula for the 

sum of fourth powers, where previously only the formu- 

las for the sums of squares and cubes had been stated. His 
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method can be readily generalized to find the formula for 

the sum of any integral powers, although he did not him- 

self do this (perhaps because he only needed the fourth 

power to calculate the volume of the paraboloid he was 

interested in). He used his result on sums of integral pow- 

ers to perform what would now be called an integration, 

where the formulas for the sums of integral squares and 

fourth powers allowed him to calculate the volume of a 

paraboloid.[95] Alhazen eventually solved the problem us- 

ing conic sections and a geometric proof. His solution 

was extremely long and complicated and may not have 

been understood by mathematicians reading him in Latin 

translation. Later mathematicians used Descartes' ana- 

lytical methods to analyse the problem,[96] with a new so- 

lution being found in 1997 by the Oxford mathematician 

Peter M. Neumann.[97] Recently, Mitsubishi Electric Re- 

search Laboratories (MERL) researchers Amit Agrawal, 

Yuichi Taguchi and Srikumar Ramalingam solved the ex- 

tension of Alhazen’s problem to general rotationally sym- 

metric quadric mirrors including hyperbolic, parabolic 

and elliptical mirrors.[98] They showed that the mirror re- 

flection point can be computed by solving an eighth de- 

gree equation in the most general case. If the camera 

(eye) is placed on the axis of the mirror, the degree of the 

equation reduces to six.[99] Alhazen’s problem can also 

be extended to multiple refractions from a spherical ball. 

Given a light source and a spherical ball of certain refrac- 

tive index, the closest point on the spherical ball where 

the light is refracted to the eye of the observer can be ob- 

tained by solving a tenth degree equation.[100]
 

 

Other contributions 

 

The Kitab al-Manazir (Book of Optics) describes several 

experimental observations that Alhazen made and how 

he used his results to explain certain optical phenomena 

using mechanical analogies. He conducted experiments 

with projectiles and concluded that only the impact of 

perpendicular projectiles on surfaces was forceful enough 

to make them penetrate, whereas surfaces tended to de- 

flect oblique projectile strikes. For example, to explain 

refraction from a rare to a dense medium, he used the 

mechanical analogy of an iron ball thrown at a thin slate 

covering a wide hole in a metal sheet. A perpendicular 

throw breaks the slate and passes through, whereas an 

oblique one with equal force and from an equal distance 

does not.[101] He also used this result to explain how in- 

tense, direct light hurts the eye, using a mechanical anal- 

ogy: Alhazen associated 'strong' lights with perpendicular 

rays and 'weak' lights with oblique ones. The obvious an- 

swer to the problem of multiple rays and the eye was in 

the choice of the perpendicular ray, since only one such 

ray from each point on the surface of the object could 

penetrate the eye.[102]
 

Sudanese psychologist Omar Khaleefa has argued 

that Alhazen should be considered the founder of 

experimental psychology, for his pioneering work on the 

 

 
 

Hevelius's Selenographia, showing Alhasen [sic] representing 
reason, and Galileo representing the senses. 

 

 
psychology of visual perception and optical illusions.[103] 

Khaleefa has also argued that Alhazen should also be con- 

sidered the “founder of psychophysics", a sub-discipline 

and precursor to modern psychology.[104] Although Al- 

hazen made many subjective reports regarding vision, 

there is no evidence that he used quantitative psychophys- 

ical techniques and the claim has been rebuffed.[105]
 

Alhazen offered an explanation of the Moon illusion, an 

illusion that played an important role in the scientific tra- 

dition of medieval Europe.[106] Many authors repeated 

explanations that attempted to solve the problem of the 

Moon appearing larger near the horizon than it does when 

higher up in the sky. Alhazen argued against Ptolemy’s 

refraction theory, and defined the problem in terms of 

perceived, rather than real, enlargement. He said that 

judging the distance of an object depends on there being 

an uninterrupted sequence of intervening bodies between 

the object and the observer. When the Moon is high in 

the sky there are no intervening objects, so the Moon ap- 

pears close. The perceived size of an object of constant 

angular size varies with its perceived distance. There- 

fore, the Moon appears closer and smaller high in the sky, 

and further and larger on the horizon. Through works 

by Roger Bacon, John Pecham and Witelo based on Al- 

hazen’s explanation, the Moon illusion gradually came to 

https://en.wikipedia.org/wiki/Integral
https://en.wikipedia.org/wiki/Paraboloid
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-95
https://en.wikipedia.org/wiki/Conic_section
https://en.wikipedia.org/wiki/Descartes
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-96
https://en.wikipedia.org/wiki/Peter_M._Neumann
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-97
https://en.wikipedia.org/wiki/Mitsubishi_Electric_Research_Laboratories
https://en.wikipedia.org/wiki/Mitsubishi_Electric_Research_Laboratories
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-98
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-99
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-100
https://en.wikipedia.org/wiki/Projectile
https://en.wikipedia.org/wiki/Perpendicular
https://en.wikipedia.org/wiki/Oblique_angle
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-101
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-102
https://en.wikipedia.org/wiki/Experimental_psychology
https://en.wikipedia.org/wiki/Hevelius
https://en.wikipedia.org/wiki/Selenographia
https://en.wikipedia.org/wiki/Sic
https://en.wikipedia.org/wiki/Optical_illusion
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-103
https://en.wikipedia.org/wiki/Psychophysics
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-104
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-105
https://en.wikipedia.org/wiki/Moon_illusion
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-106
https://en.wikipedia.org/wiki/Roger_Bacon
https://en.wikipedia.org/wiki/John_Pecham


3.6.  IBN AL-HAYTHAM 290 
 

 

Muslims and Evolution of Science 

 

 

be accepted as a psychological phenomenon, with the re- 

fraction theory being rejected in the 17th century.[107] Al- 

though Alhazen is often credited with the perceived dis- 

tance explanation, he was not the first author to offer it. 

Cleomedes (c. 2nd century) gave this account (in addition 

to refraction), and he credited it to Posidonius (c. 135-50 

BC).[108] Ptolemy may also have offered this explanation 

in his Optics, but the text is obscure.[109] Alhazen’s writ- 

ings were more widely available in the Middle Ages than 

those of these earlier authors, and that probably explains 

why Alhazen received the credit. 

 
 

3.6.3 Other works on physics 

Optical treatises 

 

Besides the Book of Optics, Alhazen wrote several other 

treatises on the same subject, including his Risala fi l- 
Daw’ (Treatise on Light). He investigated the proper- 

ties of luminance, the rainbow, eclipses, twilight, and 

moonlight. Experiments with mirrors and magnifying 

lenses provided the foundation for his theories on 

catoptrics.[110]
 

 

Celestial physics 

 

Alhazen discussed the physics of the celestial region in 

his Epitome of Astronomy, arguing that Ptolemaic mod- 

els must be understood in terms of physical objects rather 

than abstract hypotheses—in other words that it should be 

possible to create physical models where (for example) 

none of the celestial bodies would collide with each other. 

The suggestion of mechanical models for the Earth cen- 

tred Ptolemaic model “greatly contributed to the eventual 

triumph of the Ptolemaic system among the Christians of 

the West”. Alhazen’s determination to root astronomy in 

the realm of physical objects was important however, be- 

cause it meant astronomical hypotheses “were account- 

able to the laws of physics", and could be criticised and 

improved upon in those terms.[111]
 

He also wrote Maqala fi daw al-qamar (On the Light of 
the Moon). 

 

Mechanics 

 

In his work, Alhazen discussed theories on the motion of 

a body.[112] In his Treatise on Place, Alhazen disagreed 

with Aristotle's view that nature abhors a void, and he 

used geometry in an attempt to demonstrate that place 

(al-makan) is the imagined three-dimensional void be- 

tween the inner surfaces of a containing body.[113]
 

 

3.6.4 Astronomical  works 

On the Configuration of the World 

 

In his On the Configuration of the World Alhazen pre- 

sented a detailed description of the physical structure of 

the earth: 

 
The earth as a whole is a round sphere 

whose center is the center of the world. It is 

stationary in its [the world’s] middle, fixed in 

it and not moving in any direction nor moving 

with any of the varieties of motion, but always 

at rest.[114]
 

 
The book is a non-technical explanation of Ptolemy’s 

Almagest, which was eventually translated into Hebrew 

and Latin in the 13th and 14th centuries and subse- 

quently had an influence on astronomers such as Georg 

von Peuerbach[115] during the European Middle Ages and 

Renaissance.[116]
 

 
Doubts Concerning Ptolemy 

 

In his Al-Shukūk ‛alā Batlamyūs, variously translated as 

Doubts Concerning Ptolemy or Aporias against Ptolemy, 

published at some time between 1025 and 1028, Alhazen 

criticized Ptolemy's Almagest, Planetary Hypotheses, and 

Optics, pointing out various contradictions he found in 

these works, particularly in astronomy. Ptolemy’s Al- 
magest concerned mathematical theories regarding the 

motion of the planets, whereas the Hypotheses concerned 

what Ptolemy thought was the actual configuration of the 

planets. Ptolemy himself acknowledged that his theo- 

ries and configurations did not always agree with each 

other, arguing that this was not a problem provided it did 

not result in noticeable error, but Alhazen was particu- 

larly scathing in his criticism of the inherent contradic- 

tions in Ptolemy’s works.[117] He considered that some of 

the mathematical devices Ptolemy introduced into astron- 

omy, especially the equant, failed to satisfy the physical 

requirement of uniform circular motion, and noted the 

absurdity of relating actual physical motions to imaginary 

mathematical points, lines and circles:[118]
 

 
Ptolemy assumed an arrangement (hay'a) 

that cannot exist, and the fact that this arrange- 

ment produces in his imagination the motions 

that belong to the planets does not free him 

from the error he committed in his assumed 

arrangement, for the existing motions of the 

planets cannot be the result of an arrangement 

that is impossible to exist... [F]or a man to 

imagine a circle in the heavens, and to imagine 

the planet moving in it does not bring about the 

planet’s motion.[119]
 

 
Having pointed out the problems, Alhazen appears to 

have intended to resolve the contradictions he pointed out 
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in Ptolemy in a later work. Alhazen believed there was a 

“true configuration” of the planets that Ptolemy had failed 

to grasp. He intended to complete and repair Ptolemy’s 

system, not to replace it completely.[120] In the Doubts 
Concerning Ptolemy Alhazen set out his views on the dif- 

ficulty of attaining scientific knowledge and the need to 

question existing authorities and theories: 
 

Truth is sought for itself [but] the truths, 

[he warns] are immersed in uncertainties [and 

the scientific authorities (such as Ptolemy, 

whom he greatly respected) are] not immune 

from error...[121]
 

 

He held that the criticism of existing theories—which 

dominated this book—holds a special place in the growth 

of scientific knowledge. 

 
Model of the Motions of Each of the Seven Planets 

 

Alhazen’s The Model of the Motions of Each of the 
Seven Planets was written c. 1038. Only one damaged 

manuscript has been found, with only the introduction 

and the first section, on the theory of planetary motion, 

surviving. (There was also a second section on astronom- 

ical calculation, and a third section, on astronomical in- 

struments.) Following on from his Doubts on Ptolemy, Al- 

hazen described a new, geometry-based planetary model, 

describing the motions of the planets in terms of spher- 

ical geometry, infinitesimal geometry and trigonometry. 

He kept a geocentric universe and assumed that celestial 

motions are uniformly circular, which required the inclu- 

sion of epicycles to explain observed motion, but he man- 

aged to eliminate Ptolemy’s equant. In general, his model 

didn't try to provide a causal explanation of the motions, 

but concentrated on providing a complete, geometric de- 

scription that could explain observed motions without the 

contradictions inherent in Ptolemy’s model.[122]
 

 
Other astronomical works 

 

Alhazen wrote a total of twenty-five astronomical works, 

some concerning technical issues such as Exact Determi- 
nation of the Meridian, a second group concerning accu- 

rate astronomical observation, a third group concerning 

various astronomical problems and questions such as the 

location of the Milky Way; Alhazen argued for a distant 

location, based on the fact that it does not move in rela- 

tion to the fixed stars.[123] The fourth group consists of 

ten works on astronomical theory, including the Doubts 
and Model of the Motions discussed above.[124]

 

 

3.6.5 Mathematical works 
 

In mathematics, Alhazen built on the mathematical works 

of Euclid and Thabit ibn Qurra and worked on “the be- 

ginnings of the link between algebra and geometry.”[125]
 

 

 
 

Alhazen’s geometrically proven summation  formula 
 
 

He developed a formula for summing the first 100 nat- 

ural numbers, using a geometric proof to prove the 

formula.[126]
 

 
Geometry 

 

 

The lunes of Alhazen. The two blue lunes together have the same 
area as the green right triangle. 

 
Alhazen explored what is now known as the Euclidean 

parallel postulate, the fifth postulate in Euclid’s Ele- 
ments, using a proof by contradiction,[127] and in effect 

introducing the concept of motion into geometry.[128] 

He formulated the Lambert quadrilateral, which Boris 
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Abramovich Rozenfeld names the “Ibn al-Haytham– 

Lambert  quadrilateral”.[129]
 

In elementary geometry, Alhazen attempted to solve the 

problem of squaring the circle using the area of lunes 

(crescent shapes), but later gave up on the impossible 

task.[130] The two lunes formed from a right triangle by 

erecting a semicircle on each of the triangle’s sides, in- 

ward for the hypotenuse and outward for the other two 

sides, are known as the lunes of Alhazen; they have the 

same total area as the triangle itself.[131]
 

 
Number theory 

 

Alhazen’s contributions to number theory include his 

work on perfect numbers. In his Analysis and Synthesis, 
he may have been the first to state that every even perfect 

number is of the form 2n−1(2n − 1) where 2n − 1 is prime, 

but he was not able to prove this result; Euler later proved 

it in the 18th century.[132]
 

Alhazen solved problems involving congruences using 

what is now called Wilson’s theorem. In his Opuscula, 

Alhazen considers the solution of a system of congru- 

ences, and gives two general methods of solution. His first 

method, the canonical method, involved Wilson’s theo- 

rem, while his second method involved a version of the 

Chinese remainder theorem.[133]
 

 
Calculus 

 

Alhazen discovered the sum formula for the fourth power, 

aware of the impracticality of this scheme, and he soon 

feigned madness so he could avoid punishment from the 

Caliph.[135]
 

 

Philosophy 

 

In his Treatise on Place, Alhazen disagreed with 

Aristotle's view that nature abhors a void, and he used 

geometry in an attempt to demonstrate that place (al- 
makan) is the imagined three-dimensional void between 

the inner surfaces of a containing body.[136] Abd-el- 

latif, a supporter of Aristotle’s philosophical view of 

place, later criticized the work in Fi al-Radd ‘ala Ibn al- 
Haytham fi al-makan (A refutation of Ibn al-Haytham’s 
place) for its geometrization of place.[137]

 

Alhazen also discussed space perception and its 

epistemological implications in his Book of Optics. In 

“tying the visual perception of space to prior bodily expe- 

rience, Alhacen unequivocally rejected the intuitiveness 

of spatial perception and, therefore, the autonomy of 

vision. Without tangible notions of distance and size for 

correlation, sight can tell us next to nothing about such 

things.”[138]
 

 

Theology 

 

Alhazen was a devout Muslim, though it is uncertain 

which branch of Islam he followed. He may have been 

either a follower of the Ash'ari school of Sunni Islamic 
[139] 

using a method that could be generally used to determine theology according to Ziauddin Sardar 
[140] 

and Lawrence 

the sum for any tegral power. He used this to find the vol- Bettany  
[141] 

(and opposed to the views of the Mu'tazili 

ume of a paraboloid. He could find the integral formula school), a follower of the Mu'tazili school of Is- 
[142] 

for any polynomial without having developed a general 

formula.[134]
 

 

3.6.6 Other works 

Influence of Melodies on the Souls of Animals 

 

Alhazen also wrote a Treatise on the Influence of Melodies 
on the Souls of Animals, although no copies have sur- 

vived. It appears to have been concerned with the ques- 

tion of whether animals could react to music, for example 

whether a camel would increase or decrease its pace. 

 
Engineering 

 

In engineering, one account of his career as a civil engi- 

neer has him summoned to Egypt by the Fatimid Caliph, 

Al-Hakim bi-Amr Allah, to regulate the flooding of the 

Nile River. He carried out a detailed scientific study of 

the annual inundation of the Nile River, and he drew 

plans for building a dam, at the site of the modern-day 

Aswan Dam. His field work, however, later made him 

lamic theology according to Peter Edward Hodgson, 

or a possibly follower of Shia Islam according to A. I. 

Sabra.[143]
 

Alhazen wrote a work on Islamic theology in which 

he discussed prophethood and developed a system of 

philosophical criteria to discern its false claimants in his 

time.[144] He also wrote a treatise entitled Finding the Di- 
rection of Qibla by Calculation in which he discussed find- 

ing the Qibla, where Salat prayers are directed towards, 

mathematically.[145]
 

He wrote in his Doubts Concerning Ptolemy: 

 
Truth is sought for its own sake ... Find- 

ing the truth is difficult, and the road to it is 

rough. For the truths are plunged in obscurity. 

... God, however, has not preserved the scien- 

tist from error and has not safeguarded science 

from shortcomings and faults. If this had been 

the case, scientists would not have disagreed 

upon any point of science...[146]
 

 
In The Winding Motion, Alhazen further wrote: 

https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-129
https://en.wikipedia.org/wiki/Squaring_the_circle
https://en.wikipedia.org/wiki/Lune_(mathematics)
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-130
https://en.wikipedia.org/wiki/Right_triangle
https://en.wikipedia.org/wiki/Lune_of_Hippocrates
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-131
https://en.wikipedia.org/wiki/Number_theory
https://en.wikipedia.org/wiki/Perfect_number
https://en.wikipedia.org/wiki/Prime_number
https://en.wikipedia.org/wiki/Leonhard_Euler
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-132
https://en.wikipedia.org/wiki/Congruence_relation
https://en.wikipedia.org/wiki/Wilson%2527s_theorem
https://en.wikipedia.org/wiki/Chinese_remainder_theorem
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-133
https://en.wikipedia.org/wiki/Feigned_madness
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-135
https://en.wikipedia.org/wiki/Aristotle
https://en.wikipedia.org/wiki/Vacuum
https://en.wikipedia.org/wiki/Geometry
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-136
https://en.wikipedia.org/wiki/Abd_al-Latif_al-Baghdadi_(medieval_writer)
https://en.wikipedia.org/wiki/Abd_al-Latif_al-Baghdadi_(medieval_writer)
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-137
https://en.wikipedia.org/wiki/Depth_perception
https://en.wikipedia.org/wiki/Epistemology
https://en.wikipedia.org/wiki/Book_of_Optics
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-138
https://en.wikipedia.org/wiki/Muslim
https://en.wikipedia.org/wiki/Islam
https://en.wikipedia.org/wiki/Ash%2527ari
https://en.wikipedia.org/wiki/Sunni_Islam
https://en.wikipedia.org/wiki/Islamic_theology
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-139
https://en.wikipedia.org/wiki/Islamic_theology
https://en.wikipedia.org/wiki/Ziauddin_Sardar
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-140
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-141
https://en.wikipedia.org/wiki/Mu%2527tazili
https://en.wikipedia.org/wiki/Paraboloid
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-142
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-134
https://en.wikipedia.org/wiki/Inventions_in_the_Islamic_world
https://en.wikipedia.org/wiki/Civil_engineer
https://en.wikipedia.org/wiki/Civil_engineer
https://en.wikipedia.org/wiki/Caliph
https://en.wikipedia.org/wiki/Al-Hakim_bi-Amr_Allah
https://en.wikipedia.org/wiki/Flooding
https://en.wikipedia.org/wiki/Nile
https://en.wikipedia.org/wiki/Inundation
https://en.wikipedia.org/wiki/Dam
https://en.wikipedia.org/wiki/Aswan_Dam
https://en.wikipedia.org/wiki/Shia_Islam
https://en.wikipedia.org/wiki/A._I._Sabra
https://en.wikipedia.org/wiki/A._I._Sabra
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-143
https://en.wikipedia.org/wiki/Prophet
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-144
https://en.wikipedia.org/wiki/Qibla
https://en.wikipedia.org/wiki/Salat
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-145
https://en.wikipedia.org/wiki/Ibn_al-Haytham#cite_note-146


3.6.  IBN AL-HAYTHAM 293 
 

 

Muslims and Evolution of Science 

 

 
From the statements made by the noble 

Shaykh, it is clear that he believes in Ptolemy’s 

words in everything he says, without relying on 

a demonstration or calling on a proof, but by 

pure imitation (taqlid); that is how experts in 

the prophetic tradition have faith in Prophets, 

may the blessing of God be upon them. But it 

is not the way that mathematicians have faith in 

specialists in the demonstrative sciences.[147]
 

 

Alhazen described his theology: 

 
I constantly sought knowledge and truth, 

and it became my belief that for gaining access 

to the effulgence and closeness to God, there is 

no better way than that of searching for truth 

and knowledge.[148]
 

 

3.6.7 List of works 
 

According to medieval biographers, Alhazen wrote more 

than 200 works on a wide range of subjects, of which at 

least 96 of his scientific works are known. Most of his 

works are now lost, but more than 50 of them have sur- 

vived to some extent. Nearly half of his surviving works 

are on mathematics, 23 of them are on astronomy, and 14 

of them are on optics, with a few on other subjects.[149] 

Not all his surviving works have yet been studied, but 

some of the ones that have are given below.[150]
 

 

1. Book of Optics (كتاب المناظر ) 

2. Analysis and Synthesis (مقالة في التحليل 

 (والتركيب

3. Balance of Wisdom (ميزان الحكمة. ) 

4. Corrections to the Almagest (تصويبات على 

 ( .المجسطي

5. Discourse on Place (مقالة في المكان. ) 

6. Exact Determination of the Pole (التحديد الدقيق 

 (للقطب

7. Exact Determination of the Meridian (رسالة في 

 (الشفق

8. Finding  the  Direction  of   Qibla  by  Calculation 

 )القبلة اتجاه حساب كيفية(

9. Horizontal Sundials (المزولة الأفقية) 

10. Hour Lines 

11. Doubts Concerning Ptolemy (شكوك على 

 (.بطليموس

12.  Maqala fi'l-Qarastun (الةمق في قرسطون ) 

13. On Completion of the Conics (إكمال المخاريط ) 

14. On Seeing the Stars (رؤية الكواكب ) 

15. On Squaring the Circle (مقالة فی تربیع الدائرة 

) 

16. On the Burning Sphere ( المرايا المحرقة بالدوائر) 

17. On the Configuration of the World (تكوين العالم.-) 18. 

On the Form of Eclipse (مقالة فی صورة الکسوف-) 19. On 

the Light of Stars (مقالة في ضوء النجوم - ) 

20. On the Light of the Moon (مقالة في ضوء القمر) 21. 

On the Milky Way (مقالة في درب التبانة.) 

22. On the Nature of Shadows (كيفيات الإظلال) 

23. On the Rainbow and Halo (مقالة في قوس قزح) 

24. Opuscula 

25. Resolution of Doubts Concerning the Almagest 

26. Resolution of Doubts Concerning the Winding Motion 

27. The Correction of the Operations in Astronomy 

28. The Different Heights of the Planets 

29. The Direction of Mecca (اتجاه القبلة) 

30. The Model of the Motions of Each of the Seven Plan- 
ets (نماذج حركات الكواكب السبعة) 

31. The Model of the Universe (نموذج الكون) 

32. The Motion of the Moon (حركة القمر) 

33. The Ratios of Hourly Arcs to their Heights 

34. The Winding Motion (الحركة المتعرجة) 

35. Treatise on Light (رسالة في الضوء) 

36. Treatise on Place (رسالة في المكان) 

37. Treatise on the Influence of Melodies on the Souls 
of Animals (الحيوانية تأثير اللحون الموسيقية في 

 ( النفوس

 .38 ( الهندسية المسائل تحليل في كتاب(

 .39 )الحساب أصول في الجامع(

 .40 .الکرة مساحة فی قول

 .41 )المعاملات حساب فی الغریبب المعروف القول

 .42 .)العمود جهة من المثلث خواص

 .43 المکافی المسجم مساحة فی رسالة

 .44 إقليدس أصول شرح

 .45 بالقطوع المحرقة المرايا
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Lost works 

 
1. A Book in which I have Summarized the Science of 

Optics from the Two Books of Euclid and Ptolemy, to 
which I have added the Notions of the First Discourse 
which is Missing from Ptolemy’s Book[151]

 

 

 

3.6.8 Commemorations 
 

Ibn Al-Haytham’s work has been commemorated by the 

naming of the Alhazen crater on the moon after him. The 

asteroid 59239 Alhazen was also named in his honour. 

In 2014, the "Hiding in the Light" episode of Cosmos: 
A Spacetime Odyssey, presented by Neil deGrasse Tyson, 

focused on the accomplishments of Ibn al-Haytham. He 

was voiced by Alfred Molina in the episode. 

UNESCO has declared 2015 the International Year of 

Light. Amongst others, this will be celebrating Ibn Al- 

Haytham’s achievements in optics, mathematics and as- 

tronomy. An international campaign, created by the 1001 

Inventions organisation, titled 1001 Inventions and the 

World of Ibn Al-Haytham featuring a series of inter- 

active exhibits, workshops and live shows about his work 

will partner with science centers, science festivals, mu- 

seums, and educational institutions, as well as digital and 

social media platforms.[152] The campaign also produced 

and released the short educational film 1001 Inventions 

and the World of Ibn Al-Haytham, In honour of Alhazen, 

the Aga Khan University (Pakistan) named its Ophthal- 

mology endowed chair as “The Ibn-e-Haitham Associate 

Professor and Chief of Ophthalmology” 

 

 

3.6.9 Criticism 
 

Mark Smith’s critical editions of De Aspectibus contain a 

Latin glossary with page numbers of each occurrence of 

the words, to illustrate Alhazen’s experimental viewpoint. 

Smith shows that Alhacen was received well in the West 

because he reinforced the importance of the Hellenic tra- 

dition to them.[153]
 

 

 

Refraction 

 

Smith (2010) has noted that Alhazen’s treatment of re- 

fraction describes an experimental setup without publica- 

tion of data.[154] Ptolemy published his experimental re- 

sults for refraction, in contrast. One generation before Al- 

hazen, Ibn Sahl discovered his statement of the lengths of 

the hypotenuse for each incident and refracted right trian- 

gle, respectively. This is equivalent to Descartes’ formu- 

lation for refraction. Alhazen’s convention for describing 

the incident and refracted angles is still in use. 

3.6.10 See also 

• Hiding in the Light 

• History of mathematics 

• History of optics 

• History of physics 

• History of science 

• History of scientific method 

• Hockney–Falco thesis 

• Mathematics in medieval Islam 

• Physics in medieval Islam 

• Science in the medieval Islamic world 

• Fatima al-Fihri 

• Islamic Golden Age 
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3.7 Ibn Maḍāʾ 
 
Abu al-Abbas Ahmad bin Abd al-Rahman bin Muham- 

mad bin Sa'id bin Harith bin Asim al-Lakhmi al-Qurtubi, 

better known as Ibn Maḍāʾ (1116–1196) was a Muslim 

polymath from Córdoba in Islamic Spain.[4] Ibn Mada 

was notable for having challenged the traditional forma- 

tion of Arabic grammar and of the common understand- 

ing of linguistic governance among Arab grammarians, 

performing an overhaul first suggested by Al-Jahiz two- 

hundred years prior.[5] He is considered the first linguist 

in history to address the subject of dependency in the 

grammatical sense in which it is understood today, and 

was instrumental during the Almohad reforms as chief 

judge of the Almohad Caliphate. 

 

3.7.1 Biography 

Education 

 

Ibn Mada’s exact date of birth is a matter of dispute, hav- 

ing been listed as both 1116[3] and 1119[4][6][7] according 

to the Gregorian calendar. His family was famous within 

their local community.[6][8] Ibn Mada was not known to 

have traveled outside of Cordoba prior to his academic 

study. He grew up in a family of noble origin, and as a 

youth he seemed to concern himself only with pursuing 

his education.[7] In addition to religion, he was also well- 

versed in geometry and medicine.[4]
 

He moved from Cordoba to Seville where he studied Ara- 

bic grammar and syntax from the works of Sibawayh.[1][8] 

Later, he left the Iberian Peninsula for Ceuta in North 

Africa in order to study historiography and prophetic 

tradition with Muslim academic Qadi Ayyad.[1][8] Ibn 

Mada was most affeccted by his linguistic study, excelling 

so far as to develop his own independent opinions in re- 

gard to disputes among grammarians.[9][8]
 

 
Career 

 

Ibn Mada initially served as a judge in Fes in present- 

day Morocco and later at Béjaïa in present-day Algeria. 

It was during his initial judgship that he was a teacher 

of fellow Andalusian theologian and litterateur, Ibn Di- 

hya al-Kalby.[10] Later on, Almohad Caliph Abu Yaqub 

Yusuf chose him to serve as the chief judge for the 

caliphate.[6][8] He served in Fes, Marrakesh and Seville, 

outliving Abu Yaqub to serve under the caliph’s son Abu 

Yusuf Yaqub al-Mansur and remaining as the empire’s 

chief judge for the remainder of his life.[8][11] During 

the Almohad reforms, he assisted the Almohad author- 

ities in banning any and all religious books written by 

non-Zahirites during the reign of Abu Yaqub Yusuf,[4] 

and oversaw the outright burning of such books under 

Yusuf’s son Abu Yusuf Yaqub al-Mansur.[12] Ibn Maḍāʾs 

adherence to Zahirism has been described by  Dutch 

arabist Kees Versteegh as “fanatical.”[4] He died in Seville 

the Islamic calendar month of Jumada al-awwal during 

the Hijri year of 592,[11] corresponding to 1196 in the 

Gregorian calendar,[13] just as he was approaching eighty 

years of age. 

 

 

3.7.2 Views 
 

Ibn Mada rose to fame as one of the first to launch at- 

tack on Arabic grammar theory and called for its refor- 

mation. Although he was concerned with attacking all 

major schools of Arabic grammar, he was focused on 

the grammar of the linguists of Basra, as it was the most 

popular school around him.[14] His attack on eastern Ara- 

bic grammar was violent yet reasoned and eloquent, de- 

fending his view that grammar as it was understood in 

that region was complicated, causistic, obscure and artifi- 

cial; Ibn Mada instead called for building simple and clear 

grammar based on true facts of the language.[8] Among 

his ideas which were considered revolutionary both dur- 

ing his life and with renewed interest in his work during 

the 1950s was the abolition of governance and linguistic 

analogy.[13][15] Ibn Mada felt that scholarly work on the 

Arabic language was intentionally convoluted and inac- 

cessible to both non-native speakers and laymen Arabs, 

and that an overall simplification of language and gram- 

mar would enhance overall comprehension of Arabic. Ibn 

Mada held great respect for the language as the native 

speakers understood it, and while he emphasized a sim- 

plification of grammar he did not advocate a complete 

overhaul of the entire language.[16]
 

His Zahirite views in Muslim jurisprudence influenced 

his views in linguistics. He explicitly denied the ability 

of human beings to willfully choose what they say and 

how they say it, since speech – like all other things – is 

predetermined by God.[2] Because Arabic grammarians 

during Ibn Mada’s time often linked the spoken language 

to grammatical causes, they earned both his linguistic and 

theological ire. In his view, the Zahirite denial of legal 

causality in regard to Islamic law carried over into a denial 

of linguistic causality in regard to Arabic grammar.[17]
 

Ibn Mada’s reaction toward Arabic grammar and gram- 

marians wasn't without provocation. Both earlier Za- 

hirite jurists such as Ibn Hazm and al-Ballūṭī and some 

Shafi'ites sparred with Hanafite jurists who sought to jus- 

tify practices such as Istihsan, anathema to the more or- 

thodox schools, on the basis of grammatical and linguis- 

tic arguments.[17] Thus suspicion and antagonism toward 

grammarians in the east, where the Hanafite rite predom- 

inated, had already been started before Ibn Mada began 

his whole-scale vehemence. 
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Influence 

 

Ibn Mada’s mastery of the Arabic language and its sub- 

fields was so great that, at the time, he was said to 

have been isolated from the general body of scholar- 

ship in terms of sheer knowledge.[7] His refutation was 

written toward the end of his life and demonstrated 

his clarity of thought and independent judgment, caus- 

ing his student Ibn Dihya al-Kalby to brand him as the 

leader of all grammarians.[8] His critical views of Ara- 

bic grammar as it was taught in the eastern Muslim 

world found an audience with other linguistic and re- 

ligious scholars of the western half, Abu Hayyan Al 

Gharnati being one example.[6] Gharnati also criticized 

so-called “eastern grammarians” and, after his treatise 

on the non-existence of grammatic causality, cited Ibn 

Mada as his inspiration.[18] Although Ibn Dihya, Abu 

Hayyan and Ibn Mada shared their Zahirite and Andalu- 

sian backgrounds,[19] not all of Ibn Mada’s intellectual de- 

scendants shared these traits. 

Thus, while Ibn Mada opened the discussion regarding 

the competence of grammarians, suspicion surrounding 

them and the religious implications of their work con- 

tinued even after his death. In the mid-20th century, 

the rediscovery of Ibn Mada’s Refutation by Egyptian 

linguist Shawqi Daif caused minor shockwaves.[20] Con- 

vinced that Ibn Mada’s abolition of linguistic analogy and 

governance were the solutions to the failure of Arabic lan- 

guage education, Daif used this foundation for his later 

advocacy of modernizing language arts education in the 

Middle East.[13] So strong was Ibn Mada’s refutation of 

grammarians that University of Oxford Laudian Profes- 

sor of Arabic Geert Jan van Gelder referred to Ibn Mada 

as the Sextus Empiricus of the Arab world.[21]
 

 
Works 

• al-Radd 'ala` al-Nuhat 

• al-Mashriq fi Islah al-Mantiq 

• Tanzih al-Qur'an 'amma la Yuliqu min al-Bayan 
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3.8 Avicenna 
 
“Ibn Sīnā" redirects here. For the mountain peak, see 

Lenin Peak. 

 
Avicenna or Ibn-Sīnā (Arabic: ابن سينا; c. 980 – June 

1037) was a Persian polymath who is regarded as one of 
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the most significant thinkers and writers of the Islamic 

Golden Age.[5]
 

Of the 450 works he is known to have written, around 

240 have survived, including 150 on philosophy and 40 

on medicine.[6]
 

His most famous  works are The  Book  of  Healing,  

a philosophical and scientific encyclopedia, and The 
Canon of Medicine, a medical encyclopedia[7][8][9] which 

became a standard medical text at many medieval 

universities[10] and remained in use as late as 1650.[11] 

In 1973, Avicenna’s Canon Of Medicine was reprinted in 

New York.[12]
 

Besides philosophy and medicine, Avicenna’s corpus 

includes writings on astronomy, alchemy, geography 

and geology, psychology, Islamic theology, logic, 

mathematics, physics and poetry.[13]
 

 
3.8.1 Name 

 

Avicenna is a Latin corruption of the Arabic patronym 

Ibn-Sīnā,[14] meaning “Son of Sina”, a Persian masculine 

given name of uncertain etymology. However, Avicenna 

was not the son,[15] but the great-great-grandson of a man 

named Sina. His full name was Abū ʿ Alī al-Ḥusayn ibn 

ʿAbd Allāh ibn Al-Hasan ibn Ali ibn Sīnā[16] (أبو علي 

ٰ   الل عبد بن الحسين.(  سينا بن علي بن الحسن بن هٰ 

 
3.8.2 Circumstances 

 

Ibn Sina created an extensive corpus of works during 

what is commonly known as the Islamic Golden Age, 

in which the translations of Greco-Roman, Persian, and 

Indian texts were studied extensively. Greco-Roman 

(Mid- and Neo-Platonic, and Aristotelian) texts trans- 

lated by the Kindi school were commented, redacted 

and developed substantially by Islamic intellectuals, who 

also built upon Persian and Indian mathematical systems, 

astronomy, algebra, trigonometry and medicine.[17] The 

Samanid dynasty in the eastern part of Persia, Greater 

Khorasan and Central Asia as well as the Buyid dynasty 

in the western part of Persia and Iraq provided a thriving 

atmosphere for scholarly and cultural development. Un- 

der the Samanids, Bukhara rivaled Baghdad as a cultural 

capital of the Islamic world.[18]
 

The study of the Quran and the Hadith thrived in such 

a scholarly atmosphere. Philosophy, Fiqh and theology 

(kalaam) were further developed, most noticeably by Avi- 

cenna and his opponents. Al-Razi and Al-Farabi had pro- 

vided methodology and knowledge in medicine and phi- 

losophy. Avicenna had access to the great libraries of 

Balkh, Khwarezm, Gorgan, Rey, Isfahan and Hamadan. 

Various texts (such as the 'Ahd with Bahmanyar) show 

that he debated philosophical points with the greatest 

scholars of the time. Aruzi Samarqandi describes how 

before Avicenna left Khwarezm he had met Al-Biruni 

(a famous scientist and astronomer), Abu Nasr Iraqi (a 

renowned mathematician), Abu Sahl Masihi (a respected 

philosopher) and Abu al-Khayr Khammar (a great physi- 

cian). 

 
 

3.8.3 Biography 

Early life 

 

Avicenna was born c. 980 in Afshana, a village near 

Bukhara (in present-day Uzbekistan), the capital of 

the Samanids, a Persian dynasty in Central Asia and 

Greater Khorasan. His mother, named Setareh, was 

from Bukhara;[19] his father, Abdullah, was a respected 

Ismaili[20] scholar from Balkh, an important town of 

the Samanid Empire, in what is today Balkh Province, 

Afghanistan.[21] His father worked in the government of 

Samanid in the village Kharmasain, a Sunni regional 

power. After five years, his younger brother, Mahmoud, 

was born. Avicenna first began to learn the Quran and 

literature in such a way that when he was ten years old he 

had essentially learned all of them.[22]
 

According to his autobiography, Avicenna had memo- 

rised the entire Quran by the age of 10.[23] He learned 

Indian arithmetic from an Indian greengrocer,ءMahmoud 

Massahi[24] and he began to learn more from a wander- 

ing scholar who gained a livelihood by curing the sick 

and teaching the young. He also studied Fiqh (Islamic 

jurisprudence) under the Sunni Hanafi scholar Ismail al- 

Zahid.[25] Avicenna was taught some extent of philosophy 

books such as Introduction (Isagoge)'s Porphyry (philoso- 

pher), Euclid’s Elements, Ptolemy’s Almagest by an un- 

popular philosopher, Abu Abdullah Nateli, who claimed 

philosophizing.[26]
 

As a teenager, he was greatly troubled by the Metaphysics 
of Aristotle, which he could not understand until he read 

al-Farabi’s commentary on the work.[20] For the next year 

and a half, he studied philosophy, in which he encoun- 

tered greater obstacles. In such moments of baffled in- 

quiry, he would leave his books, perform the requisite 

ablutions, then go to the mosque, and continue in prayer 

till light broke on his difficulties. Deep into the night, he 

would continue his studies, and even in his dreams prob- 

lems would pursue him and work out their solution. Forty 

times, it is said, he read through the Metaphysics of Aris- 

totle, till the words were imprinted on his memory; but 

their meaning was hopelessly obscure, until one day they 

found illumination, from the little commentary by Farabi, 

which he bought at a bookstall for the small sum of three 

dirhams. So great was his joy at the discovery, made with 

the help of a work from which he had expected only mys- 

tery, that he hastened to return thanks to God, and be- 

stowed alms upon the poor. 

He turned to medicine at 16, and not only learned medical 

theory, but also by gratuitous attendance of the sick had, 
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according to his own account, discovered new methods 

of treatment. The teenager achieved full status as a qual- 

ified physician at age 18,[23] and found that “Medicine 

is no hard and thorny science, like mathematics and 

metaphysics, so I soon made great progress; I became 

an excellent doctor and began to treat patients, using ap- 

proved remedies.” The youthful physician’s fame spread 

quickly, and he treated many patients without asking for 

payment. 

A number of theories have been proposed regarding Avi- 

cenna’s madhab (school of thought within Islamic ju- 

risprudence). Medieval historian Ẓahīr al-dīn al-Bayhaqī 

(d. 1169) considered Avicenna to be a follower of the 

Brethren of Purity.[27] On the other hand, Dimitri Gutas 

along with Aisha Khan and Jules J. Janssens demonstrated 

that Avicenna was a Sunni Hanafi.[21][27] However, the 

14th century Shia faqih Nurullah Shushtari according to 

Seyyed Hossein Nasr, maintained that he was most likely 

a Twelver Shia.[28] Conversely, Sharaf Khorasani, citing 

a rejection of an invitation of the Sunni Governor Sultan 

Mahmoud Ghazanavi by Avicenna to his court, believes 

that Avicenna was an Ismaili.[29] Similar disagreements 

exist on the background of Avicenna’s family, whereas 

some writers considered them Sunni, some more recent 

writers contested that they were Shia.[21]
 

 
Adulthood 

 

Ibn Sina’s first appointment was that of physician to the 

emir, Nuh II, who owed him his recovery from a dan- 

gerous illness (997). Ibn Sina’s chief reward for this ser- 

vice was access to the royal library of the Samanids, well- 

known patrons of scholarship and scholars. When the li- 

brary was destroyed by fire not long after, the enemies 

of Ibn Sina accused him of burning it, in order for ever 

to conceal the sources of his knowledge. Meanwhile, he 

assisted his father in his financial labors, but still found 

time to write some of his earliest works. 

When Ibn Sina was 22 years old, he lost his father. The 

Samanid dynasty came to its end in December 1004. Ibn 

Sina seems to have declined the offers of Mahmud of 

Ghazni, and proceeded westwards to Urgench in mod- 

ern Turkmenistan, where the vizier, regarded as a friend 

of scholars, gave him a small monthly stipend. The pay 

was small, however, so Ibn Sina wandered from place to 

place through the districts of Nishapur and Merv to the 

borders of Khorasan, seeking an opening for his talents. 

Qabus, the generous ruler of Tabaristan, himself a poet 

and a scholar, with whom Ibn Sina had expected to find 

asylum, was on about that date (1012) starved to death 

by his troops who had revolted. Ibn Sina himself was at 

this time stricken by a severe illness. Finally, at Gorgan, 

near the Caspian Sea, Ibn Sina met with a friend, who 

bought a dwelling near his own house in which Ibn Sina 

lectured on logic and astronomy. Several of Ibn Sina’s 

treatises were written for this patron; and the commence- 

ment of his Canon of Medicine also dates from his stay in 

 

 
 

A drawing of Avicenna from 1271 
 

 

Hyrcania. 

Ibn Sina subsequently settled at Rey, in the vicinity of 

modern Tehran, the home town of Rhazes; where Majd 

Addaula, a son of the last Buwayhid emir, was nom- 

inal ruler under the regency of his mother (Seyyedeh 

Khatun). About thirty of Ibn Sina’s shorter works are said 

to have been composed in Rey. Constant feuds which 

raged between the regent and her second son, Shams al- 

Daula, however, compelled the scholar to quit the place. 

After a brief sojourn at Qazvin he passed southwards 

to Hamadãn where Shams al-Daula, another Buwayhid 

emir, had established himself. At first, Ibn Sina entered 

into the service of a high-born lady; but the emir, hearing 

of his arrival, called him in as medical attendant, and sent 

him back with presents to his dwelling. Ibn Sina was even 

raised to the office of vizier. The emir decreed that he 

should be banished from the country. Ibn Sina, however, 

remained hidden for forty days in sheikh Ahmed Fadhel’s 

house, until a fresh attack of illness induced the emir to 

restore him to his post. Even during this perturbed time, 

Ibn Sina persevered with his studies and teaching. Every 

evening, extracts from his great works, the Canon and 

the Sanatio, were dictated and explained to his pupils. 

On the death of the emir, Ibn Sina ceased to be vizier 

and hid himself in the house of an apothecary, where, 

with intense assiduity, he continued the composition of 

his works. 
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Meanwhile, he had written to Abu Ya'far, the prefect of 

the dynamic city of Isfahan, offering his services. The 

new emir of Hamadan, hearing of this correspondence 

and discovering where Ibn Sina was hiding, incarcerated 

him in a fortress. War meanwhile continued between the 

rulers of Isfahan and Hamadãn; in 1024 the former cap- 

tured Hamadan and its towns, expelling the Tajik merce- 

naries. When the storm had passed, Ibn Sina returned 

with the emir to Hamadan, and carried on his literary 

labors. Later, however, accompanied by his brother, a 

favorite pupil, and two slaves, Ibn Sina escaped from the 

city in the dress of a Sufi ascetic. After a perilous jour- 

ney, they reached Isfahan, receiving an honorable wel- 

come from the prince. 

 

Later life and death 

 

The first page of a manuscript of Avicenna’s Canon, dated 
1596/7 (Yale, Medical Historical Library, Cushing Arabic ms. 
5) 

 
The remaining ten or twelve years of Ibn Sīnā's life were 

spent in the service of the Kakuyid ruler Muhammad 

ibn Rustam Dushmanziyar (also known as Ala al-Dawla), 

whom he accompanied as physician and general literary 

and scientific adviser, even in his numerous campaigns. 

During these years he began to study literary matters and 

philology, instigated, it is asserted, by criticisms on his 

style. A severe colic, which seized him on the march of 

the army against Hamadan, was checked by remedies so 

violent that Ibn Sina could scarcely stand. On a similar 

 

 
 

Gravestone of Avicenna, Hamedan, Iran 
 

 
occasion the disease returned; with difficulty he reached 

Hamadan, where, finding the disease gaining ground, he 

refused to keep up the regimen imposed, and resigned 

himself to his fate. 

His friends advised him to slow down and take life moder- 

ately. He refused, however, stating that: “I prefer a short 
life with width to a narrow one with length”.[30] On his 

deathbed remorse seized him; he bestowed his goods on 

the poor, restored unjust gains, freed his slaves, and read 

through the Quran every three days until his death.[31] He 

died in June 1037, in his fifty-eighth year, in the month 

of Ramadan and was buried in Hamadan, Iran.[31]
 

 
 

3.8.4 Philosophy 
 

Ibn Sīnā wrote extensively on early Islamic philosophy, 

especially the subjects logic, ethics, and metaphysics, in- 

cluding treatises named Logic and Metaphysics. Most of 

his works were written in Arabic – then the language of 

science in the Middle East – and some in Persian. Of lin- 

guistic significance even to this day are a few books that 

he wrote in nearly pure Persian language (particularly the 

Danishnamah-yi 'Ala', Philosophy for Ala' ad-Dawla'). 

Ibn Sīnā's commentaries on Aristotle often criticized the 

philosopher, encouraging a lively debate in the spirit of 

ijtihad. 

Avicenna’s Neoplatonic scheme of “emanations” became 

fundamental in the Kalam (school of theological dis- 

course) in the 12th century.[32]
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His Book of Healing became available in Europe in partial 

Latin translation some fifty years after its composition, 

under the title Sufficientia, and some authors have iden- 

tified a “Latin Avicennism” as flourishing for some time, 

paralleling the more influential Latin Averroism, but sup- 

pressed by the Parisian decrees of 1210 and 1215.[33] 

Avicenna’s psychology and theory of knowledge influ- 

enced William of Auvergne, Bishop of Paris[34] and 

Albertus Magnus,[34] while his metaphysics influenced 

the thought of Thomas Aquinas.[34]
 

 
 

Metaphysical doctrine 

 

Early Islamic philosophy and Islamic metaphysics, im- 

bued as it is with Islamic theology, distinguishes more 

clearly than Aristotelianism between essence and exis- 

tence. Whereas existence is the domain of the contin- 

gent and the accidental, essence endures within a being 

beyond the accidental. The philosophy of Ibn Sīnā, par- 

ticularly that part relating to metaphysics, owes much to 

al-Farabi. The search for a definitive Islamic philosophy 

separate from Occasionalism can be seen in what is left 

of his work. 

Following al-Farabi’s lead, Avicenna initiated a full- 

fledged inquiry into the question of being, in which he dis- 

tinguished between essence (Mahiat) and existence (Wu- 
jud). He argued that the fact of existence can not be in- 

ferred from or accounted for by the essence of existing 

things, and that form and matter by themselves cannot 

interact and originate the movement of the universe or 

the progressive actualization of existing things. Existence 

must, therefore, be due to an agent-cause that necessi- 

tates, imparts, gives, or adds existence to an essence. To 

do so, the cause must be an existing thing and coexist with 

its effect.[35]
 

Avicenna’s consideration of the essence-attributes ques- 

tion may be elucidated in terms of his ontological analy- 

sis of the modalities of being; namely impossibility, con- 

tingency, and necessity. Avicenna argued that the im- 

possible being is that which cannot exist, while the con- 

tingent in itself (mumkin bi-dhatihi) has the potential- 

ity to be or not to be without entailing a contradiction. 

When actualized, the contingent becomes a 'necessary 

existent due to what is other than itself' (wajib al-wujud 
bi-ghayrihi). Thus, contingency-in-itself is potential be- 

ingness that could eventually be actualized by an external 

cause other than itself. The metaphysical structures of 

necessity and contingency are different. Necessary being 

due to itself (wajib al-wujud bi-dhatihi) is true in itself, 

while the contingent being is 'false in itself' and 'true due 

to something else other than itself'. The necessary is the 

source of its own being without borrowed existence. It is 

what always exists.[36][37]
 

The Necessary exists 'due-to-Its-Self', and has no quid- 

dity/essence (mahiyya) other than existence (wujud). 

Furthermore, It is 'One' (wahid ahad)[38] since there can- 

not be more than one 'Necessary-Existent-due-to-Itself' 

without differentia (fasl) to distinguish them from each 

other. Yet, to require differentia entails that they exist 

'due-to-themselves’ as well as 'due to what is other than 

themselves’; and this is contradictory. However, if no dif- 

ferentia distinguishes them from each other, then there 

is no sense in which these 'Existents’ are not one and 

the same.[39] Avicenna adds that the 'Necessary-Existent- 

due-to-Itself' has no genus (jins), nor a definition (hadd), 

nor a counterpart (nadd), nor an opposite (did), and 

is detached (bari) from matter (madda), quality (kayf), 
quantity (kam), place (ayn), situation (wad), and time 

(waqt).[40][41][42] 

Avicenna’s theology on metaphysical issues (ilāhiyyāt) 
has been criticized by some Islamic scholars, among 

them al-Ghazali, Ibn Taymiyya, and Ibn al-Qayyim.[43] 

While discussing the views of the theists among the Greek 

philosophers, namely Socrates, Plato, and Aristotle in Al- 
Munqidh min ad-Dalal (“Deliverance from Error”), al- 

Ghazali noted that the Greek philosophers “must be taxed 

with unbelief, as must their partisans among the Muslim 

philosophers, such as Ibn Sina and al-Farabi and their 

likes.” He added that “None, however, of the Muslim 

philosophers engaged so much in transmitting Aristotle’s 

lore as did the two men just mentioned. [...] The sum of 

what we regard as the authentic philosophy of Aristotle, 

as transmitted by al-Farabi and Ibn Sina, can be reduced 

to three parts: a part which must be branded as unbelief; 

a part which must be stigmatized as innovation; and a part 

which need not be repudiated at all.[44]
 

 

 
Argument for God’s existence 

 

Main article: Proof of the Truthful 

 
Avicenna made an argument for the existence of God 

which would be known as the "Proof of the Truthful" 

(Arabic: al-burhan al-siddiqin). Avicenna argued that 

there must be a “necessary existent” (Arabic: wajib al- 
wujud), an entity that cannot not exist,[45] and through 

a series of argument, he identified it with God of Is- 

lam.[46] Present-day historian of philosophy Peter Adam- 

son called this argument one of the most influential me- 

dieval arguments for God’s existence, and Avicenna’s 

biggest contribution to the history of philosophy.[45]
 

 

 
Al-Biruni correspondence 

 
Correspondence between Ibn Sina (with his student Ah- 

mad ibn 'Ali al-Ma’sumi) and Al-Biruni has survived in 

which they debated Aristotelian natural philosophy and 

the Peripatetic school. Abu Rayhan began by asking Avi- 

cenna eighteen questions, ten of which were criticisms of 

Aristotle’s On the Heavens.[47]
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Theology 

 

Avicenna was a devout Muslim and sought to recon- 

cile rational philosophy with Islamic theology. His aim 

was to prove the existence of God and His creation of 

the world scientifically and through reason and logic.[48] 

Avicenna’s views on Islamic theology (and philosophy) 

were enormously influential, forming part of the core of 

the curriculum at Islamic religious schools until the 19th 

century.[49] Avicenna wrote a number of short treatises 

dealing with Islamic theology. These included treatises 

on the prophets (whom he viewed as “inspired philoso- 

phers”), and also on various scientific and philosophi- 

cal interpretations of the Quran, such as how Quranic 

cosmology corresponds to his own philosophical system. 

In general these treatises linked his philosophical writings 

to Islamic religious ideas; for example, the body’s after- 

life. 

There are occasional brief hints and allusions in his 

longer works however that Avicenna considered philoso- 

phy as the only sensible way to distinguish real prophecy 

from illusion. He did not state this more clearly be- 

cause of the political implications of such a theory, if 

prophecy could be questioned, and also because most of 

the time he was writing shorter works which concentrated 

on explaining his theories on philosophy and theology 

clearly, without digressing to consider epistemological 

matters which could only be properly considered by other 

philosophers.[50]
 

Later interpretations of Avicenna’s philosophy split into 

three different schools; those (such as al-Tusi) who con- 

tinued to apply his philosophy as a system to interpret 

later political events and scientific advances; those (such 

as al-Razi) who considered Avicenna’s theological works 

in isolation from his wider philosophical concerns; and 

those (such as al-Ghazali) who selectively used parts of 

his philosophy to support their own attempts to gain 

greater spiritual insights through a variety of mystical 

means. It was the theological interpretation championed 

by those such as al-Razi which eventually came to pre- 

dominate in the madrasahs.[51]
 

Avicenna memorized the Quran by the age of ten, and 

as an adult, he wrote five treatises commenting on suras 

from the Quran. One of these texts included the Proof 
of Prophecies, in which he comments on several Quranic 

verses and holds the Quran in high esteem. Avicenna 

argued that the Islamic prophets should be considered 

higher than philosophers.[52]
 

 
Thought experiments 

 

Main article: floating man 

 
While he was imprisoned in the castle of Fardajan near 

Hamadhan, Avicenna wrote his famous "Floating Man" 

– literally falling man – thought experiment to demon- 

strate human self-awareness and the substantiality and 

immateriality of the soul. Avicenna believed his “Float- 

ing Man” thought experiment demonstrated that the soul 

is a substance, and claimed humans cannot doubt their 

own consciousness, even in a situation that prevents all 

sensory data input. The thought experiment told its read- 

ers to imagine themselves created all at once while sus- 

pended in the air, isolated from all sensations, which in- 

cludes no sensory contact with even their own bodies. He 

argued that, in this scenario, one would still have self- 

consciousness. Because it is conceivable that a person, 

suspended in air while cut off from sense experience, 

would still be capable of determining his own existence, 

the thought experiment points to the conclusions that the 

soul is a perfection, independent of the body, and an im- 

material substance. The conceivability of this “Floating 

Man” indicates that the soul is perceived intellectually, 

which entails the soul’s separateness from the body. Avi- 

cenna referred to the living human intelligence, partic- 

ularly the active intellect, which he believed to be the 

hypostasis by which God communicates truth to the hu- 

man mind and imparts order and intelligibility to nature. 

Following is an English translation of the argument: 

 
One of us (i.e. a human being) should be 

imagined as having been created in a single 

stroke; created perfect and complete but with 

his vision obscured so that he cannot perceive 

external entities; created falling through air or 

a void, in such a manner that he is not struck by 

the firmness of the air in any way that compels 

him to feel it, and with his limbs separated so 

that they do not come in contact with or touch 

each other. Then contemplate the following: 

can he be assured of the existence of himself? 

He does not have any doubt in that his self 

exists, without thereby asserting that he has 

any exterior limbs, nor any internal organs, 

neither heart nor brain, nor any one of the 

exterior things at all; but rather he can affirm 

the existence of himself, without thereby 

asserting there that this self has any extension 

in space. Even if it were possible for him in 

that state to imagine a hand or any other limb, 

he would not imagine it as being a part of his 

self, nor as a condition for the existence of that 

self; for as you know that which is asserted 

is different from that which is not asserted, 

and that which is inferred is different from 

that which is not inferred. Therefore the self, 

the existence of which has been asserted, is 

a unique characteristic, in as much that it is 

not as such the same as the body or the limbs, 

which have not been ascertained. Thus that 

which is ascertained (i.e. the self), does have 

a way of being sure of the existence of the 

soul as something other than the body, even 

something non-bodily; this he knows, this he 
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should understand intuitively, if it is that he is 

ignorant of it and needs to be beaten with a 

stick [to realize it]. 

— Ibn Sina, Kitab Al-Shifa, On the Soul[39][53]
 

 

 

However, Avicenna posited the brain as the place where 

reason interacts with sensation. Sensation prepares the 

soul to receive rational concepts from the universal Agent 

Intellect. The first knowledge of the flying person would 

be “I am,” affirming his or her essence. That essence 

could not be the body, obviously, as the flying person has 

no sensation. Thus, the knowledge that “I am” is the core 

of a human being: the soul exists and is self-aware.[54] 

Avicenna thus concluded that the idea of the self is not 

logically dependent on any physical thing, and that the 

soul should not be seen in relative terms, but as a primary 

given, a substance. The body is unnecessary; in relation 

to it, the soul is its perfection.[55][56][57] In itself, the soul 

is an immaterial substance.[58]
 

 
3.8.5 The Canon of Medicine 

Main article: The Canon of Medicine 

Avicenna authored a five-volume medical encyclopedia: 
 

12th-century manuscript of the Canon, kept at the Azerbaijan 
National Academy of Sciences. 

 

The Canon of Medicine (Al-Qanun fi't-Tibb). It was used 

as the standard medical textbook in the Islamic world 

and Europe up to the 18th century.[59][60] The Canon still 

plays an important role in Unani medicine.[61]
 

 

3.8.6 The Book of Healing 

Main article: The Book of Healing 

 

 
Earth sciences 

 

Ibn Sīnā wrote on Earth sciences such as geology in The 
Book of Healing.[62] While discussing the formation of 

mountains, he explained: 

 

Either they are the effects of upheavals of 

the crust of the earth, such as might occur dur- 

ing a violent earthquake, or they are the ef- 

fect of water, which, cutting itself a new route, 

has denuded the valleys, the strata being of 

different kinds, some soft, some hard ... It 

would require a long period of time for all such 

changes to be accomplished, during which the 

mountains themselves might be somewhat di- 

minished in size.[62]
 

 
Philosophy of science 

 

In the Al-Burhan (On Demonstration) section of The Book 
of Healing, Avicenna discussed the philosophy of science 

and described an early scientific method of inquiry. He 

discusses Aristotle’s Posterior Analytics and significantly 

diverged from it on several points. Avicenna discussed 

the issue of a proper methodology for scientific inquiry 

and the question of “How does one acquire the first princi- 

ples of a science?" He asked how a scientist would arrive 

at “the initial axioms or hypotheses of a deductive science 

without inferring them from some more basic premises?" 

He explains that the ideal situation is when one grasps 

that a “relation holds between the terms, which would al- 

low for absolute, universal certainty.” Avicenna then adds 

two further methods for arriving at the first principles: 

the ancient Aristotelian method of induction (istiqra), and 

the method of examination and experimentation (tajriba). 

Avicenna criticized Aristotelian induction, arguing that 

“it does not lead to the absolute, universal, and certain 

premises that it purports to provide.” In its place, he de- 

velops a “method of experimentation as a means for sci- 

entific inquiry.”[63]
 

 
Logic 

 

An early formal system of temporal logic was studied by 

Avicenna.[64] Although he did not develop a real theory 

of temporal propositions, he did study the relationship be- 

tween temporalis and the implication.[65] Avicenna’s work 
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was further developed by Najm al-Dīn al-Qazwīnī al- 

Kātibī and became the dominant system of Islamic logic 

until modern times.[66][67] Avicennian logic also influ- 

enced several early European logicians such as Albertus 

Magnus[68] and William of Ockham.[69][70] Avicenna en- 

dorsed the law of noncontradiction proposed by Aristotle, 

that a fact could not be both true and false at the same time 

and in the same sense of the terminology used. He stated, 

“Anyone who denies the law of noncontradiction should 

be beaten and burned until he admits that to be beaten is 

not the same as not to be beaten, and to be burned is not 

the same as not to be burned.”[71]
 

 
Physics 

 

In mechanics, Ibn Sīnā, in The Book of Healing, devel- 

oped a theory of motion, in which he made a distinction 

between the inclination (tendency to motion) and force 

of a projectile, and concluded that motion was a result of 

an inclination (mayl) transferred to the projectile by the 

thrower, and that projectile motion in a vacuum would 

not cease.[72] He viewed inclination as a permanent force 

whose effect is dissipated by external forces such as air 

resistance.[73]
 

The theory of motion presented by Avicenna was prob- 

ably influenced by the 6th-century Alexandrian scholar 

John Philoponus. Avicenna’s is a less sophisticated vari- 

ant of the theory of impetus developed by Buridan in the 

14th century. It is unclear if Buridan was influenced by 

Avicenna, or by Philoponus directly.[74]
 

In optics, Ibn Sina was among those who argued that light 

had a speed, observing that “if the perception of light 

is due to the emission of some sort of particles by a lu- 

minous source, the speed of light must be finite.”[75] He 

also provided a wrong explanation of the rainbow phe- 

nomenon. Carl Benjamin Boyer described Avicenna’s 

(“Ibn Sīnā") theory on the rainbow as follows: 

 
Independent observation had demonstrated 

to him that the bow is not formed in the dark 

cloud but rather in the very thin mist lying be- 

tween the cloud and the sun or observer. The 

cloud, he thought, serves simply as the back- 

ground of this thin substance, much as a quick- 

silver lining is placed upon the rear surface of 

the glass in a mirror. Ibn Sīnā would change 

the place not only of the bow, but also of the 

color formation, holding the iridescence to be 

merely a subjective sensation in the eye.[76]
 

 
In 1253, a Latin text entitled Speculum Tripartitum stated 

the following regarding Avicenna’s theory on heat: 

 
Avicenna says in his book of heaven and 

earth, that heat is generated from motion in ex- 

ternal things.[77]
 

Psychology 

 

Avicenna’s legacy in classical psychology is primarily em- 

bodied in the Kitab al-nafs parts of his Kitab al-shifa 
(The Book of Healing) and Kitab al-najat (The Book of 
Deliverance). These were known in Latin under the ti- 

tle De Anima (treatises “on the soul”). Notably, Avi- 

cenna develops what is called the “flying man” argu- 

ment in the Psychology of The Cure I.1.7 as defense of 

the argument that the soul is without quantitative exten- 

sion, which has an affinity with Descartes’s cogito argu- 

ment (or what phenomenology designates as a form of an 

"epoche").[55][56]
 

Avicenna’s psychology requires that connection between 

the body and soul be strong enough to ensure the soul’s 

individuation, but weak enough to allow for its immor- 

tality. Avicenna grounds his psychology on physiology, 

which means his account of the soul is one that deals al- 

most entirely with the natural science of the body and 

its abilities of perception. Thus, the philosopher’s con- 

nection between the soul and body is explained almost 

entirely by his understanding of perception; in this way, 

bodily perception interrelates with the immaterial human 

intellect. In sense perception, the perceiver senses the 

form of the object; first, by perceiving features of the ob- 

ject by our external senses. This sensory information is 

supplied to the internal senses, which merge all the pieces 

into a whole, unified conscious experience. This process 

of perception and abstraction is the nexus of the soul and 

body, for the material body may only perceive material 

objects, while the immaterial soul may only receive the 

immaterial, universal forms. The way the soul and body 

interact in the final abstraction of the universal from the 

concrete particular is the key to their relationship and in- 

teraction, which takes place in the physical body.[78]
 

The soul completes the action of intellection by accept- 

ing forms that have been abstracted from matter. This 

process requires a concrete particular (material) to be ab- 

stracted into the universal intelligible (immaterial). The 

material and immaterial interact through the Active Intel- 

lect, which is a “divine light” containing the intelligible 

forms.[79] The Active Intellect reveals the universals con- 

cealed in material objects much like the sun makes color 

available to our eyes. 

 

3.8.7 Other contributions 

Astronomy and astrology 

 

Avicenna wrote an attack on astrology titled Resāla fī 
ebṭāl aḥkām al-nojūm, in which he cited passages from 

the Quran to dispute the power of astrology to foretell 

the future.[80] He believed that each planet had some in- 

fluence on the earth, but argued against astrologers being 

able to determine the exact effects.[81]
 

Avicenna’s astronomical writings had some influence on 
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later writers, although in general his work could be 

considered less developed than Alhazen or Al-Biruni. 

One important feature of his writing is that he consid- 

ers mathematical astronomy as a separate discipline to 

astrology.[82] He criticized Aristotle’s view of the stars 

receiving their light from the Sun, stating that the stars 

are self-luminous, and believed that the planets are also 

self-luminous.[83] He claimed to have observed Venus as 

a spot on the Sun. This is possible, as there was a tran- 

sit on May 24, 1032, but Avicenna did not give the date 

of his observation, and modern scholars have questioned 

whether he could have observed the transit from his lo- 

cation at that time; he may have mistaken a sunspot for 

Venus. He used his transit observation to help estab- 

lish that Venus was, at least sometimes, below the Sun in 

Ptolemaic cosmology,[82] i.e. the sphere of Venus comes 

before the sphere of the Sun when moving out from the 

Earth in the prevailing geocentric model.[84][85]
 

He also wrote the Summary of the Almagest, (based on 

Ptolemy’s Almagest), with an appended treatise “to bring 

that which is stated in the Almagest and what is under- 

stood from Natural Science into conformity”. For exam- 

ple, Avicenna considers the motion of the solar apogee, 

which Ptolemy had taken to be fixed.[82]
 

 
Chemistry 

 

Ibn Sīnā used distillation to produce essential oils such 

as rose essence, forming the foundation of what later be- 

came aromatherapy.[86]
 

Unlike, for example, al-Razi, Ibn Sīnā explicitly disputed 

the theory of the transmutation of substances commonly 

believed by alchemists: 

 
Those of the chemical craft know well that 

no change can be effected in the different 

species of substances, though they can produce 

the appearance of such change.[87]
 

 
Four works on alchemy attributed to Avicenna were trans- 

lated into Latin as:[88]
 

• Liber Aboali Abincine de Anima in arte Alchemiae 

• Declaratio Lapis physici Avicennae filio sui Aboali 

• Avicennae de congelatione et conglutinatione 
lapidum 

• Avicennae ad Hasan Regem epistola de Re recta 

 
Liber Aboali Abincine de Anima in arte Alchemiae was 

the most influential, having influenced later medieval 

chemists and alchemists such as Vincent of Beauvais. 

However Anawati argues (following Ruska) that the de 

Anima is a fake by a Spanish author. Similarly the Dec- 

laratio is believed not to be actually by Avicenna. The 

third work (The Book of Minerals) is agreed to be Avi- 

cenna’s writing, adapted from the Kitab al-Shifa (Book of 
the Remedy).[88] Ibn Sina classified minerals into stones, 

fusible substances, sulfurs, and salts, building on the ideas 

of Aristotle and Jabir.[89] The epistola de Re recta is some- 

what less sceptical of alchemy; Anawati argues that it 

is by Avicenna, but written earlier in his career when 

he had not yet firmly decided that transmutation was 

impossible.[88]
 

 
Poetry 

 

Almost half of Ibn Sīnā's works are versified.[90] His po- 

ems appear in both Arabic and Persian. As an example, 

Edward Granville Browne claims that the following Per- 

sian verses are incorrectly attributed to Omar Khayyám, 

and were originally written by Ibn Sīnā:[91]
 

 
 حلز اوج تا سیاه گل قعر از

 حل را گیتی تمشکال مهه دمکر

 حیل و مکر ره قیدز جستم ونبیر

 جلا بند مگر شد هدگشا بند ره

Up from Earth’s Centre through the Seventh 

Gate, 

I rose, and on the Throne of Saturn sate, 

And many Knots unravel'd by the Road, 

But not the Master-Knot of Human Fate. 

 
3.8.8 Legacy 

Middle Ages and Renaissance 

 

As early as the 13th century when Dante Alighieri de- 

picted him in Limbo alongside the virtuous non-Christian 

thinkers in his Divine Comedy such as Virgil, Averroes, 

Homer, Horace, Ovid, Lucan, Socrates, Plato, and 

Saladin, Avicenna has been recognized by both East and 

West, as one of the great figures in intellectual history. 

George Sarton, the author of The History of Science, de- 

scribed Ibn Sīnā as “one of the greatest thinkers and med- 

ical scholars in history”[92] and called him “the most fa- 

mous scientist of Islam and one of the most famous of 

all races, places, and times.” He was one of the Islamic 

world’s leading writers in the field of medicine. Along 

with Rhazes, Abulcasis, Ibn al-Nafis, and al-Ibadi, Ibn 

Sīnā is considered an important compiler of early Muslim 

medicine. He is remembered in the Western history of 

medicine as a major historical figure who made important 

contributions to medicine and the European Renaissance. 

His medical texts were unusual in that where controversy 

existed between Galen and Aristotle’s views on medical 

matters (such as anatomy), he preferred to side with Aris- 

totle, where necessary updating Aristotle’s position to 

take into account post-Aristotelian advances in anatomi- 

cal knowledge.[93] Aristotle’s dominant intellectual influ- 

ence among medieval European scholars meant that Avi- 
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Inside view of the Avicenna Mausoleum, designed by Hooshang 
Seyhoun in 1945–1950. 

 
 

cenna’s linking of Galen’s medical writings with Aris- 

totle’s philosophical writings in the Canon of Medicine 
(along with its comprehensive and logical organisation 

of knowledge) significantly increased Avicenna’s impor- 

tance in medieval Europe in comparison to other Islamic 

writers on medicine. His influence following translation 

of the Canon was such that from the early fourteenth 

to the mid-sixteenth centuries he was ranked with Hip- 

pocrates and Galen as one of the acknowledged authori- 

ties, princeps medicorum (“prince of physicians”).[94]
 

 
Modern reception 

 

In modern Iran, he is considered a national icon, and is 

often regarded as one of the greatest Persians to have 

ever lived. A monument was erected outside the Bukhara 

museum. The Avicenna Mausoleum and Museum in 

Hamadan was built in 1952. Bu-Ali Sina University in 

Hamadan (Iran), Avicenna Research Institute in Tehran 

(Iran), the ibn Sīnā Tajik State Medical University in 

Dushanbe, Ibn Sina Academy of Medieval Medicine and 

Sciences at Aligarh, India, Avicenna School in Karachi 

and Avicenna Medical College in Lahore, Pakistan[95] 

Ibne Sina Balkh Medical School in his native province 

of Balkh in Afghanistan, Ibni Sina Faculty Of Medicine 

of Ankara University Ankara, Turkey and Ibn Sina Inte- 

grated School in Marawi City (Philippines) are all named 

 
in his honour. His portrait hangs in the Hall of the Avi- 

cenna Faculty of Medicine in the University of Paris. 

There is also a crater on the Moon named Avicenna and 

a plant genus Avicennia. 
 

A monument to Avicenna in Qakh (city), Azerbaijan 

 
In 1980, the Soviet Union, which then ruled his birth- 

place Bukhara, celebrated the thousandth anniversary of 

Avicenna’s birth by circulating various commemorative 

stamps with artistic illustrations, and by erecting a bust 

of Avicenna based on anthropological research by So- 

viet scholars.[96] Near his birthplace in Qishlak Afshona, 

some 25 km (16 mi) north of Bukhara, a training college 

for medical staff has been named for him. On the grounds 

is a museum dedicated to his life, times and work. 
 

 

Image of Avicenna on the Tajikistani somoni 

 
The Avicenna Prize for Ethics in Science is awarded ev- 

ery two years by UNESCO and rewards individuals and 

groups in the field of ethics in science. The prize was 

established in 2003 and named after Avicenna.[97] The 

aim of the award is to promote ethical reflection on is- 

sues raised by advances in science and technology, and 

to raise global awareness of the importance of ethics in 

science. 

In March 2008, it was announced that Avicenna’s name 

would be used for new Directories of education insti- 

tutions for health care professionals, worldwide. The 

Avicenna Directories will list universities and schools 

where doctors, public health practitioners, pharmacists 

and others, are educated. The project team stated “Why 

Avicenna? Avicenna ... was ... noted for his synthe- 

sis of knowledge from both east and west. He has had 

a lasting influence on the development of medicine and 

health sciences. The use of Avicenna’s name symbolises 

the worldwide partnership that is needed for the promo- 

tion of health services of high quality.”[98]
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The statue of Avicenna in United Nations Office in Vienna as a 
part of the “Persian Scholars Pavilion” donated by Iran 

 

In June 2009 Iran donated a “Persian Scholars Pavilion” 

to United Nations Office in Vienna which is placed in the 

central Memorial Plaza of the Vienna International Cen- 

ter.[99] The “Persian Scholars Pavilion” at United Nations 

in Vienna, Austria is featuring the statues of four promi- 

nent Iranian figures. 
 

 

Avicenna statue in Milad Tower 
 

Highlighting the Iranian architectural features, the pavil- 

ion is adorned with Persian art forms and includes the stat- 

 
ues of renowned Iranian scientists Avicenna, Al-Biruni, 

Zakariya Razi (Rhazes) and Omar Khayyam.[100][101]
 

The 1982 Soviet film Youth of Genius (Russian: Юность 

гения, translit. Yunost geniya) by Elyor Ishmukhamedov 

recounts Avicenna’s younger years. The film is set in 

Bukhara at the turn of the millennium.[102]
 

In Louis L'Amour’s 1985 historical novel The Walking 
Drum, Kerbouchard studies and discusses Avicenna’s The 
Canon of Medicine. 

In his book The Physician (1988) Noah Gordon tells the 

story of a young English medical apprentice who dis- 

guises himself as a Jew to travel from England to Persia 

and learn from Avicenna, the great master of his time. 

The novel was adapted into a feature film, The Physician, 

in 2013. Avicenna was played by Ben Kingsley. 

 

 

3.8.9 Arabic works 
 

The treatises of Ibn Sīnā influenced later Muslim thinkers 

in many areas including theology, philology, mathemat- 

ics, astronomy, physics, and music. His works numbered 

almost 450 volumes on a wide range of subjects, of which 

around 240 have survived. In particular, 150 volumes of 

his surviving works concentrate on philosophy and 40 of 

them concentrate on medicine.[6] His most famous works 

are The Book of Healing, and The Canon of Medicine. 

Ibn Sīnā wrote at least one treatise on alchemy, but sev- 

eral others have been falsely attributed to him. His Logic, 

Metaphysics, Physics, and De Caelo, are treatises giving 

a synoptic view of Aristotelian doctrine, though Meta- 
physics demonstrates a significant departure from the 

brand of Neoplatonism known as Aristotelianism in Ibn 

Sīnā's world; Arabic philosophers have hinted at the idea 

that Ibn Sīnā was attempting to “re-Aristotelianise” Mus- 

lim philosophy in its entirety, unlike his predecessors, 

who accepted the conflation of Platonic, Aristotelian, 

Neo- and Middle-Platonic works transmitted into the 

Muslim world. 

The Logic and Metaphysics have been extensively 

reprinted, the latter, e.g., at Venice in 1493, 1495, and 

1546. Some of his shorter essays on medicine, logic, 

etc., take a poetical form (the poem on logic was pub- 

lished by Schmoelders in 1836).[103] Two encyclopaedic 

treatises, dealing with philosophy, are often mentioned. 

The larger, Al-Shifa' (Sanatio), exists nearly complete in 

manuscript in the Bodleian Library and elsewhere; part of 

it on the De Anima appeared at Pavia (1490) as the Liber 
Sextus Naturalium, and the long account of Ibn Sina’s phi- 

losophy given by Muhammad al-Shahrastani seems to be 

mainly an analysis, and in many places a reproduction, 

of the Al-Shifa'. A shorter form of the work is known 

as the An-najat (Liberatio). The Latin editions of part of 

these works have been modified by the corrections which 

the monastic editors confess that they applied. There 

is also a حكمت مشرقيه (hikmat-al-mashriqqiyya, in Latin 
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Philosophia Orientalis), mentioned by Roger Bacon, the 

majority of which is lost in antiquity, which according to 

Averroes was pantheistic in tone. 

 

List of works 

 

This is the list of some of Avicenna’s well-known 

works:[104][105] 

 

• Sirat al-shaykh al-ra'is (The Life of Ibn Sina), ed. 

and trans. WE. Gohlman, Albany, NY: State Uni- 

versity of New York Press, 1974. (The only critical 

edition of Ibn Sina’s autobiography, supplemented 

with material from a biography by his student Abu 

'Ubayd al-Juzjani. A more recent translation of 

the Autobiography appears in D. Gutas, Avicenna 
and the Aristotelian Tradition: Introduction to Read- 
ing Avicenna’s Philosophical Works, Leiden: Brill, 

1988; second edition 2014.)[104]
 

• Al-isharat wa al-tanbihat (Remarks and Admoni- 
tions), ed. S. Dunya, Cairo, 1960; parts translated 
by S.C. Inati, Remarks and Admonitions, Part One: 

Logic, Toronto, Ont.: Pontifical Institute for Me- 
diaeval Studies, 1984, and Ibn Sina and Mysticism, 
Remarks and Admonitions: Part 4, London: Kegan 

Paul International, 1996.[104]
 

• Al-Qanun fi'l-tibb (The Canon of  Medicine),   ed. 

I. a-Qashsh, Cairo, 1987. (Encyclopedia of 

medicine.)[104] manuscript,[106][107] Latin transla- 

tion, Flores Avicenne,[108] Michael de Capella, 

1508,[109] Modern text.[110] Ahmed Shawkat Al- 

Shatti, Jibran Jabbur.[111]
 

• Risalah fi sirr al-qadar (Essay on the Secret of Des- 
tiny), trans. G. Hourani in Reason and Tradition in 
Islamic Ethics, Cambridge: Cambridge University 

Press, 1985.[104]
 

• Danishnama-i 'ala'i (The Book of Scientific Knowl- 
edge), ed. and trans. P. Morewedge, The Meta- 
physics of Avicenna, London: Routledge and Kegan 

Paul, 1973.[104]
 

• Kitab al-Shifa' (The Book of Healing). (Ibn Sina’s 
major work on philosophy. He probably began 

to compose al-Shifa' in 1014, and completed it in 
1020.) Critical editions of the Arabic text have been 
published in Cairo, 1952–83, originally under the 

supervision of I. Madkour.[104]
 

• Kitab al-Najat (The Book of Salvation), trans. F. 

Rahman, Avicenna’s Psychology: An English Trans- 
lation of Kitab al-Najat, Book II, Chapter VI  with 
Historical-philosophical Notes and Textual Improve- 
ments on the Cairo Edition, Oxford: Oxford Univer- 

sity Press, 1952. (The psychology of al-Shifa'.) 

• 

Hayy ibn Yaqdhan a Persian myth. A novel called 

Hayy ibn Yaqdhan, based on Avicenna’s story, was 

later written by Ibn Tufail (Abubacer) in the 12th 

century and translated into Latin and English as 

Philosophus Autodidactus in the 17th and 18th cen- 

turies respectively. In the 13th century, Ibn al-Nafis 

wrote his own novel Fadil ibn Natiq, known as Theo- 
logus Autodidactus in the West, as a critical response 

to Hayy ibn Yaqdhan.[112]
 

 
3.8.10 Persian works 

 

Avicenna’s most important Persian work is the 

Danishnama-i 'Alai “the Book of Knowledge for 

[Prince] 'Ala ad-Daulah”. Avicenna created new sci- 

entific vocabulary that had not previously existed in 

Persian. The Dāneš-nāma covers such topics as logic, 

metaphysics, music theory and other sciences of his time. 

It has been translated into English by Parwiz Morewedge 

in 1977.[113] The book is also important in respect to 

Persian scientific works. 

Andar Danesh-e-Rag “On the science of the pulse” con- 

tains nine chapters on the science of the pulse and is 

a condensed synopsis. Persian poetry from Ibn Sina is 

recorded in various manuscripts and later anthologies 

such as Nozhat al-Majales. 

 
3.8.11 See also 

• Abu al-Qasim al-Zahrawi 

• Al-Qumri 

• Abdol Hamid Khosro Shahi 

• Avicennia, a genus of mangrove named after Ibn 
Sīnā 

• Avicenna Research Institute, a biotechnology re- 
search institute named after Ibn Sīnā 

• Avicenna Prize 

• Ibn Sina Peak – named after the Scientist 

• Islamic scholars 

• Mumijo 

• Philosophy 

• Eastern philosophy 

• Iranian philosophy 

• Islamic philosophy 

• Contemporary Islamic philosophy 

• Science in medieval Islam 

• List of Muslim scientists 
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• Sufi philosophy 

• Science and technology in Iran 

• Ancient Iranian Medicine 

• List of Iranian scientists and scholars 
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3.9 Abu'l-Barakāt al-Baghdādī 
 

Abu'l-Barakāt Hibat Allah ibn Malkā al-Baghdādī 

(Arabic: بن ملكا البغدادي   ٰ هٰ   c. 1080 – 1164 or ;أبو البركات هبة الل 
1165 CE) was an Islamic philosopher and physician 
of Jewish descent from Baghdad, Iraq. Abu'l-Barakāt, 
an older contemporary of Maimonides, was originally 

known by his Hebrew birth name Baruch ben Malka and 

was given the name of Nathanel by his pupil Isaac ben 

Ezra before his conversion from Judaism to Islam towards 

the end of his life.[1]
 

His writings include the anti-Aristotelian philosophical 

work Kitāb al-Muʿtabar (“The Book of What Has Been 

Established by Personal Reflection”); a philosophical 

commentary on the Kohelet; and the treatise “On the Rea- 

son Why the Stars Are Visible at Night and Hidden in 

Daytime”. Abu'l-Barakāt was an Aristotelian philosopher 

who in many respects followed Ibn Sina, but also devel- 

oped his own ideas.[2] He proposed an explanation of the 

acceleration of falling bodies by the accumulation of suc- 

cessive increments of power with successive increments 

of velocity. 

His thought influenced the Illuminationist school of 

classical Islamic philosophy, the medieval Jewish 

philosopher Ibn Kammuna,[3] and the medieval Christian 

philosophers Jean Buridan and Albert of Saxony.[4]
 

 

3.9.1 Life 
 

Abu'l-Barakāt, famed as Awḥad al-Zamān (Unique One 

of his Time), was born in Balad, a town on the Tigris 

above Mosul in modern-day Iraq. As a renowned physi- 

cian, he served at the courts of the caliphs of Baghdad 

and the Seljuk sultans.[5]
 

He converted to Islam in old age. Abu'l Barakat does 

not refer to his conversion in his writings, and the his- 

torical sources give contradictory episodes of his conver- 

sion. According to the various reports, he converted ei- 

ther out of “wounded pride”, fear of the personal conse- 

quences of the death of Sultan Mahmud's wife while un- 

der his care as a physician or fear of execution when he 

was taken prisoner in a battle between the armies of the 

caliph and that of the sultan. Ayala Eliyahu argues that 

the conversion was “probably motivated by convenience 

reasons”.[6][7][8][9] 

Isaac, the son of the Abraham Ibn Ezra and the son-in- 

law of Judah Halevi,[9] was one of his pupils,[6] to whom 

Abu'l-Barakāt, Jewish at the time, dictated a long philo- 

sophical commentary on Ecclesiastes, written in Arabic 

using Hebrew aleph bet. Isaac wrote a poem in his hon- 

our as introduction to this work.[5]
 

 

3.9.2 Philosophy 

Experimental method 

 

Al-Baghdaadi described an early scientific method em- 

phasizing repeated experimentation, influenced by Ibn 

Sina, as follows:[10]
 

 
“Because of the frequency of the experi- 

ence, these judgements may be regarded as 

certain, even without our knowing the reason 

[for the phenomenon]. For there is certain 

knowledge that the effect in question is not due 

to chance. It must accordingly be supposed that 

it is due to nature or to some modality thereof. 

Thus the cause qua cause, though not its species 

or mode of operation, is known. For experi- 

mental science is also constituted by a knowl- 

edge of the cause and by an induction based 

on all the data of sensation; whereby a gen- 

eral science is reached. ... But in the cases in 

which an experiment has not been completed, 

because of its not having been repeated in such 

a way that the persons, the time and the circum- 

stances varied in everything that did not cause 

the determining cause, whereas this cause [re- 

mained invariable], the experiment does not 

prove certain knowledge, but only probably 

opinion.” 

 
Motion 

 

According to Alistair Cameron Crombie, al-Baghdaadi 

was a follower of the scientific and philosophical teach- 

ings of Ibn Sina. 

 
proposed an explanation of the accelera- 

tion of falling bodies by the accumulation of 

successive increments of power with successive 

increments of velocity.[11]
 

 
According to Shlomo Pines, al-Baghdaadi’s theory of 

motion was thus 

 
the oldest negation of Aristotle's funda- 

mental dynamic law [namely, that a constant 

force produces a uniform motion], [and is 

thus an] anticipation in a vague fashion of 

the fundamental law of classical mechanics 

[namely, that a force applied continuously pro- 

duces acceleration].[12]
 

 
Al-Baghdaadi’s theory of motion distinguished between 

velocity and acceleration and showed that force is pro- 

portional to acceleration rather than velocity.[4][13] The 

14th-century philosophers Jean Buridan and Albert of 

Saxony later refer to Abu'l-Barakat in explaining that the 

acceleration of a falling body is a result of its increasing 

impetus. Abu'l-Barakat also modified Ibn Sina's theory 

https://en.wikipedia.org/wiki/Arabic_language
https://en.wikipedia.org/wiki/Islamic_philosophy
https://en.wikipedia.org/wiki/Medicine_in_medieval_Islam
https://en.wikipedia.org/wiki/Jews
https://en.wikipedia.org/wiki/Baghdad%2C_Iraq
https://en.wikipedia.org/wiki/Maimonides
https://en.wikipedia.org/wiki/Isaac_ben_Ezra
https://en.wikipedia.org/wiki/Isaac_ben_Ezra
https://en.wikipedia.org/wiki/Judaism
https://en.wikipedia.org/wiki/Islam
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-1
https://en.wikipedia.org/wiki/Aristotelianism
https://en.wikipedia.org/wiki/Ibn_Sina
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Stroumsa-2
https://en.wikipedia.org/wiki/Illuminationist_philosophy
https://en.wikipedia.org/wiki/Early_Islamic_philosophy
https://en.wikipedia.org/wiki/Judeo-Islamic_philosophies_(800_-_1400)
https://en.wikipedia.org/wiki/Judeo-Islamic_philosophies_(800_-_1400)
https://en.wikipedia.org/wiki/Ibn_Kammuna
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Langermann-3
https://en.wikipedia.org/wiki/Christian_philosophy#Medieval_Christian_philosophers
https://en.wikipedia.org/wiki/Christian_philosophy#Medieval_Christian_philosophers
https://en.wikipedia.org/wiki/Jean_Buridan
https://en.wikipedia.org/wiki/Albert_of_Saxony_(philosopher)
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Gutman-4
https://en.wikipedia.org/wiki/Tigris
https://en.wikipedia.org/wiki/Mosul
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-FOOTNOTESirat1996131-5
https://en.wikipedia.org/wiki/Mahmud_II_of_Great_Seljuq
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Kraemer-6
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Kraemer-6
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-8
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-8
https://en.wikipedia.org/wiki/Abraham_Ibn_Ezra
https://en.wikipedia.org/wiki/Judah_Halevi
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Lewis-9
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Kraemer-6
https://en.wikipedia.org/wiki/Ecclesiastes
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-FOOTNOTESirat1996131-5
https://en.wikipedia.org/wiki/Scientific_method
https://en.wikipedia.org/wiki/Experiment
https://en.wikipedia.org/wiki/Ibn_Sina
https://en.wikipedia.org/wiki/Ibn_Sina
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-10
https://en.wikipedia.org/wiki/Alistair_Cameron_Crombie
https://en.wikipedia.org/wiki/Avicennism
https://en.wikipedia.org/wiki/Power_(physics)
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-11
https://en.wikipedia.org/wiki/Shlomo_Pines
https://en.wikipedia.org/wiki/Motion_(physics)
https://en.wikipedia.org/wiki/Aristotle
https://en.wikipedia.org/wiki/Classical_mechanics
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-12
https://en.wikipedia.org/wiki/Velocity
https://en.wikipedia.org/wiki/Acceleration
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Gutman-4
https://en.wikipedia.org/wiki/Abu%2527l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB#cite_note-Gutman-4
https://en.wikipedia.org/wiki/Jean_Buridan
https://en.wikipedia.org/wiki/Albert_of_Saxony_(philosopher)
https://en.wikipedia.org/wiki/Albert_of_Saxony_(philosopher)
https://en.wikipedia.org/wiki/Theory_of_impetus
https://en.wikipedia.org/wiki/Ibn_Sina


3.9.   ABU'L-BARAKĀT AL-BAGHDĀDĪ 324 
 

 

Muslims and Evolution of Science 

 

 
of projectile motion, and stated that the mover imparts a 

violent inclination (mayl qasri) on the moved and that this 

diminishes as the moving object distances itself from the 

mover.[4]
 

Al-Baghdaadi also suggested that motion is relative, writ- 

ing that “there is motion only if the relative positions of 

the bodies in question change.” He also stated that “each 

type of body has a characteristic velocity that reaches its 

maximum when its motion encounters no resistance.”[3]
 

 
Space and Time 

 

Al-Baghdaadi criticized Aristotle’s concept of time as 

“the measure of motion” and instead redefines the con- 

cept with his own definition of time as “the measure of 

being”, thus distinguishing between space and time, and 

reclassifying time as a metaphysical concept rather than a 

physical one. The scholar Y. Tzvi Langermann writes:[3]
 

 
Dissatisfied with the regnant approach, 

which treated time as an accident of the cos- 

mos, al-Baghdadi drew the conclusion  that 

Al-Baghdadi’s most significant departure 

in psychology concerns human self-awareness. 

Ibn Sina had raised the issue of our con- 

sciousness of our own psychic activities, but 

he had not fully pursued the implications for 

Aristotelian psychology of his approach. Al- 

Baghdadi took the matter much further, dis- 

pensing with the traditional psychological fac- 

ulties and pressing his investigations in the di- 

rection of what we would call the unconscious. 

 

3.9.3 Works 
 

He wrote a critique of Aristotelian philosophy and 

Aristotelian physics entitled Kitab al-Mu'tabar (the title 

may be translated as “The Book of What Has Been Es- 

tablished by Personal Reflection”). According to Abu'l- 

Barakāt, Kitāb al-Muʿtabar consists in the main of critical 

remarks jotted down by him over the years while reading 

philosophical text, and published at the insistence of his 

friends, in the form of a philosophical work. The work 

“presented a serious philosophical alternative to, and crit- 
[15] 

time is an entity whose conception (ma'qul al- icism of, Ibn Sina". He also developed concepts which 
[3] 

zaman) is a priori and almost as general as 

that of being, encompassing the sensible and 

the non-sensible, that which moves and that 

which is at rest. Our idea of time results not 

from abstraction, stripping accidents from per- 

ceived objects, but from a mental represen- 

tation based on an innate idea. Al-Baghdadi 

stops short of offering a precise definition 

of time, stating only that 'were it to be said 

that time is the measure of being (miqdar al- 
wujud), that would be better than saying [as 

Aristotle does] that it is the measure of motion'. 

His reclassification of time as a subject for 

metaphysics rather than for physics represents 

a major conceptual shift, not a mere formal- 

istic correction. It also breaks the traditional 

linkage between time and space. Concerning 

space, al-Baghdadi held unconventional views 

as well, but he did not remove its investigation 

from the domain of physics. 

 
In his view, there is just one time which is similar for all 

beings, including God. Abu'l-Barakāt also regarded space 

as three-dimensional and infinite.[14]
 

 
Psychology 

 

He upheld the unity of the soul, denying that there is a 

distinction between it and the intellect.[14] For him, the 

soul’s awareness of itself is the definitive proof that the 

soul is independent of the body and will not perish with 

it.[2] On his contributions to Islamic psychology, Langer- 

mann writes:[3]
 

resemble several modern theories in physics. 

Abu'l-Barakāt also wrote a short treatise on the intellect, 

Kitāb Ṣaḥiḥ adillat al-naql fī māhiyyat al-ʻaql  ( 
), which has been 

edited by Ahmad El-Tayeb.[16]
 

All that we possess in the way of medical writing 

by Abu'l-Barakāt are a few prescriptions for remedies. 

These remain in manuscript and are as yet unstudied.[17]
 

 
3.9.4 Legacy 

 

Abu'l-Barakāt’s thought had a deep influence on Islamic 

philosophy but none on Jewish thought. His works were 

not translated into Hebrew,[14] and he is seldom cited in 

Jewish philosophy, probably because of his conversion to 

Islam.[7]
 

The famous theologian and philosopher Fakhr al-Din al- 

Razi was one of Abu'l-Barakāt’s eminent disciples. The 

influence of Al-Baghdadi’s views appears especially in 

Al-Razi’s chief work Al-Mabāḥith al-Mashriqiyyah (Ori- 
ental Discourses). Abu'l-Barakāt influenced certain con- 

ceptions of Suhrawardi.[18]
 

 
3.9.5 See also 

• Physics in medieval Islam 

• Ibn Bajjah 

• Fakhr al-Din al-Razi 

• Shahab al-Din Suhrawardi 
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3.10 Abu'l-Hasan al-Uqlidisi 
 
Abu'l Hasan Ahmad ibn Ibrahim Al-Uqlidisi was an 

Arab mathematician, who was active in Damascus[1] and 

Baghdad.[2] As his surname indicates, he was a copyist of 

Euclid's works. He wrote the earliest surviving book on 

the positional use of the Arabic numerals, Kitab al-Fusul 
fi al-Hisab al-Hindi (The Arithemetics of Al-Uqlidisi) 
around 952.[3] It is especially notable for its treatment of 

decimal fractions, and that it showed how to carry out 

calculations without deletions. 

While the Persian mathematician Jamshīd al-Kāshī 

claimed to have discovered decimal fractions himself in 

the 15th century, J. Lennart Berggrenn notes that he 

was mistaken, as decimal fractions were first used five 

centuries before him by al-Uqlidisi as early as the 10th 

century.[2]
 

 

3.10.2 References 
 

• O'Connor, John J.; Robertson, Edmund F., “Abu'l 
Hasan Ahmad ibn Ibrahim Al-Uqlidisi”, MacTutor 
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3.11 Abū Sahl al-Qūhī 
 
Abū Sahl Wayjan ibn Rustam al-Qūhī (al-Kūhī; 

Persian: یهکو نبيژ  بوسهلا   Abusahl Bijan-e Koohi) was a 

Persian[1] mathematician, physicist and astronomer. He 

was from Kuh (or Quh), an area in Tabaristan, Amol, 

and flourished in Baghdad in the 10th century. He is 

considered one of the greatest Muslim geometers, with 

many mathematical and astronomical writings ascribed 

to him.[2][3][4] 

Al-Qūhī was the leader of the astronomers working in 

988 AD at the observatory built by the Buwayhid amir 

Sharaf al-Dawla in Badhdad. He wrote a treatise on the 

astrolabe in which he solves a number of difficult geo- 

metric problems. 

In mathematics he devoted his attention to those 

Archimedean and Apollonian problems leading to 

equations higher than the second degree. He solved some 

of them and discussed the conditions of solvability. For 

example, he was able to solve the problem of inscribing an 

equilateral pentagon into a square, resulting in an equa- 

tion of fourth degree.[5] He also wrote a treatise on the 

“perfect compass”, a compass with one leg of variable 

length that allows to draw any conic section: straight lines, 

circles, ellipses, parabolas and hyperbolas. It is likely that 

al-Qūhī invented the device.[6][7][8][9][10]
 

Like Aristotle, al-Qūhī proposed that the weight of bodies 

varies with their distance from the center of the Earth.[11]
 

The correspondence between al-Qūhī and Abu Ishaq al- 

Sabi, a high civil servant interested in mathematics, has 

been preserved.[12][13]
 

https://en.wikipedia.org/wiki/John_J._O%2527Connor_(mathematician)
https://en.wikipedia.org/wiki/Edmund_F._Robertson
http://www-history.mcs.st-andrews.ac.uk/Biographies/Al-Uqlidisi.html
http://www-history.mcs.st-andrews.ac.uk/Biographies/Al-Uqlidisi.html
https://en.wikipedia.org/wiki/MacTutor_History_of_Mathematics_archive
https://en.wikipedia.org/wiki/MacTutor_History_of_Mathematics_archive
https://en.wikipedia.org/wiki/University_of_St_Andrews
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Ahmad_El-Tayeb
http://www.iranicaonline.org/articles/abul-barakat-al-bagdadi-awhad-al-zaman-hebatallah-b
https://en.wikipedia.org/wiki/Encyclop%C3%A6dia_Iranica
http://www.encyclopedia.com/doc/1G2-2830900026.html
https://en.wikipedia.org/wiki/Encyclopedia.com
http://findarticles.com/p/articles/mi_m0QYQ/is_2_5/ai_n21119040
http://findarticles.com/p/articles/mi_m0QYQ/is_2_5/ai_n21119040
http://findarticles.com/p/articles/mi_m0QYQ/is_2_5/ai_n21119040
https://en.wikipedia.org/wiki/Mathematics_in_medieval_Islam
https://en.wikipedia.org/wiki/Damascus
https://en.wikipedia.org/wiki/Damascus
https://en.wikipedia.org/wiki/Baghdad
https://en.wikipedia.org/wiki/Abu%2527l-Hasan_al-Uqlidisi#cite_note-Berggrenn-2
https://en.wikipedia.org/wiki/Copyist
https://en.wikipedia.org/wiki/Euclid
https://en.wikipedia.org/wiki/Positional_notation
https://en.wikipedia.org/wiki/Arabic_numerals
https://en.wikipedia.org/wiki/Abu%2527l-Hasan_al-Uqlidisi#cite_note-3
https://en.wikipedia.org/wiki/Decimal_fraction
https://en.wikipedia.org/wiki/Calculations
https://en.wikipedia.org/wiki/Persian_people
https://en.wikipedia.org/wiki/Jamsh%C4%ABd_al-K%C4%81sh%C4%AB
https://en.wikipedia.org/wiki/Abu%2527l-Hasan_al-Uqlidisi#cite_note-Berggrenn-2
https://en.wikipedia.org/wiki/John_J._O%2527Connor_(mathematician)
https://en.wikipedia.org/wiki/Edmund_F._Robertson
http://www-history.mcs.st-andrews.ac.uk/Biographies/Al-Uqlidisi.html
http://www-history.mcs.st-andrews.ac.uk/Biographies/Al-Uqlidisi.html
https://en.wikipedia.org/wiki/MacTutor_History_of_Mathematics_archive
https://en.wikipedia.org/wiki/MacTutor_History_of_Mathematics_archive
https://en.wikipedia.org/wiki/University_of_St_Andrews
https://en.wikipedia.org/wiki/University_of_St_Andrews
https://en.wikipedia.org/wiki/Persian_language
https://en.wikipedia.org/wiki/Persian_people
https://en.wikipedia.org/wiki/Persian_people
https://en.wikipedia.org/wiki/Islamic_mathematics
https://en.wikipedia.org/wiki/Islamic_science
https://en.wikipedia.org/wiki/Islamic_astronomy
https://en.wikipedia.org/wiki/Tabaristan
https://en.wikipedia.org/wiki/Amol
https://en.wikipedia.org/wiki/Baghdad
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-2
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-2
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-4
https://en.wikipedia.org/wiki/Buwayhid
https://en.wikipedia.org/wiki/Sharaf_al-Dawla
https://en.wikipedia.org/wiki/Astrolabe
https://en.wikipedia.org/wiki/Archimedes
https://en.wikipedia.org/wiki/Apollonius_of_Perga
https://en.wikipedia.org/wiki/Equation
https://en.wikipedia.org/wiki/Quadratic_equation
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-5
https://en.wikipedia.org/wiki/Conic_section
https://en.wikipedia.org/wiki/Straight_line
https://en.wikipedia.org/wiki/Circle
https://en.wikipedia.org/wiki/Ellipse
https://en.wikipedia.org/wiki/Parabola
https://en.wikipedia.org/wiki/Hyperbola
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-6
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-6
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-8
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-8
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-10
https://en.wikipedia.org/wiki/Aristotle
https://en.wikipedia.org/wiki/Weight
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-11
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-12
https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB#cite_note-12


3.12.  'ABD AL-HAMĪD IBN TURK 327 
 

 

Muslims and Evolution of Science 

 

 
 

 
 

Engraving of al-Qūhī's perfect compass to draw conic sections 
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3.12 'Abd al-Hamīd ibn Turk 
 
ʿAbd al-Hamīd ibn Turk (fl. 830), known also as ʿ Abd 

al-Hamīd ibn Wase ibn Arab Jili was a ninth-century 

Muslim mathematician. Not much is known about his 

biography. The two records of him, one by Ibn Nadim 

and the other by al-Qifti are not identical. However al- 

Qifi mentions his name as ʿ Abd al-Hamīd ibn Wase ibn 

Turk Jili. Jili means from Gilan.[1]
 

He wrote a work on algebra of which only a chapter called 

“Logical Necessities in Mixed Equations”, on the solution 

of quadratic equations, has survived. 

He authored a manuscript entitled Logical Necessities in 
Mixed Equations, which is very similar to al-Khwarzimi’s 

Al-Jabr and was published at around the same time as, 

or even possibly earlier than, Al-Jabr.[2] The manuscript 

gives exactly the same geometric demonstration as is 

found in Al-Jabr, and in one case the same example as 

found in Al-Jabr, and even goes beyond Al-Jabr by giv- 

ing a geometric proof that if the discriminant is negative 

then the quadratic equation has no solution.[2] The simi- 

larity between these two works has led some historians to 

conclude that algebra may have been well developed by 

the time of al-Khwarizmi and 'Abd al-Hamid.[2]
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Hamid ibn-Turk, entitled “Logical Necessities in Mixed 

Equations,” was part of a book on Al-jabr wa'l muqa- 
balah which was evidently very much the same as that 

by al-Khwarizmi and was published at about the same 

time – possibly even earlier. The surviving chapters on 

“Logical Necessities” give precisely the same type of ge- 

ometric demonstration as al-Khwarizmi’s Algebra and in 

one case the same illustrative example x2 + 21 = 10x. In 

one respect 'Abd-al-Hamad’s exposition is more thorough 

than that of al-Khwarizmi for he gives geometric figures to 

prove that if the discriminant is negative, a quadratic equa- 

tion has no solution. Similarities in the works of the two 

men and the systematic organization found in them seem 

to indicate that algebra in their day was not so recent a de- 

velopment as has usually been assumed. When textbooks 
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3.13 Abdus Salam 
 

For other people with the name, see Abdus Salam (name). 

 
Mohammad Abdus Salam[3][4] NI, SPk, KBE[5] 

(Punjabi, Urdu: مJL..Jا � .c �.;,,.4; pronounced [əbd̪ʊs 

səlɑm]; 29 January 1926 – 21 November 1996),[2] was 

a Pakistani theoretical physicist. A major figure in 20th 

century theoretical physics, he shared the 1979 Nobel 

Prize in Physics with Sheldon Glashow and Steven Wein- 

berg for his contribution to the electroweak unification 

theory.[6] He was the first Pakistani and first Muslim to 

receive a Nobel Prize in science and the second from an 

Islamic country to receive any Nobel Prize (after Anwar 

Sadat of Egypt).[7]
 

Salam was a top level science advisor to the Government 

of Pakistan from 1960 to 1974, a position from which 

he played a major and influential role in the develop- 

ment of the country’s science infrastructure.[7][8] Salam 

was responsible not only for contributing to major devel- 

opments in theoretical and particle physics, but also for 

promoting the broadening and deepening of high calibre 

scientific research in his country.[8] He was the founding 

director of the Space and Upper Atmosphere Research 

Commission (SUPARCO), and responsible for the es- 

tablishment of the Theoretical Physics Group (TPG) in 

the Pakistan Atomic Energy Commission (PAEC).[9] As 

Science Advisor, Salam played an integral role in Pak- 

istan’s development of the peaceful use of nuclear en- 

ergy, and may have contributed as well to development 

of atomic bomb project of Pakistan in 1972;[10] for 

this, he is viewed as the “scientific father”[4][11] of this 

programme.[12][13][14] In 1974, Abdus Salam departed 

from his country, in protest, after the Pakistan Parlia- 

ment passed a controversial parliamentary bill declaring 

that members of the Ahmadiyya movement, to which 

Salam belonged, were not Muslims. In 1998, following 

the country’s nuclear tests, the Government of Pakistan 

issued a commemorative stamp, as a part of “Scientists 

of Pakistan”, to honour the services of Salam.[15]
 

Salam’s major and notable achievements include the 

Pati–Salam model, magnetic photon, vector meson, 

Grand Unified Theory, work on supersymmetry and, 

most importantly, electroweak theory, for which he was 

awarded the most prestigious award in physics – the No- 

bel Prize.[6] Salam made a major contribution in quan- 

tum field theory and in the advancement of Mathematics 

at Imperial College London. With his student, Riazud- 

din, Salam made important contributions to the modern 

theory on neutrinos, neutron stars and black holes, as 

well as the work on modernising the quantum mechan- 

ics and quantum field theory. As a teacher and science 

promoter, Salam is remembered as a founder and sci- 

entific father of mathematical and theoretical physics in 

Pakistan during his term as the chief scientific advisor 

to the president.[8][16] Salam heavily contributed to the 

rise of Pakistani physics to the physics community in the 

world.[17][18] Even until shortly before his death, Salam 

continued to contribute to physics, and to advocate for 

the development of science in Third-World countries.[19]
 

 

3.13.1 Biography 

Youth and education 

 

Abdus Salam was born to Chaudhry Muhammad Hus- 

sain and Hajira Hussain, into an Ahmadi Muslim Punjabi 

family. Chaudhry Muhammad Hussain was Jat.[20] 

His own grandfather, Gul Muhammad, was a religious 

scholar apart from being a physician.[2] Salam’s father was 

an education officer in the Department of Education of 

Punjab State in a poor farming district. 

Salam very early established a reputation throughout the 

Punjab and later at the University of Cambridge for out- 

standing brilliance and academic achievement. At age 14, 
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Salam scored the highest marks ever recorded for the ma- 

triculation (entrance) examination at the Punjab Univer- 

sity.[21] He won a full scholarship to the Government Col- 

lege University of Lahore, Punjab State.[22] Salam was a 

versatile scholar, interested in Urdu and English literature 

in which he excelled.[23] But he soon picked up Math- 

ematics as his concentration.[24] Salam’s mentor and tu- 

tors wanted him to become an English teacher, but Salam 

decided to stick with Mathematics[25] As a fourth-year 

student there, he published his work on Srinivasa Ra- 

manujan's problems in mathematics, and took his B.A. in 

Mathematics in 1944.[26] His father wanted him to join 

Indian Civil Service.[25] In those days, the Indian Civil 

Service was the highest aspiration for young university 

graduates and civil servants occupied a respected place 

in the civil society.[25] Respecting his father’s wish, Salam 

tried for the Indian Railways but did not qualify for the 

service as he failed the medical optical tests because he 

had worn spectacles since an early age.[25] The results 

further concluded that Salam failed a mechanical test re- 

quired by the railway engineers to gain a commission in 

Indian Railways, and moreover that Salam was too young 

to compete for the job.[25] Therefore, Indian Railways re- 

jected Abdus Salam’s job application.[25] While in La- 

hore, Abdus Salam went on to attend the graduate school 

of Government College University.[25] He received his 

MA in Mathematics from the Government College Uni- 

versity in 1946.[19] That same year, he was awarded a 

scholarship to St John’s College, Cambridge, where he 

completed a BA degree with Double First-Class Hon- 

ours in Mathematics and Physics in 1949.[27] In 1950, 

he received the Smith’s Prize from Cambridge Univer- 

sity for the most outstanding pre-doctoral contribution to 

Physics.[28] After finishing his degrees, Fred Hoyle ad- 

vised Salam to spend another year in the Cavendish Lab- 

oratory to do research in experimental physics, but Salam 

had no patience for carrying out long experiments in the 

laboratory.[25] Salam returned to Jhang, Punjab (now part 

of Pakistan) and renewed his scholarship and returned to 

the United Kingdom to do his doctorate.[25]
 

He obtained a PhD degree in Theoretical Physics from 

the Cavendish Laboratory at Cambridge.[29][30] His doc- 

toral thesis titled “Developments in quantum theory of 

fields” contained comprehensive and fundamental work 

in quantum electrodynamics.[31] By the time it was pub- 

lished in 1951, it had already gained him an interna- 

tional reputation and the Adams Prize.[32] During his doc- 

toral studies, his mentors challenged him to solve within 

one year an intractable problem which had defied such 

great minds as Dirac and Feynman.[25] Within six months, 

Salam had found a solution for the renormalisation of me- 

son theory. As he proposed the solution at the Cavendish 

Laboratory, Salam had attracted the attention of Bethe, 

Oppenheimer and Dirac.[25]
 

Academic career 

 

After receiving his doctorate in 1951, Salam returned to 

Lahore at the Government College University as a Pro- 

fessor of Mathematics where he remained till 1954. In 

1952, he was appointed professor and Chair of the De- 

partment of Mathematics at the neighbouring University 

of the Punjab. In the latter capacity, Salam sought to 

update the university curriculum, introducing a course 

in Quantum mechanics as a part of the undergraduate 

curriculum.[33] However, this initiative was soon reverted 

by the Vice-Chancellor, and Salam decided to teach an 

evening course in Quantum Mechanics outside the reg- 

ular curriculum.[34] While Salam enjoyed a mixed pop- 

ularity in the university, he began to supervise the ed- 

ucation of students who were particularly influenced by 

him.[35] As a result, Riazuddin remained the only student 

of Salam who has the privilege to study under Salam at 

the under-graduate and post-graduate level in Lahore, and 

post-doctoral level in Cambridge University. In 1953, 

Salam was unable to establish a research institute in La- 

hore, as he faced strong opposition from his peers.[36] In 

1954, Salam took fellowship and became one of the ear- 

liest fellows of the Pakistan Academy of Sciences. As a 

result of 1953 Lahore riots, Salam went back to Cam- 

bridge and joined St John’s College, and took a position 

as a professor of mathematics in 1954.[37] In 1957, he 

was invited to take a chair at Imperial College, London, 

and he and Paul Matthews went on to set up the Theoret- 

ical Physics Department at Imperial College.[38] As time 

passed, this department became one of the prestigious re- 

search departments that included well known physicists 

such as Steven Weinberg, Tom Kibble, Gerald Guralnik, 

C. R. Hagen, Riazuddin, and John Ward. 

 

 

St John’s College, Cambridge where Salam studied. 

 
In 1957, Punjab University conferred Salam with an 

Honorary doctorate for his contribution in Particle 

physics.[39] The same year with help from his mentor, 

Salam launched a scholarship programme for his students 

in Pakistan. Salam retained strong links with Pakistan, 

and visited his country from time to time.[40] At Cam- 

bridge and Imperial College he formed a group of theo- 
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retical physicists, the majority of whom were his Pak- 

istani students. At age 33, Salam became one of the 

youngest persons to be elected a Fellow of the Royal 

Society (FRS) in 1959.[2][2] Salam took a fellowship at 

the Princeton University in 1959, where he met with J. 

Robert Oppenheimer[41] and to whom he presented his 

research work on neutrinos.[42] Oppenheimer and Salam 

discussed the foundation of electrodynamics, problems 

and their solution.[43] His dedicated personal assistant was 

Jean Bouckley. In 1980, Salam became a foreign fellow 

of the Bangladesh Academy of Sciences.[44]
 

 

Scientific career 

 

Early in his career, Salam made an important and sig- 

nificant contribution in quantum electrodynamics and 

quantum field theory, including its extension into particle 

and nuclear physics. In his early career in Pakistan, Salam 

was greatly interested in mathematical series and their re- 

lation to physics. Salam had played an influential role in 

the advancement of nuclear physics, but he maintained 

and dedicated himself to mathematics and theoretical 

physics and focused Pakistan to do more research in theo- 

retical physics.[25] However, he regarded nuclear physics 

(nuclear fission and nuclear power) as a non-pioneering 

part of physics as it had already “happened”.[25] Even in 

Pakistan, Salam was the leading driving force in theoreti- 

cal physics in Pakistan, with many scientists he continued 

to influence and encourage to keep their work on theoret- 

ical physics.[25]
 

Salam had a prolific research career in theoretical and 

high-energy physics.[45] Salam had worked on theory of 

the neutrino – an elusive particle that was first postulated 

by Wolfgang Pauli in the 1930s. Salam introduced chiral 

symmetry in the theory of neutrinos. The introduction 

of chiral symmetry played crucial role in subsequent de- 

velopment of the theory of electroweak interactions.[46] 

Salam later passed his work to Riazuddin, who made pi- 

oneering contributions in neutrinos. Salam introduced 

the massive Higgs bosons to the theory of the Standard 

Model, where he later predicted the existence of proton 

decay. In 1963, Salam published his theoretical work on 

the vector meson. The paper introduced the interaction 

of vector meson, photon (vector electrodynamics), and 

the renormalisation of vector mesons’ known mass after 

the interaction.[47] In 1961, Salam began to work with 

John Clive Ward on symmetries and electroweak unifica- 

tion.[48][49] In 1964, Salam and Ward worked on a Gauge 

theory for the weak and electromagnetic interaction, sub- 

sequently obtaining SU(2) × U(1) model. Salam was con- 

vinced that all the elementary particle interactions are ac- 

tually the gauge interactions.[50] In 1968, together with 

Weinberg and Sheldon Glashow, Salam formulated the 

mathematical concept of their work. While in Imperial 

College, Salam, along with Glashow and Jeffrey Gold- 

stone, mathematically proved the Goldstone’s theorem, 

that a massless spin-zero object must appear in a theory 

as a result of spontaneous breaking of a continuous global 

symmetry.[50] In 1960, Salam and Weinberg incorporated 

the Higgs mechanism into Glashow’s discovery, giving it 

a modern form in electroweak theory, and thus theorised 

the Standard Model.[51] In 1968, together with Weinberg 

and Sheldon Glashow, Salam finally formulated the math- 

ematical concept of their work. 

 

Abdus Salam lectures on G.U.T. at the University of Chicago's 
Oriental Institute. 

 
In 1966,  Salam carried out pioneering work on     

a hypothetical particle. Salam showed the possi- 

ble electromagnetic interaction between the Magnetic 

monopole and the C-violation, thus he formulated the 

magnetic photon.[52]
 

Following the publication of PRL Symmetry Breaking 

papers in 1964, Steven Weinberg and Salam were the 

first to apply the Higgs mechanism to electroweak sym- 

metry breaking. Salam provided a mathematical postula- 

tion for the interaction between the Higgs boson and the 

electroweak symmetry theory.[53]
 

In 1972, Salam began to work with Indian-American the- 

oretical physicist Jogesh Pati. Pati wrote to Salam several 

times expressing interest to work under Salam’s direction, 

in response to which Salam eventually invited Pati to the 

ICTP seminar in Pakistan. Salam suggested to Pati that 

there should be some deep reason why the protons and 

electrons are so different and yet carry equal but oppo- 

site electric charge. Protons carry quarks, but the elec- 

troweak theory was concerned only with the electrons and 
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neutrinos, with nothing postulated about quarks. If all of 

nature’s ingredients could be brought together in one new 

symmetry, it might reveal a reason for the various features 

of these particles and the forces they feel. This led to the 

development of Pati–Salam model in particle physics.[54] 

In 1973, Salam and Jogesh Pati were the first to notice 

that since Quarks and Leptons have very similar SU(2) 

× U(1) representation content, they all may have simi- 

lar entities.[55] They provided a simple realisation of the 

quark-lepton symmetry by postulating that lepton num- 

ber was a fourth colour, dubbed “violet”.[56]
 

Physicists had believed that there were four fundamen- 

tal forces of nature: the gravitational force, the strong 

and weak nuclear forces, and the electromagnetic force. 

Salam had worked on the unification of these forces from 

1959 with Glashow and Weinberg. While at Imperial 

College London, Salam successfully showed that weak 

nuclear forces are not really different from electromag- 

netic forces, and two could inter-convert. Salam provided 

a theory that shows the unification of two fundamental 

forces of nature, weak nuclear forces and the electromag- 

netic forces, one into another.[45] Glashow had also for- 

mulated the same work, and the theory was combined in 

1966. In 1967, Salam proved the electroweak unifica- 

tion theory mathematically, and finally published the pa- 

pers. For this achievement, Salam, Glashow, and Wein- 

berg were awarded the Nobel Prize in Physics in 1979. 

The Nobel Prize Foundation paid tribute to the scientists 

and issued a statement saying: “For their contributions 

to the theory of the unified weak and electromagnetic in- 

teraction between elementary particles, including, inter 

alia, the prediction of the weak neutral current”.[6] In the 

1970s Salam continued trying to unify forces by includ- 

ing the strong interaction in a grand unified theory. 

 

3.13.2 Government work 
 

The road named after Abdus Salam in CERN, Geneva 

 
Abdus Salam returned to Pakistan in 1960 to take charge 

of a government post that was given to him by Presi- 

dent Field Marshal Ayub Khan. From her independence, 

Pakistan has never had a coherent science policy, and 

the total expenditure on research and development rep- 

resent ~1.0% of Pakistan’s GDP.[57] Even the Pakistan 

Atomic Energy Commission (PAEC) headquarters was 

located in a small room, and less than 10 scientists were 

working on a fundamental concepts of physics.[58] Ab- 

dus Salam replaced Salimuzzaman Siddiqui as Science 

Advisor, became first Member (technical) of Pakistan 

Atomic Energy Commission. Abdus Salam expanded 

the web of physics research and development in Pak- 

istan by sending more than 500 scientists abroad.[59] In 

September 1961, Abdus Salam approached President 

Ayub Khan to set up the country’s first national space 

agency.[60] On 16 September 1961, through an execu- 

tive order, Space and Upper Atmosphere Research Com- 

mission was established, in which Abdus Salam served 

as the first director.[60] Before 1960, very little work on 

scientific development was done, and scientific activi- 

ties in Pakistan were almost diminished. Abdus Salam 

called Ishfaq Ahmad, a nuclear physicist, who had left 

the country for Switzerland where he joined CERN, to 

Pakistan. With the support of Abdus Salam, PAEC es- 

tablished PAEC Lahore Center-6, with Ishfaq Ahmad 

as its first director.[61] In 1967, Abdus Salam became a 

central and administrative figure to lead the research in 

both Theoretical and Particle physics.[17] With the estab- 

lishment of Institute of Physics at Quaid-e-Azam Uni- 

versity, the research in theoretical and particle physics 

was engaged.[17] Under Abdus Salam’s direction, physi- 

cists tackled the greatest outstanding problems in physics 

and mathematics.[17] Another physicist, Raziuddin Sid- 

diqui, established numerous physics research groups and 

supervised research activities in the academic institutions 

of Pakistan.[8] Under the direction of Abdus Salam, re- 

search in physics reached a point that prompted world- 

wide recognition of Pakistani physicists.[8]
 

 

 

Abdus Salam International Centre for Theoretical Physics was 
founded by Salam in 1964. 

 

From the 1950s, Salam had tried establishing high- 

powered research institutes in Pakistan, though he was 

unable to do so. Salam moved PAEC Headquarters to 

a bigger building, and established research laboratories 

all over the country.[62] On the direction of Salam, Ishrat 

Hussain Usmani set up plutonium and uranium explo- 

ration committees throughout the country. In October 

1961, Salam travelled to the United States and signed 

a space-co-operation agreement between Pakistan and 

United States. In November 1961, NASA started to build 

a space facility – Flight Test Range – in Balochistan where 

Abdus Salam served as its first technical director. 

Abdus Salam played an influential and significant role 

https://en.wikipedia.org/wiki/Pati%E2%80%93Salam_model
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-54
https://en.wikipedia.org/wiki/Quark
https://en.wikipedia.org/wiki/Lepton
https://en.wikipedia.org/wiki/Special_unitary_group
https://en.wikipedia.org/wiki/Circle_group
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-55
https://en.wikipedia.org/wiki/Lepton_number
https://en.wikipedia.org/wiki/Lepton_number
https://en.wikipedia.org/wiki/Color_charge
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-56
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Riazuddin_2005_31-45
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Nobel_Prize-6
https://en.wikipedia.org/wiki/Grand_unified_theory
https://en.wikipedia.org/wiki/CERN
https://en.wikipedia.org/wiki/Field_Marshal_Ayub_Khan
https://en.wikipedia.org/wiki/Creation_of_Pakistan
https://en.wikipedia.org/wiki/Science_in_Pakistan
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-57
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-58
https://en.wikipedia.org/wiki/Salimuzzaman_Siddiqui
https://en.wikipedia.org/wiki/Ministry_of_Science_and_Technology_(Pakistan)#Science_Advisors
https://en.wikipedia.org/wiki/Ministry_of_Science_and_Technology_(Pakistan)#Science_Advisors
https://en.wikipedia.org/wiki/Chief_technical_officer
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-59
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Suparco-60
https://en.wikipedia.org/wiki/Space_and_Upper_Atmosphere_Research_Commission
https://en.wikipedia.org/wiki/Space_and_Upper_Atmosphere_Research_Commission
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Suparco-60
https://en.wikipedia.org/wiki/Ishfaq_Ahmad
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-61
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-CERN_Courier-17
https://en.wikipedia.org/wiki/Quaid-e-Azam_University
https://en.wikipedia.org/wiki/Quaid-e-Azam_University
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-CERN_Courier-17
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-CERN_Courier-17
https://en.wikipedia.org/wiki/Raziuddin_Siddiqui
https://en.wikipedia.org/wiki/Raziuddin_Siddiqui
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-ICTP-8
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-ICTP-8
https://en.wikipedia.org/wiki/International_Centre_for_Theoretical_Physics
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-62
https://en.wikipedia.org/wiki/Ishrat_Hussain_Usmani
https://en.wikipedia.org/wiki/Ishrat_Hussain_Usmani
https://en.wikipedia.org/wiki/Sonmiani_(space_facility)


3.13.  ABDUS SALAM 332 
 

 

Muslims and Evolution of Science 

 

 
in Pakistan’s development in nuclear energy for peace- 

ful purposes. In 1964, Abdus Salam was made head of 

Pakistan’s IAEA delegation and represented Pakistan for 

a decade.[63] The same year, Abdus Salam joined Munir 

Ahmad Khan – Abdus Salam’s lifelong friend and con- 

temporary at Government College University. Khan was 

the first person in the IAEA that Abdus Salam had con- 

sulted about the establishment of International Centre 

for Theoretical Physics, a research physics institution, in 

Trieste, Italy. With an agreement signed with IAEA, the 

International Centre for Theoretical Physics was set up 

with Abdus Salam as its first director. At IAEA, Abdus 

Salam had advocated the importance of nuclear power 

plants in his country.[64] It was due to his effort that in 

1965, Canada and Pakistan signed a nuclear energy co- 

operation deal. Salam had obtained the permission from 

Ayub Khan – against the wishes of Ayub Khan’s own gov- 

ernment functionaries – to set up the nuclear power plant 

near Karachi.[65] In 1965, with the efforts led by Abdus 

Salam, the United States and Pakistan signed an agree- 

ment in which the US provided Pakistan with a small 

research reactor. Abdus Salam had a long dream to es- 

tablish a research institute in Pakistan, for which he had 

advocated on many different occasions. In 1965, Abdus 

Salam and Edward Durrell Stone signed a contract for 

the establishment of Pakistan Institute of Nuclear Science 

and Technology at Nilore, Islamabad.[66]
 

 

Space programme 

 

Main article: Space and Upper Atmosphere Research 

Commission 

 
Salam was the founder of Pakistan’s space programme 

as he was responsible for the establishment of the space 

research activities in Pakistan. In early 1961, Salam 

approached President Ayub Khan to lay the founda- 

tion of country’s first executive agency to co-ordinate 

space research.[60] On 16 September 1961, through an 

executive order, the Space and Upper Atmosphere Re- 

search Commission (SUPARCO) was established of 

which Salam was made its first and founder director of 

the agency.[60] Salam immediately travelled to United 

States, where he successfully signed a space co-operation 

agreement with United States Government. In Novem- 

ber 1961, NASA built Flight Test Center (FTC) in 

Balochistan Province. During this time, Salam visited 

Air Force Academy where he met with Air Commodore 

(Brigadier-General) Wladyslaw Turowicz – a Polish mil- 

itary scientist and an aerospace engineer.[67] Turowicz 

was made the first technical director of the space cen- 

tre, and a programme of rocket testing ensued. In 1964, 

while in the United States, Salam visited the Oak Ridge 

National Laboratory, and met with nuclear engineers 

Salim Mehmud and Tariq Mustafa.[68] Salam signed an- 

other agreement with National Aeronautics and Space 

Administration (NASA) in which NASA launched a pro- 

gramme to provide training to Pakistan’s scientists and 

engineers.[68] Both nuclear engineers returned to Pakistan 

in few months and were inducted in Suparco.[60]
 

 
 

Nuclear weapons programme 

 

See also: Project-706 § Organization, and Pakistan and 

weapons of mass destruction 

 
Salam knew the importance of nuclear technology in Pak- 

istan, for civilian and peaceful purposes.[69] But, accord- 

ing to his biographers, Salam played an ambiguous role in 

Pakistan’s own integrated atomic bomb project. As late as 

the 1960s, Salam made an unsuccessful attempt for a pro- 

posal for the establishment of nuclear fuel reprocessing 

plant, but it was deferred the matter on economic grounds 

by Ayub Khan.[69] According to Rehman, Salam’s influ- 

ence in nuclear development was lessened and diminished 

as late as 1974, and he became critical of Bhutto’s control 

over science.[69] But Salam personally did not terminate 

his connection with the scientists working in the theoreti- 

cal physics division at PAEC.[70] As early as 1972–73, he 

had been a great advocate for the atomic bomb project,[71] 

but subsequently took a stance against it after he fell out 

with Bhutto over the issue of the Ahmaddiya denomina- 

tion as non-Islamic.[71]
 

In 1965, Salam led the establishing of the nuclear re- 

search institute—Pakistan Institute of Nuclear Science 

and Technology.[72] In 1965, the plutonium reactor 

Pakistan Atomic Research Reactor went critical under 

the leadership of Salam.[70] In 1973, Salam proposed the 

idea of establishing an annual college to promote scien- 

tific activities in the country to the Chairman of PAEC, 

Munir Ahmad Khan, who wholeheartedly accepted and 

fully supported this idea. This led to the establishment of 

the International Nathiagali Summer College on Physics 

and Contemporary Needs (INSC), where each year since 

1976 scientists from all over the world come to Pak- 

istan to interact with Pakistani scientists. The first an- 

nual INSC conference was held on advanced particle and 

nuclear physics. 

In November 1971, Salam met with Zulfikar Ali Bhutto 

in his residence, and following Bhutto’s advice, Salam 

went to United States to avoid the 1971 Indo-Pak winter 

war.[73] In 1971, Salam had travelled to the United States 

and returned to Pakistan with scientific literature about 

the Manhattan Project,[74] and calculations involving in 

atomic bombs.[71] In 1972, the Government of Pakistan 

learned about the development status of the first atomic 

bomb completed under the Indian nuclear programme. 

On 20 January 1972, at the Multan meeting, Bhutto or- 

chestrated to develop the deterrence programme.[75] For- 

mer prime minister, Zulfikar Ali Bhutto, formed a group 

of scientists and engineers, which was first headed by 

Salam.[76] In 1972, Salam, as Science Advisor to the 

President, had managed and participated in a secret meet- 
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ing of nuclear scientists with Bhutto in Multan, which 

came to be known as the "Multan Meeting". At this 

meeting, only I.H. Usmani protested, believing that the 

country had neither facilities nor talent to carry out such 

an ambitious and technologically remanding project at 

that time, whilst Salam remained quiet.[77] Here, Bhutto 

entrusted Salam and appointed Munir Ahmad Khan as 

Chairman of the PAEC and head of the atomic bomb 

program, as Salam had supported Khan.[78] Few months 

after the meeting, Salam, along with Khan and Riazud- 

din, met with Bhutto in his residence where the scientists 

briefed Bhutto about the nuclear weapons program.[79] 

After the meeting, Salam established the "Theoretical 
Physics Group (TPG)" in PAEC. Abdus had led ground- 

breaking work at the TPG and was initially headed by 

Salam until 1974.[71][80][81]
 

An office was set up for Salam in the Prime ministers’ 

Secretariat by order of Bhutto.[69] Salam immediately 

started to motivate and invite scientists to begin work 

with PAEC in the development of fission weapons.[69] 

In December 1972, two theoretical physicists working 

at the International Centre for Theoretical Physics were 

asked by Salam to report to Munir Ahmad Khan, the sci- 

entific director of the program.[82] This marked the be- 

ginning of the “Theoretical Physics Group (TPG)", re- 

porting directly to Salam.[83] The TPG, in PAEC, was 

assigned to conduct research in fast neutron calcula- 

tions, hydrodynamics (how the explosion produced by a 

chain reaction might behave), problems of neutron dif- 

fusion, and the development of theoretical designs of 

Pakistan’s nuclear weapon devices.[84] Later, the Theo- 

retical Physics Group working under the leadership of 

Riazuddin, who was also Salam’s student, began to di- 

rectly report to Salam, and the work on the theoreti- 

cal design of the nuclear weapon device was completed 

in 1977.[85] Hence, Salam had led the groundbreaking 

work in the development of the weapons programme, 

with Khan. In 1972, Salam had formed the Mathemat- 

ical Physics Group, under Raziuddin Siddiqui, that was 

charged, with the Theoretical Physics Group, with car- 

rying out research in the theory of simultaneity during 

the detonation process, and the mathematics involved in 

the theory of nuclear fission[86] Following India’s surprise 

nuclear test —Pokhran-I – in 1974, Munir Ahmad Khan 

had called for a meeting to initiate work on atomic bomb, 

which was attended by Salam and at which Muhammad 

Hafeez Qureshi was appointed head of the Directorate of 

Technical Development in PAEC.[87]
 

The DTD was set up to co-ordinate the work of the var- 

ious specialised groups of scientists and engineers work- 

ing on different aspects of the atomic bomb.[79] The word 

"bomb" was never used in this meeting, but the par- 

ticipants fully understood what was being discussed.[79] 

On March 1974, Salam and Khan also established the 

Wah Group Scientist that was charged with manufac- 

turing materials, explosive lenses and triggering mecha- 

nism development of the weapon.[88] Following the set- 

ting up of DTD, Salam, along with Riazuddin and Munir 

Ahmad Khan, visited the Pakistan Ordnance Factories 

(POF) where they held talks with senior military en- 

gineers led by POF chairman Lieutenant-General Qa- 

mar Ali Mirza.[9] It was there that the Corps of Engi- 

neers built the Metallurgical Laboratory in Wah Cantt in 

1976.[89] Thus, the Wah Group working under the DTD 

was charged with the material and triggering mechanism 

development of the weapon.[90] Salam remained associ- 

ated with the nuclear weapons programme until the mid- 

1974, when he left the country after Ahmadi were de- 

clared non-Muslims by the Pakistani Parliament.[91] His 

own relations with Prime minister Bhutto fell out and 

turned into open hostility after the Ahmadiyya Com- 

munity was declared as not-Islamic; he lodged a public 

and powerful protest against Bhutto regarding this issue 

and gave great criticism to Bhutto over his control over 

science.[71] In spite of this, Salam maintained close rela- 

tions with the theoretical physics division at PAEC who 

kept him informed about every status of the calculations 

needed to calculate the performance of the atomic bomb, 

according to Norman Dombey.[71] After seeing Indian 

aggression in Northern Pakistan, followed by massive 

troops rotation in Southern Pakistan, Salam again re- 

newed his ties with the senior scientists working in the 

atomic bomb projects, including Ishfaq Ahmad and oth- 

ers, who had kept him inform about the scientific devel- 

opment of the program.[71] In the 1980s, Salam person- 

ally approved many appointments and a large influx of 

Pakistani scientists to the associateship program at ICTP 

and CERN, and engaged in research in theoretical physics 

with his students at the ICTP.[71]
 

In 2008, Indian scholar Ravi Singh noted in his book that 

“in 1978, Abdus Salam with PAEC officials, paid a secret 

visit to China, and was instrumental in initiating indus- 

trial nuclear cooperation between the two countries.”[77] 

Although he had left the country, Salam did not hesitate 

to advise the PAEC and Theoretical and Mathematical 

Physics Group on important scientific matters, and kept 

his close association with TPG and PAEC.[92]
 

 

3.13.3 Advocacy for science 
 

In 1964, Salam founded the International Centre for The- 

oretical Physics (ICTP), Trieste, in the North-East of 

Italy and served as its director until 1993.[93] In 1974, 

he founded International Nathiagali Summer College 

(INSC) to promote science in his country.[94] The INSC 

is an annual meeting of scientists from all over the world 

to come to Pakistan and hold discussions on different as- 

pects of physics and science.[94] Even today, the INSC 

holds annual meetings, and Salam’s pupil student Riazud- 

din is its director since its inception.[95]
 

In 1997, the scientists at ICTP commemorated Salam and 

renamed ICTP as "Abdus Salam International Centre 

for Theoretical Physics". Salam had advocated for de- 

velopment of Science in third world countries, and at- 
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tended various seminars in different countries. Through- 

out the years, Salam served on a number of United Na- 

tions committees concerning science and technology in 

developing countries.[32] Salam also founded the Third 

World Academy of Sciences (TWAS) and was a lead- 

ing figure in the creation of a number of international 

centres dedicated to the advancement of science and 

technology.[96]
 

During his visit at the Institute of Physics of Quaid- 

i-Azam University in 1979, Salam had explained after 

receiving his award: Physicists believed there are four 
fundamental forces of nature; the gravitational force, 
the weak and strong nuclear force, and the electromag- 
netic force.[97] Salam was a firm believer that “scientific 

thought is the common heritage of mankind”, and that 

developing nations needed to help themselves and invest 

in their own scientists to boost development and reduce 

the gap between the Global South and the Global North, 

thus contributing to a more peaceful world.[98]
 

In 1981, Salam became a founding member of the World 

Cultural Council.[99]
 

Although Salam had departed from Pakistan, he did not 

terminate his connection to Pakistan.[100] Salam contin- 

ued inviting Pakistan’s scientists to ICTP, and maintained 

a research programme for the Pakistani scientists.[101] 

Many prominent scientists, including Ghulam Mur- 

taza, Riazuddin, Kamaluddin Ahmed, Faheem Hussain, 

Raziuddin Siddiqui, Munir Ahmad Khan, Ishfaq Ahmad, 

and I. H. Usmani, considered him as their mentor and a 

teacher. 

 

3.13.4 Personal life 
 

Salam was a very private individual, who kept his pub- 

lic and personal lives quite separate.[2] He married twice; 

first time to a cousin, the second time in accordance with 

Islamic law,[102][103] and at his death, was survived by 

three daughters and a son by his first wife, and a son and 

daughter by his second, Professor Dame Louise Johnson, 

formerly Professor of Molecular biophysics in Oxford 

University. Two of his daughters are; Anisa Bushra 

Salam Bajwa and Aziza Rahman. One of his son-in-law 

is Dr. Wajeeh Bajwa. 

 

Religion 

 

Abdus Salam was an Ahmadi Muslim,[32] who saw his 

religion as a fundamental part of his scientific work. He 

once wrote that “the Holy Quran enjoins us to reflect on 

the verities of Allah’s created laws of nature; however, 

that our generation has been privileged to glimpse a part 

of His design is a bounty and a grace for which I render 

thanks with a humble heart.”[32] 

During his acceptance speech for the Nobel Prize in 

Physics, Salam quoted verses from the Quran and stated: 

“Thou seest not, in the creation of the All- 

merciful any imperfection, Return thy gaze, 

seest thou any fissure? Then Return thy gaze, 

again and again. Thy gaze, Comes back to thee 

dazzled, aweary.” [67:3-4] 

This, in effect, is the faith of all physicists; 

the deeper we seek, the more is our wonder 

excited, the more is the dazzlement for our 

gaze.[104] 

 
In 1974, the Pakistan parliament made a constitutional 

amendment that declared Ahmadi as non-Muslims. In 

protest, Salam left Pakistan for London. After his de- 

parture, Salam did not completely terminate his connec- 

tion to Pakistan, and kept his close association with the 

Theoretical Physics Group as well as academic scientists 

from Pakistan Atomic Energy Commission (PAEC).[97] 

At ICTP, Salam had launched series of post-research 

programmes for Pakistani academics with whom he had 

developed extremely close relations. In 1983, Riazud- 

din and Asghar Qadir returned to ICTP where they had 

joined Salam, and stayed with him until 1990.[105]
 

 
Death 

 

 

The defaced grave of Abdus Salam at Rabwah, Pakistan 

 
Abdus Salam died peacefully on 21 November 1996 

at the age of 70 in Oxford, England, from progressive 

supranuclear palsy (PSP).[106] His body was finally re- 

turned to Pakistan and kept in Darul Ziafat, where some 

13,000 men and women visited to pay their last re- 

spects. Approximately 30,000 people attended his fu- 

neral prayers. 

Salam was buried in Bahishti Maqbara, a cemetery estab- 

lished by the Ahmadiyya Community at Rabwah, Punjab, 

Pakistan, next to his parents’ graves. The epitaph on his 

tomb initially read “First Muslim Nobel Laureate”. The 

Pakistani government removed “Muslim” and left only 

his name on the headstone.[107] The word “Muslim” was 

initially obscured on the orders of a local magistrate be- 

fore moving to the national level.[108] Under Ordinance 
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XX,[109] being an Ahmadi, he was considered a non- 

Muslim according to the definition provided in the II 

Amendment to the Constitution of Pakistan. 

 
Legacy 

 

Salam’s work in Pakistan has been far reaching and re- 

garded as highly influential. Salam is remembered as his 

peers and students as the “father of Pakistan’s school of 

Theoretical Physics” as well as Pakistan’s science. Abdus 

Salam was a charismatic and an iconic figure, as much as 

a symbol among them of what they were working or/ re- 

searching toward in their respected field.[4][11][12] His stu- 

dents, fellow scientists and engineers, remembered him 

as brilliant teacher, and engaging researcher who would 

also influence among others to do the same.[45] Salam 

founded the Space Research Commission of which he 

served its first founding director in the 1980s.[45] In 1998, 

the Government of Pakistan issued a commemorative 

stamp to honour the services of Salam as part of its “Sci- 

entists of Pakistan” series.[15] His alma mater, Govern- 

ment College Lahore, now a university, has Abdus Salam 

Chair in Physics and Abdus Salam School of Mathemat- 

ical Sciences named after him.[110] Despite the immense 

services he had done for Pakistan and the Government, 

he has been discriminated against because of his affilia- 

tion with the Ahmadiyya sect, which the Pakistan Gov- 

ernment has denounced.[111] He has also made a signifi- 

cant contribution towards the recent success of search for 

the Higgs boson.[112]
 

However, Salam has been commemorated by Pakistan’s 

noted and prominent scientists, who were also his stu- 

dents. Many scientists have recalled their college experi- 

ences. Ghulam Murtaza, a professor of plasma physics at 

the Government College University and student of Salam, 

wrote: 

 
“When Dr. Salam was to deliver a lec- 

ture, the hall would be packed and although the 

subject was Particle Physics, his manner and 

eloquence was such as if he was talking about 

literature. When he finished his lectures, lis- 

teners would often burst into spontaneous ap- 

plause and give him a standing ovation. Peo- 

ple from all parts of the world would come to 

Imperial College and seek Dr. Salam’s help. 

He would give a patient hearing to everyone in- 

cluding those who were talking nonsense. He 

treated everyone with respect and compassion 

and never belittled or offended anyone. Dr. 

Salam’s strength was that he could “sift jewels 

from the sand"".[113]
 

 
Ishfaq Ahmad, former chairman of the PAEC and a life- 

long friend of Salam recalls: 

 

“Dr Salam was responsible for sending 

 

 
 

A commemorative stamp to honour the services of Dr. Abdus 
Salam. 

 
about 500 physicists, mathematicians and sci- 

entists from Pakistan, for PhD’s to the best in- 

stitutions in UK and USA”.[113]
 

 

In August 1996, the former chairman of PAEC and life- 

long friend, Munir Ahmad Khan and met Salam in Ox- 

ford. Munir Ahmad Khan (late), who headed the nuclear 

weapons and energy programme, said: 

 

“My last meeting with Abdus Salam was 

only three months ago. His disease had taken 

its toll and he was unable to talk. Yet he un- 

derstood what was said. I told him about the 

celebration held in Pakistan on his seventieth 

birthday. He kept staring at me. He had risen 

above praise. As I rose to leave he pressed my 

hand to express his feelings as if he wanted 

to thank everyone who had said kind words 

about him. Dr. Abdus Salam had deep love 

for Pakistan in spite of the fact that he was 

treated unfairly and indifferently by his own 

country. It became more and more difficult 

for him to come to Pakistan and this hurt him 

deeply. Now he has returned home finally, to 

rest in peace for ever in the soil that he loved 

so much. May be in the years to come we will 

rise above our prejudice and own him and give 

him, after his death, what we could not when he 

was alive. We Pakistanis may choose to ignore 

Dr. Salam, but the world at large will always 

remember him.”[113]
 

https://en.wikipedia.org/wiki/Ordinance_XX
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-109
https://en.wikipedia.org/wiki/Ahmadi
https://en.wikipedia.org/wiki/Second_Amendment_to_the_Constitution_of_Pakistan
https://en.wikipedia.org/wiki/Second_Amendment_to_the_Constitution_of_Pakistan
https://en.wikipedia.org/wiki/Constitution_of_Pakistan
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-The_Dawn_Newspapers_.28Archive.2C_21_November_2011.29-4
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-The_Dawn_Newspapers_.28Archive.2C_21_November_2011.29-4
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Dawn_News_International.2C_Archive_2004-12
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Riazuddin_2005_31-45
https://en.wikipedia.org/wiki/Space_and_Upper_Atmosphere_Research_Commission
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Riazuddin_2005_31-45
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-Pakistan_Post_Office_Department-15
https://en.wikipedia.org/wiki/Abdus_Salam_Chair_in_Physics
https://en.wikipedia.org/wiki/Abdus_Salam_Chair_in_Physics
https://en.wikipedia.org/wiki/Abdus_Salam_School_of_Mathematics
https://en.wikipedia.org/wiki/Abdus_Salam_School_of_Mathematics
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-ASSMS.2C_Government_College_University-110
https://en.wikipedia.org/wiki/Ahmadiyya
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-111
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-112
https://en.wikipedia.org/wiki/Ghulam_Murtaza_(physicist)
https://en.wikipedia.org/wiki/Plasma_physics
https://en.wikipedia.org/wiki/Particle_Physics
https://en.wikipedia.org/wiki/Imperial_College
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-chowkbio-113
https://en.wikipedia.org/wiki/Ishfaq_Ahmad
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-chowkbio-113
https://en.wikipedia.org/wiki/Munir_Ahmad_Khan
https://en.wikipedia.org/wiki/Pakistan_and_Nuclear_Weapons
https://en.wikipedia.org/wiki/Pakistan_and_Nuclear_Weapons
https://en.wikipedia.org/wiki/Nuclear_energy_in_Pakistan
https://en.wikipedia.org/wiki/Pakistanis
https://en.wikipedia.org/wiki/Abdus_Salam#cite_note-chowkbio-113


3.13.  ABDUS SALAM 336 
 

 

Muslims and Evolution of Science 

 

 

3.13.5 Documentaries on Abdus Salam 

Salam - the film 

LLC started formally researching and developing a film 

on the science and life of Abdus Salam in 2004, two 

years after the producers had conceived of the idea.[114] A 

fundraising teaser was released by Kailoola Productions 

to coincide with Salam’s birth anniversary on 29 January 

2017 - (Salam - the film). The post-production phase of 

this documentary film, pending funding, is estimated at 

US$150, 000. 

https://vimeo.com/kailoola/salam 

Abdus Salam: The Dream of Symmetry 

Pilgrim Films released “The Dream of Symmetry” in 

September 2011.[115] Their press release describes it as 

presenting “the extraordinary figure of Abdus Salam, who 

not only was an outstanding scientist but also a generous 

humanitarian and a valuable person. His rich and busy 

life was an endless quest for symmetry, that he pursued 

in the universe of physical laws and in the world of human 

beings.”[116]
 

 
3.13.6 Honours 

 

In 1997, scientists at ICTP renamed the institute as The 

Abdus Salam International Centre for Theoretical 

Physics in the honour of Salam.[117] Salam’s services 

have been recognised in Pakistan, as his students have 

openly spoken and stressed the importance of Science 

and Technology in Pakistan. In 1999, per the recom- 

mendation of Ishfaq Ahmad, the Federal Government 

led the establishment of Salam Chair in Physics at the 

Government College University.[118] On 22 November 

2009, the Director of Abdus Salam International Cen- 

tre for Theoretical Physics had gifted the original No- 

bel Prize Certificate original to his alma mater.[119] In 

2011, GCU’s Salam Chair in Physics held a one-day-long 

conference that was attributed to Nobel laureate Abdus 

Salam.[118] Salam’s students Ghulam Murtaza, Perviaz 

Hoodbhoy, Riazuddin and Tariq Zaidi discussed the life 

and works of the Nobel laureate, and brought to light the 

achievement of Salam in Pakistan and in the Physics.[118] 

While covering the media converge on Salam’s tribute, 

the News International, called Salam as the “great Pak- 

istan scientist”.[120]
 

In 1998, the Edward A. Bouchet-ICTP Institute was re- 

named as Edward Bouchet Abdus Salam Institute.[121] 

In 2003, Government of Punjab created the institute of 

excellence for the Mathematical Sciences, Abdus Salam 

School of Mathematics, in Salam’s Alma mater – Gov- 

ernment College University.[122]
 

In 2008, in an opinion, Daily Times called Salam “one 

of the greatest scientist Pakistan has ever produced”.[123] 

The Dawn Newspapers published an interview with Za- 

kir Thaver, one of the two producers of Kailoola Produc- 

tions’ Abdus Salam Docufilm (working tile). In an edi- 

torial, the Dawn Newspapers called Abdus Salam as “the 

greatest physicist that comes from Pakistan”.[124]
 

In 2015, the Academy of Young Researchers and Schol- 

ars, Lahore, renamed its library to “Abdus Salam 

Library”.[125] In the town of Vaughan, Ontario, Canada, 

near the headquarters of the Canadian branch of the 

Ahmadiyya Community, of which Professor Abdus 

Salam was a member, the community has named a street 

after his name. It is called Abdus Salam Street. Abdus 

Salam Street, on Google Maps Additionally, there are 2 

annual Abdus Salam science fairs held one in Canada, 

the other in the US. Each is organised as a National event 

for young scientists from the Ahmadiyya Community in 

an effort to motivate youth toward scientific endeavour 

Abdus Salam Science Fair Canada 

On December 6, 2016, Pakistan’s Prime Minister Nawaz 

Sharif approved the renaming of Quaid-i-Azam Univer- 

sity's (QAU) physics centre to the Professor Abdus Salam 

Center for Physics. It was also announced that Profes- 
sor Abdus Salam Fellowship will be established, which 

will include five annual fully funded Pakistani PhD stu- 

dents in the field of Physics in “leading international 

universities”.[126]
 

 
Awards 

 

 

Abdus Salam with Pakistani intellectual Syed Qasim Mahmood 
in 1986 

 
In 1979, Salam was awarded the 1979 Nobel Prize in 

Physics, along with Glashow and Weinberg, For their con- 
tributions to the theory of the unified weak and electromag- 
netic interaction between elementary particles, including, 
inter alia, the prediction of the weak neutral current.[6] 

Salam received high civil and science awards from all 

over the world.[127] Salam is recipient of first high civil 

awards – Star of Pakistan (1959) and the Nishan-e-Imtiaz 

(1979) – awarded both by President of Pakistan for his 

outstanding services to Pakistan.[127] The National Cen- 

ter for Physics (NCP) contains a Abdus Salam Museum 

dedicated to the life of Salam and his work as he discov- 

ered and formulated the Electroweak Theory.[8] Below is 

the list of awards that were conferred to Salam in his life- 

time. 
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• Nobel Prize in Physics (Stockholm, Sweden) (1979) 

• Hopkins Prize (Cambridge University) for “the most 
outstanding contribution to Physics during 1957– 
1958” 

• Adams Prize (Cambridge University) (1958) 

• Fellow of the Royal Society (1959)[2]
 

• Smith’s Prize (Cambridge University) (1950) 

• Sitara-e-Pakistan for contribution to science in Pak- 
istan (1959) 

• Pride of Performance Medal and Award (1959) 

• First recipient of Maxwell Medal and Award (Phys- 
ical Society, London) (1961) 

• Hughes Medal (Royal Society, London) (1964) 

• Atoms for Peace Award (Atoms for Peace Founda- 
tion) (1968) 

• J. Robert Oppenheimer Memorial Prize and Medal 
(University of Miami) (1971)[128][129]

 

• Guthrie Medal and Prize (1976) 

• Premio Umberto Biancamano (Italy) (1986) 

• Dayemi International Peace Award (Bangladesh) 
(1986) 

• First Edinburgh Medal and Prize (Scotland) (1988) 

• “Genoa” International Development of Peoples 
Prize (Italy) (1988) 

• Honorary Knight Commander of the Order of the 
British Empire (1989) 

• Catalunya International Prize (Spain) (1990) 

• Copley Medal (Royal Society, London) (1990) 

 
Awards named after Salam 

 

The Abdus Salam Award (also called as Salam Prize) is 

an award in natural and physical sciences, established to 

recognised the high achievements and contributions in 

physical and natural sciences.[130] In 1979, Riazuddin, 

Fayyazuddin and Asghar Qadir met with Salam, and pre- 

sented the idea of creating an award to appreciate scien- 

tists, resident in Pakistan, in their respective fields.[130]
 

Salam had donated the money he had won as he felt 
[105] 

• Sir Devaprasad Sarvadhikary Gold Medal (Calcutta that he had no rightly use of the prize money. It was 

University) (1977) 

• Matteuci Medal (Accademia Nazionale dei Lincei, 
Rome) (1978) 

• John Torrence Tate Medal (American Institute of 
Physics) (1978) 

• Royal Medal (Royal Society, London) (1978) 

• Nishan-e-Imtiaz for outstanding performance in 
Scientific projects in Pakistan (1979) 

• Einstein Medal (UNESCO, Paris) (1979) 

• Shri R.D. Birla Award (India Physics Association) 
(1979) 

• Order of Andres Bello (Venezuela) (1980) 

• Order of Istiqlal (Jordan) (1980) 

• Cavaliere de Gran Croce dell'Ordine al Merito della 
Repubblica Italiana (1980) 

• Josef Stefan Medal (Josef Stefan Institute, Ljubli- 
jana) (1980) 

• Gold Medal for Outstanding Contributions to 
Physics (Czechoslovak Academy of Sciences, 
Prague) (1981) 

• Peace Medal (Charles University, Prague) (1981) 

• Lomonosov Gold Medal (USSR Academy of Sci- 
ences) (1983) 

endowed by Asghar Qadir, Riazuddin and Fayyazuddin 
in 1980, and it was first awarded in 1981. The win- 

ners are selected by a committee (consisted of Aghar 

Qadir, Fayyazuddin, Riazuddin, and others) of the Center 

for Advanced Mathematics and Physics (CAMP), which 

administers the award.[105] The Abdus Salam Medal is 

presented by the Third World Academy of Sciences in 

Trieste, Italy. First given in 1995, the award is pre- 

sented to the people who have served the cause of science 

in the Developing World.[131] The Abdus Salam Shield 

of Honor in Mathematics was initiated by the National 

Mathematical Society of Pakistan to promote and rec- 

ognize quality research in Mathematics at 2015. It is 

awarded for the first time in 2016.[132]
 

 
Contributions 

 

Salam’s primary focus was research on the physics of ele- 

mentary particles. His particular numerous groundbreak- 

ing contributions included: 
 

• two-component neutrino theory and the prediction 
of the inevitable parity violation in weak interaction; 

• gauge unification of weak and electromagnetic inter- 

actions, the unified force is called the "Electroweak" 
force, a name given to it by Salam, and which forms 

the basis of the Standard Model in particle physics; 

• predicted existence of weak neutral currents and W 
particles and Z particles before their experimental 
discovery;[133]
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• symmetry properties of elementary particles; 
unitary symmetry; 

• renormalisation of meson theories; 

• gravity theory and its role in particle physics; two 
tensor theory of gravity and strong interaction 
physics; 

• unification of electroweak with strong nuclear 
forces, grand unification theory; 

• related prediction of proton-decay; 

• Pati–Salam model, a grand unification theory; 

• Supersymmetry theory, in particular formulation of 
Superspace and formalism of superfields in 1974; 

• the theory of supermanifolds, as a geometrical 
framework for understanding supersymmetry, in 

1974;[134] 

• Supergeometry, the geometric basis for supersym- 
metry, in 1974;[135]

 

• application of the Higgs mechanism to the 
electroweak symmetry breaking; 

• prediction of the magnetic photon in 1966;[52]
 

 
3.13.7 Institutes named after Abdus 

Salam 

• Abdus Salam Center for Physics  (Depart-  
ment of Physics), Quaid-e-Azam University, 

Islamabad,Pakistan[136]
 

• Abdus Salam National Center for Mathematics (AS- 
NCM), Government College University, Lahore, 
Pakistan. 

• Abdus Salam Chair in Physics (ASCP), Government 
College University, Lahore, Pakistan. 

• Abdus Salam International Centre for Theoretical 
Physics, Trieste, Italy. 

• Abdus Salam School of Mathematical Sciences, 
Lahore, Pakistan 

• The Edward Bouchet Abdus Salam Institute 
(EBASI) 

 
3.13.8 See also 

• Preon 

• Unified field theory 

• W and Z bosons 
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3.13.11 External links 

• Abdus Salam and his International Influences 

• Documentary Film on the Science and Life of Dr. 
Abdus Salam 

• An Interview – Part 1 of 4 on YouTube 

• An Interview – Part 2 of 4 on YouTube 

• An interview – Part 3 of 4 on YouTube 

• An Interview – Part 4 of 4 on YouTube 

• Interview with Abdus Salam, 1986 (Television pro- 
duction). War and Peace in the Nuclear Age. 

"Carter's New World”. Boston, MA: WGBH Media 
Library & Archives. 15 December 1986. Retrieved 

11 June 2016. 

• The Abdus Salam International Centre for Theoret- 
ical Physics 

• Abdus Salam bio on Nobel site 

• The Nobel Prize in Physics 1979 

• Abdus Salam CV / 

• Islam and Science: Concordance or Conflict?, 
speech delivered to UNESCO, 27 April 1984. 

• COMSATS Secretariat 

• Biography of Abdus Salam by Imperial College col- 
league 

• An Interesting And Detailed Article On the Life of 
Dr. Abdus Salam In Urdu 

• PBS documentary on strings, contains clip of award 
ceremony with Abdus Salam 

• Salam +50 Conference at Imperial College 

• Contributions of Professor Abdus Salam as member 
of PAEC 

• Abdus Salam Movie – The Dream of Symmetry on 
YouTube 

 ,Latinized as Albateg- nius) (بن جابر بن سنان البتاني

Albategni or Albatenius) (c. 858 – 929) was an Arab 

astronomer, astrologer, and mathematician. He in- 

troduced a number of trigonometric relations, and his 

Kitāb az-Zīj was frequently quoted by many medieval as- 

tronomers, including Copernicus.[1]
 

 
3.14.1 Life 

 

Little is known about al-Battānī's life beside that he was 

born in Harran near Urfa, in Upper Mesopotamia, which 

is now in Turkey, and his father was a famous maker of 

scientific instruments.[1] His epithet aṣ-Ṣabi’ suggests that 

among his ancestry were members of the Sabian sect; 

however, his full name indicates that he was Muslim.[2] 

Some western historians state that he is of noble ori- 

gin, like an Arab prince,[3] but traditional Arabic biog- 

raphers make no mention of this.[1] He lived and worked 

in Raqqa, a city in north central Syria. 

 

3.14.2 Astronomy 
 

One of al-Battānī's best-known achievements in astron- 

omy was the determination of the solar year as being 365 

days, 5 hours, 46 minutes and 24 seconds which is only 2 

minutes and 22 seconds off.[2]
 

He was able to correct some of Ptolemy’s results and com- 

piled new tables of the Sun and Moon, long accepted 

as authoritative.[3] Some of his measurements were even 

more accurate than ones taken by Copernicus many cen- 

turies later. Researchers have ascribed this phenomenon 

to al-Battānī being in a geographical location that is closer 

to the southern latitude, which might have been more fa- 

vorable for such observations.[2]
 

Al-Battānī discovered that the direction of the Sun’s 

apogee, as recorded by Ptolemy, was changing.[4] (In 

modern heliocentric terms this is due to the changing di- 

rection of the eccentricity vector of the Earth’s orbit). He 

also introduced, probably independently of the 5th cen- 

tury Indian astronomer Aryabhata, the use of sines in cal- 

culation, and partially that of tangents.[3] He also calcu- 

lated the values for the precession of the equinoxes (54.5” 

per year, or 1° in 66 years) and the obliquity of the eclip- 
[2] 

• Pakistan shuns physicist linked to 'God particle' (As- tic (23° 35'). He used a uniform rate for precession in 

sociated Press, 9 July 2012) 

 

3.14 Al-Battani 
 
“Albategnius” redirects here. For the lunar crater, see 

Albategnius (crater). 

 
Abū ʿ Abd Allāh Muḥammad ibn Jābir ibn Sinān al- 

Raqqī al-Ḥarrānī aṣ-Ṣābiʾ al-Battānī (Arabic:  محمد 

his tables, choosing not to adopt the theory of trepidation 

attributed to his colleague Thabit ibn Qurra. 

Al-Battānī's work is considered instrumental in the devel- 

opment of science and astronomy.[2] Copernicus quoted 

him in the book that initiated the Copernican Revolu- 

tion, the De Revolutionibus Orbium Coelestium, where his 

name is mentioned no fewer than 23 times,[5] and also 

mentioned in the Commentariolus.[6] Al-Battānī was fre- 

quently quoted by Tycho Brahe, Riccioli, among oth- 

ers. Kepler and Galileo showed interest in some of 

his observations,[1] and his data continues to be used in 
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geophysics.[7]

 

 

3.14.3 Mathematics 
 

In mathematics, al-Battānī produced a number of 

trigonometrical relationships: 

 

 

tan a = 
sin a

 

cos a 

 

sec a = 
√
1 + tan2 a 

He also solved the equation sin x = a cos x discovering 

the formula: 

 
 

a 

sin x = √
1 + a2

 

He gives other trigonometric formulae for right angled 

triangles such as:[2]
 

 

b sin(A) = a sin(90◦ − A) 

Al-Battānī used al-Marwazi's idea of tangents (“shad- 

ows”) to develop equations for calculating tangents and 

cotangents, compiling tables of them. He also discov- 

ered the reciprocal functions of secant and cosecant, and 

produced the first table of cosecants, which he referred 

to as a “table of shadows” (in reference to the shadow of 

a gnomon), for each degree from 1° to 90°.[8]
 

 

3.14.4 Works 
 

Al-Battānī's major work is Kitāb az-Zīj (“Book of 

Astronomical Tables"). It was largely based on Ptolemy’s 

theory, and other Greco-Syriac sources, while showing 

little Indian or Persian influence.[1][9] In his zij, he pro- 

vided descriptions of a quadrant instrument.[10]
 

This book went through many translations to Latin 

and Spanish, including a Latin translation as De Motu 
Stellarum by Plato of Tivoli in 1116, which was  

later reprinted with annotations by Regiomontanus.[3] A 

reprint appeared at Bologna in 1645. The original MS. 

is preserved at the Vatican; and the Escorial library pos- 

sesses in MS. a treatise of some value by him on astro- 

nomical chronology.[3]
 

 

3.14.5 See also 

• List of Arab scientists and scholars 

• Zij 
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3.15 Al-Zahrawi 
 
Abū al-Qāsim Khalaf ibn al-‘Abbās al-Zahrāwī (936– 

1013), (Arabic: أبو القاسم خلف بن العباس الزهراوي), popularly 

known as Al-Zahrawi (الزهراوي), Latinised as Abulca- 

sis (from Arabic Abū al-Qāsim), was an Arab Muslim 

physician and surgeon who lived in Al-Andalus. He 

is considered the greatest medieval surgeon to have ap- 

peared from the Islamic World, and has been described 

as the father of surgery.[1] His greatest contribution to 

medicine is the Kitab al-Tasrif, a thirty-volume encyclo- 

pedia of medical practices.[2] His pioneering contribu- 

tions to the field of surgical procedures and instruments 

had an enormous impact in the East and West well into 

the modern period, where some of his discoveries are still 

applied in medicine to this day.[3]
 

He was the first physician to describe an Abdominal preg- 

nancy a sub type of ectopic pregnancy, and the first physi- 

cian to identify the hereditary nature of haemophilia.[3]
 

 

3.15.1 Biography 
 

Al-Zahrawi was born in the city El-Zahra, 8 kilometers 

northwest of Córdoba, Andalusia. The nisba (attributive 

title), Al-Ansari, suggests origin from the Medinian tribe 

of Al-Ansar.[4]
 

He lived most of his life in Córdoba. It is also where he 

studied, taught and practiced medicine and surgery until 

shortly before his death in about 1013, two years after the 

sacking of El-Zahra. 

Few details remain regarding his life, aside from his pub- 

lished work, due to the destruction of El-Zahra during 

later Castillian-Andalusian conflicts. His name first ap- 

pears in the writings of Abu Muhammad bin Hazm (993 

– 1064), who listed him among the greatest physicians of 

Moorish Spain. But we have the first detailed biography 

of al-Zahrawī from al-Ḥumaydī's Jadhwat al-Muqtabis 
(On Andalusian Savants), completed six decades after al- 

Zahrawi’s death. 

He was a contemporary of Andalusian chemists such 

as Ibn al-Wafid, Maslamah Ibn Ahmad al-Majriti and 

Artephius. 

 

3.15.2 Works 
 

Al-Zahrawi was a court physician to the Andalusian 

caliph Al-Hakam II. He devoted his entire life and genius 

to the advancement of medicine as a whole and surgery 

in particular. His best work was the Kitab al-Tasrif, dis- 

cussed below. 

Al-Zahrawi specialized in curing disease by cauterization. 

He invented several devices used during surgery, for pur- 

poses such as inspection of the interior of the urethra, 

applying and removing foreign bodies from the throat, in- 

spection of the ear, etc. He is also credited to be the first 

to describe ectopic pregnancy in 963, in those days a fatal 

affliction.[3]
 

Al-Zahrawi was the first to illustrate the various cannulae 

and the first to treat a wart with an iron tube and caustic 

metal as a boring instrument. He was also the first to draw 

hooks with a double tip for use in surgery.[5]
 

 

Kitab al-Tasrif 

 

Main article: Al-Tasrif 

 
Al-Zahrawi’s thirty-chapter medical treatise, Kitab al- 
Tasrif, completed in the year 1000, covered a broad range 

of medical topics, including dentistry and childbirth, 

which contained data that had accumulated during a ca- 

reer that spanned almost 50 years of training, teaching 

and practice. In it he also wrote of the importance of a 

positive doctor-patient relationship and wrote affection- 

ately of his students, whom he referred to as “my chil- 

dren”. He also emphasized the importance of treating 

patients irrespective of their social status. He encouraged 

the close observation of individual cases in order to make 

the most accurate diagnosis and the best possible treat- 

ment. 

Al-Tasrif was later translated into Latin by Gerard of Cre- 

mona in the 12th century, and illustrated. For perhaps 

five centuries during the European Middle Ages, it was 

the primary source for European medical knowledge, and 

served as a reference for doctors and surgeons. 

Not always properly credited, Al-Zahrawi’s al-Tasrif 

described both what would later become known as 
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Page from a 1531 Latin translation by Peter Argellata of Al- 
Zahrawi’s treatise on surgical and medical  instruments. 

 
 
 
 
 

 
“Kocher’s method” for treating a dislocated shoulder and 

“Walcher position” in obstetrics. Al-Tasrif described 

how to ligature blood vessels almost 600 years before 

Ambroise Paré, and was the first recorded book to docu- 

ment several dental devices and explain the hereditary na- 

ture of haemophilia.[3] He was also the first to describe a 

surgical procedure for ligating the temporal artery for mi- 

graine, also almost 600 years before Pare recorded that he 

had ligated his own temporal artery for headache that con- 

forms to current descriptions of migraine.[6] Al-Zahrawi 

was therefore the first to describe the migraine surgery 

procedure that is enjoying a revival in the 21st century, 

spearheaded by Elliot Shevel a South African surgeon. 

Al-Zahrawi also described the use of forceps in vagi- 

nal deliveries.[7] He introduced over 200 surgical instru- 

ments.[8] Many of these instruments were never used be- 

fore by any previous surgeons.[8]
 

His use of catgut for internal stitching is still practised in 

modern surgery. The catgut appears to be the only natural 

substance capable of dissolving and is acceptable by the 

body. Al-Zahrawi also invented the forceps for extracting 

a dead fetus, as illustrated in the Al-Tasrif.[9]
 

 

Liber Servitoris 

 

In pharmacy and pharmacology, Al-Zahrawi pioneered 

the preparation of medicines by sublimation and 

distillation. His Liber Servitoris is of particular interest, 

as it provides the reader with recipes and explains how to 

prepare the “simples” from which were compounded the 

complex drugs then generally used.[10][11][12]
 

 
3.15.3 Legacy 

 

Al-Zahrawi was the “most frequently cited surgical au- 

thority of the Middle Ages”.[13]
 

Donald Campbell, a historian of Arabic medicine, de- 

scribed Al-Zahrawi’s influence on Europe as follows:[14]
 

 
The chief influence of Albucasis on the 

medical system of Europe was that his lucidity 

and method of presentation awakened a pre- 

possession in favour of Arabic literature among 

the scholars of the West: the methods of Albu- 

casis eclipsed those of Galen and maintained a 

dominant position in medical Europe for five 

hundred years, i.e long after it had passed its 

usefulness. He, however, helped to raise the 

status of surgery in Christian Europe; in his 

book on fractures and luxations, he states that 

‘this part of surgery has passed into the hands 

of vulgar and uncultivated minds, for which 

reason it has fallen into contempt.’ The surgery 

of Albucasis became firmly grafted on Europe 

after the time of Guy de Chauliac (d.1368). 

 
In the 14th century, the French surgeon Guy de Chau- 

liac quoted al-Tasrif over 200 times. Pietro Argallata (d. 

1453) described Al-Zahrawi as “without doubt the chief 

of all surgeons”. Al-Zahrawi’s influence continued for at 

least five centuries, extending into the Renaissance, evi- 

denced by al-Tasrif's frequent reference by French sur- 

geon Jacques Delechamps (1513–1588).[15]
 

The street in Córdoba where he lived is named in his 

honor as “Calle Albucasis”. On this street he lived in 

house no. 6, which is preserved today by the Spanish 

Tourist Board with a bronze plaque (awarded in Jan- 

uary 1977) which reads: “This was the house where Al- 

Zahrawi lived.” 

 

3.15.4 On Surgery and Instruments 

On Surgery and Instruments is an illustrated surgical guide 

written by Al-Zahrawi. On Surgery and Instruments con- 

tributed many technological innovations, notably which 

tools to use in specific surgeries. In On Surgery and In- 
struments, he draws diagrams of each tool used in dif- 

ferent procedures to clarify how to carry out the steps of 
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each treatment. The full text consists of three books, in- 

tended for medical students looking forward to gaining 

more knowledge within the field of surgery regarding pro- 

cedures and the necessary tools. 

Al-Zahrawi claims that his knowledge comes from care- 

ful reading of previous medical texts as well as his own 

experience: “…whatever skill I have, I have derived for 

myself by my long reading of the books of the Ancients 

and my thirst to understand them until I extracted the 

knowledge of it from them. Then through the whole of 

my life I have adhered to experience and practice…I have 

made it accessible for you and rescued it from the abyss 

of prolixity”.[16]
 

 
Tone 

 

Throughout the text, Al-Zahrawi uses an authoritative 

tone to declare his expertise on the topic. For exam- 

ple, when introducing topics or describing procedures, 

Al-Zahrawi often warns the reader of the skills necessary 

to complete the task. In chapter forty-eight, “On cauteri- 

zation for numbness”, he defines the required knowledge 

for the procedure in a commanding tone: “This should 

not be attempted except by one who has a good knowl- 

edge of the anatomy of the limbs and of the exits of the 

nerves that move the body”.[17] He invents a criterion to 

generate a standard of skill level, indicating that he him- 

self has surpassed it due to training and experience. As 

such, he reiterates his preeminence by implying that he is 

part of an exclusive group of learned surgeons capable of 

correctly completing this cautery. In another instance, he 

states that the procedure should be avoided completely by 

incompetent surgeons: “However, no one should attempt 

this operation unless he has had long training and practice 

in the use of cautery”.[18]
 

Al-Zahrawi was not afraid to depart from old practice, for 

example, he openly disparages the opinion that cauteri- 

zation should only be used in the spring season: “…the 

Ancients…[affirmed] that spring was the best. Myself, 

I say that cautery is suitable at all times”.[19] Four pages 

later, he again opposes the opinion that gold is the best 

material for cauterization, stating that iron is actually his 

preferred metal: “therefore in our own opinion cauter- 

ization is swifter and more successful with iron”.[20] In 

chapter twenty-nine, “On cauterization for pleurisy”, he 

states: “Now one of the Ancients mentioned that there 

were some people who used an iron cautery shaped like 

a probe, and introduced it red hot into the intercostal 

space until it reached the abscess itself and evacuated the 

pus…but in this perforation with the cautery there is a 

danger either that the patient may die on the spot or that 

an incurable fistula may raise at the place”.[21]
 

 
3.15.5 See also 

• Islamic medicine 

• 

Islamic science 

• List of Arab scientists and scholars 

• Islamic Golden Age 

• Islamic scholars 

• Muslim inventions 

• Timeline of historic inventions 

• Avicenna 
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3.15.8 External links 
 

3.16 Banū Mūsā 
 
This article is about the 9th century Baghdad scholars. 

For the Iberian dynasty sometimes called the Banū Mūsā, 

see Banu Qasi. 

 
The Banū Mūsā brothers (“Sons of Moses”), namely 

Abū Jaʿfar, Muḥammad ibn Mūsā ibn Shākir (before 

803 – February 873), Abū al‐Qāsim, Aḥmad ibn Mūsā 

ibn Shākir (d. 9th century) and Al-Ḥasan ibn Mūsā 

ibn Shākir (d. 9th century), were three 9th-century 

scholars who lived and worked in Baghdad. They are 

known for their Book of Ingenious Devices on automata 

(automatic machines) and mechanical devices. Another 

important work of theirs is the Book on the Measurement 
of Plane and Spherical Figures, a foundational work on 

geometry that was frequently quoted by both Islamic and 

European mathematicians.[2]
 

The Banu Musa worked in astronomical observatories es- 

tablished in Baghdad by the Abbasid Caliph al-Ma'mun as 

well as doing research in the House of Wisdom. They also 

participated in a 9th-century expedition to make geodesic 

measurements to determine the length of a degree.[2]
 

 
3.16.1 Life 

 

The Banu Musa were the three sons of Mūsā ibn Shākir, 

who earlier in life had been a highwayman and astronomer 

in Khorasan of unknown pedigree.[3] After befriending 

al-Ma'mun, who was then a governor of Khorasan and 

staying in Marw, Musa was employed as an astrologer 

and astronomer.[4] After his death, his young sons were 

looked after by the court of al-Maʾmūn.[5] Al-Maʾmūn 

recognized the abilities of the three brothers and enrolled 

them in the famous House of Wisdom, a library and a 

translation center in Baghdad.[6]
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Studying in the House of Wisdom under Yahya ibn Abi 

Mansur,[4] they participated in the efforts to translate 

ancient Greek works into Arabic by sending for Greek 

texts from the Byzantines, paying large sums for their 

translation, and learning Greek themselves.[5] On such 

trips, Muhammad met and recruited the famous mathe- 

matician and translator Thābit ibn Qurra. At some point 

Hunayn ibn Ishaq was also part of their team.[2] The 

brothers sponsored many scientists and translators, who 

were paid about 500 dīnārs a month. If it wasn't for the 

brothers’ efforts, many of the Greek texts that they trans- 

lated would have been lost and forgotten.[3]
 

After the death of al-Ma'mun, the Banu Musa continued 

to work under the Caliphs al-Mu'tasim, al-Wathiq, and al- 

Mutawakkil. However, during the reign of al-Wathiq and 

al-Mutawakkil internal rivalries arose between the schol- 

ars in the House of Wisdom. At some point the Banu 

Musa became enemies to al-Kindi and contributed to his 

persecution by al-Mutawakkil. They were later employed 

by al-Mutawakkil to construct a canal for the new city of 

al-Jafariyya.[1]
 

 
3.16.2 Mathematics and mechanics 

 

The Banu Musa had a different view on area and circum- 

ference than the Greeks. In the research they translated, 

the Greeks looked at volume and area more in terms of 

ratios, rather than giving them an actual numerical value. 

Most of them based such measurements relatively on an- 

other object’s size. In one of their surviving publications, 

the Kitab Marifat Masahat Al-Ashkal (The Book of the 

Measurement of Plane and Spherical Figures) Banu Musa 

gave volume and area number values. This is evidence 

that they were not just translating and reproducing the 

Greek sources. They were actually building on concepts 

and coming up with some of their own original works.[1]
 

The most popular of their publications was the Kitāb al- 
Ḥiyal (The Tricks Book), which was mostly the work of 

Aḥmad, the middle brother, was a book filled with one 

hundred mechanical devices. There were some real prac- 

tical inventions in the book including a lamp that would 

mechanically dim, alternating fountains, and a clamshell 

grab. Eighty of these devices were described as “trick 

vessels” that showed a real mastery of mechanics, with a 

real focus on the use of light pressure. Some of the de- 

vices seem to be replications of earlier Greek works, but 

the rest were much more advanced than what the Greeks 

had done. 

 
3.16.3 Astronomy 

 

They made many observations and contributions to the 

field of astronomy, writing nearly a dozen publications 

over their astronomical research. They made many obser- 

vations on the sun and the moon. Al-Ma’mun had them 

go to a desert in Mesopotamia to measure the length of 

a degree. They also measured the length of a year to be 

365 days and 6 hours.[1]
 

 
3.16.4 Politics 

 

Although they were not made famous by their politics, it 

should be noted that they did have interests outside the 

world of science, mainly the oldest brother Muhammad. 

They were employed by the caliphs for many different 

projects, including the canal mentioned above, and they 

were also a part of a team of 20 hired to build the town of 

al-D̲ jaʿfariyya for al-Mutawakkil. Taking on these types 

of civil projects naturally got them involved in the polit- 

ical scene in Baghdad. However, the height of Muham- 

mad’s political activity in the palace came towards the end 

of his life, during a time when Turkish commanders were 

starting to take control of the state. After al-Mutawakkil 

died, Muhammad helped al-Mustaʿīn get the nomination 

instead of the caliph’s brother. When the caliph’s brother 

besieged the city of Baghdad, Muhammad was sent to es- 

timate the size of the army, and when the siege was over 

he was sent to get the terms of how al-Mustaʿīn would re- 

nounce the throne. This evidence shows where Muham- 

mad ranks at that time. He was trusted and respected by 

the highest levels of authority at that time. 

 

3.16.5 Works 
 

The Banu Musa wrote almost 20 books, the majority of 

which are now lost.[2]
 

 

Automata 

 

Most notable among their achievements is their work in 

the field of automation, which they utilized in toys and 

other entertaining creations. They have shown important 

advances over those of their Greek predecessors.[2]
 

 

• The Book of Ingenious Devices describes 100 inven- 

tions; the ones which have been reconstructed work 

as designed. While designed primarily for amuse- 

ment purposes, they employ innovative engineering 

technologies such as one-way and two-way valves 

able to open and close by themselves, mechanical 

memories, devices to respond to feedback, and de- 

lays. Most of these devices were operated by water 

pressure.[5]
 

• Qarasṭūn, a treatise on weight balance.[6]
 

• On Mechanical Devices, a work on pneumatic de- 
vices, written by Ahmad.[6]

 

• A Book on the Description of the Instrument Which 
Sounds by Itself, about musical theory.[6]
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Astronomy 

• Book on the First Motion of the Celestial Sphere 
(Kitāb Ḥarakāt al‐falak al‐ūlā), containing a cri- 
tique of the Ptolemaic system. Muhammad in this 
book denied the existence of the Ptolemaic 9th 

sphere which Ptolemy thought was responsible for 

the motion.[2]
 

• Book on the Mathematical Proof by Geometry That 
There Is Not a Ninth Sphere Outside the Sphere of the 
Fixed Stars, by Ahmad. 

• Book on The Construction of the Astrolabe, quoted 
by al-Biruni.[2]

 

• Book on the Solar Year, was traditionally attributed 
to Thābit ibn Qurra, but recent research has shown 
that it was actually by the Bani Musa.[2]

 

• On the Visibility of the Crescent, by Muhammad. 

• Book on the Beginning of the World, by Muhammad. 

• Book on the Motion of Celestial Spheres (Kitāb 
Ḥarakāt al‐aflāk), by Muhammad. 

• Book of Astronomy (Kitāb al‐Hayʾa), by Muham- 
mad. 

• A book of zij, by Ahmad 

• Another book of zij, listed under the Banu Musa, 
mentioned by Ibn Yunus.[2]

 

 
Astrology 

• A translation of a Chinese work called A Book of 
Degrees on the Nature of Zodiacal Signs. 

• Kitāb al-Daraj (The book of degrees), by Ahmad.[4]
 

 
Mathematics 

• Book on the Measurement of Plane and Spherical 
Figures, later edited by Naṣīr al‐Dīn al‐Ṭūsī in the 

13th century. A Latin translation by Gerard of Cre- 

mona appeared the 12th century under the titles 

Liber trium fratrum de geometria and Verba filiorum 
Moysi filii Sekir. This treatise on geometry was used 

extensively in the Middle Ages, quoted by authors 

such as Thābit ibn Qurra, Ibn al‐Haytham, Leonardo 

Fibonacci (in his Practica geometriae), Jordanus de 

Nemore, and Roger Bacon.[2] Some theorems in- 

cluded in this book are not found in any work of 

the Greek mathematicians.[6]
 

• Conic Sections of Apollonius of Perga, a recension of 
the Greek work, which was first translated to Arabic 

by Hilāl al-ḥimṣī and Thābit ibn Qurra.[6]
 

 

 
 

Cover of Kitāb al-Daraj (The book of degrees), by Ahmad, as 
found in the Saladin library, from before 1193 AD. 

 

• Book on an Oblong Round Figure, which contains 
a description of procedure used to draw an ellipse 
using a string, now called the gardener’s construc- 

tion.[2]
 

• Reasoning on the Trisection of an Angle, by Aḥmad. 

• A treatise containing a discussion between Ahmad 
and Sanad ibn ʿ Ali. 

• Book on a Geometric Proposition Proved by Galen. 

 

3.16.6 See also 

• Nuʿaym ibn Muḥammad ibn Mūsā, the son of Abu 
Ja'far Muhammad, wrote a mathematical treatise. 

• Inventions in the Muslim world 

• Islamic Golden Age 

• Islamic science 
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name, see al-Jazari (surname). 

 
 

The elephant clock was one of the most famous inventions of 
al-Jazari. 

 

Badīʿ az-Zaman Abū l-ʿIzz ibn Ismāʿīl ibn ar-Razāz 

(Cologne:  Verlag der Buchhandlung Walther König, al-Jazarī (1136–1206, Arabic: عٰ   لٰ   ا  وٰ   بأ 
 ٰ   ب  ٰ  زٰ  

 نٰ  

 الزمان بديع

2010), pp. 177–193. زاز الجزري نٰ   الر      ٰ ليٰ  ماعسإ  ب  ,  IPA:  [ældʒæzæriː])  was  an  

Is- 

• Claus-Peter Haase, Modest Variations — Theoret- 
ical Tradition and Practical Innovation in the Me- 
chanical Arts from Antiquity to the Arab Middle 
Ages, in: Variantology 4. On Deep Time Relations 

of Arts, Sciences and Technologies In the Arabic- 

Islamic World and Beyond, ed. by Siegfried Zielin- 

ski and Eckhard Fürlus in cooperation with Daniel 

lamic polymath: a scholar, inventor, mechanical engi- 

neer, artisan, artist and mathematician. He is best known 

for writing The Book of Knowledge of Ingenious Mechan- 
ical Devices (Arabic: الجامع بين العلم والعمل النافع في صناعة 

 -in 1206, where he described 100 mechanical de (الحيل

vices, some 80 of which are trick vessels of various kinds, 

along with instructions on how to construct them.[2]
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3.17.1 Life story 

 

 

Diagram of a hydropowered perpetual flute from The Book of 

Knowledge of Ingenious Mechanical Devices by Al-Jazari in 
1206. 

precessors.[8]
 

 
3.17.2 Mechanisms and methods 

 

While many of al-Jazari’s inventions may now appear to 

be trivial, the most significant aspect of al-Jazari’s ma- 

chines are the mechanisms, components, ideas, methods, 

and design features which they employ.[3]
 

 

Camshaft 

 

A camshaft, a shaft to which cams are attached, was in- 

troduced in 1206 by al-Jazari, who employed them in his 

automata,[9] water clocks (such as the candle clock)[10] 

and water-raising machines.[9] The cam and camshaft 

also appeared in European mechanisms from the 14th 

century.[11]
 

 

Crankshaft  and  crank-slider mechanism 

 

The eccentrically mounted handle of the rotary quern- 

stone in fifth century BCE Spain that spread across the 

Roman Empire constitutes a crank.[12] The earliest evi- 

dence of a crank and connecting rod mechanism dates to 

the 3rd century AD Hierapolis sawmill in the Roman Em- 
[12] 

Nothing is known about al-Jazari’s early life. He is famed pire. The crank also appears in the mid-9th century in 

for authoring the Book of Knowledge of Ingenious Me- 
chanical Devices. Like his father before him, he served as 

chief engineer at the Artuklu Palace, the residence of the 

Mardin branch of the Artuqids which ruled across eastern 

Anatolia as vassals of the Zengid dynasty of Mosul and 

later of Ayyubid general Saladin.[3]
 

Al-Jazari was part of a tradition of artisans and was thus 

more a practical engineer than an inventor[4] who appears 

several of the hydraulic devices described by the Banū 

Mūsā brothers in their Book of Ingenious Devices.[13]
 

In 1206, al-Jazari invented an early crankshaft,[14][15] 

which he incorporated with a crank-connecting rod 

mechanism in his twin-cylinder pump.[16] Like the mod- 

ern crankshaft, al-Jazari’s mechanism consisted of a 

wheel setting several crankpins into motion, with the 

wheel’s motion being circular and the pins moving back- 
[14] 

to have been “more interested in the craftsmanship nec- and-forth in a straight line. 
[14][15] 

The crankshaft described 

essary to construct the devices than in the technology by al-Jazari transforms continuous rotary motion 
[16] 

which lay behind them” and his machines were usually into a linear reciprocating motion, and is central to 

“assembled by trial and error rather than by theoretical 

calculation.”[5] His Book of Knowledge of Ingenious Me- 
chanical Devices appears to have been quite popular as it 

appears in a large number of manuscript copies, and as he 

explains repeatedly, he only describes devices he has built 

himself. According to Mayr, the book’s style resembles 

that of a modern “do-it-yourself” book.[6]
 

Some of his devices were inspired by earlier devices, such 

as one of his monumental water clocks, which was based 

on that of a Pseudo-Archimedes.[7] He also cites the in- 

fluence of the Banū Mūsā brothers for his fountains, al- 

Saghani for the design of a candle clock, and Hibatul- 

lah ibn al-Husayn (d. 1139) for musical automata. Al- 

Jazari goes on to describe the improvements he made 

to the work of his predecessors, and describes a num- 

ber of devices, techniques and components that are orig- 

inal innovations which do not appear in the works by his 

modern machinery such as the steam engine, internal 

combustion engine and automatic controls.[15][17]
 

He used the crankshaft with a connecting rod in two 

of his water-raising machines: the crank-driven saqiya 

chain pump and the double-action reciprocating piston 

suction pump.[16][18] His water pump also employed the 

first known crank-slider mechanism.[19]
 

 

Design and construction methods 
 

English technology historian Donald Hill writes: 

 
We see for the first time in al-Jazari’s work 

several concepts important for both design and 

construction: the lamination of timber to min- 

imize warping, the static balancing of wheels, 
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the use of wooden templates (a kind of pat- 

tern), the use of paper models to establish de- 

signs, the calibration of orifices, the grinding 

of the seats and plugs of valves together with 

emery powder to obtain a watertight fit, and 

the casting of metals in closed mold boxes with 

sand.[3]
 

 
Escapement mechanism in a rotating wheel 

 

Al-Jazari invented a method for controlling the speed of 

rotation of a wheel using an escapement mechanism.[20]
 

 
Mechanical controls 

 

According to Donald Hill, al-Jazari described several 

early mechanical controls, including “a large metal door, 

a combination lock and a lock with four bolts.”[3]
 

 
Segmental gear 

 

A segmental gear is “a piece for receiving or communi- 

cating reciprocating motion from or to a cogwheel, con- 

sisting of a sector of a circular gear, or ring, having cogs 

on the periphery, or face.”[21] Professor Lynn Townsend 

White, Jr. wrote: 

 
Segmental gears first clearly appear in al- 

Jazari, in the West they emerge in Giovanni de 

Dondi's astronomical clock finished in 1364, 

and only with the great Sienese engineer 

Francesco di Giorgio (1501) did they enter 

the general vocabulary of European machine 

design.[22]
 

 
3.17.3 Water-raising  machines 

 

Al-Jazari invented five machines for raising water,[1] as 

well as watermills and water wheels with cams on their 

axle used to operate automata,[23] in the 12th and 13th 

centuries, and described them in 1206. It was in these 

water-raising machines that he introduced his most im- 

portant ideas and components. 

 

Saqiya chain pumps 

 

The first known use of a crankshaft in a chain pump 

was in one of al-Jazari’s saqiya machines. The concept 

of minimizing intermittent working is also first implied 

in one of al-Jazari’s saqiya chain pumps, which was for 

the purpose of maximising the efficiency of the saqiya 

chain pump. Al-Jazari also constructed a water-raising 

saqiya chain pump which was run by hydropower rather 

than manual labour, though the Chinese were also using 

 

 
 

al-Jazari’s hydropowered saqiya chain pump device. 
 
 

hydropower for chain pumps prior to him. Saqiya ma- 

chines like the ones he described have been supplying wa- 

ter in Damascus since the 13th century up until modern 

times,[24] and were in everyday use throughout the me- 

dieval Islamic world.[25]
 

 
Double-action suction pump with valves and recipro- 

cating piston motion 

 

Citing the Byzantine siphon used for discharging Greek 

fire as an inspiration,[26] al-Jazari went on to describe 

the first suction pipes, suction pump, double-action 

pump, and made early uses of valves and a crankshaft- 

connecting rod mechanism, when he invented a twin- 

cylinder reciprocating piston suction pump. This pump 

is driven by a water wheel, which drives, through a sys- 

tem of gears, an oscillating slot-rod to which the rods 

of two pistons are attached. The pistons work in hor- 

izontally opposed cylinders, each provided with valve- 

operated suction and delivery pipes. The delivery pipes 

are joined above the centre of the machine to form a sin- 

gle outlet into the irrigation system. This water-raising 

machine had a direct significance for the development of 

modern engineering. This pump is remarkable for three 

reasons:[3][27][28][29] 

 

• The first known use of a true suction pipe (which 
sucks fluids into a partial vacuum) in a pump. 

• The first application of the double-acting principle. 

• The conversion of rotary to reciprocating motion via 
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the crank-connecting rod mechanism. 

 
Al-Jazari’s suction piston pump could lift 13.6 metres of 

water, with the help of delivery pipes. This was more 

advanced than the suction pumps that appeared in 15th- 

century Europe, which lacked delivery pipes. It was not, 

however, any more efficient than the noria commonly 

used by the Muslim world at the time.[30]
 

 
Water supply system 

 

al-Jazari developed the earliest water supply system to 

be driven by gears and hydropower, which was built in 

13th century Damascus to supply water to its mosques 

and Bimaristan hospitals. The system had water from 

a lake turn a scoop-wheel and a system of gears which 

transported jars of water up to a water channel that led to 

mosques and hospitals in the city.[31]
 

 
3.17.4 Automata 

 

Al-Jazari built automated moving peacocks driven by 

hydropower.[32] He also invented the earliest known 

automatic gates, which were driven by hydropower.[31] 

He also created automatic doors as part of one of his elab- 

orate water clocks,[3] He also invented water wheels with 

cams on their axle used to operate automata.[23] Accord- 

ing to Encyclopædia Britannica, the Italian Renaissance 

inventor Leonardo da Vinci may have been influenced by 

the classic automata of al-Jazari.[33]
 

Mark E. Rosheim summarizes the advances in robotics 

made by Arab engineers, especially al-Jazari, as follows: 

 
Unlike the Greek designs, these Arab ex- 

amples reveal an interest, not only in dramatic 

illusion, but in manipulating the environment 

for human comfort. Thus, the greatest con- 

tribution the Arabs made, besides preserving, 

disseminating and building on the work of the 

Greeks, was the concept of practical applica- 

tion. This was the key element that was missing 

in Greek robotic science.[34]
 

 
The Arabs, on the other hand, displayed 

an interest in creating human-like machines for 

practical purposes but lacked, like other prein- 

dustrial societies, any real impetus to pursue 

their robotic science.[35]
 

 
Drink-serving  waitress 

 

One of al-Jazari’s humanoid automata was a waitress that 

could serve water, tea or drinks. The drink was stored in 

a tank with a reservoir from where the drink drips into a 

bucket and, after seven minutes, into a cup, after which 

the waitress appears out of an automatic door serving the 

drink.[36]
 

 
Hand-washing automaton with flush mechanism 

 

Al-Jazari invented a hand washing automaton incorpo- 

rating a flush mechanism now used in modern flush toi- 

lets. It features a female humanoid automaton standing 

by a basin filled with water. When the user pulls the 

lever, the water drains and the female automaton refills 

the basin.[37]
 

 
Peacock fountain with automated servants 

 

Al-Jazari’s “peacock fountain” was a more sophisticated 

hand washing device featuring humanoid automata as ser- 

vants which offer soap and towels. Mark E. Rosheim de- 

scribes it as follows:[34]
 

 
Pulling a plug on the peacock’s tail releases 

water out of the beak; as the dirty water from 

the basin fills the hollow base a float rises and 

actuates a linkage which makes a servant figure 

appear from behind a door under the peacock 

and offer soap. When more water is used, a 

second float at a higher level trips and causes 

the appearance of a second servant figure – 

with a towel! 

 
Musical robot band 

 

 

Al-Jazari’s musical robot band. 

 
Al-Jazari’s work described fountains and musical au- 

tomata, in which the flow of water alternated from one 

large tank to another at hourly or half-hourly intervals. 

This operation was achieved through his innovative use 

of hydraulic switching.[3]
 

Al-Jazari created a musical automaton, which was a boat 

with four automatic musicians that floated on a lake to 

entertain guests at royal drinking parties. Professor Noel 

Sharkey has argued that it is quite likely that it was an 

early programmable automata and has produced a pos- 

sible reconstruction of the mechanism; it has a pro- 

grammable drum machine with pegs (cams) that bump 
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into little levers that operated the percussion. The drum- 

mer could be made to play different rhythms and differ- 

ent drum patterns if the pegs were moved around.[38]
 

 
3.17.5 Clocks 

 

Al-Jazari constructed a variety of water clocks and candle 

clocks. These included a portable water-powered scribe 

clock, which was a meter high and half a meter wide, 

reconstructed successfully at the Science Museum in 

1976[23][39] Al-Jazari also invented monumental water- 

powered astronomical clocks which displayed moving 

models of the Sun, Moon, and stars. 

 

Candle clocks 

 

One of al-Jazari’s candle clocks. 

 
According to Donald Hill, al-Jazari described the most 

sophisticated candle clocks known to date. Hill described 

one of al-Jazari’s candle clocks as follows:[3]
 

 
The candle, whose rate of burning was 

known, bore against the underside of the cap, 

and its wick passed through the hole. Wax 

collected in the indentation and could be re- 

moved periodically so that it did not interfere 

with steady burning. The bottom of the can- 

dle rested in a shallow dish that had a ring on 

its side connected through pulleys to a counter- 

weight. As the candle burned away, the weight 

pushed it upward at a constant speed. The au- 

tomata were operated from the dish at the bot- 

tom of the candle. No other candle clocks of 

this sophistication are known. 

 
Al-Jazari’s candle clock also included a dial to display the 

time and, for the first time, employed a bayonet fitting, a 

fastening mechanism still used in modern times.[40]
 

 
Elephant clock 

 

Main article: Elephant clock 

 
The elephant clock described by al-Jazari in 1206 is no- 

table for several innovations. It was the first clock in 

which an automaton reacted after certain intervals of time 

(in this case, a humanoid robot striking the cymbal and a 

mechanical robotic bird chirping) and the first water clock 

to accurately record the passage of the temporal hours to 

match the uneven length of days throughout the year.[41]
 

 

 

Automatic castle clock of al-Jazari, 14th century copy. 
 

 
Castle clock 

 

Main article: Clock tower 

 
Al-Jazari’s largest astronomical clock was the “castle 

clock”, which was a complex device that was about 11 

feet (3.4 m) high, and had multiple functions besides 
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designed by al-Jazari. 

 
timekeeping. It included a display of the zodiac and the 

solar and lunar orbits, and an innovative feature of the 

device was a pointer in the shape of the crescent moon 

which travelled across the top of a gateway, moved by 

a hidden cart, and caused automatic doors to open, each 

revealing a mannequin, every hour.[3][42] Another innova- 

tive feature was the ability to reprogram the length of day 

and night in order to account for their changes throughout 

the year. 

Another feature of the device was five automata mu- 

sicians who automatically play music when moved by 

levers operated by a hidden camshaft attached to a water 

wheel.[10] Other components of the castle clock included 

a main reservoir with a float, a float chamber and flow reg- 

ulator, plate and valve trough, two pulleys, crescent disc 

displaying the zodiac, and two falcon automata dropping 

balls into vases.[43]
 

 
 

Weight-driven water clocks 

 

Al-Jazari invented water clocks that were driven by both 

water and weights. These included geared clocks and a 

portable water-powered scribe clock, which was a meter 

high and half a meter wide. The scribe with his pen was 

synonymous to the hour hand of a modern clock.[23][39] 

Al-Jazari’s famous water-powered scribe clock was re- 

constructed successfully at the Science Museum, London 

in 1976. 

 

 

3.17.6 Miniature paintings 
 

Alongside his accomplishments as an inventor and engi- 

neer, al-Jazari was also an accomplished artist. In The 
Book of Knowledge of Ingenious Mechanical Devices, he 

gave instructions of his inventions and illustrated them 

using miniature paintings, a medieval style of Islamic art. 

 

 

 

 

 

 

 

• One of al-Jazari’s candle clocks. 

 

 

 

 

• The  musical  robot band 

 

 

 

 

 

 

• A table device automaton designed by al-Jazari. 

 

 

 

 

 

 

 
• The hand-washing automaton with a flush 

mechanism designed by al-Jazari. 

 

 

 

 

 

 

 
• Al-Jazari’s hydropowered saqiya chain pump 

device. 

 

 

 

 

 

 

 
• An illustration of a device invented by al-Jazari. 

 

 

 

 

 

 

 

• A sketch of a device designed by the scientist 
al-Jazari. From the manuscript of Kitabal Al-Hial 
in Aga Khan Museum, Toronto. 

 

 

3.17.7 See also 

• Banū Mūsā 

• Hero of Alexandria 
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• History of the internal combustion engine 

• List of inventions in the medieval Islamic world 

• Islamic Golden Age 

• Science in the medieval Islamic world 

• Lists of Muslim scientists and scholars 

• Arab Agricultural Revolution 

• Taqi ad-Din Muhammad ibn Ma'ruf 
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Much of al-Kāshī's work was not brought to Europe, and 

much, even the extant work, remains unpublished in any 

form.[4]
 

 

 
 

3.18.1 Biography 

 
Al-Kashi was one of the best mathematicians in the his- 

tory of Iran. He was born in 1380, in Kashan, in cen- 

tral Iran. This region was controlled by Tamerlane, better 

known as Timur. 

The situation changed for the better when Timur died in 

1405, and his son, Shah Rokh, ascended into power. Shah 

Rokh and his wife, Goharshad, a Turkish princess, were 

very interested in the sciences, and they encouraged their 

court to study the various fields in great depth. Conse- 

quently, the period of their power became one of many 

scholarly accomplishments. This was the perfect environ- 

Astronomical Treatise on the size and distance of heav- 

enly bodies 

 

He wrote the book Sullam al-Sama on the resolution of 

difficulties met by predecessors in the determination of 

distances and sizes of heavenly bodies such as the Earth, 

the Moon, the Sun and the Stars. 

 
 

Treatise on Astronomical Observational  Instruments 

 

In 1416, al-Kashi wrote the Treatise on Astronomical 
Observational Instruments, which described a variety 

of different instruments, including the triquetrum and 

armillary sphere, the equinoctial armillary and solsticial 

armillary of Mo'ayyeduddin Urdi, the sine and versine in- 

strument of Urdi, the sextant of al-Khujandi, the Fakhri 

sextant at the Samarqand observatory, a double quad- 

rant Azimuth-altitude instrument he invented, and a small 

armillary sphere incorporating an alhidade which  he 
[6] 

ment for al-Kashi to begin his career as one of the world’s 

greatest  mathematicians. 

Eight years after he came into power in 1409, their son, 

Ulugh Beg, founded an institute in Samarkand which soon 

became a prominent university. Students from all over the 

Middle East, and beyond, flocked to this academy in the 

capital city of Ulugh Beg’s empire. Consequently, Ulugh 

Beg gathered many great mathematicians and scientists of 

the Middle East. In 1414, al-Kashi took this opportunity 

to contribute vast amounts of knowledge to his people. 

His best work was done in the court of Ulugh Beg. 

Al-Kashi was still working on his book, called “Risala 

al-watar wa’l-jaib” meaning “The Treatise on the Chord 

and Sine”, when he died, probably in 1429. Some schol- 

ars believe that Ulugh Beg may have ordered his murder, 

while others say he died a natural death. 

 

 

 

3.18.2 Astronomy 

 
Khaqani Zij 

 
Al-Kashi produced a Zij entitled the Khaqani Zij, which 

was based on Nasir al-Din al-Tusi's earlier Zij-i Ilkhani. 
In his Khaqani Zij, al-Kashi thanks the Timurid sultan and 

mathematician-astronomer Ulugh Beg, who invited al- 

Kashi to work at his observatory (see Islamic astronomy) 

and his university (see Madrasah) which taught theology. 

Al-Kashi produced sine tables to four sexagesimal dig- 

its (equivalent to eight decimal places) of accuracy for 

each degree and includes differences for each minute. 

He also produced tables dealing with transformations be- 

tween coordinate systems on the celestial sphere, such as 

the transformation from the ecliptic coordinate system to 

the equatorial coordinate system.[5]
 

invented. 

 

Plate of Conjunctions Al-Kashi invented the Plate of 

Conjunctions, an analog computing instrument used to 

determine the time of day at which planetary conjunc- 

tions will occur,[7] and for performing linear interpola- 

tion.[8]
 

 

Planetary computer Al-Kashi also invented a me- 

chanical planetary computer which he called the Plate of 

Zones, which could graphically solve a number of plane- 

tary problems, including the prediction of the true posi- 

tions in longitude of the Sun and Moon,[8] and the planets 

in terms of elliptical orbits;[9] the latitudes of the Sun, 

Moon, and planets; and the ecliptic of the Sun. The in- 

strument also incorporated an alhidade and ruler.[10]
 

 
3.18.3 Mathematics 

Law of cosines 

 

In French, the law of cosines is named Théorème d'Al- 
Kashi (Theorem of Al-Kashi), as al-Kashi was the first to 

provide an explicit statement of the law of cosines in a 

form suitable for triangulation. 

 
 

The Treatise of Chord and Sine 

 

In The Treatise on the Chord and Sine, al-Kashi computed 

sin 1° to nearly as much accuracy as his value for π, which 

was the most accurate approximation of sin 1° in his time 

and was not surpassed until Taqi al-Din in the sixteenth 

century. In algebra and numerical analysis, he developed 

an iterative method for solving cubic equations, which 

was not discovered in Europe until centuries later.[5]
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A method algebraically equivalent to Newton’s method 

was known to his predecessor Sharaf al-Dīn al-Tūsī. Al- 

Kāshī improved on this by using a form of Newton’s 

method to solve xP  − N  =  0 to find roots of N. 

In 

western Europe, a similar method was later described by 

Henry Briggs in his Trigonometria Britannica, published 

in 1633.[11]
 

In order to determine sin 1°, al-Kashi discovered the fol- 

lowing formula often attributed to François Viète in the 

sixteenth century:[12]
 

sin 3ϕ = 3 sin ϕ − 4 sin3 
ϕ 

 
The Key to Arithmetic 

 

Computation of 2π In his numerical approximation, 

he correctly computed 2π (or τ ) to 9 sexagesimal 

digits[13] in 1424,[5] and he converted this estimate of 2π 

to 16 decimal places of accuracy.[14] This was far more 

accurate than the estimates earlier given in Greek math- 

ematics (3 decimal places by Ptolemy, 150 CE), Chinese 

mathematics (7 decimal places by Zu Chongzhi, 480 Ad) 

or Indian mathematics (11 decimal places by Madhava 

of Sangamagrama, c. 1400). The accuracy of al-Kashi’s 

estimate was not surpassed until Ludolph van Ceulen 

computed 20 decimal places of π 180 years later.[5] Al- 

Kashi’s goal was to compute the circle constant so pre- 

cisely that the circumference of the largest possible circle 

(ecliptica) could be computed with highest desirable pre- 

cision (the diameter of a hair). 

 

Decimal fractions In discussing decimal fractions, 

Struik states that (p. 7):[15]
 

 
“The introduction of decimal fractions as a 

common computational practice can be dated 

back to the Flemish pamphlet De Thiende, 

published at Leyden in 1585, together with a 

French translation, La Disme, by the Flem- 

ish mathematician Simon Stevin (1548-1620), 

then settled in the Northern Netherlands. It 

is true that decimal fractions were used by 

the Chinese many centuries before Stevin and 

that the Persian astronomer Al-Kāshī used both 

decimal and sexagesimal fractions with great 

ease in his Key to arithmetic (Samarkand, early 

fifteenth century).[16]" 

 
Khayyam’s triangle In considering Pascal’s triangle, 

known in Persia as “Khayyam’s triangle” (named after 

Omar Khayyám), Struik notes that (p. 21):[15]
 

 
“The Pascal triangle appears for the first 

time (so far as we know at present) in a 

book of 1261 written by Yang Hui, one of 

the mathematicians of the Song dynasty in 

China.[17] The properties of binomial coeffi- 

cients were discussed by the Persian mathe- 

matician Jamshid Al-Kāshī in his Key to arith- 
metic of c. 1425.[18] Both in China and Per- 

sia the knowledge of these properties may be 

much older. This knowledge was shared by 

some of the Renaissance mathematicians, and 

we see Pascal's triangle on the title page of 

Peter Apian's German arithmetic of 1527. Af- 

ter this we find the triangle and the proper- 

ties of binomial coefficients in several other 

authors.[19]" 

 
3.18.4 Biographical film 

 

In 2009 IRIB produced and broadcast (through Channel 

1 of IRIB) a biographical-historical film series on the life 

and times of Jamshid Al-Kāshi, with the title The Lad- 
der of the Sky [20][21] (Nardebām-e Āsmān [22]). The se- 

ries, which consists of 15 parts of each 45 minutes dura- 

tion, is directed by Mohammad-Hossein Latifi and pro- 

duced by Mohsen Ali-Akbari. In this production, the 

role of the adult Jamshid Al-Kāshi is played by Vahid 

Jalilvand.[23][24][25] 
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3.19 Sind ibn Ali 
 
Sind ibn Ali-Musa, Sind ibn ʿAlī (died after 864 

AD),[1] was a renowned Sindhi Muslim astronomer, 

translator, mathematician and engineer. His father Ali- 

Musa was a convert to Islam and an aristocrat who lived 

in Mansura, Sindh. Sind ibn ʿ Alī traveled to Baghdad and 

received the best education available. 

He is known to have translated and modified the Zij al- 

Sindhind. The Zij al-Sindhind was the first astronomical 

table ever introduced in the Muslim World. As a math- 

ematician Sind ibn ʿ Alī was a colleague of al-Khwarizmi 

and worked closely with Yaqūb ibn Tāriq together they 
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calculated the diameter of the Earth and other astronom- 

ical bodies. He also wrote a commentary on Kitāb al- 
ğabr wa-l-muqābala and helped prove the works of al- 

Khwarizmi. The decimal point notation to the Arabic 

numerals was introduced by Sind ibn Ali. 

According to Ibn Abi Usaibia: the Banū Mūsā brothers 

out of sheer professional jealousy kept him away from 

Abbasid Caliph al-Mutawakkil at his new capital Samarra 

and had caused Sind ibn ʿ Alī to be sent away to Baghdad. 

Both Ja'far Muhammad ibn Mūsā ibn Shākir and Ahmad 

ibn Mūsā ibn Shākir delegated the work of digging a 

great canal instead to Al-Farghani and thus ignoring Sind 

ibn ʿ Alī, the better engineer. Al-Farghani committed a 

great error, making the beginning of the canal deeper than 

the rest and water never reached the new garrison of Al- 
Ja'fariya. News of this greatly angered al-Mutawakkil 

and the two Banū Mūsā brothers were saved from severe 

punishment only by the gracious willingness of Sind ibn 

ʿAlī, to vouch the corrections of Al-Farghani's calcula- 

tions thus risking his own welfare and possibly his life. 
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3.20 Thābit ibn Qurra 
 
“Thebit” redirects here. For crater on the Moon, see 

Thebit (crater). 
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Al-Ṣābiʾ Thābit ibn Qurra al-Ḥarrānī (Arabic: ثابت 

 Latin: ;[2] 826[3] – February ,بن قرة

18, 901) was an Arab[4] Sabian mathematician, physician, 

astronomer, and translator who lived in Baghdad in the 

second half of the ninth century during the time of 

Abbasid Caliphate. 

Ibn Qurra made important discoveries in algebra, 

geometry, and astronomy. In astronomy, Thabit is con- 

sidered one of the first reformers of the Ptolemaic system, 

and in mechanics he was a founder of statics.[3]
 

 
3.20.1 Biography 

 

Thabit was born in Harran (known as Kharanu, “pas- 

sage” in old Assyrian language) in Assyria (modern-day 

Turkey). The city of Harran was never fully Christian- 

ized, unlike the rest of Assyria. By the early Arabic era, 

the people of Harran were still adhering to the cult of 

Sin. Thabit and his pupils lived in the midst of the most 

intellectually vibrant, and probably the largest, city of the 

time, Baghdad. He occupied himself with mathematics, 

astronomy, astrology, magic, mechanics, medicine, and 

philosophy. Later in his life, Thabit’s patron was the Ab- 

basid Caliph al-Mu'tadid (reigned 892–902). Thabit be- 

came the Caliph’s personal friend and courtier. Thabit 

died in Baghdad. After him the greatest Sabean name 

was Abu Abdallah Mohammad ibn Jabir Al-Battani. 

 

3.20.2 Translation 

 

Pages from Thābit’s Arabic translation of Apollonius’ Conics 

 

Thabit’s native language was Syriac, which was the east- 

ern Aramaic dialect from Edessa, and he was fluent 

in Greek and Arabic. He translated from Greek into 

Arabic works by Apollonius, Archimedes, Euclid and 

Ptolemy. He revised the translation of Euclid's Elements 

of Hunayn ibn Ishaq. He also rewrote Hunayn’s transla- 

tion of Ptolemy’s Almagest and translated Ptolemy's Ge- 
ography. Thabit’s translation of a work by Archimedes 

which gave a construction of a regular heptagon was dis- 

covered in the 20th century, the original having been lost. 

 

3.20.3 Astronomy 
 

The medieval astronomical theory of the trepidation of 

the equinoxes is often attributed to Thabit. But it had 

already been described by Theon of Alexandria in his 

comments of the Handy Tables of Ptolemy. According to 

Copernicus Thabit determined the length of the sidereal 

year as 365 days, 6 hours, 9 minutes and 12 seconds (an 

error of 2 seconds). Copernicus based his claim on the 

Latin text attributed to Thabit. Thabit published his ob- 

servations of the Sun. 

 

3.20.4 Mathematics 

See also: Thabit number 
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In mathematics, Thabit discovered an equation for deter- 

mining amicable numbers. He also wrote on the theory 

of numbers, and extended their use to describe the ratios 

between geometrical quantities, a step which the Greeks 

did not take. 

He is known for having calculated the solution to a 

chessboard problem involving an exponential series.[5]
 

He also described a Pythagoras theorem.[6]
 

 

3.20.5 Physics 
 

In physics, Thabit rejected the Peripatetic and 

Aristotelian notions of a “natural place” for each 

element. He instead proposed a theory of motion in 

which both the upward and downward motions are 

caused by weight, and that the order of the universe is a 

result of two competing attractions (jadhb): one of these 

being “between the sublunar and celestial elements”, 

and the other being “between all parts of each element 

separately”.[7]
 

 

3.20.6 Works 
 

Only a few of Thabit’s works are preserved in their orig- 

inal form. 
 

• On the Sector-Figure which deals with Menelaus’ 
theorem.[8]

 

• On the Composition of Ratios[8]
 

 

3.20.7 Eponyms 

• Thabit number 

• Thebit (crater) 
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3.21 Taqi ad-Din Muhammad ibn 

Ma'ruf 

 
Warning: Page using Template:Infobox scientist with 

unknown parameter “religion” (this message is shown 

only in preview). 

 
Taqi ad-Din Muhammad ibn Ma'ruf ash-Shami al- 

Asadi (Arabic: تقي الدين محمد بن معروف الشامي, 

Modern Turkish: Takiyüddin or Taki) (1526–1585) was 

a Muslim polymath active in the Ottoman Empire. He 

was the author of more than ninety books on a wide vari- 

ety of subjects, including astronomy, clocks, engineering, 

mathematics, mechanics, optics and natural philosophy. 

In 1574 the Ottoman Sultan Murad III invited Taqī ad- 

Dīn to build the Istanbul observatory. Using his excep- 

tional knowledge in the mechanical arts, Taqī ad-Dīn con- 

structed instruments like huge armillary and mechanical 

clocks that he used in his observations of the Great Comet 

of 1577. He also used European celestial and terrestrial 

globes that were delivered to Istanbul in gift-exchange. 

The major work that resulted his work in the observa- 

tory is titled The tree of ultimate knowledge [in the end 

of time or the world] in the Kingdom of the Revolving 

Spheres: The astronomical tables of the King of Kings 
[Murād III](Sidrat al-muntah al-afkar fi malkūt al-falak 
al-dawār– al-zij al-Shāhinshāhi). The work was prepared 

according to the results of the observations carried out 

in Egypt and Istanbul in order to correct and complete 

Ulugh Beg’s Zij as-Sultani. The first 40 pages of the work 

deal with calculations, followed by discussions of astro- 

nomical clocks, heavenly circles, and information about 

three eclipses which he observed at Cairo and Istanbul. 

For corroborating data of other observations of eclipses 

in other locale like Daud ar-Riyyadi (David the Mathe- 

matician), David Ben-Shushan of Salonika. According 

to Salomon Schweigger, the chaplain of Habsburg am- 

bassador Johann Joachim von Sinzendorf, Taqi ad-Din 

was a charlatan who deceived Sultan Murad III and had 

him spent enormous resources.[1]
 

Taqi ad-Din’s method of finding coordinates of stars was 

reportedly more precise than those of his contemporaries, 

Tycho Brahe and Nicolas Copernicus. Brahe is thought 

to have been aware of Taqi ad-Din’s work.[2]
 

In 1551, Taqi al-Din described a steam turbine with the 

practical application of rotating a spit. 

 

 
3.21.1 Biography 

 
Taqi ad-Din’s ethnicity has been described as Arab,[3] 

Ottoman Turkish[2][4] and Syrian.[5] The Encyclopaedia 

of Islam makes no mention of his ethnicity, simply call- 

ing him, "..the most important astronomer of Ottoman 
Turkey".[6]

 

3.21.2 Steam 
 

In 1551 Taqi al-Din described a rudimentary impact 

steam turbine in his work Al-Turuq al-samiyya fi al-alat 
al-ruhaniyya (The Sublime Methods of Spiritual Ma- 

chines). He described a method for rotating a spit by 

means of a jet of steam playing on rotary vanes around 

the periphery of a wheel. A similar device for rotating a 

spit was also later described by John Wilkins in 1648.[7] 

These devices were then called “mills” but are now known 

as steam jacks. 

 

3.21.3 The Istanbul Observatory 

 

 

Depiction of the sextant used in astronomy and astrology by the 
Ottoman Observatory in Istanbul and by the office of the chief 
astrologer in the 16-17th centuries 

 

In 1574 Taqi ad-Din proposed the new observatory to 

Sultan Murad III who, having an interest in astronomy, 

provided the financing for a new observatory to be built 

in Istanbul. He used errors in various astronomical ta- 

bles as reasoning for the new project. His observatory, 

it is said, resembled Tycho Brahe’s observatory in many 

respects. A few months after opening, on the first day 

of Ramadan, a comet appeared in the night sky. This 

was unfortunate timing as the current Sultan was about to 
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march on Persia and his fathers death had been heralded 

by a comet. It sat in the night sky for 40 nights grow- 

ing slowly brighter. With this in mind he asked Taqi to 

use the observatory to figure out what the meaning of the 

apparition. Taqi noted that both the head and tail of the 

comet seemed to be pointing in the direction on Persia in- 

dicating that it was more of a bad omen for them and not 

for the Ottoman Empire. He also noted that the comet 

appeared in Sagittarius, which represented an Ottoman 

archer, and would set in Aquarius, which represented a 

time of peace. He strongly believed that this comet was a 

good sign for the Sultan and the Ottoman Empire in their 

march against Persia. While their armies did do well a 

plague broke out at roughly the same time. This caused 

political pressure against continued funding of the obser- 

vatory. Grand Vizier Sokullu pushed for continued fund- 

ing until his death in 1580. Without political protection, 

the observatory was torn down shortly after.[8]
 

 
3.21.4 Optics 

mirror 

 
 

 
 

Diagram of the eye 

 
Taqī al-Dīn, being an astronomer, was very familiar with 

optics and the behavior of light. From this he wrote a 

book called Takîyüddîn'in Optik Kitabi or Taqī al-Dīn’s 

Book of Optics.[9] This book is written in three chapters. 

The first deals with the nature of vision, the second with 

reflection and then concludes with an understanding of 

refraction. He makes special note that his book is based 

on experimental evidence rather than being a conclusion 

drawn of previous works of literature. He also makes note 

that light is the same from all sources, contradicting Ibn 

al-Haytham. 

 
Sight 

 

In the early Greek world there were two competing ideas 

of sight. One that rays emanated from the eyes onto an 

object and another that and object emanated light and 

our eyes only observed it. Both sides has their champi- 

ons however Taqī al-Dīn was able to show experimentally 

that light emanates from an object and is then collected 

by our eyes. “According to him, if the ray of light had 

 
Reflection 

 
 

emerged from the eye, it would take too much time for us 

to see in the sphere of fixed stars.”[9] Since we can see the 

stars at night without any delay it is clear that light comes 

from them and not something we produce. From this he 

also argued that the color of the light is thus contained 

within the light of the object. He also argued that while 

light, emanating from a single point, may travel outward 

in a sphere the individual rays of light travel in straight 

lines. Finally he showed that the color of an object was 

produced by the reflection and refraction properties of an 

object. 

 

Reflection 

 

Reflection itself was nothing new to the Islamic world and 

had been figured out for quite some time. However, any 

optics book that left out a section of reflective surfaces 

would be strikingly lacking. To this effect a section was 

included. He noted that rays of light being reflected off 

a mirror will propagate is a spherical form. As such, re- 

flections of rays are a geometrical problem. It had been 

found that the incident ray, the reflected ray and the nor- 

mal all lie in the same plane. It was also discovered that 

the angle of incidence and the angle of reflection were the 

same. The rays of light being emitted will also have the 

same color as the reflective surface. 

 

Refraction 

 

Like reflection, refraction had been known about for some 

time. It was, however, a much more complicated problem 

that required further work. It was known that refracted 

P 

normal O 

Q 
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Refraction 
 
 

light propagates in a spherical shell much as reflected light 

does and that it also takes on the color of the material 

through which it is traveling. It was also known that if 

a ray of light is traveling and goes from one medium to 

another that its angle will bend in a manner related to the 

density of the two materials. Like reflections the incident 

ray, the refracted ray and the normal all lie in the same 

place however the angle of refraction is always less than 

the angle of incidence. The only exceptions to this are 

perpendicular rays which do not in fact refract. Taqī al- 

Dīn did discover though that “the difference between the 

refraction angles of different incident rays is less than the 

difference between the angles of incidence.”[9] He also 

noted that “the ratio of the angle of the larger incident to 

its refraction angle is larger than the ratio of the angle of 

the smaller incident to its refraction angle.”[9] These are 

pretty much still our modern rules for optics and Taqī al- 

Dīn even tried to formulate Snell’s law although he was 

unsuccessful.[9]
 

 

3.21.5 See also 

• Inventions in the Muslim world 

• Islamic astronomy 

• Islamic science 

• Istanbul observatory of Taqi ad-Din 

 

3.21.6 Notes 

[1] Salomon Schweigger, Ein newe Reyssbeschreibung auss 

Teutschland nach Constantinopel und Jerusalem (Graz, 

1964), 90–1. 

 

[4] " Chief Astronomer Taqi al-Din was born to a family 

of Turkish descent in Damascus.” Hoffmann, Dieter; İh- 

sanoğlu, Ekmeleddin; Djebbar, Ahmed; Günergun, Feza. 

Science, technology, and industry in the Ottoman world 
in Volume 6 of Proceedings of the XXth International 
Congress of History of Science p. 19. Publisher Brepols, 

2000. ISBN 2-503-51095-7 

[5] Ibn Haytham, Nader el-Bizri, Medieval Science Tech- 

nology and Medicine: An Encyclopedia, ed. Thomas 

F. Glick, Steven Livesey, Faith Wallis, (Taylor & Fran- 

cis Group, 2005), 239;"..composed as a commentary on 
Kamal al-Din’s “Tanqih” by Taqi al-Din Muhammad ibn 
Ma'ruf, the Syrian astronomer at the Ottoman court". 

[6] Taki al-Din, D.A. King, The Encyclopaedia of Islam, 

Vol. X, ed. PJ. Bearman, TH. Bianquis, C. E. Bosworth, 

E. van Donzel and W. P. Heinrichs, (Brill, 2000), 132. 

[7] Taqi al-Din and the First Steam Turbine, 1551 A.D., web 

page, accessed on line October 23, 2009; this web page 

refers to Ahmad Y Hassan (1976), Taqi al-Din and Ara- 
bic Mechanical Engineering, pp. 34-5, Institute for the 

History of Arabic Science, University of Aleppo. 

[8] “Arabs and Astronomy”. Saudi Aramco World. Retrieved 

June 3, 2014. 

[9] “Taqi al-Din ibn Ma'ruf and the Science of Optics: The 

Nature of Light and the Mechanism of Vision”. mus- 
limheritage.com. 

 

3.21.7 Further reading 

• Ben-Zaken, Avner. “The Revolving Planets and 

the Revolving Clocks: Circulating Mechanical Ob- 
jects in the Mediterranean”, History of Science, xlix 

(2010), pp. 125-148. 

• Ben-Zaken, Avner. Cross-Cultural Scientific Ex- 
changes in the Eastern Mediterranean 1560-1660 
(Johns Hopkins University Press, 2010), pp. 8-47. 

• King, David A. “Taki al-Din”. Encyclopaedia of Is- 
lam (2nd ed.). 10: 132–3. 

• King, David A. (1986). A Survey of the Scientific 
manuscripts in the Egyptian National Library. 5. 
Winona Lake, IN, USA: American Research Cen- 
ter in Egypt. pp. 171–2. 

• Hassan, Ahmad Y (1976). Taqi al-Din and Arabic 
Mechanical Engineering. Institute for the History of 
Arabic Science, Aleppo University. 

• Gautier, Antoine (December 2005). “L'âge d'or de 
l'astronomie ottomane”. L'Astronomie. 119. 

16’ıncı yüzyılda Osman- 

[2] Ágoston, Gábor; Masters, Bruce Alan. Encyclopedia of 
the Ottoman Empire Infobase Publishing, 2009. p. 552 
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[3] Soucek, Svat (1994). “Piri Reis and Ottoman Discov- 
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doi:10.2307/1595839. 
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Dîn al-Râsid’s Observatory”, Art and Culture Mag- 

azine, Time in Art, Winter 2004/Issue 11, pp. 86– 

103. 

 

3.21.8 External links 

• Fazlıoğlu, İhsan (2007). “Taqī al‐Dīn Abū Bakr 

Muḥammad ibn Zayn al‐Dīn Maʿrūf al‐Dimashqī 

al‐Ḥanafī". In Thomas Hockey; et al. The Bio- 
graphical Encyclopedia of Astronomers. New York: 

Springer. pp. 1122–3. ISBN 978-0-387-31022-0. 

(PDF version) 

 

3.22 Yaʿqūb ibn Ṭāriq 
 
Yaʿqūb ibn Ṭāriq (يعقوب بن طارق; died c. 796 AD) was an 

8th-century Persian astronomer and mathematician 

who lived in Baghdad. 

 

3.22.1 Works 

Works ascribed to Yaʿqūb ibn Ṭāriq include:[1]
 

 

• Zīj maḥlūl fī al‐Sindhind li‐daraja daraja (زيج محلول 

 Astronomical tables in the“ ,في السندهند لدرجة درجة

Sindhind resolved for each degree”), 

• Tarkīb al‐aflāk (تركيب األفالك, “Arrangement of the 
orbs”), 

• Kitāb al‐ʿilal (كتاب العلل, “Rationales”), 

• Taqṭīʿ kardajāt al‐jayb (تقطيع كردجات الجيب, “Distri- 

bution of the kardajas of the sine”), and 

• Mā irtafaʿa min qaws niṣf al‐nahār (ما إرتفع من قوس 

 -Elevation along the arc of the merid“ ,نصف النهار

ian"). 

 
An astrological work called Al‐maqālāt (المقاالت, “The 

Chapters”) is also ascribed to him by an unreliable 

source.[1]
 

The Zīj, written around 770, was based on a 

Sanskrit work,[1] thought to be similar to the 

Brāhmasphuṭasiddhānta.[2] This work was brought 

to the court of al-Mansūr from Sindh,[2] reportedly by an 

Sindhi astronomer named Kankah.[3]
 

The Tarkīb al‐aflāk dealt with cosmography, that is, the 

placement and sizes of the heavenly bodies.[1] Its esti- 

mates of the sizes and distances of the heavenly bodies 

were tabulated in al-Bīrūnī's work on India; according to 

him, Yaʿqūb ibn Ṭāriq gave the radius of the Earth as 

1,050 farsakhs, the diameter of the Moon and Mercury 

as 5,000 farsakhs (4.8 Earth radii), and the diameter of 

the other heavenly bodies (Venus, the Sun, Mars, Jupiter, 

and Saturn) as 20,000 farsakhs (19.0 Earth radii.)[4]
 

 

3.22.2 Notes 

[1] Plofker 

[2] Pingree, p. 97 

[3] Kennedy 1956, p. 134, 71 

[4] Pingree, pp. 105–106 
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imanRuna, SchnitzelMannGreek, Doodoocacapeepee, Sicronet, Legobot III, Hugetim, GliderMaven, Nagualdesign, FrescoBot, Liridon, 

Paine Ellsworth, Tobby72, Sky Attacker, Alberttruong, VS6507, Strot, Machine Elf 1735, Drew R. Smith, Xhaoz, ClickRick, Citation 

bot 1, Killian441, Gravityguy, Tnt uncontested, Skunen1, Pinethicket, Kiefer.Wolfowitz, Per Ardua, Therustinator132, MJ94, Calmer 

Waters, MTDinoHunter, Shan3coley, Fancynancy1244521, Elnene15, Georgiaham, RedBot, Lalalllala, Tensil, SpaceFlight89, Meaghan, 

I am a ginger bread man, EdoDodo, Gilbeysjame, Holybassist, Saayiit, Anticent, Dude1818, Max Duchess, FoxBot, TobeBot, DixonD- 

Bot, Kellymaj, Sznax, WebEdHC, Jovenmae, Gfdfgshdhdhdfhfghgfhfh, Mrgarcia94, Jdavie, DragonofFire, Toniiiix, NicholasCarlough, 

Suffusion of Yellow, Tbhotch, Deanmullen09, Bricaniwi, RjwilmsiBot, TjBot, DHooke1973, Tesseract2, DASHBot, Ficz44, Ejamtiger, 

EmausBot, Proud Liberal 6, Dasher246, WikitanvirBot, Sciencenerdphd, Gfoley4, Dominus Vobisdu, Gcastellanos, Chloeey97, Farpre, 

GoingBatty, Outriggr, Chricho, Oceans and oceans, Hhhippo, JSquish, ZéroBot, Josve05a, MithrandirAgain, Andyman1125, The Nut, 

AshforkAZ, Aeonx, H3llBot, Mburdis, GrindtXX, Henesuri, Staszek Lem, L Kensington, Lilgas52, Phronetic, Neuberliner, KyleAraujo, 

Imagoofygooberyeah, Freecie1, Kiesewetter, RockMagnetist, ClamDip, Sharonmil, U3964057, Teapeat, WordDiver, Helpsome, ClueBot 

NG, W.Kaleem, Another n00b, Movses-bot, Nahiyan8, Schicagos, Frietjes, Delusion23, Fbarrera09, IvoryMeerkat, Skiles1611, Helpful 

Pixie Bot, Calabe1992, BG19bot, Ryker-Smith, Hallows AG, ElphiBot, AvocatoBot, Wingroras, Solomon7968, Ramos1990, Air-tractor 

sledge, Mthoodhood, Mbotee, I am huge liar listen, Thestickman91, Jakakla, Soerfm, CitationCleanerBot, Samyriup, Hairandfashion142, 

Seanpkenny, Smsagro, In11Chaudri, BattyBot, Bart49, Cyberbot II, Warheadpat, Layzeeboi, Kenixkil, Karanhbhatt, Tow, IjonTichyIjon- 

Tichy, Linkman22, Dexbot, Yash!, Mogism, AndiPersti, Numbermaniac, ਰਾਜੇਨ੍ਦ ਰ੍  ਸ ਿੰਘ, Sowlos, Josophie, Hillbillyholiday, Alexis1812w, MarchOrDie, 

Zjrong, Thepooj9, Theo’s Little Bot, I am One of Many, Jp4gs, Globalcooling400, Melonkelon, Biomedicinal, Rakom- wolvesbane, 

Praemonitus, AKYF, Arnlodg, The French Rat, Sssssss340, Sol1, Mrm7171, Hansmuller, Finnusertop, Jackmcbarn, Frog- ger48, 

VeryCrocker, Tudor1999, Man of Steel 85, Avelez00, Loganate123, TheG3NERAL John 3:16, Monkbot, Cityrailsaints, Teaksmitty, 

ShawntheGod, Filedelinkerbot, Teemome, Hkeyser, UglowT, 115ash, VanishedUser sdu9aya9fs654654, Cynulliad, Batsgasps, Jack Pepa, 

Yprpyqp, DavidJac, BeUtkarsh, , Serten II, LadyLeodia, Moorrests, Isambard Kingdom, Rctillinghast, Vonbergh, Angelababy00, Jeu- 

nine, KasparBot, JorisEnter, Eulalefty, Continentaleurope, Sir Cumference, BD2412bot, The name, BU Rob13, Feminist, Primetime637, 

Twitteristhebest, Zenedits, Ermahgerd9, Charlotte135, Chrisvacc, TssRnapII, Motivação, Mynameisparatha, Bender the Bot, Metaphysic- 

swar, 001blondjamie, Reason is Immortal, 000meow, Heididoerr061, Wittgenstein123, Sheila Ki Jawani and Anonymous: 1277 

• Discipline (academia) Source: https://en.wikipedia.org/wiki/Discipline_(academia)?oldid=766405040 Contributors: The Anome, Claus 

Emmeche, Bender235, Rgdboer, Woohookitty, Stefanomione, Chenxlee, Mayumashu, DVdm, Bhny, Aeusoes1, JECompton, Smack- 

Bot, Jprg1966, Alieseraj, RekishiEJ, Cydebot, Spohrer, Osubuckeyeguy, The Transhumanist, Jcs2006, Deor, Stefan Kruithof, TXiKi- 

BoT, Jdaloner, Sfan00 IMG, Mild Bill Hiccup, BirgerH, Rhododendrites, Stefano Schiavon, Nafsadh, Thebestofall007, Fgnievinski, Jar- 

ble, Freikorp, AnomieBOT, Jim1138, Gap9551, FrescoBot, Maggyero, LittleWink, Serols, Gamewizard71, EmausBot, Orphan Wiki, 

Daonguyen95, Swainsons.thrush, Brellachild, Znth, ClueBot NG, BG19bot, WikiTryHardDieHard, Pacerier, LuigiV, Alex makeyev, 

Brad7777, ChrisGualtieri, StevenHickson, Webclient101, Mogism, Fromheaven2, Chesterlml, Me, Myself, and I are Here, Hillbillyholi- 

day, Harish.awasthi, CsDix, Star767, Noyster, Perturbius, Fixuture, TeamBrilliance, Suelru, Honors1, Harpgurrl123, BowmanSquad, Five- 

GroupFive, Monkbot, Variationsgroup, Madstop, Coolkats700, TheSquad2k14, User000name, KasparBot, TheJazzTrumpet, The Void- 

walker, GreenC bot and Anonymous: 45 

• Arabic numerals Source: https://en.wikipedia.org/wiki/Arabic_numerals?oldid=764901038 Contributors: AxelBoldt, Lee Daniel 

Crocker, Brion VIBBER, Uriyan, Zundark, Koyaanis Qatsi, Andre Engels, Kowloonese, XJaM, Christian List, William Avery, Shii, Panair- 

jdde~enwiki, Mjb, Olivier, Robertolyra, Stevertigo, Patrick, Infrogmation, Michael Hardy, Zocky, Chris-martin, Voidvector, Wwwwolf, 

Ixfd64, Polesmoker, Ahoerstemeier, J'raxis, Jpatokal, TUF-KAT, Mark Foskey, Ciphergoth, Andres, GCarty, AshtonBRSC, Hashar, Cru- 

sadeonilliteracy, Timwi, David Newton, Jitse Niesen, Vincent Ramos, Jmccann~enwiki, Doradus, Ravishankar Shetty, Foodman, Furrykef, 

Morwen, Itai, VeryVerily, TowerDragon, Bcorr, Phil Boswell, Robbot, Fredrik, Sanders muc, Pibwl, Altenmann, Yuunik, Wjhonson, 

Henrygb, Flauto Dolce, Rorro, Hadal, Wikibot, JackofOz, Trevor Johns, Wereon, Mfc, Tea2min, Centrx, Giftlite, Dbenbenn, DocWat- 

son42, Nat Krause, Inter, Lethe, Fastfission, Everyking, Zora, Cantus, Tom-, Dmmaus, Zhen Lin, Horatio, Jackol, Neilc, Gdr, LiDaobing, 

Zeimusu, Yath, Noe, Mustafaa, Beland, CSTAR, Mzajac, Histrion, Arcturus, Asbestos, Mschlindwein, Quota, Eliazar, Now3d, Chem1, 

Jayjg, Poccil, Discospinster, Rich Farmbrough, Agnistus, Guanabot, Wise mike, Vsmith, Spundun, Francis Schonken, Dbachmann, Paul 

August, Bender235, Djordjes, Ben Standeven, Evice, Eric Forste, El C, Kwamikagami, Ruyn, Alereon, Jon the Geek, Kaveh, Dalf, 

Bobo192, NetBot, C S, Zetawoof, Jdabney, Haham hanuka, Pearle, Irishpunktom, Ehurtley, Anthony Appleyard, Interiot, Babajobu, 

Andrewpmk, Sligocki, Redfarmer, Cdc, Stoical, Jakek101, Suruena, Grenavitar, Itsmine, SteinbDJ, Mattbrundage, Kbolino, Oleg Alexan- 

drov, Benoni, Hq3473, Thryduulf, Woohookitty, Linas, Mindmatrix, Shreevatsa, StradivariusTV, Jpers36, Unixer, Commander Keane, 

Ruud Koot, Jeff3000, Mpatel, Xhin, Tomlillis, Waldir, Wayward, , Tokek, Gisling, Raguks, Graham87, NCdave, TAKASUGI 

Shinji, RxS, DePiep, Jclemens, Mendaliv, Josh Parris, Ryan Norton, Rjwilmsi, Isaac Rabinovitch, Commander, Feydey, ErikHaugen, 

Brighterorange, Yuber, FayssalF, FlaBot, Mathbot, Nihiltres, Ardestolk, Srleffler, Jidan, Chobot, DaGizza, Weder4, Astriolok, DVdm, 

Ghaslt, YurikBot, Wavelength, TexasAndroid, Spacepotato, Sceptre, Wester, Hairy Dude, Deeptrivia, Vertaloni, Mnewmanqc, RussBot, 

Jidn, Grubber, Gaius Cornelius, Oni Lukos, Shanel, JFD, Frogular, Lockesdonkey, Procedure, Mgnbar, Haemo, Ms2ger, Arthur Ru- 

bin, Scriber~enwiki, Peyna, JLaTondre, Arad, Mardus, Appleby, Finell, Knowledgeum, SmackBot, Incnis Mrsi, Prodego, C.Fred, Od 

Mishehu, KocjoBot~enwiki, Jagged 85, Mscuthbert, Paxse, Andrewkantor, Srnec, Sebesta, Ekilfeather, Aksi great, Gilliam, Hmains, Be- 

tacommand, Skizzik, Bluebot, Grimhelm, Oli Filth, Roscelese, Colonies Chris, Henrikhenrik, Rama’s Arrow, Jameswilson, December- 

ster~enwiki, Csssclll, OrphanBot, DPSingh, Crboyer, Downtown dan seattle, Poncho amp, Bdiscoe, Mu2, Mlpkr, Kukini, Islami, On- 

lim, Kvng, Quaeler, Ginkgo100, KOTHALAWELA, N0time, Highspeed, Courcelles, Phasmatisnox, Darrah, Vanisaac, Rdunn, Amniarix, 

Charvex, Cooljeanius, Dgw, A elalaily, FilipeS, Cydebot, Future Perfect at Sunrise, A.j.roberts, Verdy p, Doug Weller, Omicronpersei8, 

Ebrahim, Mattisse, Thijs!bot, Gorthus, Qwyrxian, N5iln, SilverSurf, Headbomb, DaveJ7, Brf, Escarbot, Doremítzwr, Hmrox, Porqin, 

AntiVandalBot, WinBot, AstroLynx, Fretwer, MECU, Carewolf, Storkk, JAnDbot, Dsp13, IanOsgood, Patrourke, 100110100, Doc- 

torhawkes, Naval Scene, Bongwarrior, Anþony, Fusionmix, Kuyabribri, Faizhaider, 28421u2232nfenfcenc, Andres68, Ahmad87, Baris- 

tarim, To Serve Man, Onefreehour, Gun Powder Ma, EtienneDolet, Leaderofearth, R'n'B, Ulisse0, J.delanoy, Mike.odonnell, Tlim7882, 

Fowler&fowler, Onetorise, Hans Dunkelberg, Maurice Carbonaro, Cpiral, McSly, Chaveyd, TheTrojanHought, Samtheboy, Chiswick 

Chap, Belovedfreak, Kansas Bear, Dangereye, Ridwan Gazi, Joshua Issac, Mrmuk, Wlgrin, Idioma-bot, TNTfan101, Black Kite, 28bytes, 

Calcul, JohnBlackburne, Philip Trueman, TXiKiBoT, GcSwRhIc, Steven J. Anderson, 0nlyth3truth, Vgranucci, BotKung, Softtest123, 

Oneeyedboxer, Melvin toast, Logan, Browne-Windsor, Arjun024, AngChenrui, Hrf, Gluck 123, RJaguar3, Yintan, The way, the truth, and 

the light, Keilana, TheThingy, Oueld Aissa, Aruton, Manssour, Nic bor, Velvetron, Mx. Granger, ClueBot, Meekywiki, CasualObserver'48, 

Kalem, Vikte, Parkwells, Aua, Rbakels, Jdrice8, Jusdafax, He7d3r, Estirabot, Kakofonous, Ceartas, Silas Maxfield, Johnuniq, SoxBot III, 

D1061024473ec8f5506d933d3464966c8606dad6, XLinkBot, Faris masad, Jakezing, RyanCross, Mr. Wheely Guy, Enaya g, Njardar- 

Bot, AndersBot, Chzz, AnnaFrance, Favonian, Mmbosta, Numbo3-bot, Ehrenkater, Q34tasdj, Al3xil, ماني, WikiDreamer Bot, Legobot, 

Yobot, Ptbotgourou, Nallimbot, Medmrt2008, AnomieBOT, Arjun G. Menon, Rubinbot, 1exec1, BreakfastTime, Wizengy, Piano non 

troppo, Gotonull, Ikjan, Kingpin13, Flewis, Mahmudmasri, Materialscientist, Rapparee71, Mbuell72, Citation bot, E2eamon, ArthurBot, 

https://en.wikipedia.org/wiki/Discipline_(academia)?oldid=766405040
https://en.wikipedia.org/wiki/Arabic_numerals?oldid=764901038
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Michael Chidester, LovesMacs, Capricorn42, Aris riyanto, DSisyphBot, AuthorityTam, Champlax, Alih3485, RibotBOT, Doulos Christos, 

Shadowjams, Sesu Prime, TastyChikan, FrescoBot, عبد المؤمن, Farkasven, Askalan, Citation bot 1, TU-nor, A8UDI, Tunisia360tunisia, 

Jauhienij, Tim1357, Pollinosisss, Jags427, Lotje, Dinamik-bot, BenjPHolm, Diannaa, Loor99, DARTH SIDIOUS 2, Kaibro, RjwilmsiBot, 

Born2bgratis, Pcarpent1, San425, EmausBot, -- -- --, Chlgrg, GoingBatty, Rarevogel, AlanSiegrist, Tommy2010, Truesemitic, Chricho, 

Werieth, AvicBot, ZéroBot, SVG, Anir1uph, A930913, SporkBot, Mr6446, Mayur, Donner60, Dark-Inzar, FeatherPluma, Khestwol, 

Techbotic, ClueBot NG, Wcherowi, Johncamus, Baseball Watcher, Spel-Punc-Gram, Antiqueight, Mody1984, MerlIwBot, Helpful Pixie 

Bot, Kevlarsen, HMSSolent, Indi.comment, Snaevar-bot, Harryjm, Razorbliss, Zyxwv99, Solomon7968, Maahmaah, Wolsunger, Ollieinc, 

Keyshawna, Snowcream, Mohammedassadi, Peacefan01, Achowat, Anbu121, Emahms, Rahuliasfgh, Cyberbot II, YFdyh-bot, Khazar2, 

FoCuSandLeArN, Mogism, Jahaan2004, Lugia2453, Topjad, Greenstruck, S mSten rd, GigaGerard, JPaestpreornJeolhlna, HistoryofI- 

ran, Lataifeh, Demlasjr, Avi8tor, Monochrome Monitor, YOMAL SIDOROFF-BIARMSKII, Stamptrader, RAYN6549, Yoshi24517, 

Ceosad, Kautilya3, Mustafa Laith88, Piggymcporkchop, Abdulgoswami, Illiteration, Amruthalfredo, JeremiahY, M.mahdi.a, MusenInvin- 

cible, Vsusar, Pal!avi, Majora, Filpro, Piyush Pastor, Qzd, Sassan Dowlatshahi, JaRosti, GreenC bot, Robot psychiatrist, Fahad15151GO, 

-glove-, THEMEMESAREGOODFAM and Anonymous:  574 

• Algebra Source: https://en.wikipedia.org/wiki/Algebra?oldid=765420850 Contributors: AxelBoldt, Brion VIBBER, Mav, Bryan Derk- 

sen, Zundark, Tarquin, Ed Poor, Andre Engels, Oliverkroll, David spector, Heron, Netesq, Stevertigo, Spiff~enwiki, Frecklefoot, Boud, 

Xavic69, Michael Hardy, Bertfried Fauser, DopefishJustin, Dominus, Nixdorf, Dineshjk, Chinju, Dcljr, Sannse, TakuyaMurata, Karada, 

Delirium, Egil, Cyp, Haakon, J'raxis, Samuelsen, Angela, Dietary Fiber, AugPi, Poor Yorick, Nikai, Andres, Mxn, Pizza Puzzle, Charles 

Matthews, Dcoetzee, Dysprosia, Jitse Niesen, Doug Hogg, Quoth-22, Secretlondon, Aenar, Robbot, Fredrik, Chris 73, R3m0t, Romanm, 

Rebrane, Wikibot, Plandu, Casito, Pengo, Giftlite, Gene Ward Smith, Wikilibrarian, Fastfission, Ayman, Ido50, Everyking, No Guru, 

Brona, Michael Devore, Gilgamesh~enwiki, Guanaco, Ptk~enwiki, Siroxo, Python eggs, Bobblewik, Wmahan, Stinerman, Vivero~enwiki, 

Utcursch, Fred Fury, Zarvok, Ryan524~enwiki, Antandrus, Beland, MarkSweep, Yafujifide, Jossi, Vina, Rdsmith4, Mzajac, Gauss, Sam 

Hocevar, Neonstarlight, Iantresman, Barnaby dawson, Stdarg, Corti, DanielCD, Rich Farmbrough, Batkins, Emilva, Dbachmann, Paul Au- 

gust, Bender235, ESkog, Zaslav, JoeSmack, Ben Standeven, Gauge, Brian0918, Tompw, El C, Lycurgus, Edward Z. Yang, Shanes, Triona, 

One-dimensional Tangent, Jlin, Causa sui, Bobo192, Meggar, Smalljim, Maurreen, Jordgubbe, La goutte de pluie, Nk, Nintendomon74, 

Obradovic Goran, HasharBot~enwiki, Jumbuck, Danski14, Kuratowski’s Ghost, Msh210, Gary, Anthony Appleyard, Hi332211-, Rgclegg, 

Chiapr, Riana, Mysdaao, Snowolf, BaronLarf, Garzo, Docboat, Evil Monkey, Endersdouble, RainbowOfLight, Sciurinæ, Pwqn, Drbrezn- 

jev, Mattbrundage, Zereshk, Kazvorpal, Dan100, Oleg Alexandrov, DarTar, Snowmanmelting, Tbsmith, Boothy443, DealPete, Starblind, 

Woohookitty, Linas, Guardian of Light, Ma Baker, Ruud Koot, Jeff3000, Miss Madeline, I64s, Smmurphy, Coolfire276, Prashanthns, 

LinkTiger, Palica, Dysepsion, Raguks, Graham87, BD2412, Qwertyus, Pranathi, Jclemens, Mayumashu, JVz, Bgohla, Vary, Amire80, 

Tangotango, Sdornan, Salix alba, MZMcBride, Kierah, Tdowling, Sohmc, Bfigura, Yamamoto Ichiro, Titoxd, FlaBot, Jeff Fries, Latka, 

Mathbot, Nivix, Dantecubed, RexNL, Mark J, Jrtayloriv, Didre, Ichudov, Fresheneesz, Alphachimp, Malhonen, SpectrumDT, Imnot- 

minkus, MichaelCaricofe, Jidan, Chobot, DVdm, *Dark Dragon*, The Rambling Man, YurikBot, Angus Lepper, I need a name, Hairy 

Dude, Vertaloni, RussBot, Michael Slone, Grubber, Manop, Gaius Cornelius, Nis81, Shanel, NawlinWiki, Rick Norwood, Wiki alf, 

Lesotho, Orioneight, Badagnani, Trovatore, ONEder Boy, Cleared as filed, Irishguy, Abb3w, Aldux, Matthew0028, Farmanesh, Crasshop- 

per, Zwobot, Dbfirs, BOT-Superzerocool, DeadEyeArrow, Bota47, Aristotle2600, Alpha 4615, WCX, Ms2ger, Googl, Tista, E-Dogg, 

Johndburger, Lt-wiki-bot, Ninly, Chase me ladies, I'm the Cavalry, Closedmouth, Sean Whitton, GraemeL, SidJ, Mikus, Shastra, TL- 

Suda, Meegs, Benandorsqueaks, Stumps, That Guy, From That Show!, Sardanaphalus, SmackBot, FocalPoint, YellowMonkey, Selfworm, 

Incnis Mrsi, Rose Garden, InverseHypercube, KnowledgeOfSelf, AndyZ, Masonprof, Fheo, KocjoBot~enwiki, Jagged 85, Onebrave- 

monkey, Swerdnaneb, HalfShadow, Sebesta, Commander Keane bot, PeterSymonds, Macintosh User, Gilliam, G O T R, Llanowan, 

Grokmoo, Bluebot, TheDarkArchon, DVader, Miquonranger03, MalafayaBot, Domthedude001, Silly rabbit, SchfiftyThree, Akanemoto, 

Kevin Ryde, Go for it!, Baa, Yanksox, Weierstraß, Scwlong, Can't sleep, clown will eat me, HLwiKi, Gnp, Yorick8080, TheKMan, 

Edivorce, Arab Hafez, Khoikhoi, DavidStern, Nibuod, Jiddisch~enwiki, SP angel 1, Sljaxon, Ruwanraj, RayGates, Daniel.Cardenas, 

Curly Turkey, Kukini, Ugur Basak Bot~enwiki, SashatoBot, Lambiam, Mukadderat, ArglebargleIV, AThing, Kuru, John, Ascend, Cron- 

holm144, Ubertoaster, Sayama, NongBot~enwiki, MarkSutton, VooDooChild, Slakr, Kirbytime, Mr Stephen, Unknownroad4, Mets501, 

Mathsci, Ryulong, Tonybrown100, Reccanboy, Miladsafa, Squirepants101, NinjaCharlie, Keycard, Iridescent, Fatima irshad, Nilamdoc, 

Mas0090, Westfall, Mrdthree, Cbrown1023, Fsotrain09, Tony Fox, Tawkerbot2, Dan1679, Tifego, Geomprof, CmdrObot, Fumblebr- 

uschi, Van helsing, Scohoust, Xanthoxyl, Amir1981, Circuit dreamer, GHe, THF, Dgw, MarsRover, MrFish, Captmog, AndrewHowse, 

Yaris678, Doctormatt, Cydebot, Kanags, Reywas92, SyntaxError55, Gogo Dodo, Karafias, Tawkerbot4, DumbBOT, Ameliorate!, Kozuch, 

Daven200520, Xantharius, Starship Trooper, JodyB, Thijs!bot, Epbr123, LeeG, Kilva, Andyjsmith, Yboord028, Wmgan, SilverSurf, Cows- 

natcher27, Oliver202, Amitprabhakar, Stiltskin, RobHar, Benstam, EdJohnston, Platinum Knight, Klausness, JohnSteinbeck, Natalie Erin, 

Icep, Escarbot, KrakatoaKatie, AntiVandalBot, Luna Santin, Widefox, KopiKat, Mk*, Hagrinas, Mack2, Math Teacher, Sbarnard, Jare- 

droberts, Gökhan, ClassicSC, JAnDbot, Sangwinc, The Transhumanist, Instinct, Kingnosis, Hut 8.5, YK Times, Howsthatfordamage25, 

Acroterion, Mardavich, Lost-theory, Meeples, Magioladitis, Bongwarrior, VoABot II, CiteCop, JamesBWatson, Think outside the box, 

Dorum, WODUP, Balloonguy, Jmartinsson, SwiftBot, WhatamIdoing, Bcherkas, Adrian J. Hunter, 28421u2232nfenfcenc, Aziz1005, 

Canyouhearmenow, DerHexer, JaGa, Edward321, Fantastic4boy~enwiki, Hbent, Bbowenjr, Palestine48, Cliff smith, MartinBot, Eye- 

Serene, BetBot~enwiki, Gnayshkr3020, Kaspg, Trickmyster, Alfred Legrand, Ccmolik, Thefutureschannel, AlphaEta, J.delanoy, The 

dark lord trombonator, Trusilver, Bogey97, Maurice Carbonaro, LarsTheViking, Tcop, Lantonov, RedKlonoa, Ncmvocalist, Nympho- 

maniac~enwiki, Nemo bis, Samtheboy, TylerDorsanoTJmans, Gurchzilla, AntiSpamBot, (jarbarf), The Transhumanist (AWB), Arms 

& Hearts, NewEnglandYankee, SJP, Imawsome, Fullmetal123321, Shoessss, DavidCBryant, Burzmali, Ross Fraser, Gtg204y, Useight, 

Xiahou, Idarin, Lights, Nikthestunned, PeaceNT, Deor, VolkovBot, Ramah71, ABF, JGHowes, A.Ou, Jeff G., Indubitably, JohnBlack- 

burne, LokiClock, AlnoktaBOT, DancingMan, Nousernamesleft, TXiKiBoT, BuickCenturyDriver, Hacker300, Miranda, Rei-bot, Anony- 

mous Dissident, Vanished user ikijeirw34iuaeolaseriffic, Jddphd, Zimbardo Cookie Experiment, LeaveSleaves, Aiowe ;nhg8ohegpo8haeog, 

Bored461, Geometry guy, Prb4, MearsMan, CrackdownSamSung, Fivelittlemonkeys, Nery00, Kmhkmh, Blurpeace, Finngall, Comma- 

tor~enwiki, Synthebot, Burntsauce, Dib14, Monty845, Twooars, AlleborgoBot, Symane, Hagopi1611, Jirt, ERHSHaxor, Ken Kuniyuki, 

GirasoleDE, Demmy100, Markdraper, GoonerDP, SieBot, Ivan Štambuk, Dusti, Strawberryx7, VVVBot, Viskonsas, Caltas, Uhomako, 

Triwbe, Waynebrady 77, Cdthedude, Keilana, Kotabatubara, Permacultura, Oda Mari, Ezh, Paolo.dL, Ur ugly face, JuanFox, Oxymoron83, 

Editor91, Weston.pace, JackSchmidt, RSStockdale, Hornetchuck, Skull eyes, Macy, Wormdoggy, Hippie Metalhead, Vice regent, Pfffff, 

Eriksensei, Raptorz~enwiki, Randomblue, Sphilbrick, Mountainofdoom, 3rdAlcove, Rdobet, Artistspace222, Ncfriel, Jamesfranklingre- 

sham, Madden king, ClueBot, Artichoker, PipepBot, C1932, TrigWorks, Danaghafari, Supertouch, Mr Rofl, Niceguyedc, Xenon54, 

DaveReece, Monkeyboy1268, Neverquick, BlueAmethyst, Inflate, Puchiko, Suliu, MindstormsKid, Aua, DragonBot, Alexbot, Alige- 

bra, Erikp 92, Francine 21, Robert impey, StarcraftBuff, Edgesnext, Leonard^Bloom, Mumia-w-18, Zaharous, Vv22, Cenarium, TJThe- 

Realist36, Singhalawap, Hans Adler, Airplanesrus, Diaa abdelmoneim, Rmsgrey, Calor, Iraq-Irak~enwiki, BANMENOWPLZ, Thingg, 

Franklin.vp, Puranjan Dev, Heatmizer323, BlueDevil, NERIC-Security, Masterjake1295, Arc112, Sgunteratparamus.k12.nj.us,    Pich- 

https://en.wikipedia.org/wiki/Algebra?oldid=765420850
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pich, WikHead, Makmac22, RyanCross, Markerdancerboy, Nabuchadnessar, Flatbush756, Addbot, Morriswa, Metagraph, SpellingBot, 

Aaronthegr8, Kpthanuman, CanadianLinuxUser, Eleinax0x0, WFPM, Sweetkidjoey, Bumdah, Joel Butts, CarsracBot, Vega2, Z. Pat- 

terson, Tumadreescaliente, Saycgthm999, AgadaUrbanit, Youlittlehandsomeguy, VASANTH S.N., Gail, Zorrobot, TeH nOmInAtOr, 

Jarble, Kamek900, Jim, Undeadwarlock, Luckas-bot, Yobot, 2D, Senator Palpatine, Kan8eDie, THEN WHO WAS PHONE?, Dale S. 
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cobTrue, MissionNPOVible, Muneeb2000, FiveColourMap, Cadiomals, Ashqy57, Snow Blizzard, Zedshort, Ema--or, StarryGrandma, 

Zhaofeng Li, Cyberbot II, 786b6364, Gdrg22, JYBot, IjonTichyIjonTichy, AutomaticStrikeout, Dexbot, Rezonansowy, Hmainsbot1, Belief 

action, Jamesx12345, Josophie, Corinne, JustAMuggle, LMANSH, CsDix, Ybidzian, Stringline, Sol1, The Herald, Quenhitran, Chern038, 

Triolysat, Wikifan2744, Meteor sandwich yum, THetardis123, Robinfhill, Qwerty123uiop, MelaniePS, Monkbot, Yikkayaya, Trackteur, 

Jrafner, Oiyarbepsy, TheMagikCow, Arvind asia, Tetra quark, Isambard Kingdom, Zussman1, Matan Kovac, KasparBot, Sir Cumference, 

ElectricController, Ttt74, GreenC bot, Gulumeemee, Ogill636, Inimesh, Artm7777, TheProgrammerMan, Penskins and Anonymous: 1728 

• Mathematics Source: https://en.wikipedia.org/wiki/Mathematics?oldid=767799769 Contributors: AxelBoldt, Magnus Manske, 

LC~enwiki, Brion VIBBER, Eloquence, Mav, Bryan Derksen, Zundark, The Anome, Tarquin, Koyaanis Qatsi, Ap, Gareth Owen, -- April, 

RK, Iwnbap, LA2, Youssefsan, XJaM, Arvindn, Christian List, Matusz, Toby Bartels, PierreAbbat, Little guru, Miguel~enwiki, Rade 

Kutil, DavidLevinson, FvdP, Daniel C. Boyer, David spector, Camembert, Netesq, Zippy, Olivier, Ram-Man, Stevertigo, Spiff~enwiki, 

Edward, Quintessent, Ghyll~enwiki, D, Chas zzz brown, JohnOwens, Michael Hardy, Chris-martin, JakeVortex, Lexor, Isomorphic, Domi- 

nus, Nixdorf, Grizzly, Kku, Mic, Ixfd64, Firebirth, Alireza Hashemi, Dcljr, Sannse, TakuyaMurata, Karada, Minesweeper, Alfio, Tre- 

goweth, Dgrant, CesarB, Ahoerstemeier, Cyp, Ronz, Muriel Gottrop~enwiki, Snoyes, Notheruser, Angela, Den fjättrade ankan~enwiki, 

Kingturtle, LittleDan, Kevin Baas, Salsa Shark, Glenn, Jschwa1, Bogdangiusca, BenKovitz, Poor Yorick, Rossami, Tim Retout, Rotem 

Dan, Evercat, Rl, Jonik, Madir, Mxn, Smack, Silverfish, Vargenau, Pizza Puzzle, Nikola Smolenski, Charles Matthews, Guaka, Timwi, 

Spacemonkey~enwiki, Nohat, Ralesk, MarcusVox, Dysprosia, Jitse Niesen, Fuzheado, Gutza, Piolinfax, Selket, DJ Clayworth, Markhurd, 

Vancouverguy, Tpbradbury, Maximus Rex, Hyacinth, Saltine, AndrewKepert, Fibonacci, Zero0000, Phys, Ed g2s, Wakka, Samsara, Bevo, 

McKay, Traroth, Fvw, Babaloulou, Secretlondon, Jusjih, Cvaneg, Flockmeal, Guppy, Francs2000, Dmytro, Lumos3, Jni, PuzzletChung, 

Donarreiskoffer, Robbot, Fredrik, RedWolf, Peak, Romanm, Lowellian, Gandalf61, Georg Muntingh, Merovingian, HeadCase, Sverdrup, 

Henrygb, Academic Challenger, IIR, Thesilverbail, Hadal, Mark Krueger, Wereon, Robinh, Borislav, GarnetRChaney, Ilya (usurped), 

Michael Snow, Fuelbottle, ElBenevolente, Lupo, PrimeFan, Zhymkus~enwiki, Dmn, Cutler, Dina, Mlk, Alan Liefting, Rock69~enwiki, 

Cedars, Ancheta Wis, Fabiform, Centrx, Giftlite, Dbenbenn, Christopher Parham, Fennec, Markus Krötzsch, Mikez, Inter, Wolfkeeper, 

Ævar Arnfjörð Bjarmason, Netoholic, Lethe, Tom harrison, Lupin, MathKnight, Bfinn, Ayman, Everyking, No Guru, Curps, Jorend, 

Ssd, Niteowlneils, Gareth Wyn, Andris, Guanaco, Sundar, Daniel Brockman, Siroxo, Node ue, Eequor, Arne List, Matt Crypto, Python 

eggs, Avala, Jackol, Marlonbraga, Bobblewik, Deus Ex, Golbez, Gubbubu, Kennethduncan, Cap601, Geoffspear, Utcursch, Andycjp, 

CryptoDerk, LucasVB, Quadell, Frogjim~enwiki, Antandrus, BozMo, Rajasekaran Deepak, Beland, WhiteDragon, Bcameron54, Kaldari, 

PDH, Profvk, Jossi, Alexturse, Adamsan, CSTAR, Rdsmith4, APH, John Foley, Elektron, Pethan, Mysidia, Pmanderson, Elroch, Sam 

Hocevar, Arcturus, Gscshoyru, Stephen j omalley, Jcw69, Ukexpat, Eduardoporcher, Qef, Random account 47, Zondor, Adashiel, Trevor 

MacInnis, Grunt, Kate, Bluemask, PhotoBox, Mike Rosoft, Vesta~enwiki, Shahab, Oskar Sigvardsson, Brianjd, D6, CALR, DanielCD, 

Olga Raskolnikova, EugeneZelenko, Discospinster, Rich Farmbrough, Guanabot, FiP, Clawed, Inkypaws, Spundun, Andrewferrier, Arnol- 

dReinhold, HeikoEvermann, Smyth, Notinasnaid, AlanBarrett, Paul August, MarkS, DcoetzeeBot~enwiki, Bender235, ESkog, Geoking66, 

Ben Standeven, Tompw, GabrielAPetrie, RJHall, MisterSheik, Mr. Billion, El C, Chalst, Shanes, Haxwell, Briséis~enwiki, Art LaPella, 

RoyBoy, Lyght, Jpgordon, JRM, Porton, Bobo192, Ntmatter, Fir0002, Mike Schwartz, Wood Thrush, Func, Teorth, Flxmghvgvk, Archfal- 

hwyl, Jung dalglish, Maurreen, Man vyi, Alphax, Rje, Sam Korn, Krellis, Sean Kelly, Jonathunder, Mdd, Tsirel, Passw0rd, Lawpjc, Vesal, 

Storm Rider, Stephen G. Brown, Danski14, Msh210, Poweroid, Alansohn, Gary, JYolkowski, Anthony Appleyard, Blackmail~enwiki, 

Mo0, Polarscribe, ChristopherWillis, Lordthees, Rgclegg, Jet57, Muffin~enwiki, Mmmready, Riana, AzaToth, Lectonar, Lightdarkness, 

Giant toaster, Cjnm, Mysdaao, Hu, Malo, Avenue, Blobglob, LavosBacons, Schapel, Orionix, BanyanTree, Saga City, Knowledge Seeker, 

ReyBrujo, Danhash, Garzo, Huerlisi, Jon Cates, RainbowOfLight, CloudNine, TenOfAllTrades, Mcmillin24, Bsadowski1, Itsmine, Blax- 

thos, HenryLi, Bookandcoffee, Kz8, Oleg Alexandrov, Ashujo, Stemonitis, Novacatz, Angr, DealPete, Kelly Martin, Wikiworkerindivid- 

ual***, TSP, OwenX, Woohookitty, Linas, Masterjamie, Yansa, Brunnock, Carcharoth, BillC, Ruud Koot, WadeSimMiser, Orz, Hdante, 

MONGO, Mpatel, Abhilaa, Al E., Wikiklrsc, Bbatsell, Damicatz, I64s, MFH, Sengkang, Zzyzx11, Noetica, , Xiong Chiamiov, 

Gimboid13, Liface, Asdfdsa, PeregrineAY, Thirty-seven, Graham87, Magister Mathematicae, BD2412, Chun-hian, FreplySpang, JIP, 

Island, Zoz, Icey, BorgHunter, Josh Parris, Paul13~enwiki, Rjwilmsi, Mayumashu, MJSkia1, Prateekrr, Vary, MarSch, Amire80, Tan- 

gotango, Staecker, Omnieiunium, Salix alba, Tawker, Zhurovai, Crazynas, Ligulem, Juan Marquez, Slac, R.e.b., The wub, Sango123, 

Yamamoto Ichiro, Kasparov, Staples, Titoxd, Pruneau, RobertG, Latka, Mathbot, Harmil, Narxysus, Andy85719, RexNL, Gurch, Short 

Verses, Quuxplusone, Celendin, Ichudov, Jagginess, Alphachimp, Malhonen, David H Braun (1964), Snailwalker, Mongreilf, Chobot, 

Jersey Devil, DONZOR, DVdm, Cactus.man, John-Haggerty, Gwernol, Elfguy, Buggi22, Roboto de Ajvol, Raelx, JPD, YurikBot, Wave- 

length, Karlscherer3, Jeremybub, Doug Alford, Grifter84, RobotE, Elapsed, Dmharvey, Gmackematix, 4C~enwiki, RussBot, Michael 

Slone, Geologician, Red Slash, Jtkiefer, Muchness, Anonymous editor, Albert Einsteins pipe, Nobs01, Soltras, Bhny, Pi Delport, Canadi- 

anCaesar, Polyvios, Akamad, Stephenb, Yakuzai, Sacre, Bovineone, Tungsten, Ugur Basak, David R. Ingham, NawlinWiki, Vanished user 

kjdioejh329io3rksdkj, Rick Norwood, Misos, SEWilcoBot, Wiki alf, Mipadi, Armindo, Deskana, Johann Wolfgang, Trovatore, Joel7687, 

GrumpyTroll, LMSchmitt, Schlafly, Eighty~enwiki, Herve661, JocK, Mccready, Tearlach, Apokryltaros, JDoorjam, Abb3w, Misza13, 

My Cat inn, Vikvik, Mvsmith, Brucevdk, DryaUnda, SFC9394, Font, Tachyon01, Mgnbar, Jemebius, Nlu, Mike92591, Dna-webmaster, 

Tonywalton, Joshurtree, Wknight94, Pooryorick~enwiki, Avraham, Mkns, Googl, Noosfractal, SimonMorgan, Tigershrike, FF2010, Cur- 

sive, Scheinwerfermann, Enormousdude, TheKoG, Donald Albury, Zsynopsis, Skullfission, Claygate, MaNeMeBasat, GraemeL, JoanneB, 

Shawnc, Bentong Isles, Donhalcon, JLaTondre, RenamedUser jaskldjslak904, Spliffy, Flowersofnight, 158-152-12-77, RunOrDie, Kung- 

fuadam, Canadianism, Ben D., Greatal386, JDspeeder1, Saboteur~enwiki, Asterion, Shmm70, Pentasyllabic, Lunch, DVD R W, Finell, 

Capitalist, Sardanaphalus, Crystallina, JJL, SmackBot, RDBury, YellowMonkey, Selfworm, Smitz, Bobet, Diggyba, Warhawkhalo101, 

Estoy Aquí, Reedy, Tarret, KnowledgeOfSelf, Royalguard11, Melchoir, McGeddon, Falustra77, Masparasol, Pgk, C.Fred, AndyZ, Kilo- 

Lima, Jagged 85, PizzaMargherita, CapitalSasha, Antibubbles, AnOddName, Canthusus, BiT, Nscheffey, Amystreet, Ekilfeather, Papep, 

Jaichander, Ohnoitsjamie, Hmains, Skizzik, Richfife, ERcheck, Hopper5, Squiddy, Armeria, Durova, Qtoktok, Wigren, Keegan, Woofboy, 

Rmt2m, Fplay, Christopher denman, Miquonranger03, MalafayaBot, Silly rabbit, Alink, Dlohcierekim’s sock, Richard Woods, Kungming2, 

Go for it!, Baa, RDT, Spellchecker, Baronnet, Colonies Chris, Ulises Sarry~enwiki, Nevada, Zachorious, Chendy, J•A•K, Can't sleep, 

clown will eat me, RyanEberhart, Timothy Clemans, Милан Јелисавчић, TheGerm, HoodedMan, Chlewbot, Vanished User 0001, Joshua 

Boniface, TheKMan, Rrburke, Addshore, Mr.Z-man, SundarBot, AndySimpson, Emre D., Iapetus, Jwy, CraigDesjardins, Daqu, Nakon, 

https://en.wikipedia.org/wiki/Mathematics?oldid=767799769
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VegaDark, Jiddisch~enwiki, Maxwahrhaftig, Salt Yeung, Danielkwalsh, Diocles, Pg2114, Jon Awbrey, Ruwanraj, Jklin, Xen 1986, Just 

plain Bill, Knuckles sonic8, Where, Bart v M, ScWizard, Pilotguy, Nov ialiste, JoeTrumpet, Math hater, Lambiam, Nishkid64, TachyonP, 

ArglebargleIV, Doug Bell, Harryboyles, Srikeit, Dbtfz, Kuru, JackLumber, Simonkoldyk, Vgy7ujm, Nat2, J 1982, Cronholm144, Heim- 

stern, Gobonobo, Mfishergt, Coastergeekperson04, Sir Nicholas de Mimsy-Porpington, Dumelow, Jazriel, Gnevin, Unterdenlinden, Ckatz, 

Loadmaster, Special-T, Dozing, Mr Stephen, Mudcower, AxG, Optakeover, SandyGeorgia, Mets501, Funnybunny, Markjdb, Ryulong, 

Gff~enwiki, RichardF, Limaner, Jose77, Asyndeton, Stephen B Streater, Politepunk, DabMachine, Levineps, Hetar, BranStark, Roland 

Deschain, Kevlar992, Iridescent, K, Kencf0618, Zootsuits, Onestone, Nilamdoc, C. Lee, CzarB, Polymerbringer, Joseph Solis in Australia, 

Newone, White wolf753, Muéro, David Little, Igoldste, Amakuru, Marysunshine, Maelor, Masshaj, Jatrius, Experiment123, Tawkerbot2, 

Daniel5127, Joshuagross, Emote, Pikminiman, Heyheyhey99, JForget, Smkumar0, Sakowski, Wolfdog, Sleeping123, CRGreathouse, 

Wafulz, Sir Vicious, Triage, Iced Kola, CBM, Page Up, Jester-Tester, Taylorhewitt, Nczempin, GHe, Green caterpillar, Phanu9000, 

Yarnalgo, Thomasmeeks, McVities, Requestion, FlyingToaster, MarsRover, Tac-Tics, Some P. Erson, Tim1988, Tuluat, Alaymehta, Mr- 

Fish, Oo7565, Gregbard, Captmog, El3m3nt09, Antiwiki~enwiki, Cydebot, Meznaric, Cantras, Funwithbig, MC10, Meno25, Gogo Dodo, 

DVokes, ST47, Srinath555, Pascal.Tesson, Goldencako, Benjiboi, Andrewm1986, Michael C Price, Tawkerbot4, Dragomiloff, Juansem- 

pere, M a s, Chrislk02, Brotown3, Mamounjo, 5300abc, Roccorossi, Abtract, Daven200520, Omicronpersei8, Vanished User jdksfajlasd, 

Daniel Olsen, Ventifact, TAU710, Aditya Kabir, BetacommandBot, Thijs!bot, Epbr123, Bezking, Jpark3591, Daemen, TheEmaciated- 

Stilson, MCrawford, Opabinia regalis, Mattyboy500, Kilva, Daniel, Loudsox, Ucanlookitup, Hazmat2, Wootwootwoot, Brian G. Wilson, 

Timo3, Mojo Hand, Djfeldman, Pjvpjv, West Brom 4ever, John254, Alientraveller, Mnemeson, Ollyrobotham, BadKarma14, Sethdoe92, 

Dfrg.msc, RobHar, CharlotteWebb, Dawnseeker2000, RoboServien, Escarbot, Itsfrankie1221, Thomaswgc, Thadius856, Sidasta, Anti- 

VandalBot, Ais523, RobotG, Gioto, Luna Santin, Dark Load, DarkAudit, Ringleader1489, Dylan Lake, Doktor Who, Chill doubt, Ax- 

iomShell, Abc30, Matheor, Archmagusrm, Falconleaf, Labongo, Spacefarer, Chocolatepizza, JAnDbot, Kaobear, MyNamesLogan, MER- 

C, The Transhumanist, Db099221, AussieOzborn au, Thenub314, Mosesroses, Hut 8.5, Kipholbeck, Xact, Twospoonfuls, .anacondabot, 

Yahel Guhan, Bencherlite, Yurei-eggtart, Bongwarrior, VoABot II, JamesBWatson, Swpb, Redaktor, EdwardLockhart, SineWave, Char- 

lielee111, Cic, Ryeterrell, Caesarjbsquitti, Wikiwhat?, Bubba hotep, KConWiki, Meb43, Faustnh, Hiplibrarianship, Johnbibby, Seberle, 

MetsBot, Pawl Kennedy, 28421u2232nfenfcenc, Systemlover, Bmeguru, Hotmedal, Just James, EstebanF, Glen, Rajpaj, Memorymen- 

tor, TheRanger, Calltech, Gun Powder Ma, Welshleprechaun, Robin S, Seba5618, SquidSK, 0612, J0equ1nn, Riccardobot, Jtir, Hdt83, 

MartinBot, Vladimir m, Arjun01, Quanticle, Nocklas, Rettetast, Fuzzyhair2, R'n'B, Pbroks13, Cmurphy au, Snozzer, Ben2then, Pre- 

stonH, Crazybobson, Thefutureschannel, RockMFR, Hrishikesh.24889, J.delanoy, Nev1, Unlockitall, Phoenix1177, Numbo3, Sp3000, 

Maurice Carbonaro, Nigholith, Hellonicole, -jmac-, Boris Allen, 2boobies, Jerry, TheSeven, NerdyNSK, Syphertext, Yadar677, Taop, G. 

Campbell, Wayp123, Keesiewonder, Matt1314, Ksucemfof, Gzkn, Ivelnaps, Smeira, DarkFalls, Renamed user 5417514488, Vishi-vie, 

Washington8785, Xyzaxis, Arkuski, JDQuimby, Batmanfan77, Alphapeta, Trd89, HiLo48, The Transhumanist (AWB), NewEnglandYan- 

kee, RANDP, MKoltnow, MhordeXsnipa, Milogardner, Nacrha, Balaam42, Mviergujerghs89fhsdifds, Cfrehr, Elvisfan2095, Tiyoringo, 

Juliancolton, Cometstyles, DavidCBryant, SlightlyMad, Jamesontai, Remember the dot, Ilya Voyager, Huzefahamid, Dandy mandy, An- 

dreas2001, Ishap, Sarregouset, CANUTELOOL2, CANUTELOOL3, Devonboy69, Jeyarathan, Death blaze, Emo kid you?, Thedud- 

ester, Samlyn.josfyn, Mother69, Vinsfan368, Cartiod, Helldude99, Sternkampf, Steel1943, CardinalDan, RJASE1, Idioma-bot, Remi0o, 

Lights, Tamillimat, Bandaidboy, C.lettingaAV, VolkovBot, Somebodyreallycool, Pleasantville, Jeff G., JohnBlackburne, Hhjk, The Catcher 

in The Rye D:, Alexandria, AlnoktaBOT, Dboerstl, NikolaiLobachevsky, Bangvang, 62 (number), Tseay11, Soliloquial, Headforahead- 

eyeforaneye, Barneca, Sześćsetsześćdziesiątsześć, Zeuron, Yoyoyo9, Trehansiddharth, TXiKiBoT, Katoa, Jacob Lundberg, Candy-Panda, 

Chickenclucker, Antoni Barau, Walor, Nxavar, Anonymous Dissident, Qxz, Nukemason4, Retiono Virginian, Ocolon, Savagepine, Den- 

nyColt, Digby Tantrum, JhsBot, Leafyplant, Beanai, 20em89.01, Cremepuff222, Geometry guy, Canyonsupreme, Natural Philosopher, 

Teller33, Mathsmad, Unknown 987, Tarten5, Nickmuller, Robomonster, Wolfrock, Jacob501, Kreemy, Synthebot, Tomaxer, Career- 

cornerstone, Enviroboy, Rurik3, Sardonicone, Evanbrown326, Alliashax, Sylent, Rubentimothy, SMIE SMIE, Gamahucher, Braindam- 

age3, Animalalley12895, Moohahaha, Thanatos666, Dillydumdum, AlleborgoBot, Voicework, Symane, Katzmik, Monkeynuts27, Demmy, 

Cam275, GoonerDP, SieBot, Mikemoral, James Banogon, BotMultichill, Timgregg96, Triwbe, 5150pacer, Soler97, Andersmusician, 

Anubhav29, Keilana, Tiptoety, Arbor to SJ, Undead Herle King, Richardcraig, Paolo.dL, Boogster, Oxymoron83, Henry Delforn (old), 

Avnjay, MiNombreDeGuerra, RW Marloe, SH84, Deejaye6, Musse-kloge, Jorgen W, Kumioko, Correogsk, MadmanBot, Nomoneyno- 

time, Nickm4c, Darkmyst932, Anchor Link Bot, Jacob.jose, Randomblue, Melcombe, Yotex9, CaptainIron555, Yhkhoo, Dabomb87, 

Jat99, Pinkadelica, Francvs, Khirurg, Ooswesthoesbes, ClueBot, Volcom5347, Gladysamuel, GPdB, Bwfrank, DFRussia, PipepBot, Foxj, 

Dobermanji, C1932, Remus John Lupin, Chocoforfriends, Smithpith, ArdClose, IceUnshattered, Plastikspork, Lawrence Cohen, Gawaxay, 

Nnemo, Ukabia, Michael.Urban, Niceguyedc, Xenon54, Mspraveen, DragonBot, Isaac25, 4pario, Donkeyboya, Excirial, CBOrgatrope, 

Bedsandbellies, Soccermaster3112, Alexbot, TonyBallioni, Pjb14, 0na01der, Andy pyro, Wikibobspider, BrentLeah, Eeekster, Anony- 

mous1324354657687980897867564534231, Mycatiscool, Greenjuice, Chance Jeong, Arunta007, Greenjuice3.0, Greenjuice4, Anime- 

Fan7, MacedonianBoy, ZuluPapa5, NuclearWarfare, JoelDick, Honeyspots3121, Blondeychck7, Faty148, Jotterbot, RC-0722, Wulfric1, 

Thingg, Franklin.vp, Aitias, DerBorg, Versus22, Hwalee76, SoxBot III, Apparition11, Mofeed.sawan, Slayerteez, XLinkBot, Marc van 

Leeuwen, Moocow444, Joejill67~enwiki, Little Mountain 5, Drumbeatsofeden, SilvonenBot, Planb 89, Alexius08, Vianello, MystBot, 

Zodon, RyanCross, Aetherealize, Zoltan808, Northdevonian, Aceleo, Blanche of King’s Lynn, Jetsboy101, Willking1979, Mattguzy, 

3Nigma, DOI bot, Cdt laurence, Fgnievinski, Yobmod, Aaronthegr8, CanadianLinuxUser, Potatoscrub, MrOllie, Download, Protonk, 

Chamal N, CarsracBot, Favonian, LinkFA-Bot, ViskonBot, Barak Sh, Aldermalhir, Jubeidono, PRL42, Lightbot, Ann Logsdon, Floc- 

cinocin123, Matěj Grabovský, Fivexthethird, TeH nOmInAtOr, Jarble, Herve1729, Sitehut, Ptbotgourou, Senator Palpatine, TaBOT- 

zerem, Legobot II, Kan8eDie, Nirvana888, Gugtup, Washburnmav, Mikeedla, THEN WHO WAS PHONE?, Skyeliam, MeatJustice, Wier- 

dox, AnomieBOT, Nastor, ThaddeusB, Connectonline, Taskualads, Themantheman, Galoubet, Neko85, Noahschultz, JackieBot, Comman- 

der Shepard, Chingchangriceball, Piano non troppo, Supersmashballs123, Agroose, Pm11189, Riekuh, Hamletö, Deverenn, Frank2710, 

Chief Heath, Easton12, Codycash33, Archaeopteryx, Citation bot, Merlissimo, ArthurBot, Tatarian, MauritsBot, Xqbot, TinucherianBot 

II, Sketchmoose, Timir2, Capricorn42, Johnferrer, Jmundo, Locos epraix, Br77rino, Isheden, Inferno, Lord of Penguins, Srich32977, Rag- 

ityman, Uarrin, LevenBoy, Quixotex, GrouchoBot, Resident Mario, ProtectionTaggingBot, Omnipaedista, Point-set topologist, Gott wisst, 

RibotBOT, Charvest, KrazyKosbyKidz, MarilynCP, Gingerninja12, Caleb7693, Deathiscomin90919, VictorPorton, Grg222, Daryl7569, 

Petes2176, GhalyBot, ThibautLienart, Prozo3190, Family400005, Bupsiij, Aaron Kauppi, Har56, Dr. Klim, Velblod, CES1596, Glid- 

erMaven, Thomascjackson, FrescoBot, RTFVerterra, Triwikanto, Tobby72, Mark Renier, Onefive15, VS6507, Alpboyraz, ParaDoxus, 

Sławomir Biały, Xefer, Zhentmdfan, Tzurvah MeRabannan, Citation bot 1, Amplitude101, Tkuvho, Rotje66, Kiefer.Wolfowitz, Awe- 

someHersh, ElNuevoEinstein, Cnwilliams, Gamewizard71, FoxBot, TobeBot, DixonDBot, Burritoburritoburrito, Fama Clamosa, Lotje, 

Dinamik-bot, Raiden09, Mrjames99, DJTrickyM, Stephen MUFC, Tbhotch, RjwilmsiBot, TjBot, Ripchip Bot, Galois fu, Alphanumeric 

Sheep Pig, BertSeghers, Mr magnolias, DarkLightA, LibertyDodzo, EmausBot, PrisonerOfIce, Nima1024, WikitanvirBot, Surlyduff50, 

AThornyKoanz, Mehdiirfani, Legajoe, Wham Bam Rock II, Dcirovic, Bethnim, ZéroBot, John Cline, Josve05a, Leafiest of Futures, 

Battoe19,  Anmol9999,  Scythia,  Brandmeister,  Vanished user fijtji34toksdcknqrjn54yoimascj,  Prototypehumanoid,  Ain92, Agatecat2700, 
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Herk1955, Teapeat, Mjbmrbot, Anita5192, Liuthar, ClueBot NG, Incompetence, Wcherowi, Movses-bot, Kindyin, LJosil, SilentResident, 

Braincricket, Rbellini, Zackaback, MillingMachine, Helpful Pixie Bot, Thisthat2011, Curb Chain, AnandVivekSatpathi, Nashhinton, Emi- 

lyREditor, Ariel C.M.K., Fraqtive42, Graham11, AvocatoBot, Davidiad, Ropestring, Edward Gordon Gey, EliteforceMMA, Karthick- 

raj007, VirusKA, MYustin, Brad7777, Idresjafary, Nbrothers, IkamusumeFan, Kavy32, Toploftical, Cyberbot II, Sklange, Blevintron, 

BlevintronBot, Sulphuric Glue, Dexbot, Rezonansowy, Mudcap, Sglooney316, AndiPersti, CuriousMind01, Augustus Leonhardus Carte- 

sius, Pankaj Jyoti Mahanta, Ybidzian, Praemonitus, Comp.arch, TycoonSaad, Finnusertop, Jarash, George8211, Chern038, FireflySixty- 

Seven, Kind Tennis Fan, Justin86789, 12visakhva, Dodi 8238, Rcehy, Cosmia Nebula, Leegrc, Vanisheduser00348374562342, 115ash, 

AdditionSubtraction, Holypod, Mario Castelán Castro, Loraof, Arvind asia, GoldCoastPrior, Atvica, Rctillinghast, User000name, Kas- 

parBot, Kafishabbir, The name, Ermahgerd9, MarkYabloko, Baking Soda, Ttt74, GreenC bot, Thephilosopher6, Hawkeye75, Apollo The 

Logician, Fluffyyyy and Anonymous: 1222 

• Decimal mark Source: https://en.wikipedia.org/wiki/Decimal_mark?oldid=767163136 Contributors: Derek Ross, Bryan Derksen, LA2, 

XJaM, Heron, Arj, Mintguy, Patrick, Michael Hardy, Voidvector, Menchi, Wapcaplet, Александър, Bogdangiusca, Jeandré du Toit, Em- 

perorbma, Ralesk, Kimmykun, Furrykef, Sabbut, Wernher, EikwaR, Bloodshedder, AnonMoos, Mtcv, Olathe, Jusjih, Donarreiskoffer, 

Fredrik, Schusch, Boffin, Moondyne, Henrygb, Flauto Dolce, Rorro, Mfc, Giftlite, Dbenbenn, Gus Polly, Filceolaire, Alensha, Isidore, 

159753, Pgan002, Noe, Beland, Evertype, DNewhall, Thincat, Elektron, Icairns, Picapica, Trevor MacInnis, Eep², Poccil, Rich Farm- 

brough, Ffirehorse, Mani1, Horsten, Zaslav, Plugwash, Fgrosshans, RJHall, Kwamikagami, QuartierLatin1968, Jlin, Mollymoo, Ency, 

QuantumEleven, Senor Purple, Jérôme, Alansohn, Gary, The RedBurn, User6854, Andrew Gray, Ledrug, Sobolewski, BRW, Irde- 

pesca572, Stephan Leeds, Lokedhs, Kusma, Mosesofmason, Lkinkade, Imaginatorium, Woohookitty, Dandv, Gherald, Oliphaunt, Ruud 

Koot, WadeSimMiser, Jeff3000, Grika, Cbdorsett, Sygmoral, Thirty-seven, Graham87, NCdave, Josh Parris, Quiddity, Salix alba, Cas- 

sowary, Mathbot, Nihiltres, Fresheneesz, Glenn L, Chobot, Bgwhite, YurikBot, Jimp, IByte, Enano275, Caiyu, AdiJapan, Ospalh, Dbfirs, 

Ms2ger, SFGiants, Cedar101, Lio, Carabinieri, AGToth, Mardus, Finell, SmackBot, Hydrogen Iodide, Jagged 85, Nil Einne, Septe- 

gram, Bernard François, Reza1615, Flurry, Nick.annejohn, Greatgavini, Silly rabbit, Timneu22, Octahedron80, Nbarth, MichaelWheeley, 

CDV, Huji, Schwallex, Frap, Shaze, UU, Cybercobra, Dangarcia~enwiki, Woodysee, Kevinbsmith, Ohconfucius, NotMuchToSay, Dej- 

udicibus, Loodog, Mgiganteus1, Caiaffa, Stephen B Streater, Albatross83~enwiki, JYi, DouglasCalvert, Dakart, IvanLanin, Nethac DIU, 

Wolfdog, Georg Peter, Ale jrb, Comrade42, Equendil, Themightyquill, Crossmr, JamesLucas, Thijs!bot, Jsejcksn, Dogaroon, Adam- 

Roach, GenuineMongol, Manosij.m, F l a n k e r, Stybn, QuiteUnusual, Willscrlt, Dhrm77, JAnDbot, Epeefleche, Mwarren us, Timur lenk, 

Magioladitis, Mclay1, Karl432, Adriaan, STBot, Magicartpro, R'n'B, KTo288, Dutchguy, GoatGuy, Nemo bis, Snoopdop, Cycneavox, Ke- 

tanPadegaonkar, Nicecherub, Rexparry sydney, R36, Amolnaik2k, Agamemnus, Signalhead, VolkovBot, TreasuryTag, Iwavns, JohnBlack- 

burne, Lewis Trondheim, Vk2sky, WinTakeAll, Malick78, Jason Leach, TrippingTroubadour, Schnurrbart, CT Cooper, Vahagn Petrosyan, 

A.M.Hudor, Keilana, HkCaGu, MinorContributor, Universalcosmos, Tickletaint, B4r4n5k1, Cépey, Svick, AlanUS, Cs che, Spanishtech, 

Francvs, Elassint, ClueBot, Admiral Norton, Gpermant, Nnemo, DrFO.Jr.Tn~enwiki, Catbtds, Puchiko, WikiTraube, Excirial, Three- 

quarter-ten, Resoru, PixelBot, Nazarenus~enwiki, Intermax~enwiki, 20-dude, RickMilw, Gerhardvalentin, Addbot, Mortense, Cuaxdon, 

Quercus solaris, Yobot, Denispir, EnTerr, Neqitan, AnomieBOT, Rjanag, Jim1138, LlywelynII, Legolassitu, Rcoulter4lyfe, ArthurBot, 

LilHelpa, Gromolyak, Dennis6492, Khajidha, Blck Blk, Towolf-en, , GrouchoBot, Humilulo, RibotBOT, Aaron Kauppi, Frank50 s, 

Tobby72, Michael93555, Hébus, Kbiro, Doremo, MacMed, Timtranslates, Siddhartha Ghai, Trappist the monk, Micah008, Felipito1.966, 

Un.autre.monde, Rzuwig, Tbhotch, Paal.foyn, Puttaren, MrFawwaz, Nazz78, Ida Shaw, H3llBot, RRabbit42, Craig.francis, DASHBotAV, 

Любослов Езыкин, Nayefc, Mikhail Ryazanov, Tucto, ClueBot NG, Matthiaspaul, Chrisminter, BarrelProof, Hofmic, Helpful Pixie Bot, 

Wbm1058, Plantdrew, Garygoh884, BG19bot, Viller the Great, Aisteco, Tosek, David.moreno72, Masterridley, ChrisGualtieri, Dexbot, 

Qazp, Kotz, BurritoBazooka, Haraldmmueller, Ignn, Neosergio~enwiki, Myconix, Comp.arch, বিজয় চক্রবর্তী, Szqecs, Ekerrs92, Oathed, Kaystay, 

Earevalop, Vieque, Chha~enwiki, Joeleoj123, Ioangogo, Jedithetoller, MrTinchuri, Mario Castelán Castro, AlexSt17, Timpavlic, Mr. 

Magoo and McBarker, Sangdeboeuf, GeneralizationsAreBad, Xma000, Blacligtnin113, Swissnetizen, InternetArchiveBot, RobbieIan- 

Morrison, Kyegupov, Tadaobtuse and Anonymous: 328 

• History of geometry Source: https://en.wikipedia.org/wiki/History_of_geometry?oldid=765074824 Contributors: AxelBoldt, LC~enwiki, 

Brion VIBBER, Zundark, Taw, Manning Bartlett, Eclecticology, Graham Chapman, Youssefsan, XJaM, SimonP, Camembert, Netesq, 

Quintessent, Michael Hardy, Ixfd64, Fruge~enwiki, TakuyaMurata, Egil, Ellywa, Ahoerstemeier, Fuck You, Glenn, BenKovitz, Andres, 

Kaihsu, Mxn, Raven in Orbit, Revolver, Charles Matthews, Dino, Joshuabowman, Dysprosia, Phys, Shizhao, Mackensen, Francs2000, Rob- 

bot, Altenmann, Dittaeva, Romanm, MathMartin, Lsy098~enwiki, Aetheling, Fuelbottle, Guy Peters, Jleedev, Dina, Tosha, Giftlite, Lethe, 

Tom harrison, Guanaco, Bobblewik, Gubbubu, Bact, CryptoDerk, Knutux, LucasVB, APH, Cederal, Tomruen, Joyous!, Kate, Grstain, 

Ta bu shi da yu, Freakofnurture, Discospinster, ElTyrant, Rich Farmbrough, Martinl~enwiki, Spundun, Dbachmann, Mani1, Paul August, 

Brian0918, El C, RoyBoy, Rpresser, Bobo192, Smalljim, BrokenSegue, Maurreen, SpeedyGonsales, Msh210, Gary, Interiot, Arthena, 

ABCD, Denniss, Angelic Wraith, Gunter, Agutie, MIT Trekkie, Falcorian, Oleg Alexandrov, Dejvid, Stemonitis, Thryduulf, Simetrical, 

Woohookitty, Linas, Henrik, Mindmatrix, Shreevatsa, Georgia guy, Kokoriko, Kzollman, Jimbryho, Ruud Koot, Jeff3000, Palica, Gra- 

ham87, BD2412, Rjwilmsi, Mayumashu, NatusRoma, Linuxbeak, JHMM13, Salix alba, FlaBot, Windchaser, Mathbot, Crazycomputers, 

RexNL, Sbrools, Lilyth, Sharkface217, Siddhant, YurikBot, Wavelength, RobotE, Deeptrivia, Kafziel, Michael Slone, Aftermath, Retired 

username, Larry laptop, Nate1481, Happydrifter, Someones life, LifeStar, Googl, Deville, Lt-wiki-bot, Chase me ladies, I'm the Cavalry, 

Cullinane, Claygate, GraemeL, DVD R W, Marquez~enwiki, Sardanaphalus, SmackBot, Radak, Type O Spud, Hydrogen Iodide, Zerida, 

Melchoir, Lagalag, Jagged 85, PJM, Frymaster, Gilliam, Brotherbobby, Hmains, Oscarthecat, BirdValiant, Chris the speller, TimBentley, 

MartinPoulter, Ikiroid, Zinneke, Egsan Bacon, Timothy Clemans, Leinad-Z, Tamfang, Vanished User 0001, Zen611, Lcarscad, Clean 

Copy, Pilotguy, Dogears, John Reid, ArglebargleIV, Bcasterline, Special-T, LaMenta3, Nehrams2020, Newone, RekishiEJ, Tawkerbot2, 

Mordan 00, CRGreathouse, Wafulz, Philiprbrenan, GHe, McVities, Lazulilasher, Myasuda, Gregbard, BlueAg09, Scott14, Christian75, 

JodyB, LeeG, Marek69, AbcXyz, Curlytop999, Escarbot, AntiVandalBot, Modernist, LibLord, Figma, Gökhan, MER-C, ElkinkF, The 

Transhumanist, Raanoo, Wisnuops, Bongwarrior, JamesBWatson, SineWave, SwiftBot, KConWiki, Felliax08, DerHexer, Wayne Miller, 

Geometricarts, Gonzo2008, R'n'B, CommonsDelinker, Nono64, Uncle Dick, Lantonov, Chiswick Chap, Aervanath, Tatrgel, Useight, Dong- 

wenliang, Philip Trueman, Hqb, Olly150, Oxfordwang, Martin451, Sniperz11, Jackfork, LeaveSleaves, Noformation, Enviroboy, Pericle- 

sofAthens, Phe-bot, Legion fi, Alexsmail, Yintan, Wilson44691, Gja34, Denisarona, 3rdAlcove, Vmoraru, Khirurg, ClueBot, Dustman15, 

J8079s, Niceguyedc, SamuelTheGhost, DragonBot, Jusdafax, Redroe91, Leonard^Bloom, Glacier Wolf, Rror, Thatguyflint, Mojska, Proof- 

reader77, Non-dropframe, Ka Faraq Gatri, MrOllie, Download, Legobot, Luckas-bot, Yobot, Fraggle81, Eric-Wester, HairyPerry, Blaz- 

erKnight, Materialscientist, Citation bot, Maxis ftw, Neurolysis, Xqbot, DSisyphBot, Timmyshin, Xashaiar, Omnipaedista, Prunesqualer, 

HamburgerRadio, Citation bot 1, Tkuvho, Jonesey95, SpaceFlight89, Riccardo.fabris, Trappist the monk, Lotje, DARTH SIDIOUS 2, 

Generalboss3, Francisco Quiumento, Slightsmile, Wikipelli, Fæ, Josve05a, TyA, Chewings72, Ego White Tray, ChuispastonBot, Clue- 

Bot NG, Wcherowi, MelbourneStar, Gilderien, Shayfalador, O.Koslowski, Helpful Pixie Bot, Thisthat2011, MusikAnimal, Mifter Public, 

Artmartxx, Harizotoh9, Brad7777, Anbu121, ChrisGualtieri, Hmainsbot1, SFK2, Dicer422, Faizan, Melonkelon, Kgraghav, Frozlander, 

NIMISH DUDHE, Allthefoxes, Bamaman13001, Wikishovel, Peterthesavage1 and Anonymous: 321 
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• Graph theory Source: https://en.wikipedia.org/wiki/Graph_theory?oldid=767746813 Contributors: AxelBoldt, Kpjas, LC~enwiki, Robert 

Merkel, Zundark, Taw, Jeronimo, BlckKnght, Dze27, Oskar Flordal, Andre Engels, Karl E. V. Palmen, Shd~enwiki, XJaM, JeLuF, 

Arvindn, Gianfranco, Matusz, PierreAbbat, Miguel~enwiki, Boleslav Bobcik, FvdP, Camembert, Hirzel, Tomo, Patrick, Chas zzz brown, 

Michael Hardy, Wshun, Chris-martin, Glinos, Meekohi, Jakob Voss, TakuyaMurata, GTBacchus, Grog~enwiki, Pcb21, Dgrant, CesarB, 

Looxix~enwiki, Ellywa, Ams80, Ronz, Nanshu, Gyan, Nichtich~enwiki, Mark Foskey, Александър, Poor Yorick, Caramdir~enwiki, Mxn, 

Charles Matthews, Berteun, Almi, Hbruhn, Dysprosia, Daniel Quinlan, Gutza, Doradus, Zoicon5, Roachmeister, Populus, Zero0000, 

Doctorbozzball, McKay, Shizhao, Optim, Robbot, Brent Gulanowski, Fredrik, Altenmann, Dittaeva, Gandalf61, MathMartin, Sverdrup, 

Puckly, KellyCoinGuy, Thesilverbail, Bkell, Paul Murray, Fuelbottle, ElBenevolente, Aknxy, Dina, Tea2min, Giftlite, Dbenbenn, Thv, The 

Cave Troll, Elf, Lupin, Brona, Pashute, Duncharris, Andris, Jorge Stolfi, Tyir, Sundar, GGordonWorleyIII, Alan Au, Bact, Knutux, APH, 

Tomruen, Tyler McHenry, Naerbnic, Peter Kwok, Robin klein, Ratiocinate, Andreas Kaufmann, Chmod007, Madewokherd, Discospin- 

ster, Solitude, Guanabot, Qutezuce, Mani1, Paul August, Bender235, Zaslav, Tompw, Diego UFCG~enwiki, Chalst, Shanes, Renice, C S, 

Csl77, Jojit fb, Photonique, Jonsafari, Obradovic Goran, Tsirel, Jumbuck, Msh210, Alansohn, Liao, Mailer diablo, Marianocecowski, 

Aquae, Blair Azzopardi, Oleg Alexandrov, Youngster68, Linas, LOL, Ruud Koot, Tckma, Astrophil, Davidfstr, GregorB, SCEhardt, 

Stochata, Xiong, Graham87, Magister Mathematicae, BD2412, SixWingedSeraph, Rjwilmsi, Gmelli, George Burgess, Eugeneiiim, Ar- 

bor, Kalogeropoulos, Fred Bradstadt, FayssalF, FlaBot, PaulHoadley, RexNL, Vonkje, Chobot, Jinma, YurikBot, Wavelength, Michael 

Slone, Gaius Cornelius, Alex Bakharev, Morphh, SEWilcoBot, Jaxl, Ino5hiro, Xdenizen, Daniel Mietchen, Shepazu, Voidxor, Rev3nant, 

Lt-wiki-bot, Jwissick, Arthur Rubin, Netrapt, LeonardoRob0t, Agro1986, Eric.weigle, Allens, Sardanaphalus, Melchoir, Brick Thrower, 

Ohnoitsjamie, Oli Filth, OrangeDog, Taxipom, DHN-bot~enwiki, Tsca.bot, Onorem, GraphTheoryPwns, Lpgeffen, Jon Awbrey, Henning 

Makholm, Mlpkr, SashatoBot, Whyfish, Disavian, MynameisJayden, Idiosyncratic-bumblebee, Dicklyon, Quaeler, Lanem, Tawkerbot2, 

Ylloh, Mahlerite, CRGreathouse, Dycedarg, Requestion, Bumbulski, Myasuda, RUVARD, The Isiah, Ntsimp, Abeg92, Corpx, Dumb- 

BOT, Anthonynow12, Thijs!bot, Jheuristic, King Bee, Pstanton, Hazmat2, Headbomb, Marek69, Eleuther, AntiVandalBot, Whiteknox, 

Hannes Eder, Spacefarer, Myanw, JAnDbot, MER-C, The Transhumanist, Igodard, Restname, Sangak, Tmusgrove, Feeeshboy, Usien6, 

Ldecola, David Eppstein, Kope, DerHexer, Oroso, MartinBot, R'n'B, Uncle Dick, Joespiff, Ignatzmice, Shikhar1986, Tarotcards, Policron, 

XxjwuxX, Yecril, JohnBlackburne, Dggreen, Anonymous Dissident, Alcidesfonseca, Anna Lincoln, Ocolon, Magmi, PaulTanenbaum, Ge- 

ometry guy, Fivelittlemonkeys, Sacredmint, Spitfire8520, Radagast3, SieBot, Dawn Bard, Toddst1, Jon har, Bananastalktome, Titanic4000, 

Beda42, Maxime.Debosschere, Aechase1, Damien Karras, ClueBot, DFRussia, PipepBot, Justin W Smith, Vacio, Wraithful, Garyzx, Mild 

Bill Hiccup, DragonBot, Fchristo, Hans Adler, Dafyddg, Razorflame, Rmiesen, Kruusamägi, Pugget, Darkicebot, BodhisattvaBot, Dekart, 

Tangi-tamma, Addbot, Dr.S.Ramachandran, Cerber, DOI bot, Ronhjones, Low-frequency internal, CanadianLinuxUser, Protonk, Laaknor- 

Bot, Smoke73, Delaszk, Favonian, Maurobio, Lightbot, Jarble, Ettrig, Luckas-bot, Yobot, Kilom691, Trinitrix, Jean.julius, AnomieBOT, 

Womiller99, Sonia, Jim1138, Piano non troppo, Gragragra, RandomAct, Citation bot, Ayda D, Xqbot, Jerome zhu, Capricorn42, Nas- 

nema, Miym, GiveAFishABone, RibotBOT, Jalpar75, Aaditya 7, Ankitbhatt, MultiPoly, FrescoBot, Mark Renier, SlumdogAramis, Ci- 

tation bot 1, Sibian, Maggyero, Pinethicket, RobinK, Wsu-dm-jb, D75304, Wsu-f, Xnn, Obankston, Andrea105, RjwilmsiBot, TjBot, 

Powerthirst123, Aaronzat, EmausBot, Domesticenginerd, EleferenBot, Jmencisom, Dcirovic, Slawekb, Akutagawa10, D.Lazard, Netha 

Hussain, Tolly4bolly, ChuispastonBot, EdoBot, ClueBot NG, Wcherowi, Watersmeetfreak, Matthiaspaul, MelbourneStar, Outraged duck, 

OMurgo, Bazuz, Aks1521, Masssly, Joel B. Lewis, Johnsopc, HMSSolent, 4368a, BG19bot, Ajweinstein, Канеюку, MusikAnimal, Avoca- 

toBot, Bereziny, Brad7777, Sofia karampataki, ChrisGualtieri, GoShow, Dexbot, DaltonCastle, Cerabot~enwiki, Omgigotanaccount, Wiki- 

isgreat123, Faizan, Maxwell bernard, Bg9989, Zsoftua, SakeUPenn, Yloreander, StaticElectricity, Gold4444, Cyborgbadger, Monkbot, 

Zachwaltman, Gr pbi, Jdcomix, KasparBot, Lr0^^k, PA Math Prof, Meachamus.Prime, Baking Soda, GreenC bot, Ywang416, Anish 

karimaloor, Jetroberts, Mitsou~dewiki and Anonymous: 403 

• Flow network Source: https://en.wikipedia.org/wiki/Flow_network?oldid=740112996 Contributors: Michael Hardy, Darkwind, Silverfish, 

Charles Matthews, Dcoetzee, Dysprosia, Jogloran, Giftlite, BenFrantzDale, Neilc, Sebbe, Andreas Kaufmann, Mormegil, Rich Farmbrough, 

Paul August, Zaslav, Spoon!, Bfishburne, Mdd, Oleg Alexandrov, LOL, Myleslong, SeventyThree, Ligulem, Bubba73, Mathbot, Vonkje, 

Jittat~enwiki, YurikBot, Nils Grimsmo, Misza13, Nethgirb, Cedar101, That Guy, From That Show!, SmackBot, Nejko, Cazort, Mcld, 

Chris the speller, DHN-bot~enwiki, Ssnseawolf, Vina-iwbot~enwiki, Ycl6, Lim Wei Quan, Freederick, Limaner, CmdrObot, Doctormatt, 

Expiring frog, Thijs!bot, Heineman, Jirka6, Hermel, Fallschirmjäger, David Eppstein, User A1, Craigyjack, Mange01, Maurice Carbonaro, 

Cobi, BernardZ, Oddbod7, Alexkorn, Mischling, Leafyplant, Serknap, Djice91, Debamf, Grumpyland, Jjurski, Svick, ClueBot, Vacio, Ben- 

der2k14, Crowsnest, Dthomsen8, Ost316, Vikas.menon, Addbot, Fgnievinski, EconoPhysicist, ماني, Yobot, AnomieBOT, Womiller99, 

Citation bot, Jalpar75, FrescoBot, Kiefer.Wolfowitz, Fraxtil, Horcrux92, Mean as custard, TheArguer, WikitanvirBot, Parkywiki, Dcirovic, 

Sembrestels, Wakebrdkid, ClueBot NG, Gorthian, Dstein64, Zettaphone, Faizan, Annick Robberecht, Dough34, Ssolanki07, F.Raab, Jon- 

MarkPerry, Ahaider3, Kkanwariya, Mtodinov, Leonhard Fortier, Adhikari IM and Anonymous: 79 

• Time value of money Source: https://en.wikipedia.org/wiki/Time_value_of_money?oldid=760596315 Contributors: Brion VIBBER, The 

Anome, Hajhouse, Heron, Edward, Patrick, Michael Hardy, Kwertii, Mic, Tabrez, Minesweeper, Mydogategodshat, Charles Matthews, 

Greenrd, Taxman, Robbot, Dzhuo, Lowellian, Tbutzon, Tea2min, Kim Bruning, BenFrantzDale, Frencheigh, Micru, SWAdair, Bobblewik, 

MarkSweep, Fintor, AliveFreeHappy, Discospinster, Too Old, Notinasnaid, ZeroOne, Kbh3rd, Spearhead, Spoon!, Causa sui, Bobo192, 

Longhair, Tobacman, Maurreen, Alansohn, Mu5ti, Wtshymanski, Tbsmith, Firsfron, Garylhewitt, Mindmatrix, LOL, Guy M, Mazca, 

Ruud Koot, Lfchuang, MassGalactusUniversum, Koavf, Salix alba, R.O.C, Gudeldar, Feco, Jeffmcneill, RobertG, AndriuZ, NevilleDNZ, 

Roboto de Ajvol, RussBot, Htournyol, Sasuke Sarutobi, DanMS, Dkostic, Yamara, Nirvana2013, Ravedave, Haemo, Cheese Sandwich, 

Avraham, E Wing, SigmaEpsilon, Fsiler, DocendoDiscimus, SmackBot, Slashme, HalfShadow, Eupedia, IstvanWolf, Gilliam, Ohnoits- 

jamie, Chris the speller, MK8, MartinPoulter, Metacomet, Nbarth, George Ho, Smallbones, Ibatten, Cybercobra, Mcamp@cinci.rr.com, 

Romanski, Kukini, SirIsaacBrock, ArglebargleIV, OverInsured, Kuru, Aaronchall, Jim.belk, MTSbot~enwiki, Phuzion, Eastlaw, Cm- 

drObot, Argon233, Outriggr (2006-2009), Cydebot, JamesAM, Barticus88, AntiVandalBot, CZmarlin, Gregalton, Unsolicited, Barek, 

Mwarren us, Adfred123, PhilKnight, Gfsheppard, Magioladitis, VoABot II, Ishikawa Minoru, Nyttend, Jonazo, Retail Investor, Flowanda, 

Onlynone, R'n'B, J.delanoy, Wcspaulding, Zojj, Jester7777, Guyzero, Chrisfoxinc, JohnDoe0007, SoCalSuperEagle, Fesenjoon, Meiskam, 

Malik Shabazz, Mrh30, AlnoktaBOT, SueHay, Wordsmith, Mikehanson, Brachanders, WereSpielChequers, Dawn Bard, Andrij Kursetsky, 

StaticGull, Pinkadelica, Rinconsoleao, Rumping, Enthusiast01, Mild Bill Hiccup, Blanchardb, Thegeneralguy, Jmichael ll, Chakreshsinghai, 

Thingg, Versus22, BigK HeX, Delicious carbuncle, Nicoguaro, Doc9871, PL290, Alexius08, Addbot, MrOllie, Thom443, Ryoga Godai, 

Sandip2k1in, Shannonbowling, Luckas-bot, Yobot, William hauser, AnomieBOT, JackieBot, ArthurBot, Omnipaedista, PM800, Sp288, 

Recognizance, Mfwitten, MondalorBot, Ivarkinny, MShabazz, Peter du Marchie van Voorthuysen, Julienbarlan, Areastrips78, ClueBot 

NG, Keithphw, Wikiinstructor, Statoman71, BG19bot, Marcocapelle, Karkovkarkov, Davedawson20, Jeremy112233, David.moreno72, 

ChrisGualtieri, Enterprisey, Schechenpaule, Mark viking, Solwarda, Enstatite, Upjav, SavedHarbor and Anonymous: 273 

• Engineering Source: https://en.wikipedia.org/wiki/Engineering?oldid=767734758 Contributors: Tobias Hoevekamp, Brion VIBBER, 

Robert Merkel, The Anome, Tbackstr, Ap, Andre Engels, Mirwin, Rmhermen, Aldie, Fubar Obfusco, William Avery, Mudlock, Pe- 

terlin~enwiki, Jlinton, DavidLevinson, Anthere, Waveguy, Heron, Quercusrobur, Stevertigo, Kchishol1970, JohnOwens, Michael Hardy, 

https://en.wikipedia.org/wiki/Graph_theory?oldid=767746813
https://en.wikipedia.org/wiki/Flow_network?oldid=740112996
https://en.wikipedia.org/wiki/Time_value_of_money?oldid=760596315
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Vera Cruz, Nixdorf, Eric Desart, 6birc, Dori, Jlburf, Paul A, Pagingmrherman, Ahoerstemeier, G Colwell, Mac, Ronz, Docu, J-Wiki, 

Snoyes, Angela, Kingturtle, BigFatBuddha, Salsa Shark, Glenn, Poor Yorick, Nikai, Hemant kumar, Astudent, BAxelrod, Samuel~enwiki, 

Mxn, Lommer, Quickbeam, Ideyal, Adam Bishop, EmphasisMine, Reddi, Ww, Ike9898, Wik, Pheon, DJ Clayworth, Markhurd, Maximus 

Rex, Grendelkhan, Greglocock, Paul-L~enwiki, Omegatron, Phoebe, Bevo, Stephane Simard, Jusjih, David.Monniaux, Rogper~enwiki, 

Robbot, YahoKa, BenBreen2003, Merovingian, Texture, Meelar, Diderot, Caknuck, Hadal, Diberri, Jleedev, GreatWhiteNortherner, 

Dina, Ancheta Wis, Giftlite, DocWatson42, Christopher Parham, LutzPrechelt, CrazyCanuck, Greyengine5, Wolfkeeper, Inkling, Geeo- 

haree, Netoholic, Tom harrison, Quadra23, 0x6D667061, Theon~enwiki, Everyking, Jacob1207, Cantus, KaLogain, Jfdwolff, H-2-O, 

Guanaco, Finn-Zoltan, Solipsist, JRR Trollkien, Stevietheman, Barneyboo, Utcursch, CryptoDerk, Quadell, Bgbot, Jfliu, Catdude, Rjsc, 

TomS, Yayay, Pethan, Grimey, Fintor, NJBUDD, Imjustmatthew, Shadowlink1014, MementoVivere, Ratiocinate, Bluemask, Gazpacho, 

Corti, Mike Rosoft, DanielCD, GoodStuff, Lone Isle, Discospinster, Rich Farmbrough, Guanabot, Magic5ball, Jakob~enwiki, Vsmith, 

Smyth, HCA, SocratesJedi, Mani1, Pavel Vozenilek, Vivers, Paul August, SpookyMulder, Bender235, Neko-chan, STHayden, Pmet- 

zger, SamanthaPr, Kaszeta, El C, Lankiveil, Art LaPella, Bookofjude, Coolcaesar, Femto, Bobo192, Stesmo, Smalljim, Func, Viriditas, 

Elipongo, Matt Britt, Malafaya, Maurreen, Kjkolb, Clyde frogg, Haham hanuka, Nsaa, Jakew, Mdd, Passw0rd, Linuxlad, Storm Rider, 

Alansohn, PaulHanson, JamesTseng, Mick8882003, Qwe, Guaca, Andrewpmk, Paleorthid, AzaToth, Corwin8, Spangineer, Hu, Learn- 

More, PaePae, Wtmitchell, Velella, SidP, Wtshymanski, JM Robert, Cburnett, Suruena, Bsadowski1, Versageek, Oleg Alexandrov, Siafu, 

Stemonitis, Thryduulf, Woohookitty, Grillo, MattGiuca, Commander Keane, WadeSimMiser, MONGO, Tabletop, Dbl2010, Husainweb, 

Cbdorsett, Wikiklrsc, Sengkang, CharlesC, TheAlphaWolf, Prashanthns, Jacj, PeregrineAY, Paxsimius, Mandarax, Graham87, NebY, 

Canderson7, Sjö, Rjwilmsi, Mayumashu, DeadlyAssassin, Vary, MarSch, PCStuff, Tangotango, Trlovejoy, Vegaswikian, Yug, Marnet- 

teD, Yamamoto Ichiro, Mg2005, RobertG, Pavlo Shevelo, Awotter, GünniX, Nivix, JYOuyang, RexNL, Gurch, AndriuZ, Pythro, Chobot, 

DVdm, Korg, Antiuser, Roygbiv666, YurikBot, RobotE, MMuzammils, RussBot, Arado, Rincewind42, Polluxian, Gaius Cornelius, Cam- 

bridgeBayWeather, Chaos, Pseudomonas, Wimt, NawlinWiki, Stephen Burnett, Wiki alf, Dialectric, Bobg1756, Welsh, Srinivasasha, 

Janet13, Dhollm, Jpbowen, Stevenwmccrary58, Tony1, Bota47, Tachs, ThreePD, Alpha 4615, Wknight94, Boivie, Jth299, FF2010, Ger- 

gyl, Light current, Zzuuzz, Encephalon, Nwk, Freeformer, Fang Aili, Jor70, NeilN, GrinBot~enwiki, Zvika, SkerHawx, DVD R W, Luk, 

A bit iffy, SmackBot, Tclose, Ant har05, Prodego, KnowledgeOfSelf, Hydrogen Iodide, K-UNIT, C.Fred, Blue520, KocjoBot~enwiki, 

Jagged 85, Clpo13, WookieInHeat, Delldot, Jab843, Cessator, Canthusus, Edgar181, BookwormUK, Gilliam, Ohnoitsjamie, Hmains, Os- 

carthecat, Skizzik, Saros136, Chris the speller, Bluebot, Haenaroad, Kurykh, Keegan, Persian Poet Gal, NCurse, Rhoeg, Pylori, Fplay, 

MalafayaBot, Villarinho, Kungming2, Colonies Chris, HyperX, MaxSem, Can't sleep, clown will eat me, Tartan, Chlewbot, Racklever, 

Avb, Yidisheryid, Emanuelperez, RedHillian, Mr.Z-man, Allan McInnes, Normxxx, Krich, Cschutte, Cybercobra, Khukri, Nakon, Blake-, 

Nexus Seven, Ryan Roos, Sporkot, Hammer1980, SpiderJon, Wizardman, Kotjze, Springnuts, Sadi Carnot, Kukini, Imecs, The undertow, 

SashatoBot, DragonFly31, Kuru, UberCryxic, Poa, Vgy7ujm, Wtwilson3, Cronholm144, Tim bates, Butko, Peterlewis, PseudoSudo, 16@r, 

Beetstra, Martinp23, Wstomv, Mr Stephen, Csyberblue, Dicklyon, Drdestiny77, KurtRaschke, Tasoskessaris, Jose77, Xionbox, Levineps, 

Nehrams2020, Iridescent, KOTHALAWELA, Joseph Solis in Australia, Devin122, J Di, IvanLanin, UncleDouggie, DavidHOzAu, Lent, 

Courcelles, Anger22, Tawkerbot2, Pithecanthropus, Cryptic C62, Dan1679, Alexthe5th, IanWills, Joostvandeputte~enwiki, JForget, Cm- 

drObot, Megaboz, Tshepang, Johnreep, Hans-J. Wendt~enwiki, Requestion, WeggeBot, Karenjc, Basar, Maxxicum, AndrewHowse, Cyde- 

bot, THESHAN, Future Perfect at Sunrise, Reywas92, SyntaxError55, Michaelas10, Gogo Dodo, ST47, Julian Mendez, Skittleys, Dancter, 

Verdy p, Tawkerbot4, Odiseo79, DumbBOT, Engineering fan, Ssilvers, Septagram, Vanished User jdksfajlasd, Tunheim, PamD, Thijs!bot, 

Epbr123, Michagal, N5iln, Mojo Hand, Purple Paint, Möchtegern, Marek69, Gerry Ashton, Ryansdistrict, Dmitri Lytov, D.H, Natalie Erin, 

Dieselman, Escarbot, Thomaswgc, Mentifisto, Ela112, AntiVandalBot, Luna Santin, Seaphoto, Khin007, Mr Grim Reaper, Bakabaka, 

Manionc, Alphachimpbot, Hwachang82, Gökhan, Golgofrinchian, Ioeth, JAnDbot, Harryzilber, Barek, Caracaskid, PhilKnight, Savant13, 

Kerotan, LittleOldMe, Acroterion, Magioladitis, Jaysweet, Gsaup, Bongwarrior, VoABot II, AtticusX, JNW, JamesBWatson, Jatkins, Re- 

curring dreams, Catgut, Gabriel Kielland, Sgr927, Nposs, Blaserules, 28421u2232nfenfcenc, Wwmbes, XMog, Bmeguru, User A1, FOK 

SD OA, MCG, DerHexer, Esanchez7587, Kgranados, Khalid Mahmood, Nankai, TheRanger, Oicumayberight, Gun Powder Ma, Gjd001, 

Kornfan71, Hdt83, MartinBot, Grandia01, Sigmundg, Lginger, Anaxial, R'n'B, CommonsDelinker, Gah4, Thirdright, J.delanoy, Pharaoh 

of the Wizards, Trusilver, Numbo3, Uncle Dick, Tom-3124, FactsAndFigures, G. Campbell, Katalaveno, Zuejay, Smeira, Kangie, Ephebi, 

Davandron, Gurchzilla, Tkn20, AntiSpamBot, Vanished user g454XxNpUVWvxzlr, Tonyshan, Elcielo917, The Transhumanist (AWB), 

NewEnglandYankee, SJP, MKoltnow, BigHairRef, Mouradvt, Jabelufiroz, KylieTastic, Bob, Cometstyles, Treisijs, BryXEng, Ja 62, S 

(usurped also), Useight, Baljitisgay, Idioma-bot, Funandtrvl, Remi0o, Lights, VolkovBot, Cireshoe, ABF, Meaningful Username, Mrorvig 

UTexas Aerospace Engineering, Lear’s Fool, Martinra, Station1, Barneca, Kps2, Taraborn, Philip Trueman, Drunkenmonkey, TXiKiBoT, 

Oshwah, Ldonna, Jkstark, Prasadga, Vipinhari, Walor, Anonymous Dissident, Ocolon, Adolf Hi+ler the second, Jackfork, LeaveSleaves, 

Q7946w, Wiae, Waycool27, Thunder Krieg, Mwilso24, InternetHero, Winengineer, Andy Dingley, Farkas János, Jaguarlaser, Career- 

cornerstone, Phmoreno, The Devil’s Advocate, Chenzw, AlleborgoBot, Symane, Logan, Matthe20, Qwazywabbit, M.hayek, Ponyo, Tech- 

nion, SieBot, Ivan Štambuk, Brenont, Scarian, Caltas, Qoose, Smsarmad, Yintan, Student1980~enwiki, Bentogoa, Aillema, Happysailor, 

4engr, Genesis1155, Arbor to SJ, Yerpo, Webschem, Oxymoron83, Kellenb, Brown480, Hobartimus, Manway, Ks0stm, Rfortner, Ved- 

has hirwe, Solo Deo Gloria, Arindam.2011, StaticGull, Mygerardromance, Maralia, Echo95, Yhkhoo, Masoudsa, Dolphin51, Denisarona, 

Willy, your mate, Pacersfan999, Kanonkas, ImageRemovalBot, Niclond23, Martarius, Sfan00 IMG, Tanvir Ahmmed, ClueBot, Alnatour 

2000, The Thing That Should Not Be, Rodhullandemu, TrigWorks, Lawrence Cohen, Wysprgr2005, Av99, Wispanow, VQuakr, Sammy- 

boss, Rafaelgarcia, सुभटष रटऊत, Tmazhindu, TypoBoy, Mcrkramer, Shustov, Gakusha, Oops i killed the president, 10braunsteinc, Zlerman, 

Tonyjohn84, Bbb2007, DragonBot, Paul Ruby, Excirial, Gnome de plume, Alexbot, Jusdafax, Seyer-odla, Nonamemark, Chrispreece2007, 

Wiki libs, Kryptonian250, Zeldafreakx86, Dekisugi, 7, Johnuniq, SoxBot III, Egmontaz, Vanished user uih38riiw4hjlsd, KieferFL, Most- 

valuableplanner, DumZiBoT, LightAnkh, Deshanel X, XLinkBot, Rajeevm1989, Gatutigern, SE SME, Nepenthes, ProfDEH, Skarebo, 

Fahsja, Frood, Padfoot79, Mightyblue, Donmu, Mr. IP, Thatguyflint, HexaChord, Miro modo, Addbot, AVand, Some jerk on the Inter- 

net, Jkkjjk, DOI bot, Tinkerbell767, Friginator, ScottyXS, TutterMouse, Fieldday-sunday, Moosehadley, CanadianLinuxUser, Leszek 

Jańczuk, Fluffernutter, Transkey, Cst17, MrOllie, Mentisock, Protonk, LaaknorBot, CarsracBot, JerryTheShrimp, Glane23, DJBarr, 

 -CUSENZA Mario, AnnaFrance, Tackswright, Seeker alpha806, Ehrenkater, JJ92780, NeD80, Golden0103, Teles, Neurov ,سمرقندی

elho, Gail, Zorrobot, HerculeBot, Jim, Xvn, Luckas-bot, Yobot, OrgasGirl, Pink!Teen, Fraggle81, TaBOT-zerem, The Grumpy Hacker, 

II MusLiM HyBRiD II, Brandy Frisky, JamesJohena, Washburnmav, THEN WHO WAS PHONE?, Mongose8, AnomieBOT, Demo- 

craticLuntz, Floquenbeam, Rubinbot, 1exec1, Parker2334, Ld. Ata, Jim1138, IRP, JackieBot, Piano non troppo, Oliverar, Ufim, Li- 

uyuanChen, Materialscientist, Citation bot, Nathannae, Lapost, Roux-HG, Awonsgay, Neurolysis, The Firewall, Xqbot, Wamman11, 

Hammack, Plasmarob, Capricorn42, Wether B, Invent2HelpAll, Anthonyhase, Almabot, Crzer07, RadiX, GrouchoBot, Earlypsychosis, 

AlexPlante, 78.26, The Greatest Man That Ever Lived, Shadowjams, SD5, Lukenjoel, Remshad, Bekus, Velblod, GliderMaven, FrescoBot, 

Biolawyer, Paine Ellsworth, Tobby72, Jc3s5h, Mytic789, Fanman72, Boda77, Zulucoast, Anterior1, Wdwaltman, Jamesooders, Tetraedy- 

cal, Rgvis, Louperibot, Citation bot 1, Чаховіч Уладзіслаў, Balapuba, Abraham70, , MacMed, JonathanBuck IEC, Pinethicket,  

I dream of horses, Johan Torbjörn Gustaf Wrede, Boulaur, 10metreh, Skyerise, Pmokeefe, Churchman6718, Mohammed Prince, Tom loves 
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snatch, Serols, SpaceFlight89, Île flottante, Meaghan, Paulralph, Footwarrior, Shaken Earth, Vikas1234, Cemalardil, Anticent, Engology, 

C messier, Corinne68, FoxBot, TobeBot, 026fatih, FudgeFury, Eranjenes2, SchreyP, Darigan, Fama Clamosa, Gorockytop101, Cjlim, 

Egfiasee, Kijacob, Arunmails, Vrenator, Alexmason14, Jusinjacob, Acs272, Reaper Eternal, Specs112, Linguisticgeek, Diannaa, Skk146, 

Brian the Editor, Tstormcandy, Robbin' Knowledge, Riomack, Mean as custard, Bhawani Gautam, Z H J G FR G People, Mhurtz, Indi- 

anw200i, Techhead7890, Per7, LibertyDodzo, EmausBot, Orphan Wiki, Efcmagnew, WikitanvirBot, Immunize, Ajraddatz, ScottyBerg, 

Racerx11, Faolin42, GoingBatty, RA0808, Pahazzard, Iklln6, TuHan-Bot, Wikipelli, Dcirovic, K6ka, Anirudh Emani, WittyMan1986, 

Hhhippo, Jodema12, Theirrulez, Traxs7, Jenks24, Joelloyd7, Aavindraa, Cheese86549, Monster7823, Cymru.lass, Shmilyshy, QEDK, 

Donaldm314, Wayne Slam, Goldleafblueautumn, Tolly4bolly, Scythia, Engini86, Jwmu, L Kensington, Joaolouven, Donner60, Grizan- 

thropy, Newchild123, Clementina, Assassin15, Petrb, ClueBot NG, Gareth Griffith-Jones, Uziw, Incompetence, WikiDMc, Ryanslurpee29, 

This lousy T-shirt, SusikMkr, Sdrakos, Tihanyi Joci, Frietjes, BrookesAkram, Widr, Aaidilamindar, Vibhijain, MerlIwBot, Helpful Pixie 

Bot, Alexk33alt, Sinmoc 16, Titodutta, Calabe1992, Gob Lofa, Yzyzyz1979, BG19bot, GREG23456789, Ganandkumar mscit, Hallows 

AG, Kaspuhler, MusikAnimal, Bsv109, Jogi don, Wildman177, L.viramontes, Mark Arsten, Mariraja2007, Cadiomals, Joydeep, Citation- 

CleanerBot, Choldax, Polmandc, Glacialfox, Raonebest, Avery.mabojie, Conifer, Spyingcactus, EdwardH, Dilliondelafloure, Anbu121, 

Er factory, BattyBot, David.moreno72, BellBoy32, Several Pending, Hahaholocaust, Dr. Bek, Zhaofeng Li, ChrisGualtieri, Bharu12, 

Whatisupmahboii, KingJahfy, Shkane, FoCuSandLeArN, Dedoch, Xcjisamonster, Webclient101, Tangoran, Magicturnips, Matthewhay- 

duk, Lugia2453, Graphium, Dalton951565, Cpmrodriguez, Richdawson, Melissa Bennett, Samrat.k74, Ninja4evaa, Rahulmansa.patel, 

Reatlas, Epicgenius, 12345roza1234, Salience129, Redd Foxx 1991, Madmen22, Eyesnore, Biomedicinal, Dennis Weijers, Tacomon- 

key222, MGray98, Chase Hughey, DavidLeighEllis, JohnGreenstein, JadeGuardian, Ugog Nizdast, Yellaboinaumesh, 1qazxswedc, Jo457, 

Ginsuloft, Engeduaust, Sriganesh33, Manul, GulfamUlRehman, MrScorch6200, Noyster, Gravuritas, Juaningr, Ccmcc2012, JRArocks, 

Bee0916, Aster554, JaconaFrere, Rashicutedoll, MarkArstenLovesDrK, Famallament, SilflayHraka, Shiva the Lover of Destruction, Antro- 

cent, Cwbr77, Der-Wir-Ing, Horseless Headman, Venzer89, Ach8, RhymeBoy, BethNaught, Aziz Alwayse Boss, Yatharthsingh, Vacation- 

landman, Adtechweb, Marky98, Trackteur, Coolnessbaseball, Patricebruby, Lor, Henryjanssen, Peadobear123469yolo, Alpha Monarch, 

MRD2014, Jithujo, Jkshandling, KH-1, Caliburn, Pchandu13, Bigyanpeace1, Crystallizedcarbon, Loraof, TheFappening, Mason2360, Ed- 

wiki212, Armstr86, Niki Goss, Coolmanresto, Some Gadget Geek, Lilshubey4, Junaid sipra, Prerit33, Isambard Kingdom, Blestander, 

Rctillinghast, Fdhrolia, CV9933, Squiver, Syed ibrahim karaikudi, Jdcomix, Wishva de Silva, KasparBot, Im to gr8 4 u, Mileve043, John 

Gayton, Engineeringinindia, CAPTAIN RAJU, Scasby, Linguist111, Deredededede, Icantspellwell, Dogegull, Naisaiah, King Isaiah 323, 

Qzd, InternetArchiveBot, NgYShung, 9091mrsmack, Mythili Murugan, Fjoys, Marianna251, LunaticPhantasm, Christower137, Sperth, 

ThePlatypusofDoom, Bender the Bot, Ryank2513, Chaotic21, Whatengineers, AnonimiuZ, HathFury889, Zeeshan Ramzan, JueLinLi, 

Heididoerr061, Mathan Ram, Wizphysics, SuperSainGouku, Almrad, Gregjaco95, Home Lander, Ravi Priya and Anonymous: 1534 

• Engineering economics Source: https://en.wikipedia.org/wiki/Engineering_economics?oldid=748726033 Contributors: Dimadick, Dis- 

cospinster, Stesmo, Smalljim, Cbdorsett, SmackBot, Eastlaw, Cydebot, RichardVeryard, Hjal, Flowanda, FactsAndFigures, Zojj, Bob, 

Warrenchen, Emesee, OKBot, Correogsk, The Thing That Should Not Be, Frmorrison, Jkhcanoe, Addbot, Winsweek, Dowtel, Shannon- 

bowling, Luckas-bot, Yobot, №Ojuednfjewn№№, Materialscientist, Dr.Atef, Jorjulio, Risk Engineer, KLBot2, Nomi12892, BG19bot, 

Ahmedmustafamahmoud, Arr4, SJ Defender, Kinetic37, Syedfahadshafiq, Bender the Bot and Anonymous: 18 

• Engineering education Source: https://en.wikipedia.org/wiki/Engineering_education?oldid=767388035 Contributors: Delirium, An- 

drewman327, Phoebe, Orangemike, Beland, H Padleckas, Neutrality, Rich Farmbrough, Bender235, Stesmo, Woohookitty, Tabletop, 

Mandarax, Chobot, Bgwhite, Suva, SmackBot, BenFranske, Yamaguchi, Duke Ganote, Chris the speller, Kuru, Khazar, IronGargoyle, 

Dl2000, Dancter, Nick Number, The Transhumanist, Robina Fox, Magioladitis, Theroadislong, David Eppstein, Cpl Syx, Jim.henderson, 

NewEnglandYankee, Hadgraft, Mouradvt, Sdudah, Inwind, Funandtrvl, Quest for Truth, Hmethod, Aravind V R, Sfan00 IMG, Agogino, 

GururajOaksys, Excirial, Northernhenge, Acabashi, XLinkBot, Gourav Ghosh, Dthomsen8, GDibyendu, Addbot, PennySpender1983, 

Yobot, Mverleg1, AnomieBOT, Jim1138, Btsas, Oliverar, Materialscientist, Jpc4031, Bob Burkhardt, Quebec99, A455bcd9, Omni- 

paedista, Shadowjams, Jdewey, FrescoBot, Gabriel Achille, Pinethicket, LittleWink, Trappist the monk, SchreyP, Bdel63, Callanecc, 

Kisiel1mk, January, Mean as custard, Steve03Mills, John of Reading, Parkywiki, Meghanp42, Dewritech, Rahulk.cmc, K6ka, Jasonanag- 

gie, PBS-AWB, Bayu sandi, Mar4d, Subtropical-man, Surya Prakash.S.A., Tolly4bolly, Kdjags, Engini86, Core-materials, Azpe430, Clue- 

Bot NG, Gareth Griffith-Jones, Theintuitus, Sanatan Pagare, Mr. D. E. Mophon, Roypramit, Widr, Helpful Pixie Bot, Effat4, BG19bot, 

Roberticus, Bos4711, Damardp, Sergeispb-10, Quasique, Amiestudy, Minsbot, Anbu121, Mrsmith1278, ChrisGualtieri, Khazar2, Hmains- 

bot1, Dalvirreel, Mogism, Villekivi, Epicgenius, Somu1989, Vanamonde93, Tehyakers, LibrarianAnnie, LAvAn30, Kcontents, Sandi- 

pacademy, Cnvery, L fabinou, AnotherNewAccount, Seosandipfoundatiopn, Maxicar, Dutoitgrobler, Monkbot, Varshatoday123, Doc- 

tor Pleasant, Shankara.jaipur, Iridium191, LecteurDeNextImpact, Shreepaul, Pleaseman, 2015.ww, Inrine, Arshan.nazempour, Inter- 

netArchiveBot, Yibo hagongda, Chuhean, Bender the Bot, Mephistolus, Ramu siripalli, Wikishovel, Whatengineers and Anonymous: 130 

• Engineering education research Source: https://en.wikipedia.org/wiki/Engineering_education_research?oldid=764607369  Contribu- 
tors: Phoebe, Stesmo, Stemonitis, Malcolma, Chris the speller, TimBentley, Khazar, Disavian, Vanished User jdksfajlasd, Guy Macon, 

Mchua~enwiki, Katharineamy, Hadgraft, Wilhelmina Will, ImageRemovalBot, Fgnievinski, Yobot, FrescoBot, Carel.jonkhout, Going- 

Batty, ClueBot NG, Snikitha, Tseetsee, BG19bot, BattyBot, Tehyakers, Acavoulacos, Lee55cu, Arshan.nazempour, InternetArchiveBot 

and Anonymous: 24 

• Engineering management Source: https://en.wikipedia.org/wiki/Engineering_management?oldid=767795613 Contributors: Mydogate- 

godshat, Academic Challenger, DocWatson42, Alison, Neilc, Geni, Quarl, Kmweber, Khalid, Smalljim, Maurreen, Jag123, Mdd, Grut- 

ness, Pinar, Arthena, Woohookitty, Myleslong, BD2412, Hgkamath, HappyCamper, Dúnadan, Ram.1983, RussBot, JMHamo, Nahal- 

lac Silverwinds, Welsh, Albedo, SmackBot, Gilliam, WKirschling, Bazonka, Geoffrey Gibson, JonHarder, EMCI, Jnedelka, Siobhan- 

Hansa, Lenin1991, Whshaw, Kajaravikiran, R'n'B, Mausy5043, Trusilver, Marthaxyz, Zuejay, Linda Vandergriff, RJASE1, Janazex, 

Charlesdrakew, Sdelavergne, Gchinkle, Dkaleita, Kulkarninikhil, Vaslaco, Fatihmeem, HiDrNick, Kchampcal, WereSpielChequers, The- 

freemarket, Tiptoety, Wuhwuzdat, ClueBot, Fyyer, EoGuy, FieldMarine, Frmorrison, Agogino, Lbertolotti, Lartoven, The Founders In- 

tent, Komischn, Shannonbowling, Yobot, AnomieBOT, Centralien~enwiki, Supachart, AdjustShift, Glenfarclas, Materialscientist, Om- 

nipaedista, E0steven, Sid1977, FrescoBot, Engineer manager, Engiemanager, Pinethicket, Foobarnix, Cnwilliams, Optomisticmind, 

Dewritech, Primefac, Tommy2010, Staszek Lem, Engini86, Jwmu, ID9082375835, Cambio luckwing, Ieemedu, ClueBot NG, Mdgarvey, 

Matthew.guilherme, Snotbot, Delusion23, MerlIwBot, Inboxdp, BG19bot, Praxistt, Absconded Northerner, Ubaidullah786, Aidancg, Me, 

Myself, and I are Here, Phamnhatkhanh, Seqqis, DrJayDee, Sytrics, Mro9395, Spoutgale, Jmorin1911, Niels.skovgaard, Φρίκη ερημιά 

νερό σκοτάδι, Armstr86, Jayhawkwriter, KasparBot, InternetArchiveBot, Benjamino2017 and Anonymous: 129 

• List of engineering branches Source: https://en.wikipedia.org/wiki/List_of_engineering_branches?oldid=765288048 Contributors: 
Ubiquity, Dan Koehl, Lousyd, Kku, Alan Liefting, Giftlite, H Padleckas, Vsmith, Smalljim, The wub, DVdm, Casey56, DragonHawk, 

Tjarrett, Tony1, Kkmurray, SmackBot, Thunder8, Gilliam, Chris the speller, Jprg1966, AussieLegend, Mike1901, Optakeover, Dr.K., 

Peter Horn, Netmouse, Markbassett, Hezbolarki Fun Ship, Johnlogic, Fnlayson, Skittleys, Alaibot, Marek69, Seaphoto, Robby, Jsobral, 

https://en.wikipedia.org/wiki/Engineering_economics?oldid=748726033
https://en.wikipedia.org/wiki/Engineering_education?oldid=767388035
https://en.wikipedia.org/wiki/Engineering_education_research?oldid=764607369
https://en.wikipedia.org/wiki/Engineering_management?oldid=767795613
https://en.wikipedia.org/wiki/List_of_engineering_branches?oldid=765288048
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User A1, MCG, Grandia01, R'n'B, Dave Dial, Nothingofwater, In Transit, Bonadea, Funandtrvl, Oshwah, Sintaku, Deekayfry, Andy Din- 

gley, Kilmer-san, Jpalpant, FlyingLeopard2014, Yintan, Flyer22 Reborn, Henry Delforn (old), Sunrise, Denisarona, Ambassador Dunlop, 

Hysocc, SuperHamster, Shustov, EBY3221, Sairushi, PCHS-NJROTC, Dthomsen8, Addbot, Don'tKnowItAtAll, Moosehadley, Canadi- 

anLinuxUser, Fluffernutter, Fraggle81, AnomieBOT, Ld. Ata, Materialscientist, RobertEves92, Dger, Gischgimmasch, Steve Quinn, Can- 

nolis, Newwhist, Hellknowz, Cgdaley, Serols, Cnwilliams, Gamewizard71, SchreyP, Jeffrd10, Makki98, OptoMechEngineer, EmausBot, 

Orphan Wiki, WikitanvirBot, Super48paul, Pahazzard, Marco Guzman, Jr, Dcirovic, K6ka, BigMattyO, Engini86, Jwmu, Donner60, New- 

burro, 28bot, Petrb, ClueBot NG, WikiDMc, Andrei S, MelbourneStar, Messiahless, DavidPwnsome, Bped1985, PatDrane, Wmcscrooge, 

Djxvillain, Widr, Eliaskhalil52, Titodutta, BG19bot, Siddharth1990, Mysterytrey, Wiki13, MusikAnimal, Mark Arsten, FutureTrillion- 

aire, Mili1234, DPL bot, Wannabemodel, EdwardFlint, Mdann52, Afong10, Bhmurph, ToBeFree, Whizkid143, Hassan909, Lugia2453, 

Mpaddock12, The Anonymouse, Faizan, JamesMoose, Glaisher, Mooseandbruce1, Ginsuloft, Thedarkesttaco, Waterpoloswag, Trackteur, 

KBH96, Danyal12345, Mjsingh2003, Jigigocortez, Atvica, Joseph2302, Blanksamurai, Bharath132, John D. Gaskell, Retired Professional 

Engineer, KSFT, Feminist, Imabbas, Rollingcontributor, Cheerscheers 98, Harmon758, FazlaMashrur, SilverplateDelta, Eng.azozft, Mar- 

vellous Spider-Man, Gurugrube, Nick bear, Grileys and Anonymous: 286 

• Geotechnical Engineering Source: https://en.wikipedia.org/wiki/Geotechnical_engineering?oldid=764212834 Contributors: Ap, Davi- 

dLevinson, Edward, Ronz, Uyanga, Topbanana, Ortonmc, Paul W, Robbot, Altenmann, Securiger, Toiyabe, Everyking, Leonard G., Beta 

m, Bobblewik, Andycjp, Vina, APH, Jeremykemp, Rich Farmbrough, Vsmith, MBisanz, Remuel, Geo Swan, Paleorthid, Zippanova, 

Velella, Kernoz, Ceyockey, Ling Kah Jai, Velho, Asteiner, Ruud Koot, BD2412, Theboywonder, Koavf, Baeksu, DonSiano, SchuminWeb, 

Rune.welsh, Nickpowerz, Bgwhite, Dúnadan, YurikBot, Aeusoes1, Grafen, Neum, Ruhrfisch, Nlu, Dspradau, Dinesh.geo, Fluent aphasia, 

Allens, SmackBot, Reedy, Tbonnie, Gilliam, DHN-bot~enwiki, Argyriou, Ryan Roos, Ruwanraj, Mwtoews, Maelnuneb, Robert Hack, NJ, 

RomanSpa, Reycorp, Mr Stephen, Munasharma, Phuzion, UncleDouggie, Maleabroad, Eastlaw, Njy, JohnCD, N2e, Ken Gallager, Basar, 

Carolina Skibinski, Odie5533, Luciodem, Grahams Child, WhaleyTim, Dawnseeker2000, Gioto, JimScott, Geobobbyc, Smartse, Darklilac, 

Mikenorton, JAnDbot, Indon, Cgingold, Aubaskar, STBot, Sand777, R'n'B, Ssolbergj, Uncle Dick, Subhashdus, Zuejay, McSly, Olegwiki, 

Sam Blacketer, Philip Trueman, TXiKiBoT, Pdigrl, Aymatth2, Geohumphrey, McTwidget, Soxrule512, Lamro, Falcon8765, TwoWild- 

nCrazyKids, Jerry Kovacs, Flyer22 Reborn, Miniapolis, KatieDOM, Maelgwnbot, GorillaWarfare, Vinny Burgoo, Bbanerje, Niceguyedc, 

Alaimbeer, Shustov, Blkutter, Piezocone, DragonBot, Jefflayman, Moreau1, Verwolff, Jonxwood, SilvonenBot, Addbot, Non-dropframe, 

Fgnievinski, Tide rolls, Zorrobot, سعی, Yobot, Aboalbiss, YSchary, AnomieBOT, Gjnasr, Limideen, LilHelpa, Garethdennis, Tyrol5, 

Johnny Jane, Polargeo, FrescoBot, Tranletuhan, CDJGeo, Pinethicket, Lurichao, Just a guy from the KP, Franz76, Maldek™, Grondemar, 

EmausBot, WikitanvirBot, Simonchalky, ZéroBot, Lusilier, Tolly4bolly, JohnBachner, Rangoon11, RockMagnetist, Lingges, Uttc2uxx, 

Whoop whoop pull up, ClueBot NG, CocuBot, Nalyd2001, Widr, Gob Lofa, DBigXray, Krishnaprasaths, AvocatoBot, Doc2003wc, Ka- 

gundu, Gorthian, Andrgust, Lieutenant of Melkor, ChrisGualtieri, Shyncat, Cveeaj, Ninja4liveha!, PinkAmpersand, Epicgenius, Sienster81, 

Zdj1226, Cmattison387, Tbrandt20, Hs19857, Monkbot, Prymshbmg, Trackteur, Deepak.op, IngenieroX, Waters.Justin, JellydPuppy, 

Nithin pranav, InternetArchiveBot and Anonymous: 169 

• Earthquake Engineering Source: https://en.wikipedia.org/wiki/Earthquake_engineering?oldid=767563369 Contributors: Glenn,  Rob- 

bot, João Sousa, No Guru, Leonard G., Beland, Zro, Mike Rosoft, Discospinster, Rich Farmbrough, Jordancpeterson, Bender235, Neko- 

chan, Alansohn, Arthena, TenOfAllTrades, Oleg Alexandrov, Woohookitty, Polyparadigm, BD2412, Rjwilmsi, Baeksu, Pleiotrop3, Ground 

Zero, DVdm, Wavelength, Eraserhead1, Hairy Dude, Manop, Polluxian, Tetsuo, Reyk, CmdrFirewalker, SmackBot, RDBury, Hmains, 

Skizzik, Divamva, Chris the speller, Sadads, Colonies Chris, OrphanBot, Drunken Pirate, Cucubano, JzG, Sambot, Shirifan, Dr.K., Tony 

Fox, CmdrObot, ShelfSkewed, Tex, Marek69, SGGH, NorwegianBlue, CharlotteWebb, Nick Number, Dawnseeker2000, MetaManFrom- 

Tomorrow, TimVickers, Mikenorton, PhilKnight, Casmith 789, Dentren, Schmloof, Vigyani, CommonsDelinker, Shellwood, Pharaoh of 

the Wizards, Extransit, Keizers, Ipigott, Tkn20, Belovedfreak, TWCarlson, Axamir, ACSE, VolkovBot, Wikidemon, Gwinva, Optigan13, 

Unused0030, Gerakibot, Caltas, Bentogoa, Casablanca2000in, Fratrep, Diego Grez-Cañete, Tatterfly, ImageRemovalBot, Sfan00 IMG, 

ClueBot, Bonanza229, Der Golem, Shustov, DragonBot, Excirial, Alexbot, Jefflayman, Verwolff, Jo Weber, Crowsnest, XLinkBot, Ad- 

dbot, Some jerk on the Internet, AkhtaBot, MrOllie, LaaknorBot, Doraemonplus, Yobot, Ptbotgourou, Fraggle81, Donfbreed, Amirobot, 

KamikazeBot, Echtner, AnomieBOT, Floquenbeam, JackieBot, RandomAct, Benjamincuningham, Materialscientist, Citation bot, Arthur- 

Bot, Mmmbbbmb, Xqbot, TheAMmollusc, Emargie, Almabot, J04n, GrouchoBot, Richard Ogley, RibotBOT, Sesu Prime, Imveracious, 

FrescoBot, Vsemthem, LucienBOT, W Nowicki, Weetoddid, BenzolBot, Edderso, 10metreh, A8UDI, Jusses2, Floquensock, Just a guy 

from the KP, Marcrr, Lotje, Cjlim, Dinamik-bot, Gulbenk, NameIsRon, Beyond My Ken, EmausBot, John of Reading, Orphan Wiki, 

Immunize, Zerta9chen, Wikipelli, Dcirovic, Anirudh Emani, NGPriest, Acwilson9, Donner60, RockMagnetist, Dombomb97, Matthewr- 

bowker, EdoBot, 28bot, Ivolocy, ClueBot NG, Jack Greenmaven, Waramat, Chris15572, Helpful Pixie Bot, DBigXray, Krishnaprasaths, 

Bmusician, Medende, BattyBot, Mrt3366, Cyberbot II, Noah.herdman, Rustyharold, Comatmebro, Theseaguard, Rulebook, Artemiss- 

Fowl, Cwolfe0714, Unicornasaurus, UsefulWikipedia, CaSJer, Tanagnos, Sarah Baartman, AmaryllisGardener, Millerballer, Master of 

Time, Dblissindc, Lagoset, Monkbot, Rfrazao, MRD2014, Fleivium, Jamutaq, Apichee, Jerrybrasington, CV9933, Jtrrs0, Nicholas.Horsey, 

Sage1982, Dbrooke1829, GreenC bot, Every username is taken pls help me, Jackfrost8055, Camdennator11, Mmeslamieh and Anonymous: 

248 

• Mining Engineering Source: https://en.wikipedia.org/wiki/Mining_engineering?oldid=764170328 Contributors: SimonP, Lousyd, El- 

lywa, Ahoerstemeier, G Colwell, Angela, Alan Liefting, Giftlite, CrazyCanuck, Panicker, Vsmith, Bender235, Pedant, El C, CDN99, 

Bobo192, MPerel, Jakew, VivaEmilyDavies, Feezo, Woohookitty, Eras-mus, BD2412, Porcher, DVdm, Dúnadan, David Woodward, 

Gaius Cornelius, Tony1, PTSE, Mejor Los Indios, SmackBot, Gilliam, Mr Stephen, Lorikeet, The-Pope, Iridescent, CapitalR, CBM, Clo- 

vis Sangrail, Northumbrian, WinBot, LibLord, Leuko, DuncanHill, Mausy5043, J.delanoy, Ayecee, Leon II, Xpanzion, Pdcook, Inwind, 

Funandtrvl, Kelapstick, JohnBlackburne, Plazak, Deekayfry, Bagatelle, ClueBot, Clinchfield, Niceguyedc, Frozen4322, XLinkBot, Roxy 

the dog, Addbot, Fgnievinski, Madenciyim~enwiki, Andreasmperu, Ciphers, Rockypedia, Jim1138, Theseeker4, Materialscientist, Clive- 

jmitchell, Carrite, SchnitzelMannGreek, FrescoBot, Cdarende, Pinethicket, Souvik.arko, SchreyP, DARTH SIDIOUS 2, Scotteaton92, 

Look2See1, K6ka, Djembayz, Thecheesykid, Makecat, MonoAV, Carmichael, RockMagnetist, ClueBot NG, Morgan Riley, Sitka1000, 

Titodutta, Gorthian, Andrgust, Glacialfox, Vthokie13, Cyberbot II, Dexbot, Wywin, Joeinwiki, Faizan, Divekam46, YiFeiBot, Hockey- 

boy63, Keshavarzkhah, Rm biswal, Kingpin1000 and Anonymous: 100 

• Mineral Processing Source: https://en.wikipedia.org/wiki/Mineral_processing?oldid=767219037 Contributors: Ewen, Ronz, Vsmith, 

Smalljim, R. S. Shaw, Josh Parris, Adam Johnston, YurikBot, Wavelength, JarrahTree, Anomalocaris, SmackBot, Chris the speller, 

Colonies Chris, Memty, Rolinator, Smokefoot, Kkaw, Wizard191, Rifleman 82, Thijs!bot, Epbr123, Barticus88, Mary Mark Ockerbloom, 

Magioladitis, Adoll, User A1, Mcfar54, WLU, Jim.henderson, Leyo, Erockrph, Mkowal~enwiki, Bob, VolkovBot, BSMet94, Blahmos, 

Dirtburner, Dtom, Bwills, Flyer22 Reborn, Dhatfield, Lightmouse, Pointbonita, ClueBot, M.O.X, WikHead, Addbot, CarsracBot, Wipware, 

 ,Білецький В.С., Drpickem, AnomieBOT, Xqbot, Addihockey10, Gensanders, Locobot, Bartelsman, Cannolis, Trappist the monk ,ماني

Dinamik-bot, Richard Joseph, John of Reading, ClueBot NG, Widr, Morgan Riley, Miguelferig, Gorthian, AndrewTGillis, Minprox, Mo- 

https://en.wikipedia.org/wiki/Geotechnical_engineering?oldid=764212834
https://en.wikipedia.org/wiki/Earthquake_engineering?oldid=767563369
https://en.wikipedia.org/wiki/Mining_engineering?oldid=764170328
https://en.wikipedia.org/wiki/Mineral_processing?oldid=767219037
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gism, Hannah is a coolby, Shubhamashokgandhi, Smishr, Babitaarora, ChrisFountain, Ginsuloft, Dryerdrier, Conseptor, Saltercheltenham, 

Plessard, Jacob Gotts, MBrine Sepro, Capacitor12, Jerowewiki, Sweepy, CAPTAIN RAJU, Bear-rings and Anonymous: 69 

• Structural Engineering Source: https://en.wikipedia.org/wiki/Structural_engineering?oldid=764766155 Contributors: Derek Ross, Mir- 

win, DavidLevinson, Camembert, Michael Hardy, Angela, MQuinn, Charles Matthews, Ike9898, Dysprosia, Zoicon5, K1Bond007, Rob- 

bot, Jredmond, ZimZalaBim, Naddy, Denots, Nach0king, Rorro, Diberri, Mattflaschen, Alan Liefting, Cedars, Giftlite, Tom harrison, 

Bit~enwiki, Wgoetsch, Shrey, Sonett72, Adashiel, Discospinster, Rich Farmbrough, Penis-breath, Oliver Lineham, Vsmith, YUL89YYZ, 

Jnestorius, El C, Triona, Femto, Smalljim, Grotte, Ctrl build, Mdd, Zachlipton, Alansohn, Arthena, Carbon Caryatid, LearnMore, 

MattWade, Dschwen, Melaen, TenOfAllTrades, TVBZ28, Gene Nygaard, Ling Kah Jai, Kenyon, Oleg Alexandrov, Brookie, Woohookitty, 

RHaworth, Commander Keane, Cbdorsett, EmilioSilva~enwiki, Graham87, Elvey, JamesBurns, Koavf, Lockley, Vegaswikian, Leithp, 

SchuminWeb, Nihiltres, Alhutch, RexNL, Pixel23, Zath42, Meonkeys, YurikBot, Grubber, Yrithinnd, DarthVader, Bozoid, Georgewil- 

liamherbert, Light current, Theodolite, Nic.stage, Staxringold, Groyolo, Pattiho, SmackBot, Reedy, Slashme, Bigbluefish, Od Mishehu, 

Jagged 85, Mdd4696, PJM, Fedexrico, Commander Keane bot, Diegotorquemada, Gilliam, Jimdavid, Anachronist, KeithErickFix, Paul- 

leake, Colonies Chris, Can't sleep, clown will eat me, OrphanBot, Samba6566, Ssnseawolf, Radagast83, Makemi, Dogears, Tezeswi, Hem- 

mingsen, Stefan2, Peterlewis, Gregorydavid, IronGargoyle, Ben Moore, AdultSwim, Artman40, Novangelis, Peter Horn, Squirepants101, 

LQEngineer, KOTHALAWELA, Francl, Tawkerbot2, CmdrObot, Mcginnly, Johnreep, NickW557, Ken Gallager, Basar, Cydebot, Ask- 

nine, Corpx, Bazzargh, Skittleys, Underpants, After Midnight, The Lizard Wizard, Clooina, Ggabika, AntiVandalBot, Luna Santin, Foxtro- 

talpha, QuiteUnusual, Darklilac, Alphachimpbot, Hwachang82, Futurepower(R), Ritabest, Husond, MER-C, The Transhumanist, Acrote- 

rion, VoABot II, Tornvmax, Martin62, Canton japan, Talon Artaine, Pan Dan, Aladdin Sane, Alsee, R'n'B, CommonsDelinker, Jsmith86, 

Mausy5043, Erkan Yilmaz, J.delanoy, Jiuguang Wang, Yonidebot, FactsAndFigures, Slinuxster, Icseaturtles, Bcartolo, Gurchzilla, Tkn20, 

Cobi, Aatomic1, Funandtrvl, Browny69, Wikieditor06, Brownio, Jeff G., Engr civil, Ryan032, Barneca, Kps2, Thepeopleschum, Philip 

Trueman, Davehi1, Richardmcharles, BotKung, Ilyushka88, Bean ed, Andy Dingley, PeterEasthope, Meters, Chenzw, AlleborgoBot, 

Scubthebub, Mariokempes, Onecanadasquarebishopsgate, Ivan Štambuk, Lucasbfrbot, WRK, KathrynLybarger, Fratrep, OKBot, Spit- 

fire19, Kallog, Joshschr, Denisarona, Ifunnow, ClueBot, PerCorell, PipepBot, Riisipuuro, Nnemo, Hysocc, DanielDeibler, ASCE-SEI, 

Shustov, Maidriano, CohesionBot, PixelBot, Sun Creator, RedIsaac, Verwolff, MickMacNee, Iohannes Animosus, Brian madigan, Tiger- 

shark82007, DerBorg, Dana boomer, SoxBot III, Wnt, Darkicebot, KlanKaos, ProfDEH, NellieBly, Addbot, Abhineet23, DOI bot, 

Guoguo12, Ucla90024, Fieldday-sunday, Uberconnor, MrOllie, AnnaFrance, Tassedethe, Tide rolls, PennySpender1983, Snaily, Luckas- 

bot, Yobot, II MusLiM HyBRiD II, Dfconway, Juliancolton Alternative, AnomieBOT, Floquenbeam, Engelberg, IRP, Materialscientist, 

Ivantafur, Citation bot, E2eamon, GB fan, LilHelpa, Parthian Scribe, Obersachsebot, Xqbot, Featureza, Plumpurple, Grim23, Becoleman3, 

Kokcharov, Almabot, J04n, Emaconsul, RibotBOT, Mircalla22, Imveracious, Celuici, Awadee, Tobby72, Aliotra, Louperibot, ClickRick, I 

dream of horses, HRoestBot, RedBot, SchreyP, Vrenator, Afreiden, Jeffrd10, Yeleyko, Diannaa, Sylvielmna, Mean as custard, Biwiki394, 

Bento00, Friedbacon159, Slon02, J36miles, John of Reading, Immunize, GoingBatty, Mastrlu, Dcirovic, Dilmahtea, Steeldetailer, Aeonx, 

H3llBot, Donner60, Rangoon11, Dino123456789, ClueBot NG, Rtucker913, Vinbak30, Escapepea, Duecre, Widr, Mattvilson, Doub- 

leYou, Helpful Pixie Bot, BG19bot, Rockcabbage, Panchobook, Metricopolus, Ce.balaji, Writ Keeper, Pcjhoogenboom, Mikepabell, 

Maromaewq, StarryGrandma, ChrisGualtieri, Shyncat, Jenny.ridge, AlbertaEngineer, K7L, Mogism, TwoTwoHello, Share your ideas, 

AcklieJordan, Lemnaminor, Ayratayrat, Jodosma, Rphvergoossen, Taziobaker, Ska1962, The Phase Master, History4949, Thomas C Kel- 

ley IV, EurovisionNim, Biblioworm, ACAR, Niki Goss, Sonicwave32, KasparBot, Mmusi Tk, Morrisonhugh, Lendteaks, SlideRuleEraJr, 

Muhammad Numan MN, Gluons12, Mattrask, Coattail effect, MHIS, Boaz Chemweno and Anonymous: 393 

• Transportation Engineering Source: https://en.wikipedia.org/wiki/Transportation_engineering?oldid=765210802 Contributors: Bryan 

Derksen, Qbmessiah, DavidLevinson, Patrick, JohnOwens, Dcljr, Arpingstone, Radagast, Orangemike, Neutrality, Kate, Reinthal, Rich 

Farmbrough, El C, Sf, Foobaz, Interiot, Rgclegg, RainbowOfLight, Ling Kah Jai, Ae-a, Commander Keane, Tabletop, Stochata, Gra- 

ham87, Kbdank71, Vegaswikian, Alex Sims, The Literate Engineer, Stephen Burnett, Arouck, Light current, A bit iffy, MattieTK, Jab843, 

Mdd4696, Andy M. Wang, Bluebot, Nbarth, Thisisbossi, Imecs, Ohconfucius, Peter Horn, Anger22, Tawkerbot2, UniversalInfo, Ska- 

bat169, Neelix, Jimktrains, Basar, Vectro, Cydebot, Dphnrome, Audry2, Ut Libet, Gamer007, Jabraham, Psarj, Ingolfson, VoABot II, 

WikiWesty, ScorpianPK, MartinBot, Alro, J.delanoy, Mathwiz71, DarkFalls, Jeffcityjoe, Jack and Mannequin, Mericleman, GrdnAn- 

gel, Funandtrvl, VolkovBot, Everything counts, FlyingLeopard2014, Wvfd14, Tanvir Ahmmed, ClueBot, Blanchardb, Kannie, Excirial, 

LordStark45, Verwolff, ChrisHodgesUK, Thumb10.40, Addbot, Non-dropframe, Fieldday-sunday, Chzz, Arbitrarily0, Mx-k, Legobot, 

Luckas-bot, Yobot, Ciphers, Ulric1313, Materialscientist, Crookesmoor, Jhunt47, Shirik, MastiBot, Buddy23Lee, Callanecc, Mean as cus- 

tard, Redsoxbigb, Penom, K6ka, WISER123, MithrandirAgain, SporkBot, Melissa-NJITWILL, Donner60, VinceTad-NJITWILL, 28bot, 

ClueBot NG, TransportObserver, Jacksonnj2011, Qwert96, Prayas09, Pratyya Ghosh, Paula02127, Lisasmith7, Janinelamca, Prymshbmg, 

HMSLavender, Antonida-ivanova, Randomeditor1000, KasparBot, Hmcbv, HeinZayar Aung, Bohemianglass and Anonymous:  98 

• Transportation planning Source: https://en.wikipedia.org/wiki/Transportation_planning?oldid=766836452 Contributors: Ap, Qbmes- 

siah, Ray Van De Walker, DavidLevinson, Patrick, Brian Sayrs, Fudoreaper, Baba, Klemen Kocjancic, JoeSmack, EurekaLott, Trevj, At- 

lant, Diego Moya, Bsadowski1, Jguk, Dennis Bratland, Mindmatrix, Ae-a, Chochopk, Graham87, NebY, Grammarbot, Tlroche, Bgwhite, 

Gerfriedc, Grafen, Elmwood, Arthur Rubin, Reyk, SmackBot, Bluebot, Kythias, Thisisbossi, Nubeli, DMacks, Dogears, AdultSwim, Hu12, 

Tawkerbot2, Millbrooky, Fletcher, TonyTheTiger, Gsaup, Rhoadrunner, Stephenchou0722, Jim.henderson, Rogerkemp, Pharaoh of the 

Wizards, Ephebi, Hobisfried, DASonnenfeld, Johnny Au, Future2010~enwiki, Everything counts, - tSR - Nth Man, Triwbe, Eyedubya, 

Casuva~enwiki, Rybupsp, Keithutexas, Travelplanner, KKoolstra, Addbot, MrOllie, Samsam99, Lightbot, Luckas-bot, AnomieBOT, 

LilHelpa, Hiersgarr, FrescoBot, PeterEastern, RInstitute, Yin61289, Elekhh, Withoutreasonwearedead, WikitanvirBot, BillyPreset, Ur- 

banNerd, A Texas Historian, Nudecline, Sahimrobot, ClueBot NG, Declan Palmer, Intoronto1125, Milesjd, MerlIwBot, Tholme, 

David.moreno72, Khazar2, SnrRailways, Sarwar001, Emefaush, Benedict Pinches, Rafsan 032, Rafsan 034, Randomeditor1000, Dr. 

Plotch, Butterflygoalie45, Nolangray, Blanksamurai, EPsSp11, Laratboulos and Anonymous:   38 

• Traffic engineering (transportation) Source: https://en.wikipedia.org/wiki/Traffic_engineering_(transportation)?oldid=756358344 

Contributors: DavidLevinson, Michael Hardy, Kaihsu, Lommer, Charles Matthews, Ke4roh, Moondyne, Justanyone, HaeB, Giftlite, Treva- 

lyx, Moverton, Gene Nygaard, Krash, Alex Sims, Wsiegmund, Achab, Nubeli, Anger22, Eastlaw, Basar, Cydebot, Dphnrome, Ingolfson, 

ClearDivinity, J.delanoy, TomCat4680, Triskele Jim, Philip Trueman, R. Alcatraz, Bswatkins, Casuva~enwiki, Johnson487682, Martarius, 

The Founders Intent, Anon126, Redambergreen, Addbot, Mx-k, Clay Juicer, Ciphers, Materialscientist, Haeinous, Pinethicket, Pikiwyn, 

Vrenator, DARTH SIDIOUS 2, Chum fat, Kercker, Milecargo, Aeonx, Tolly4bolly, Rmashhadi, ClueBot NG, British-royalty, Elton0410, 

Widr, TransportObserver, MerlIwBot, BattyBot, Dexbot, Jochen Burghardt, چالاک, Mk85 2, YiFeiBot, Prymshbmg, Joe Vitale 5 and 

Anonymous: 49 

• Intelligent transportation system Source: https://en.wikipedia.org/wiki/Intelligent_transportation_system?oldid=766978955 Contribu- 
tors: The Anome, Ray Van De Walker, DavidLevinson, Olivier, Patrick, JohnOwens, Michael Hardy, Mahjongg, Kku, Altailji, CesarB, 

Stefan-S, Cryoboy, Dysprosia, Northboat, ZimZalaBim, Cornellier, Jondel, Fudoreaper, Mboverload, Plp~enwiki, TonyW, Famartin, Rich 

https://en.wikipedia.org/wiki/Structural_engineering?oldid=764766155
https://en.wikipedia.org/wiki/Transportation_engineering?oldid=765210802
https://en.wikipedia.org/wiki/Transportation_planning?oldid=766836452
https://en.wikipedia.org/wiki/Traffic_engineering_(transportation)?oldid=756358344
https://en.wikipedia.org/wiki/Intelligent_transportation_system?oldid=766978955
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Farmbrough, Mwanner, Femto, Adambro, Cmdrjameson, Giraffedata, QuantumEleven, Espoo, Diego Moya, Jguk, Tyz, PeterR2, Bonus 

Onus, Plaws, GregorB, Umofomia, MrSomeone, RichardWeiss, Jacob Finn, Krymson, Squideshi, MapsMan, AndyHsu, Alex Sims, Pixel23, 

Bgwhite, Mahahahaneapneap, The Literate Engineer, Hede2000, Gaius Cornelius, Wiki alf, Retired username, Markicus, Jpbowen, Ás- 

geir IV.~enwiki, Nick knowles, KnightRider~enwiki, A bit iffy, SmackBot, ReverendSam, Verne Equinox, Pfaff9, Chris the speller, Can't 

sleep, clown will eat me, Chlewbot, Thisisbossi, Prmacn, David G. Smith, Kuru, Libertyscott, Samfreed, Hu12, Burto88, Veyklevar, 

Clayb91, Mulder416sBot, UniversalInfo, VoxLuna, CmdrObot, JWS~enwiki, WeggeBot, Basar, CJBot, Cydebot, Immaterialman, Gogo 

Dodo, Chasingsol, Sokol8~enwiki, Dcm684, Anniew, Lx45803, Thijs!bot, Epbr123, Ajpeters, Z10x, Pinkannie, Adam Chlipala, Darklilac, 

Lperez2029, Lvsubram, Z22, JamesBWatson, Mariobourque, Lmchubb, Calltech, Stephenchou0722, Paul Gard, Cotton2, Jim.henderson, 

E2hdia, Clausius~enwiki, Ephebi, Ipigott, Byemark, CyberCarteBlanche, GrdnAngel, Inwind, Dario.plichta, Timotab, Kyle the bot, TXiK- 

iBoT, Shrao, Otto Null, Stefmai, Sgbirch, Sidprak, Everything counts, Camara421, Biscuittin, BotMultichill, Kinkladze28, Roesser, 

Rob.bastholm, Ehsan1981, WRK, Happysailor, Nopetro, OKBot, ClueBot, Mariordo, Mild Bill Hiccup, Doseiai2, Wareinhardt, Khonyagar, 

Hergetcj, DavidACS, Night-vision-guru, Schueller Katharina, Rreagan007, Mitch Ames, Skarebo, MystBot, Addbot, Moyalvytn, MrOllie, 

Download, LinkFA-Bot, Lightbot, Flamminifra, Legobot, Drpickem, Yobot, Themfromspace, Durgeshvikram, Waffle07, AnomieBOT, 

Materialscientist, Citation bot, LilHelpa, Marshallsumter, Xqbot, Jaizanuar, GrouchoBot, Passakon, Shirik, RibotBOT, Howsa12, Shad- 

owjams, W Nowicki, Kennedia, Paulsauve46, Hippodrome2009, SimoninKorea, Udeek, WPPilot, Withoutreasonwearedead, ErikvanB, 

Ovnion, BjörnBergman, Zhaoen, EmausBot, BillyPreset, Blueshifting, Jayantw, Dcirovic, Ultrasonicspeed, Jackiewriter, Chemmalion, Cm- 

cmcm, OnePt618, Mikaelbarton, Androidethic, Casia wyq, Guanxu, Esfgmbh, ClueBot NG, ITSupdates, BG19bot, Deepakmohan.verma, 

Neøn, Bmarsh1, Compfreak7, Anne.elizabeth.shelley, Israellopez215, Dotreportglobal, Khazar2, Ecrook33, Gra80, Dexbot, Graphium, 

Me, Myself, and I are Here, Lemnaminor, Xfxie, SPMeyer, Nanyunja, Lesser Cartographies, SantiaguitoIII, Prymshbmg, ShamanPrime, 

Surfhun, Raylamemail, GabrielSBeaulieu, KasparBot, MaybeAriz, RealITS, Gsoumya, Fitindia, Hyksandra, Chris.day, Sophiamiller1978 

and Anonymous: 190 

• Railway engineering Source: https://en.wikipedia.org/wiki/Railway_engineering?oldid=758372601 Contributors: SPUI, Tony1, Peter 

Horn, Funandtrvl, Materialscientist, Mean as custard, SporkBot, ClueBot NG, BG19bot, Aaron-Tripel, Samak, P.arashnia, Dlawyer, Pbt- 

flakes, KasparBot, Joel Applic Group and Anonymous: 5 

• Hydrology Source: https://en.wikipedia.org/wiki/Hydrology?oldid=767640910 Contributors: Mav, Rgamble, DavidLevinson, Michael 

Hardy, Pit~enwiki, Lexor, Ixfd64, Looxix~enwiki, Mkweise, Ahoerstemeier, Mac, Glenn, Ruminator, Hashar, Charles Matthews, Tp- 

bradbury, Marshman, Jtvisona, Paul W, ZimZalaBim, Taliswolf, StefanosKozanis~enwiki, Giftlite, Sj, Wolfkeeper, Kuhlman, Beefalo, 

Karol Langner, Rdsmith4, Io usurped, Kate, Mike Rosoft, Stepp-Wulf, JTN, Rich Farmbrough, Sladen, Vsmith, Mumonkan, Mashford, El 

C, Aude, Femto, Bobo192, Circeus, Robotje, Smalljim, Maurreen, Man vyi, Nk, Spryom~enwiki, Buaidh, Atlant, Velella, BRW, Yuckfoo, 

Yurivict, Stephen, Miaow Miaow, Ruud Koot, Matijap, Kgrr, Hard Raspy Sci, Palica, LordStark69, Danielcollins1, MZMcBride, Daniel 

Collins, Williamborg, Gozar, Vuong Ngan Ha, FlaBot, RJP, GünniX, Pete.Hurd, Srleffler, HKT, Gwernol, YurikBot, Wavelength, Borgx, 

Sceptre, RussBot, Epolk, Stephenb, NawlinWiki, Cquan, 24ip, Pkrembs, Joaaelst, Tony1, Epipelagic, DeadEyeArrow, Stefeyboy, Phae- 

drus86, Pawyilee, Bhumiya, Anclation~enwiki, AlexD, Allens, Mejor Los Indios, SmackBot, Wrroddy1949, ScaldingHotSoup, Gilliam, 

MK8, Jprg1966, Wous~enwiki, Royboycrashfan, Can't sleep, clown will eat me, Hoodif, Dreadstar, Alexandra lb, SashatoBot, Mukad- 

derat, Anlace, Mouse Nightshirt, Mbeychok, Peterlewis, Gregorydavid, Luokehao, Bmcent1, Geologyguy, MTSbot~enwiki, Kvng, M@sk, 

Dl2000, MCalamari, Johnjreiser, VanHelsing.16, Katya0133, Karenjc, Basar, MrFish, Equendil, Cydebot, Gogo Dodo, Thijs!bot, Tellyad- 

dict, Dawnseeker2000, Ela112, Prolog, Teilhardo, Clear Creek Solutions, Mikenorton, MER-C, The Transhumanist, Dudshan, Magioladi- 

tis, Karlhahn, VoABot II, Czachorski, Dentren, Tedickey, Nyttend, Hdynes, Nvandegiesen, DerHexer, Nankai, MartinBot, BetBot~enwiki, 

KTo288, Thirdright, J.delanoy, Trusilver, Numbo3, Aleksandr Grigoryev, Dibangdit, Ian.thomson, Reedy Bot, Acalamari, NewEng- 

landYankee, Bettinali, Hydroli, STBotD, DorganBot, Rod Giobbs, Halmstad, Squids and Chips, VolkovBot, AlnoktaBOT, TheOtherJesse, 

Philip Trueman, TXiKiBoT, Thackary, Oh Snap, Feliwiki, Claidheamohmor, Skj.hyd, Yk Yk Yk, Philipp.schneider, Manea10, Allebor- 

goBot, Kehrbykid, Urena198, EmxBot, SieBot, VVVBot, Andrewjlockley, Hydroweb, Ddamours, Bentogoa, Aillema, Flyer22 Reborn, 

Oxymoron83, Water and Land, Mcampbell422, Correogsk, Brassmule, Brylie, Melcombe, Finetooth, Alanhat, Mx. Granger, Church, 

Martarius, Laskowsk, ClueBot, The Thing That Should Not Be, Rodhullandemu, Pakaraki, Zedshed, Jkolmo, Laurenleighb, DragonBot, 

Excirial, Jusdafax, Capnhoooook, Tamaratrouts, Arjayay, Tnxman307, Atallcostsky, WikHead, Addbot, Proofreader77, Willking1979, 

Guoguo12, Tcncv, LaaknorBot, Favonian, Guffydrawers, Tide rolls, Legobot, Luckas-bot, Yobot, Themfromspace, QueenCake, محبوب 

 ,AnomieBOT, CUAHSI HMF, Materialscientist, RobertEves92, Xqbot, Plumpurple, Anna Frodesiak, Tyrol5, AbigailAbernathy ,عالم

Jacksieber, J04n, RibotBOT, WDickens, FrescoBot, JEANVIEUX, Taweetham, Kallocain, Pinethicket, V.narsikar, Jschnur, Mondalor- 

Bot, Serols, Jandalhandler, Abc518, FoxBot, Hydrologydude, TBloemink, Fastilysock, DARTH SIDIOUS 2, EmausBot, John of Reading, 

WikitanvirBot, Gfoley4, Elongstaff, Wikipelli, Emnagargouri, Puffin, RockMagnetist, Aquaphile, ClueBot NG, Moneyman603, Colonel- 

Dobs, ClaretAsh, Bped1985, Monsoon Waves, Rezabot, Widr, BallistaBuffalo, BG19bot, MusikAnimal, Hunterr957, Caveman20112011, 

BattyBot, Mahesh7652, Smasongarrison, Shyncat, Khazar2, Dexbot, Fycafterpro, JohannaSorensen, Vertebra1978, Zenibus, PierreFG5, 

Vinny Lam, Dendroeco, Monkbot, AKS.9955, Mmicieli, Neville bate, IagoQnsi, Engineer kamran khan, Trackteur, Owais Khursheed, 

Archijones29, Narky Blert, Liance, JellydPuppy, Kuzzy kuzzy, KasparBot, CAPTAIN RAJU, Justaxn, Jointed.owl, Waterfall mg, Natokr, 

Mceuint, Rahuljalotra and Anonymous: 291 

• List of engineering societies Source: https://en.wikipedia.org/wiki/List_of_engineering_societies?oldid=767379895 Contributors: Bryan 

Derksen, Tomo, Michael Hardy, Docu, Darkwind, Nikai, Ike9898, Phoebe, Topbanana, Penfold, Paul W, Bearcat, Zigger, Theon~enwiki, 

H-2-O, Finn-Zoltan, Djegan, Neutrality, Shenki~enwiki, Gershwinrb, Hawei, Dyaimz, Grutness, Babajobu, Hu, MIT Trekkie, , Com- 

mander Keane, Dtlussier, Tabletop, D3jp, J2000ca, Bgwhite, Wavelength, Janet13, Open2universe, E Wing, UMwoodr0, Kingboyk, Nick 

Dillinger, Allan McInnes, Jean15paul, Imecs, Kiwi Digger, IronGargoyle, Peter Horn, Az1568, Jbusenitz, CmdrObot, Liammars, AMstir, 

Hemlock Martinis, Hebrides, Lkchild, WhoMD, Aeriform, MPorciusCato, Mbadri, Reinhard tan, Magioladitis, JNW, JamesBWatson, 

G J Coyne, Krishna1234, David Eppstein, SuperMarioMan, Garywic, FactsAndFigures, Ian.thomson, Zuejay, Rhemmen, Connoroshea, 

Guillaume2303, David Condrey, Kilmer-san, Hareesh.t, Cyfal, Denisarona, HairyWombat, Ottawahitech, Sv1xv, Seyer-odla, Carriearch- 

dale, Gordon Masterton, The Wicked Twisted Road, XLinkBot, Pichpich, Shreyas1684, Angushay, E.mubeen, Favonian, Kjssws~enwiki, 

Yobot, NZTech, Floquenbeam, Jim1138, Cossde, Materialscientist, Vertiflite, MichelleConference, ChrysalSnowlax, Ericwong13f, Real- 

ity006, Alam bakshi, Samthetechie, Nedim Ardoğa, Kaburka, Tanyenkheng, FrescoBot, Austria156, Slivicon, PigFlu Oink, Abraham70, 

DrilBot, I dream of horses, Skyerise, Ravensburg13, SchreyP, Aguin1, Callanecc, Muhsaeed, AAEENET, Murdani, Stijnf, John of Read- 

ing, Auditguy, Kulvinder54, Donner60, Nz101, Ivylaw, Helpsome, ClueBot NG, Aritra17, Engrwaseemraja, Widr, Irrigator, Ravikant10, 

BG19bot, Shivasrai, Politena, Mattnurse, Saurabhsj, Sdpsnet, Yorkie Owl, BattyBot, Miszatomic, ChrisGualtieri, AdiQ0502, Vicky29395, 

Onur.ozardic, Rikeus, Rahmanmuhammad, Danchaudhry, Nakulss9211, Randykitty, Seyi MontXero, Crazy Drum Man, Cnvery, Cpe2013, 

Jianhui67, РСИ, Mmhayat786, Awastelk, Agamahmona, Askme360global, RomankevichLS, Jvanboggelen, DWMnMa2000, SantiLak, 

Shahriar.free, Kennyseth, Mscromeo, Cetindia, Engstuff, Jigigocortez, Nilesh bahadure, Skmpintu2015, Jerodlycett, Ramragavank, Pen- 

https://en.wikipedia.org/wiki/Railway_engineering?oldid=758372601
https://en.wikipedia.org/wiki/Hydrology?oldid=767640910
https://en.wikipedia.org/wiki/List_of_engineering_societies?oldid=767379895
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guins1714, Guesko, Iiemembership, Iftixar9, Citizenb44, DanSign, Kennyseth234, Asif-ieeep, Adam Rankin, Cecolejr, Abhishekssr88, 

Pym56 and Anonymous: 251 

• Islamic Golden Age Source: https://en.wikipedia.org/wiki/Islamic_Golden_Age?oldid=768052437 Contributors: The Anome, SimonP, 

Ant, Michael Hardy, Ixfd64, Sannse, William M. Connolley, Qed, Scott, GCarty, Raven in Orbit, JASpencer, Dwo, WhisperToMe, Hy- 

acinth, Nv8200pa, Luxor, Jni, Dimadick, Donarreiskoffer, RedWolf, Goethean, Stephan Schulz, Arkuat, Rursus, Hadal, Roozbeh, Tom 

harrison, Zigger, Zora, Syed Atif Nazir, Jfdwolff, Per Honor et Gloria, Grant65, Sohailstyle, Antandrus, Rdsmith4, M.e, Phil1988, Neu- 

trality, Robin klein, Trevor MacInnis, Maestrosync, Discospinster, Brianhe, Rich Farmbrough, Guanabot, Oliver Lineham, Freestylefrappe, 

Florian Blaschke, LindsayH, Dbachmann, Bender235, ESkog, Eric Forste, CanisRufus, Germen, El C, Kwamikagami, Deanos, Bobo192, 

Cmdrjameson, Russ3Z, Man vyi, Flammifer, Famousdog, Sam Korn, Irishpunktom, Nsaa, OneGuy, Alansohn, Wiki-uk, Babajobu, Dgsin- 

clair, SlimVirgin, Ferrierd, Mailer diablo, Sciurinæ, BDD, Zereshk, Vonaurum, Kazvorpal, Woohookitty, Mindmatrix, Merlinme, Brun- 

nock, Jacobolus, Ruud Koot, Chochopk, Mpatel, Striver, Essjay, Farhansher, Mandarax, Ashmoo, BD2412, Dpolychron, Rjwilmsi, Koavf, 

Jweiss11, Tawker, Pradeepsinghhbti, MarnetteD, Yuber, Ucucha, Ev, FayssalF, Ian Pitchford, SchuminWeb, Warlockgruffles, Sean WI, 

Srleffler, Akhenaten0, Chobot, DVdm, Digitalme, EamonnPKeane, YurikBot, Wavelength, Spacepotato, Deeptrivia, RussBot, Much- 

ness, Anonymous editor, Conscious, Pigman, DanMS, Gaius Cornelius, CambridgeBayWeather, Wiki alf, Dialectric, Grafen, Johann 

Wolfgang, Twin Bird, Stephen e nelson, Pyrotec, Sfnhltb, Nick C, PM Poon, Zwobot, DeadEyeArrow, Sabrenaut, Wknight94, Laszlo 

Panaflex, Wiqi55, Mike Selinker, Xaxafrad, JuJube, Petri Krohn, DGaw, JLaTondre, Tajik, Arad, Kungfuadam, AssistantX, Babij, Smack- 

Bot, Zazaban, Jacek Kendysz, Jagged 85, Davewild, Canthusus, Timotheus Canens, Aksi great, Gilliam, Hmains, Skizzik, ParthianShot, 

Rmosler2100, TimBentley, Persian Poet Gal, MARVEL~enwiki, George Church, TheLeopard, Colonies Chris, Mkamensek, Hongooi, 

Greygh0st, Veggies, Vanished user llkd8wtiuawfhiuweuhncu3tr, Leinad-Z, NickDupree, Ruff ilb, Mrdempsey, Khoikhoi, Cloud02, Nepa- 

heshgar, Bdiscoe, LtPowers, Alamandrax, Joshua Scott, Bilby, Thegreatdr, Ckatz, JHunterJ, Bless sins, Kirbytime, Lordless, Godfrey 

Daniel, Autonova, Mego'brien, Iridescent, Domh, LadyofShalott, Courcelles, Tawkerbot2, Silver crescent, Cesar Tort, CRGreathouse, Cm- 

drObot, Drinibot, Lmcelhiney, Dgw, Ankimai, Casper2k3, Pratikthakore, Hemlock Martinis, Hga, Cabolitae, Cydebot, Ttiotsw, Daniel 
J. Leivick, Sa.vakilian, Hispalois, Quibik, Chrislk02, SteveMcCluskey, Centuriono, Wandalstouring, Barticus88, CarrotMan, Mojo Hand, 

Itsmejudith, Cyrus111, Yettie0711, Dmitri Lytov, Rocker85~enwiki, Eleuther, Oreo Priest, AntiVandalBot, Mukake, Seaphoto, AstroL- 

ynx, Quintote, Doc Tropics, Tigeroo, Laikalynx, Husond, DuncanHill, MER-C, Skomorokh, Robocracy, Demophon, Mardavich, Ma- 

gioladitis, VoABot II, Ling.Nut, ClovisPt, EagleFan, Imeisel, Joe hill, Con10t, David Eppstein, Aziz1005, Prester John, JaGa, Simon 
Peter Hughes, Gun Powder Ma, NMaia, Kkrystian, MartinBot, R'n'B, CommonsDelinker, AlexiusHoratius, Nono64, Proabivouac, Beit Or, 

Hasanisawi, Shellwood, Matt57, J.delanoy, Trusilver, Neutron Jack, Arrow740, Terrek, Maurice Carbonaro, Pumpknhd, Skumarlabot, Fil- 

ippo Argenti, Ian.thomson, Oxguy3, Maproom, Ctesiphon7, Johnbod, Skinny McGee, Pyrospirit, Wiki1609, Chiswick Chap, Richard D. 
LeCour, Fountains of Bryn Mawr, Kansas Bear, DesertMoh, Shoessss, STBotD, Rebthered, Mak82hyd, Useight, Bibliobaggins, Signalhead, 

Lights, Shaericell, Netmonger, VolkovBot, Hersfold, Ndsg, Nburden, AlnoktaBOT, Paulherrick, Atauallah, Lear’s Fool, Philip Trueman, 

TXiKiBoT, Davehi1, Andres rojas22, Argooya, Jackfork, LeaveSleaves, Noformation, Robert1947, Sodicadl, Kmhkmh, Llajwa, Haikon, 
Why Not A Duck, Zaf159, AlleborgoBot, Darxus, PericlesofAthens, Austriacus, LOTRrules, SieBot, TJRC, Euryalus, Flyer22 Reborn, 

The Evil Spartan, Elhilo23, Ipodamos, Cmon1, Paintman, Faradayplank, Fratrep, Sunrise, Belligero, C'est moi, Vice regent, Nastalgic- 

Cam, Jobas, Stillwaterising, Floorwalker, WordyGirl90, Khirurg, Faithlessthewonderboy, SlackerMom, De728631, ClueBot, Rumping, 

Ibn Kofi, XPTO, Michaelrayw2, CasualObserver'48, Der Golem, J8079s, Boing! said Zebedee, P. S. Burton, Pastaslave, Gunslinger1812, 
SamuelTheGhost, Vegas Bleeds Neon, CohesionBot, Eeekster, Lartoven, Tahmasp, Diaa abdelmoneim, KittyKAY4, Chrono1084, Al- 

Andalusi, Rui Gabriel Correia, Malik Danno, GFHandel, Aitias, Versus22, Jmart1267, Yozer1, Johnuniq, Liberal Humanist, DumZi- 

BoT, BarretB, XLinkBot, Xiquet, MoralVictor, Zencv, Rror, Mavigogun, WikHead, Chandrajeet, Samarqandi, MystBot, Good Olfactory, 
Jadtnr1, CalumH93, Lizeb, Addbot, ERK, Vero.Verite, Altetendekrabbe, DOI bot, Non-dropframe, Haruth, Annielogue, Vishnava, Cana- 

dianLinuxUser, Leszek Jańczuk, Fluffernutter, Diptanshu.D, Download, Glane23, Lihaas, Heshamdiab116, LinkFA-Bot, West.andrew.g, 

Da pope224, AgadaUrbanit, Tassedethe, Alanscottwalker, LarryJeff, Tide rolls, Aratak80, Teles, Konstock, Luckas-bot, Yobot, Azure- 
Fury, Themfromspace, TaBOT-zerem, Amirobot, The Earwig, Samaraaa, Burgundo, AnomieBOT, NoPity2, Jim1138, Mahmudmasri, 

Materialscientist, Citation bot, Dark dragon474, Fatepur, LilHelpa, Xqbot, TinucherianBot II, Murthag06, A Fantasy, Supersaiyan474, 

Capricorn42, Poetaris, Johnhg7, Arslan-San, J04n, Mahmagin, Kyng, Martineejames, Shadowjams, Samwb123, A.amitkumar, Dougof- 
borg, Dan6hell66, Captain-n00dle, FrescoBot, Surv1v4l1st, Tobby72, Recognizance, Outback the koala, Finalius, Truecolors, Soufray, 

Citation bot 1, Javert, OreL.D, Behnamnaderi, Pinethicket, Jonesey95, San1140, Akocsg, RedBot, Md iet, Maxkbennett, Kalt wie stahl, 

ImmortalYawn, Meamwye, Thecoolmusic, Trappist the monk, Pollinosisss, Lotje, AbuAfak929, علی ویکی, Fayedizard, Danemarsh, Di- 

annaa, Peacedance, Turaab84, MegaSloth, DARTH SIDIOUS 2, Mean as custard, EmausBot, John of Reading, Dolescum, WikitanvirBot, 
Katherine, Dewritech, TrueMilli, Syncategoremata, Aquib American Muslim, Sournick3, ZxxZxxZ, Quincy2010, Wikipelli, Dcirovic, As- 

ceticRose, Samhclayton, Italia2006, ZéroBot, John Cline, Hashemi1971, Traxs7, Kencom, JBfan4ever26, Joshfinnie, Kiwi128, SporkBot, 

AManWithNoPlan, Zuhairali, Wayne Slam, RaptureBot, Someone65, Illbased, Blackken, Alborzagros, Donner60, Mourning.Voice, Chew- 
ings72, Meh.ahd, Mcc1789, Joshinda26, DASHBotAV, Littlefish597, Saiyad ali, Khestwol, Techbotic, ClueBot NG, Abdurrrrazzaq, , 

AerobicFox, Piast93, Fauzan, Chester Markel, WilliamBillyB, O.Koslowski, Runehelmet, Widr, Helpful Pixie Bot, Calabe1992, BG19bot, 

Fuckpigdoublec, PhnomPencil, Wiki13, ElphiBot, AvocatoBot, LouisAlain, Cadiomals, Altaïr, The Almightey Drill, Greenknight dv, 
Aisteco, Anbu121, A1candidate, BattyBot, David.moreno72, StarryGrandma, Pratyya Ghosh, Lord’sServant, PhysicsHubbard, EagerTod- 

dler39, Dexbot, Hmainsbot1, Mogism, TwoTwoHello, Lugia2453, Joshtaco, Little green rosetta, AdelanteXIV, Hillbillyholiday, Epic- 

genius, Acetotyce, I am One of Many, UpDownUp, Vertigolu, Adityaraute, Khaled993, B14709, AcidSnow, LouisAragon, Babitaarora, 

Monochrome Monitor, Hafoofa, Ugog Nizdast, Ginsuloft, Manul, Francois-Pier, GraniteSand, Safdar Madni, Perseus25, J J Karim, Kit- 
tycat10145, Monkbot, Rushrat1, Creeperhunter8923, Why should I have a User Name?, Ceosad, FG123456, Ephemeratta, ChloeDarke, 

Okkashef, Scorpymanus, Dude11001, CoreyBaker, Canadapanda44, Barthateslisa, 468SM, Anatonic, Eteethan, Sarr Cat, Underscorre, 

Adamleo39, Ravik1988, Boddika, ShMoh, Knife-in-the-drawer, Rion0071, Anarchyte, HakanIST, BD2412bot, ProprioMe OW, Tropi- 
calkitty, CAPTAIN RAJU, Dorpater, Abdassaboorali, Snooganssnoogans, Chanakya Volume 2, Goose121, CounterTime, CLCStudent, 

Eperoton, JamesMichaelBrennan, Pouyeh, Dragon819010, Chamboz, Bender the Bot, Keemstar069, FriyMan, Germanpoet, Omar ufvo 

and Anonymous: 788 

• Science in the medieval Islamic world Source: https://en.wikipedia.org/wiki/Science_in_the_medieval_Islamic_world?oldid= 

767490857 Contributors: Ed Poor, Michael Hardy, Dcljr, Sannse, William M. Connolley, Ugen64, Bogdangiusca, Cimon Avaro, Whis- 

perToMe, Samsara, Jerzy, Kizor, Goethean, Arkuat, Dina, Ancheta Wis, Graeme Bartlett, DocWatson42, Lethe, Zigger, Everyking, 

Zora, Per Honor et Gloria, Quadell, Antandrus, CJCurrie, Sam Hocevar, Zeeshanhasan, Rich Farmbrough, Dpm64, Dbachmann, Ben- 

der235, Eric Forste, Kwamikagami, Iqu, Ruyn, Thuresson, Bobo192, Flammifer, Famousdog, Mdd, Passw0rd, OneGuy, Orzetto, Alan- 

sohn, Jheald, WhatWouldEmperorNortonDo, Patito, Zereshk, Recury, Tariqabjotu, Stemonitis, Woohookitty, Mindmatrix, Guy M, Aaron 

McDaid, Unixer, Ruud Koot, Jeff3000, Striver, Wayward, Farhansher, Mandarax, BD2412, Amir85, Dpv, Rjwilmsi, Koavf, Jweiss11, 

Jmcc150, Yuber, FayssalF, Gurch, AnthonyA7, Bgwhite, Gwernol, Spacepotato, X42bn6, RussBot, Anonymous editor, Gaius Cornelius, 

https://en.wikipedia.org/wiki/Islamic_Golden_Age?oldid=768052437
https://en.wikipedia.org/wiki/Science_in_the_medieval_Islamic_world?oldid=767490857
https://en.wikipedia.org/wiki/Science_in_the_medieval_Islamic_world?oldid=767490857
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CambridgeBayWeather, Zeno of Elea, Aftermath, Dialectric, Ragesoss, Bestofmed, Ridiculous fish, Bucketsofg, Gadget850, Cheese Sand- 

wich, Igiffin, Ali K, Closedmouth, Fram, Curpsbot-unicodify, RG2, DVD R W, Sardanaphalus, Jbalint, SmackBot, Prodego, NZUlysses, 

C.Fred, Jim62sch, Jagged 85, Delldot, Salmaakbar, Wzhao553, Commander Keane bot, Gilliam, Ohnoitsjamie, Hmains, Ferix, Cplaki- 

das, OrphanBot, Bolivian Unicyclist, Ddon, Pepsidrinka, Savidan, RandomP, Adnanmuf, Bejnar, Chaldean, Vanished user 9i39j3, John, 

Tktktk, Mitso Bel, Deviathan~enwiki, Ckatz, Bless sins, Aeluwas, Godfrey Daniel, Infantrymarine25, Sheep81, Hu12, DabMachine, Iri- 

descent, Kernow, Donmac, Imad marie, RekishiEJ, JLCA, ALM scientist, Kaischwartz, Jibran1, Merzbow, Kurtan~enwiki, JForget, Cm- 

drObot, CBM, Drinibot, Mattreo, Itaqallah, Hemlock Martinis, Gregbard, Cydebot, Yolocavo, Katherine Tredwell, Sa.vakilian, B, Chris- 

tian75, Paddles, SteveMcCluskey, Nishidani, Thijs!bot, Epbr123, Wikid77, Nezzadar, Puntori, Madbehemoth, Myanw, Dsp13, Gurch- 

Bot, Demophon, Yahel Guhan, Mardavich, Magioladitis, VoABot II, Rich257, Indon, Joe hill, Aziz1005, Frotz, DerHexer, JaGa, Lin- 

kLink~enwiki, Zeeshan Arshad, Szczepan1990, Gun Powder Ma, David J Wilson, TheEgyptian, Urselius, R'n'B, CommonsDelinker, 

Proabivouac, 7day, AlphaEta, Arrow740, J intela, Ian.thomson, Speed8ump, Shawn in Montreal, Jeepday, Chiswick Chap, Fountains 

of Bryn Mawr, AA, Kansas Bear, Intothefire, Signalhead, Hugo999, Hiromiando, BoogaLouie, Philip Trueman, Aymatth2, Jackfork, 

Wiae, Graymornings, Cnilep, Wavehunter, LOTRrules, Abunadine, OKBot, Mccujo, Altzinn, M2Ys4U, JL-Bot, Jobas, ImageRemovalBot, 

Tomasz Prochownik, YSSYguy, ClueBot, Richtig27, Iza9, Mild Bill Hiccup, J8079s, BIG BOOTY5, Niceguyedc, Singinglemon~enwiki, 

BlueAmethyst, SamuelTheGhost, DragonBot, Excirial, Eeekster, Tweetlebeetle367, WillMcD999, Aurora2698, Jaguar14, HssanKachal, 

Poodledog, Al-Andalusi, Mczack26, Johnuniq, Beroal, DumZiBoT, Polysynaptic, XLinkBot, Xiquet, Dany4175, Mavigogun, Cradel, Zoo- 

Fari, MystBot, Lemmey, Nabuchadnessar, Addbot, DOI bot, Dawynn, Ronhjones, Aratak80, Lightbot, ماني, Samuel Pepys, LuK3, Mid- 

dayexpress, Luckas-bot, Ptbotgourou, Fraggle81, AnomieBOT, Daniele Pugliesi, Jim1138, Citation bot, Racconish, GB fan, Frankenpuppy, 

Xqbot, Coutasji, Ebu Katada, JimVC3, Cavila, Loveless, J04n, Xashaiar, Zincox, Sharveet, Thehelpfulbot, FrescoBot, Telementor, Ghost 

det, Polyxeros, Machine Elf 1735, Citation bot 1, SpacemanSpiff, I dream of horses, Bluey1361, BRUTE, Meamwye, علی ویکی, Tbhotch, 

Sideways713, RjwilmsiBot, Ripchip Bot, Msin10, EmausBot, John of Reading, WikitanvirBot, Berlew, Syncategoremata, Aquib American 

Muslim, Dreameq, ZxxZxxZ, Tommy2010, Wikipelli, Azeemrags, Josve05a, Muhib3000, Someone65, Illbased, Factfinderz, RockMag- 

netist, Karlchat, Khestwol, Helpsome, ClueBot NG, Marechal Ney, Helpful Pixie Bot, Wbm1058, BG19bot, The Mark of the Beast, 

Mazandar, Dzlinker, Metricopolus, Silvrous, Arosby, Dohezarsersdah, Kuzuryu66, Greenknight dv, Andyrule0, Darylgolden, Toploftical, 

GAYousefSaanei, YFdyh-bot, Khazar2, EuroCarGT, Filursiax, Dexbot, FoCuSandLeArN, Hishampgm, Sriharsh1234, Wario-Man, Afaz 

warsi, IAMAM2012Expert, François Robere, Atef54321, Monkbot, Mwaseem1, Assyriandude, Thssn1234, HMSLavender, Hihfhfhfhfhf, 

OracleNola, Rubbish computer, Hurvashtahumvata888, AntiIranpropergenda, Assaf122, Cadmus90, ColinLi4Life and Anonymous:    264 

• List of inventions in the medieval Islamic world Source: https://en.wikipedia.org/wiki/List_of_inventions_in_the_medieval_Islamic_ 

world?oldid=768116258 Contributors: The Anome, Ed Poor, William Avery, GTBacchus, Paul A, William M. Connolley, Charles 

Matthews, UtherSRG, Icairns, Neutrality, Imjustmatthew, Rich Farmbrough, Vsmith, LindsayH, Dbachmann, Bender235, JustPhil, 

Kwamikagami, Sam Korn, Sherurcij, Jheald, Woohookitty, Mindmatrix, Guy M, Wafry, TDude695, Ruud Koot, WadeSimMiser, Table- 

top, Dmol, Striver, Sjö, Rjwilmsi, Koavf, Gudeldar, ScottJ, Maurog, Nihiltres, Gurch, King of Hearts, DVdm, Spacepotato, RussBot, 

Dialectric, Bloodofox, Ospalh, KNHaw, Bibliomaniac15, SmackBot, Lifebaka, Jagged 85, Gilliam, Hmains, Cs-wolves, Chris the speller, 

Miquonranger03, Behaafarid, CSWarren, Colonies Chris, Frap, LeContexte, Kleuske, Evlekis, ThurnerRupert, Waggers, AdultSwim, 

Twas Now, FairuseBot, Chetvorno, CBM, Itaqallah, TheTito, Hemlock Martinis, AndrewHowse, Cydebot, Ttiotsw, Oxyman42, Daniel 

J. Leivick, Doug Weller, SteveMcCluskey, Wexcan, Calathan, TAMilo, Seaphoto, QuiteUnusual, JameRetief, Fayenatic london, Darklilac, 
North Shoreman, Husein Najmi, Once in a Blue Moon, Sluzzelin, Moonhawk, Kerotan, GoodDamon, Yahel Guhan, Jaysweet, VoABot 

II, Misheu, Twsx, David Eppstein, Frotz, C.Logan, Gun Powder Ma, DGG, MartinBot, EyeSerene, R'n'B, CommonsDelinker, Nono64, 

Mbhiii, Proabivouac, Beit Or, J.delanoy, KazakhPol, Extransit, Michael Daly, Vanished user g454XxNpUVWvxzlr, BrettAllen, Oxyman, 
Signalhead, VolkovBot, CWii, Soliloquial, Barneca, Oshwah, Pahari Sahib, Malinaccier, Davehi1, Aymatth2, Una Smith, Cremepuff222, 

Andy Dingley, Jedi Master MIK, Jimmi Hugh, LOTRrules, EJF, SieBot, Accounting4Taste, Tiddly Tom, WereSpielChequers, 1836311903, 

S711, WRK, Flyer22 Reborn, Radon210, Fratrep, OKBot, Vice regent, Mygerardromance, 48states, Mohummy, Saint-Louis, ImageRe- 

movalBot, Tomasz Prochownik, ClueBot, Keeper76, Mild Bill Hiccup, Polyamorph, J8079s, Otolemur crassicaudatus, SamuelTheGhost, 
Ashashyou, Aua, Takeaway, Excirial, CohesionBot, Scrazza, MickMacNee, Arjayay, Dmyersturnbull, Staygyro, Al-Andalusi, MelonBot, 

Johnuniq, Xiquet, Mavigogun, WikiDao, Protest against islamic imposition, Addbot, Haruth, PaterMcFly, Debresser, AnnaFrance, Lem- 

meyBOT, Tassedethe, Lightbot, Sheredot, Greyhood, EJF (huggle), Ben Ben, Luckas-bot, Timurite, Yobot, Senator Palpatine, Legobot 
II, Iroony, AnomieBOT, BennyK95, Archon 2488, Jim1138, Materialscientist, Citation bot, Teeninvestor, LilHelpa, J04n, StealthCopy- 

Editor, Mariotaddei1972, MerlLinkBot, Eugene-elgato, Edward130603, FrescoBot, Riventree, Citation bot 1, LittleWink, Ibn Zakariyā, 

Serols, Full-date unlinking bot, Triezel327, Trappist the monk, Raheem22, TheMesquito, RjwilmsiBot, VernoWhitney, EmausBot, Syn- 
categoremata, RenamedUser01302013, ZxxZxxZ, Tingea, K6ka, Checkingfax, Alcea setosa, Tolly4bolly, Someone65, TyA, Donner60, 

Misterfatter, Joshinda26, Wafaashohdy, ClueBot NG, Gilderien, Temperamental1, Widr, Newyorkadam, Helpful Pixie Bot, DBigXray, 

BG19bot, MusikAnimal, Dan653, The Almightey Drill, Glacialfox, The Pikachu Who Dared, ChrisGualtieri, Khazar2, Alfountain, Lu- 
gia2453, Beezle24, Telfordbuck, Atomicspitfire, Epicgenius, Vanamonde93, Rvflyer, Froglich, Monochrome Monitor, Tranquil Pepere, 

My name is not dave, Loomspicker, Whizz40, Diamondbuster, Monkbot, Swingoswingo, Awesomeman0007, HMSLavender, 468SM, 

GSS-1987, M.jazib khan, Megafreackingman, Mattyrutter, Jmcgnh, Emmastylinson and Anonymous:   251 

• Islamic world contributions to Medieval Europe Source: https://en.wikipedia.org/wiki/Islamic_world_contributions_to_Medieval_ 

Europe?oldid=767119591 Contributors: William M. Connolley, Big iron, Stone, Tpbradbury, Yosri, Per Honor et Gloria, Alvestrand, Andy 

Smith, Discospinster, Florian Blaschke, Dbachmann, Bender235, Ogress, Wiki-uk, Woohookitty, Merlinme, Mpatel, Mandarax, BD2412, 

Rjwilmsi, Angusmclellan, Koavf, FayssalF, Physchim62, Wavelength, RussBot, Dialectric, Bloodofox, Maunus, SmackBot, Jagged 85, 

Scott Paeth, Srnec, Gilliam, Hmains, Chris the speller, Ralhazzaa~enwiki, Actionist, Nathanm mn, Bdiscoe, Muhammad Hamza, Hel- 

loAnnyong, Iridescent, Hemlock Martinis, Cydebot, Ntsimp, Amandajm, Doug Weller, DumbBOT, PKT, Mattisse, JamesAM, Arch dude, 

Wrad, JaGa, Gun Powder Ma, R'n'B, Nono64, J.delanoy, Grim Revenant, Katalaveno, Johnbod, Chiswick Chap, Warut, Fountains of Bryn 

Mawr, Kansas Bear, Intothefire, Fainites, Hugo999, Oshwah, NPrice, Aymatth2, Andreas Kaganov, LOTRrules, Al Ameer son, Sony- 

ack, Bentogoa, Faradayplank, Sunrise, Vice regent, Mohummy, IAC-62, ClueBot, Kafka Liz, CasualObserver'48, J8079s, Niceguyedc, 

Blanchardb, Singinglemon~enwiki, SamuelTheGhost, Seanwal111111, Excirial, SchreiberBike, Al-Andalusi, Thingg, DumZiBoT, Xiquet, 

Andrewacockburn, MystBot, Addbot, Vero.Verite, Altetendekrabbe, Fyrael, Annielogue, Yobmod, SpellingBot, Tassedethe, Archeologo, 

Ben Ben, Yobot, Legobot II, AnomieBOT, Materialscientist, Citation bot, Eumolpo, Michael Chidester, LilHelpa, Ulf Heinsohn, Sas- 

soBot, AlexanderVanLoon, Ellenois, FrescoBot, Citation bot 1, Pinethicket, SuspendedSky, RedBot, Anneyh, Tim1357, Trappist the 

monk, Jamietw, John of Reading, Look2See1, Syncategoremata, Aquib American Muslim, ZxxZxxZ, AsceticRose, PBS-AWB, Cobalt- 

cigs, Alborzagros, Donner60, Joshinda26, ClueBot NG, MelbourneStar, Widr, Jorgenev, Helpful Pixie Bot, Lowercase sigmabot, Mughal 

Lohar, Eliassagar, Kelbin12, Cyberbot II, YFdyh-bot, Khazar2, AkramBinWallid, FoCuSandLeArN, Jamool66, Eyesnore, Madreterra, 

ColRad85, Swingoswingo, Soldier of the Empire, EzraEn, Alexis Ivanov, Ttt74, GreenC bot, Bender the Bot, Lolololol fail, Menen- 

berg+Bacon=Baconberg and Anonymous: 87 

https://en.wikipedia.org/wiki/List_of_inventions_in_the_medieval_Islamic_world?oldid=768116258
https://en.wikipedia.org/wiki/List_of_inventions_in_the_medieval_Islamic_world?oldid=768116258
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• Mathematics in medieval Islam Source: https://en.wikipedia.org/wiki/Mathematics_in_medieval_Islam?oldid=763356167 Contributors: 

Stevertigo, Michael Hardy, Ixfd64, Dcljr, Karada, William M. Connolley, Charles Matthews, Chuunen Baka, Romanm, Arkuat, Giftlite, 

Chowbok, Antandrus, Neutrality, PhotoBox, Rich Farmbrough, Dbachmann, Mani1, ESkog, Kwamikagami, Ruyn, Trevj, Arthena, Garzo, 

Jheald, Grenavitar, Zereshk, Woohookitty, Ruud Koot, Jeff3000, Mpatel, Striver, Mandarax, BD2412, Rjwilmsi, Angusmclellan, Koavf, 

Salix alba, Spacepotato, Kafziel, CltFn, Anonymous editor, Pseudomonas, Aftermath, Dialectric, Bloodofox, Jpbowen, Gadget850, Karl 

Meier, Wiqi55, Deville, Jrajesh, Ninly, Closedmouth, Veinor, SmackBot, Selfworm, Prodego, Jagged 85, Bradtcordeiro, Eskimbot, Paxse, 

Wzhao553, Hmains, Chris the speller, Full Shunyata, Tisthammerw, Royboycrashfan, OrphanBot, RandomP, Nepaheshgar, Bulldog123, 

Ruwanraj, Bejnar, Dogears, Lambiam, Mukadderat, Anlace, Islami, Linnell, ManiF, Jim.belk, IronGargoyle, Bless sins, Novangelis, Pej- 

man47, Iridescent, Mulder416sBot, Jibran1, Behmod, CBM, Nunquam Dormio, Hemlock Martinis, AndrewHowse, Cydebot, Future Per- 

fect at Sunrise, Oxyman42, Skittleys, Nick Number, AntiVandalBot, Wayiran, Bakasuprman, Epeefleche, Xact, Mardavich, FaerieInGrey, 

WODUP, Sam Medany, Marmoulak, David Eppstein, Aziz1005, Jahangard, Gun Powder Ma, Kkrystian, Rustyfence, Keith D, David 

J Wilson, R'n'B, CommonsDelinker, Pbroks13, J.delanoy, Uncle Dick, Ian.thomson, Oxguy3, JamesPen, MezzoMezzo, Ahsaniqbal 93, 

Krishnachandranvn, Chiswick Chap, Kansas Bear, KylieTastic, STBotD, DavidCBryant, Intothefire, Homer Landskirty, GrahamHardy, 

VolkovBot, JohnBlackburne, NikolaiLobachevsky, Ktalon, Oshwah, AstroWiki, Doug, Meters, Pjoef, Neophaze, Arash the Archer, 

LOTRrules, S711, Bentogoa, KoshVorlon, JonBrisk, Altzinn, 3rdAlcove, Khirurg, Chris G Bot, Sfan00 IMG, ClueBot, EoGuy, J8079s, 

Niceguyedc, SamuelTheGhost, Seanwal111111, Robert Skyhawk, NuclearWarfare, Al-Andalusi, Johnuniq, CreazySuit, Thymaridas, Xi- 

quet, Kurdo777, Rror, WikHead, ZooFari, D.M. from Ukraine, Bunich, Addbot, DOI bot, SpellingBot, Fieldday-sunday, Tassedethe, Tide 

rolls, Lightbot, Teles, Zorrobot, Jarble, LuK3, Konstock, Luckas-bot, Yobot, Hinio, AnomieBOT, AmritasyaPutra, Jim1138, Algorithme, 

Citation bot, Racconish, LilHelpa, Xqbot, JimVC3, Davshul, Srich32977, J04n, Xashaiar, Entropeter, Coramaroc, Soheila Sharegh, Pepper, 

Citation bot 1, Pinethicket, I dream of horses, RedBot, SpaceFlight89, Full-date unlinking bot, Trappist the monk, Electronicaleditor, Tb- 

hotch, DARTH SIDIOUS 2, RjwilmsiBot, TjBot, Skamecrazy123, DASHBot, J36miles, EmausBot, BerelZ, Syncategoremata, GoingBatty, 

Aquib American Muslim, ZxxZxxZ, Truesemitic, Wikipelli, Dcirovic, Mz7, H3llBot, Sasy monkan, Ocaasi, Someone65, L Kensington, 

Donner60, Sailsbystars, Chewings72, Ramin.ramezani, Bomazi, MacStep, DASHBotAV, WMC, ClueBot NG, Wcherowi, Shaddim, Widr, 

Friendly troll, Helpful Pixie Bot, Lowercase sigmabot, BG19bot, Mughal Lohar, CitationCleanerBot, Brad7777, Jmlaieast, Khazar2, We- 

bclient101, Tommy Pinball, Pysweetness34, I am One of Many, LouisAragon, Tranquil Pepere, Ginsuloft, Spivorg, Stingy pwns, Horseless 

Headman, Crystallizedcarbon, 468SM, Donut Pro, MusikBot, Chanakya Volume 2, Kaviraus, Bender the Bot, Gerald FTP, BobbyDig16, 

MereTechnicality, JueLinLi and Anonymous: 200 

• Physics in the medieval Islamic world Source: https://en.wikipedia.org/wiki/Physics_in_the_medieval_Islamic_world?oldid= 

764646628 Contributors: Ed Poor, William M. Connolley, Bearcat, Rich Farmbrough, Dbachmann, Kwamikagami, Woohookitty, Rjwilmsi, 

Koavf, Jmcc150, GünniX, Srleffler, Dialectric, Grafen, Ospalh, SmackBot, Jagged 85, Chris the speller, Jerome Charles Potts, Cyberco- 

bra, AdultSwim, TheTito, Hemlock Martinis, Headbomb, Marek69, Acroterion, Magioladitis, JaGa, Rasel70, Schmloof, R'n'B, Com- 

monsDelinker, Uncle Dick, Oxguy3, Katharineamy, Chiswick Chap, Fountains of Bryn Mawr, Hugo999, Willshaman, Neophaze, Sunrise, 

Mohummy, Tomasz Prochownik, Nsk92, J8079s, SamuelTheGhost, Chrono1084, Al-Andalusi, Johnuniq, Xiquet, Tkech, ZooFari, Ad- 

dbot, DOI bot, Luckas-bot, Legobot II, AnomieBOT, Citation bot, LilHelpa, Xqbot, Cavila, Fragma08, Machine Elf 1735, Citation bot 

1, Jonesey95, Alph Bot, Dr Philip Toop, Syncategoremata, Cobaltcigs, Someone65, ClueBot NG, Bibcode Bot, BG19bot, Contact '97, 

Mughal Lohar, Jamesmcmahon0, Monochrome Monitor, Monkbot, Yikkayaya, Duncan mccollum, Denn4657, C1776M, 468SM, Cyrej, 

Tugay354, Hershdchabra and Anonymous: 19 

• Medicine in the medieval Islamic world Source: https://en.wikipedia.org/wiki/Medicine_in_the_medieval_Islamic_world?oldid= 

767142204 Contributors: William Avery, William M. Connolley, Julesd, Scott, Andrewman327, WhisperToMe, Cercamon, Timrollpick- 

ering, Orpheus, Neutrality, Adashiel, Discospinster, Rich Farmbrough, Dbachmann, Bender235, Kwamikagami, Bobo192, Physicistjedi, 

Flammifer, Famousdog, MPerel, Irishpunktom, ABCD, Jheald, Geraldshields11, Zereshk, Woohookitty, Mindmatrix, Merlinme, Daniel 

Case, Guy M, Ruud Koot, Tabletop, Gil-Galad, Striver, BD2412, Kbdank71, Rjwilmsi, Angusmclellan, Koavf, Reinis, FayssalF, Ian Pitch- 

ford, Nihiltres, GünniX, Riddleme, Gwernol, UkPaolo, Wavelength, RussBot, Porturology, Anonymous editor, Pigman, Gaius Cornelius, 

NawlinWiki, Dialectric, Lowe4091, Bloodofox, Rjensen, Equilibrial, Brandon, Gadget850, DeadEyeArrow, Wujastyk, Doncram, Elkman, 

Wiqi55, Reyk, Pablo2garcia~enwiki, Cartwarmark, JLaTondre, SmackBot, WilyD, Jagged 85, Delldot, Aksi great, Gilliam, Ohnoits- 

jamie, Hmains, ParthianShot, Chris the speller, Keegan, Colonies Chris, Arab Hafez, RandomP, Wizardman, Salamurai, Ohconfucius, 

Tktktk, Mitso Bel, Afadel, Thom85, Tofoo, Tawkerbot2, Daedalus969, Tanthalas39, Halimahbintdavid, ShelfSkewed, FlyingToaster, 

Casper2k3, Neelix, Hemlock Martinis, Cydebot, Ryan, Dadofsam, Anthonyhcole, Dancter, Shirulashem, SteveMcCluskey, Crum375, 

Krylonblue83, Barticus88, Headbomb, Missvain, AntiVandalBot, DuncanHill, Dsp13, Hut 8.5, Yahel Guhan, Ma000055, VoABot II, 

 ,Andy mci, Belgrade18, David Eppstein, Beagel, Gun Powder Ma, Kkrystian, MartinBot, R'n'B, CommonsDelinker, Nono64 ,باسم

Lamaybe, J.delanoy, Maurice Carbonaro, LordAnubisBOT, Chiswick Chap, Belovedfreak, Squids and Chips, Medicineman84, Signal- 

head, Meiskam, VolkovBot, Philip Trueman, Thegingerninja, Crohnie, LOTRrules, Barkeep, Yintan, Bballstud10, WRK, Wilson44691, 

OKBot, Mohummy, Jobas, Explicit, ImageRemovalBot, Khirurg, ClueBot, PipepBot, The Thing That Should Not Be, Brokenearth, Plas- 

tikspork, Witchwooder, VQuakr, Mild Bill Hiccup, J8079s, Lantay77, Doseiai2, CounterVandalismBot, Poolback, Niceguyedc, Veraisme, 

Neverquick, SamuelTheGhost, Ashashyou, CohesionBot, HssanKachal, ChrisHodgesUK, Al-Andalusi, Thingg, Versus22, MelonBot, Joh- 

nuniq, SoxBot III, Xiquet, Roxy the dog, EastTN, Dthomsen8, WikHead, MEDISLAR, Nicolae Coman, Kefi~enwiki, UnknownForEver, 

Wythy, Addbot, DOI bot, Cathcart5, Alexander Bakunin, Ccacsmss, Debresser, Tassedethe, Tide rolls, Verbal, Lightbot, Krano, ماني, 
, Ben Ben, Luckas-bot, Yobot, Ptbotgourou, Gobbleswoggler, AnomieBOT, Materialscientist, Citation bot, LilHelpa, Carturo222, 
Poetaris, TechBot, Johnson5 jr., Wickedrob, Storyof, GrouchoBot, Twirligig, Jezhotwells, Iop7789, Esfandieasil, Taryakii, Citation bot 

1, Abductive, Fuzbaby, Jonesey95, RedBot, Serols, Sahar N Saleem, Piandcompany, Ozhistory, Meamwye, Trappist the monk, Rjwilmsi- 

Bot, Misconceptions2, Msin10, In ictu oculi, Slon02, EmausBot, John of Reading, Dolescum, Immunize, Craxyxarc, Look2See1, Fly by 

Night, Dewritech, Syncategoremata, GoingBatty, Aquib American Muslim, Dcirovic, K6ka, Djembayz, Hhaaf000, Knight1993, Aeonx, 
AManWithNoPlan, Snaevar, Someone65, Openstrings, BeNothing, Orange Suede Sofa, ChuispastonBot, Tentontunic, ClueBot NG, Jack 

Greenmaven, ScottSteiner, Helpful Pixie Bot, BG19bot, MusikAnimal, King of things98, Krisrich, AdventurousSquirrel, CitationCleaner- 

Bot, Lbeaulieu1, Kcollins11, Kbeisaw, Bissonar, Eamodeo, Harizotoh9, Loriendrew, BattyBot, StarryGrandma, SkepticalRaptor, Azure94, 
Daisyoopsy, Giso6150, Dexbot, Hong12kong, Mogism, Jah Akins, Me, Myself, and I are Here, FrigidNinja, Melonkelon, HistoryofIran, 

Tentinator, DavidLeighEllis, Babitaarora, Ugog Nizdast, Jbanerdt, HDSKhan, JustBerry, Ginsuloft, Jackmcbarn, Kind Tennis Fan, David- 

bena, JaconaFrere, BITYVITY, Yvetal, Gani94, Monkbot, Filedelinkerbot, Vieque, Evyslwyn, Mhhossein, ChloeDarke, Crazynyancat, 
Amortias, 468SM, Zppix, Mheydari2, Gastroking, Shammok, RedPanda25, Pineapplelord09, Jnteller15, HajjiBaba, CLCStudent, Audral, 

Terretu, Bojackh, 99999mp3, Kaden216k and Anonymous: 223 

• List of Arab scientists and scholars Source: https://en.wikipedia.org/wiki/List_of_Arab_scientists_and_scholars?oldid=764882558 

Contributors: Lquilter, Delirium, William M. Connolley, Solipsist, Wareh, Kaveh, Kappa, InShaneee, Ruud Koot, Miia, Radiant!, TaivoLin- 

guist, Amir85, SouthernComfort, MarnetteD, Tedder, Jidan, Alex Bakharev, Dialectric, Ragesoss, Aaron Schulz, Allens, Katieh5584, 

https://en.wikipedia.org/wiki/Mathematics_in_medieval_Islam?oldid=763356167
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NeilN, Fatih Kurt, SmackBot, Brianyoumans, Zerida, Melchoir, Jagged 85, Gilliam, Hmains, Chris the speller, MalafayaBot, Cloj, 

Shaolin128, Arab Hafez, Khoikhoi, Fuhghettaboutit, Shamir1, Nepaheshgar, Bulldog123, Nishkid64, Mukadderat, Kashk, ManiF, Mar- 

tinp23, Pejman47, Inahet, Khosrow II, CmdrObot, Kraf001, CBM, Drinibot, Cydebot, Steel, Doug Weller, Crum375, Egyegy~enwiki, 

Wikid77, Alaaeddeen, Sobreira, ThisIsAce, EdJohnston, Doc Tropics, Wooerfara3661, Fayenatic london, Tim Shuba, Lanov, Tam- 

mamo, Epeefleche, Jaber, Mardavich, Sangak, Magioladitis, Brrrrrett, RuthieK, Jessicapierce, Marmoulak, Aziz1005, Novickas, JaGa, 

Edward321, Gun Powder Ma, Danieliness, MartinBot, MeteorMaker, Beit Or, Artaxiad, Fountains of Bryn Mawr, Bobianite, Squids and 

Chips, Nburden, AlnoktaBOT, Hqb, Littlealien182, Mussav, Jojo80, Insanity Incarnate, Aeranis, S711, 05ترجمان, Oculi, Nefariousski, 

Denisarona, ClueBot, Fyyer, Masoudnaseri, Otolemur crassicaudatus, SamuelTheGhost, Bagworm, Nableezy, Al-Andalusi, Salma helali, 

Editor2020, WikHead, Nicolae Coman, New iraqijm, MystBot, Addbot, Hellboy2hell, FiriBot, Bonassra, Tassedethe, ماني, Folklore1, 

Abdullah Alkendy, Xevorim, AnomieBOT, Srahat, Scythian77, Materialscientist, LilHelpa, Xqbot, GrouchoBot, Xashaiar, Batman2010, 

FrescoBot, Skyerise, Helmoony, EmausBot, Super48paul, Syncategoremata, Jeevenson, Sinharib99, Rarevogel, Wikipelli, SporkBot, Dr 

eng x, ClueBot NG, Globjulia, Dr. Persi, Lutfi.Saad, Harsimaja, BG19bot, Gomada, Mazandar, Northamerica1000, Wario-Man, Vir- 

giniageneva, SolitariousBellator, Davidbena, Ergün.Y., Alhaqiha, Rolandi+, Banan badeels, Kaviraus, AyOuBoXe, Aṭlas and Anonymous: 

115 

• List of Muslim scientists Source: https://en.wikipedia.org/wiki/List_of_Muslim_scientists?oldid=759110468 Contributors: William M. 

Connolley, Robbot, Ragib, CJCurrie, Jayjg, Rich Farmbrough, RoyBoy, IFaqeer, Flammifer, Ogress, Mduvekot, Walkerma, Snowolf, 

Wtmitchell, Tariqabjotu, Woohookitty, Jeff3000, Tabletop, Striver, Farhansher, Rjwilmsi, Bhadani, Yamamoto Ichiro, Riddleme, Intgr, 

Astriolok, Moocha, LatinoMuslim, RussBot, Netscott, Gaius Cornelius, Cryptic, Teb728, Dialectric, RL0919, Szhaider, User27091, Igif- 

fin, Skahmad, Arthur Rubin, Xaxafrad, Seventy-one, Alasdair, T. Anthony, SmackBot, Waqas.usman, Jacek Kendysz, Jagged 85, Gilliam, 

Ohnoitsjamie, Carl.bunderson, Bluebot, U.yildiz~enwiki, Oatmeal batman, Yid613, InnocentMind, Mosca, Sandygrains, Ser Amantio di 

Nicolao, Kuru, Tktktk, Bless sins, Iridescent, Kaygtr, Imad marie, CmdrObot, Hermitage17, FlyingToaster, Myasuda, Danrah, Cyde- 

bot, Xorox, Doug Weller, DumbBOT, BhaiSaab, Alaibot, PKT, Alaaeddeen, EdJohnston, Shahbaz Yousefi, Eastlygod, Lanov, Kariteh, 

Epeefleche, Mcorazao, Sheik nazim, Geniac, Jessicapierce, Aziz1005, JaGa, Danieliness, R'n'B, Arrow740, Uncle Dick, Keesiewonder, 

Hennessey, Patrick, Borhan0, AlnoktaBOT, TXiKiBoT, Technopat, Anonymous Dissident, RedAndr, Bolton007, Bilal855, Joseph A. 

Spadaro, AlleborgoBot, GoddersUK, Tommyfenton, Hyperjeff, Toddst1, Sunrise, Gamall Wednesday Ida, Denisarona, Rzf3, Sfan00 IMG, 

Aaronshavit, The Thing That Should Not Be, Meekywiki, J8079s, Niceguyedc, SamuelTheGhost, Jusdafax, Arjayay, Jaguar14, Jotterbot, 

Wajahat malik, Bddrey, Al-Andalusi, MelonBot, Crowsnest, DumZiBoT, Mukhtar48, New iraqijm, PL290, Handala48, Good Olfactory, 

Airplaneman, Addbot, Poloplayers, Tassedethe, Jarble, Yobot, AnomieBOT, Noq, Jim1138, Materialscientist, Citation bot, Xqbot, Bihco, 

Rezanasab, Georgelives, Arkdya, Skashifakram, Yuhaniz, Wifione, Skyerise, Danwhite2010, Malik.merchant, Lotje, Vrenator, Reaper 

Eternal, Koantao, Peaceworld111, EmausBot, TheRealKhaled, Syncategoremata, Starcheerspeaksnewslostwars, L.ahmadddd, ZxxZxxZ, 

ZéroBot, Hashemi1971, Onethemostinnocent, Dira786, IranianPersian, ClueBot NG, Rossi101, WilliamBillyB, Diyar se, Helpful Pixie 

Bot, Khawaja86, BG19bot, Wiki13, Shlwolfram, H4haiderali, Dr.tolga, SrijitaK, Ninmacer20, Jeelani Ashraf, Mediran, Hvakshahtrah, 

Cwobeel, Engriz, Artavasdes, Frosty, Muons, Khawajaharoon, Froggygroggy, Mrunknown101, Posturk, Amy Gigsy, Noyster, JaconaFrere, 

Enewbie7, Monkbot, Narky Blert, Xwedêda, Mustafa jaraqi, Bender the Bot and Anonymous: 256 

• List of pre-modern Iranian scientists and scholars Source: https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_ 

scholars?oldid=767742630 Contributors: Scott, Zoicon5, Samsara, Jerzy, Sina~enwiki, Gazpacho, Mani1, Art LaPella, Cmdrjameson, 

Flammifer, Grutness, Rd232, Bart133, GabrielF, Zereshk, Iustinus, Falcorian, Scriptoria, Woohookitty, Etacar11, Ruud Koot, Chochopk, 

Striver, GregorB, Farhansher, TaivoLinguist, Behdad, Amir85, Yuber, Jidan, Adoniscik, Dialectric, Ragesoss, Aldux, Closedmouth, Tajik, 

SmackBot, Jagged 85, Aksi great, Hozien, ParthianShot, Colonies Chris, Huon, Khoikhoi, Mesbaha, Nepaheshgar, Chaldean, Lambiam, 

Mukadderat, BrownHairedGirl, Kashk, Khazar, Maziar fayaz, Green Giant, ManiF, Pejman47, JoeBot, Persian cowboy, Khosrow II, 

Drinibot, FlyingToaster, Cydebot, Gogo Dodo, Siba, Missvain, Nick Number, Hajji Piruz, Veriaamiri, Wooerfara3661, Lanov, Lklundin, 

Epeefleche, Mardavich, Magioladitis, Jessicapierce, Aziz1005, Edward321, Ron2, Farnil, A h, JamesPen, Simulate, Skryinv~enwiki, Sar- 

bazeirani, Realking, Rayis, Usedup, Mussav, Alborz Fallah, Arash the Archer, WRK, Amirpouya s, Aramgar, Alefbe, Neptunes2007, 

Boing! said Zebedee, Masoudnaseri, SamuelTheGhost, Sia34, MrTsunami, Takabeg, SchreiberBike, Al-Andalusi, Apparition11, Azhura, 

Kurdo777, WikHead, Addbot, Ronhjones, Tide rolls, Luckas-bot, Yobot, JackieBot, Scythian77, Materialscientist, Pbahramian, Rezanasab, 

J04n, Xashaiar, Behzad.Fatahi, Batman2010, FrescoBot, Spider 2200, I dream of horses, Mrsfaqiri, SchreyP, Lotje, علی ویکی, The- 

shanameh, Farhikht, Dolescum, Syncategoremata, Sinharib99, Theotherguy1, Smhfba, SporkBot, ProfESo, Chewings72, Emiduronte, 

ClueBot NG, Mzakerian, Dr. Persi, Xythianos, Seair21, Helpful Pixie Bot, TheTrainEnthusiast, Mazandar, Brustopher, لیآم  ,پارسا 

Mehrdadlali, ارژنگ, ChrisGualtieri, Mogism, Wario-Man, Civillisation, HistoryofIran, Abdalla Dabdoub, Kdm852, JaconaFrere, Arash 

pyk, Rubbish computer, Xwedêda, Niima karimian and Anonymous: 152 

• Ibn Abi Usaibia Source: https://en.wikipedia.org/wiki/Ibn_Abi_Usaibia?oldid=751663280 Contributors: Robbot, DanielCD, Wareh, 

Jaraalbe, Wiqi55, SmackBot, Jagged 85, Bluebot, MartinPoulter, Cloj, Arab Hafez, Namiba, Cydebot, Lanov, Aziz1005, Baristarim, 

Mannerheimo, S711, Fadesga, Seanwal111111, Alexbot, Al-Andalusi, Chronicler~enwiki, Addbot, Zozo2kx, Lightbot, Bahatur, Xqbot, 

Davshul, RjwilmsiBot, ZxxZxxZ, Iflan9, Antiqueight, VIAFbot, Triplingual, Alkashkul, KasparBot, Xwedêda, Bender the Bot and Anony- 

mous: 2 

• Al-Biruni Source: https://en.wikipedia.org/wiki/Al-Biruni?oldid=767850892 Contributors: AxelBoldt, Mav, The Anome, XJaM, Olivier, 

Elian, Stevertigo, Michael Hardy, Delirium, William M. Connolley, CatherineMunro, Silver Maple, Jiang, Charles Matthews, Wik, Tpbrad- 

bury, Falcongj, Carlossuarez46, Jaredwf, Yosri, Jamshid H, Auric, Roozbeh, Aetheling, Giftlite, DocWatson42, Kbahey, Meursault2004, 

Peruvianllama, Michael Devore, Utcursch, Beland, Icairns, TJSwoboda, The stuart, Mike Rosoft, CALR, Rich Farmbrough, Dbach- 

mann, Mani1, Bender235, ESkog, Kbh3rd, Marcok, Laurascudder, The Noodle Incident, Polylerus, Ogress, Jumbuck, AnnaP, Omerlives, 

Pouya, VivaEmilyDavies, Tony Sidaway, RainbowOfLight, Grenavitar, TenOfAllTrades, SteinbDJ, Zereshk, Vonaurum, Oleg Alexandrov, 

Japanese Searobin, Siafu, Smoothhenry, Mel Etitis, Woohookitty, Shreevatsa, Sburke, Ruud Koot, Chochopk, Jeff3000, Tylerni7, John 

Hill, Farhansher, BD2412, Amir85, Yurik, Meghaduta, Ketiltrout, Rjwilmsi, Mbahrami, Koavf, FayssalF, FlaBot, Srleffler, Sbrools, Shark- 

face217, DVdm, YurikBot, Jimp, RussBot, Alex Bakharev, Pseudomonas, Cryptic, Anomie, Dialectric, Grafen, Ragesoss, Bhola, Vastu, 

Syrthiss, Aaron Schulz, Trainra, Wiqi55, Deville, Thnidu, Reyk, Pasitbank, Petri Krohn, T. Anthony, Curpsbot-unicodify, Tajik, Arad, Lyrl, 

SmackBot, Selfworm, Slashme, Prodego, TestPilot, KocjoBot~enwiki, Jagged 85, Spasage, Hmains, MB~enwiki, Quadratic, Anachronist, 

TimBentley, Rajeevmass~enwiki, Buermann, Hibernian, Proofreader, Gol, OrphanBot, Stevenmitchell, Khoikhoi, Theodore7, Nepahesh- 

gar, MartinRe, Fkehar, Jan.Kamenicek, Vincent Pace, Bidabadi~enwiki, John Reid, Rgulerdem, SashatoBot, Lambiam, Eliyak, Harry- 

boyles, Kashk, John, General Ization, Mathiasrex, TheLoneRanger, ManiF, Mitso Bel, Ckatz, Pejman47, Zmmz, Daraheni, MehrdadNY, 

Afghana~enwiki, CRGreathouse, CmdrObot, Ale jrb, Scohoust, Abrar47, Tuluat, Beh-nam, Cydebot, Jgtl2, Languagehat, Daniel J. Leivick, 

Sa.vakilian, Hispalois, Doug Weller, DumbBOT, BhaiSaab, SteveMcCluskey, Legotech, Thijs!bot, Epbr123, Islescape, Coelacan, Der- 

Doc, Headbomb, Missvain, Maadal, Assianir, Napmor, RobotG, AstroLynx, Maksud, Wayiran, Babakexorramdin, JAnDbot, Ekabhishek, 

https://en.wikipedia.org/wiki/List_of_Muslim_scientists?oldid=759110468
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars?oldid=767742630
https://en.wikipedia.org/wiki/List_of_pre-modern_Iranian_scientists_and_scholars?oldid=767742630
https://en.wikipedia.org/wiki/Ibn_Abi_Usaibia?oldid=751663280
https://en.wikipedia.org/wiki/Al-Biruni?oldid=767850892
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Dsp13, Hassanfarooqi, Mardavich, Arash the Bowman, Magioladitis, Connormah, Ling.Nut, Waacstats, David Eppstein, JaGa, Philg88, 

Edward321, Jahangard, Nevit, Gun Powder Ma, Danieliness, David J Wilson, R'n'B, CommonsDelinker, Nono64, MacAuslan, AlphaEta, 

Paranomia, Skeptic2, Rizan, Artacoana, Gem-fanat, Johnbod, Dogg187, WebHamster, Coolg49964, Chiswick Chap, Hut 6.5, Fountains 

of Bryn Mawr, Zerokitsune, Kansas Bear, Biglovinb, Homer Landskirty, Alyoshenka, Davecrosby uk, Idioma-bot, Ibnsina786, Hugo999, 

Ooshimmeroo, VolkovBot, AlnoktaBOT, MenasimBot, Aparhizi, TXiKiBoT, Olly150, John Carter, GlobeGores, Lambyte, Alborz Fal- 

lah, Billinghurst, Makafaat, Carticus, AlleborgoBot, PericlesofAthens, SieBot, Ivan Štambuk, Anoshirawan, Temp07, Flyer22 Reborn, 

Mandsford, Fratrep, Sunrise, Svick, LloydKame, Alefbe, Randomblue, Khirurg, YSSYguy, Bobathon71, Azraq~enwiki, J8079s, Shaded0, 

Niceguyedc, Kosoni, SamuelTheGhost, Khateeb88, Lovelyartin, Canis Lupus, Sun Creator, Jotterbot, Tahmasp, Chrono1084, Al-Andalusi, 

Yozer1, Polysynaptic, Chronicler~enwiki, Kurdo777, ZooFari, Good Olfactory, MatthewVanitas, Addbot, DOI bot, Mootros, Tanhabot, 

TutterMouse, Akanak, Ahmad2099, AndersBot, Heshamdiab116, Vwady, Raayen, Tassedethe, Tide rolls, Lightbot, Zorrobot, Bartledan, 

Enforcing Neutrality, Luckas-bot, Yobot, Hinio, AnomieBOT, Rubinbot, Kanowini, Flewis, Mahmudmasri, Materialscientist, BillLoney, 

Citation bot, Racconish, Dhulqarnain, BrokenMirror, Mhussain1857, LilHelpa, JmCor, Xqbot, TinucherianBot II, Fazalhussein, TechBot, 

Hanberke, XZeroBot, Davshul, Arslan-San, Anne Bauval, EgyptianWikipedian, Ferran Mir, Almabot, Re444, GrouchoBot, Xashaiar, Ri- 

botBOT, Ashrf1979, In fact, Cekli829, FrescoBot, Telementor, Abbasmtz, Massagetae, Jprschaefer, Yasharafif, K8hh, Eren10~enwiki, 

Behnamnaderi, HRoestBot, Tom.Reding, Ghazne, Leone~enwiki, RedBot, Ilvon, Torebay, Inuit18, FoxBot, Trappist the monk, Bro- 

kenMirror2, HyperGaruda, Callanecc, Sara Qamar, Dinamik-bot, علی ویکی, Nataev, Seahorseruler, Onpoint12, Persia2099, AXRL, 

RjwilmsiBot, Math920, Kamran the Great, , EmausBot, WikitanvirBot, Syncategoremata, مانفی, Bahramm 2, ZxxZxxZ, Solarra, 

Pahlavannariman, Josve05a, Knight1993, Vargavandnick, Poikins, Kaka Mughal, Jonathansammy, Farmond885, Erdmanjoelee, Rtghgf, 

L Kensington, Ulugbek Mansurov, Donner60, Odysseus1479, Khodabandeh14, Chewings72, Moocow121, Muslimsson, ChuispastonBot, 

MacStep, Albert Nestar, DASHBotAV, Faridun2500, Khestwol, WMC, Nosang515, ClueBot NG, Dr. Persi, Work2win, MelbourneStar, 

Ebrahimi-amir, Baseball Watcher, 570ad, Niemin2, Oajo, Helpful Pixie Bot, Wbm1058, BG19bot, Teeena789, رهگذر غریب, Mazan- 

dar, Solomon7968, Mughal Lohar, Wikih101, CitationCleanerBot, DlronW, Da enlightened one, 123levi123, Winter Gaze, BattyBot, 

Hamkor, Mdann52, Prince.aliabbas, M.daryalal, JYBot, Righteousskills, Wario-Man, Obaid Raza, Vortexion, Rfassbind, Civillisation, His- 

toryofIran, YasserTurkistani, UsmanKhanDiri, YASSER.TC, Adirlanz, Liz, TokunagaM, Davidbena, 1982vdven, AryanSogd, Msanta20, 

Skr15081997, Monkbot, Filedelinkerbot, Amortias, DrSamian, Kautilya3, Luki1254, Arman53, Turan22, Xweka, Kangar07, TajikIran, 

HuzaifaXXX, Aidepikiwnirotide, 1SwordofGod1, KasparBot, Xwedêda, Calm321, Buxariy, Alexis Ivanov, Siddharthdhodapkar, Gyro- 

musk6789, Nargisa, Mahda133, Rehan Qasim Kumbher, Eperoton, Muhammad Umair Mirza, Hopsaga, Parvij, MSoliev7, Bender the 

Bot, Turano'g'lu, Math123math, MenofTomorrow and Anonymous: 330 

• Ibn al-Haytham Source: https://en.wikipedia.org/wiki/Ibn_al-Haytham?oldid=767735813 Contributors: AxelBoldt, Zundark, XJaM, 

Rgamble, Caltrop, Heron, Olivier, Michael Hardy, Llywrch, Beans, Dan Koehl, Pnm, Stan Shebs, William M. Connolley, Suisui, Adam 

Bishop, AWhiteC, Dandrake, Tpbradbury, Wetman, Naddy, Koba-chan, Merovingian, Bkell, Wikibot, Ancheta Wis, Giftlite, Christo- 

pher Parham, Isam, Peruvianllama, Michael Devore, Wronkiew, Eckhart Wörner~enwiki, Sonjaaa, Quadell, Mozgulek, Urhixidur, Grstain, 

Jayjg, Discospinster, Rich Farmbrough, Dbachmann, Bender235, Jccooper, El C, Rgdboer, Kwamikagami, West London Dweller, Jpgor- 

don, Wood Thrush, Nk, Townmouse, Famousdog, MPerel, Jumbuck, Joost~enwiki, Weorthe, Hoary, Sligocki, Snowolf, Bucephalus, Vi- 

vaEmilyDavies, Kusma, SteinbDJ, Zereshk, Djsasso, Nightstallion, Dismas, Mel Etitis, Woohookitty, Mindmatrix, FeanorStar7, Merlinme, 

Rocastelo, Daira Hopwood, Jacobolus, Briangotts, Kam Solusar, Ruud Koot, Dodiad, Eleassar777, Tabletop, SDC, Liface, Farhansher, 

MarcoTolo, Gerbrant, Graham87, BD2412, Amir85, Island, Dpv, Drbogdan, Rjwilmsi, Koavf, Amire80, Erkcan, Yamamoto Ichiro, John 

Deas, Nihiltres, KFP, Srleffler, Yamin111, Ahwaz, Jidan, Jaraalbe, DVdm, Aethralis, Bgwhite, EamonnPKeane, YurikBot, HG1, Space- 

potato, Hairy Dude, RussBot, FrenchIsAwesome, Epolk, Bergsten, Gaius Cornelius, Alex Bakharev, Shanel, Fizan, Ragesoss, Bestofmed, 

Jbourj, Biopresto, DGJM, Gadget850, Kewp, Ms2ger, TheSeer, Wiqi55, Arthur Rubin, Curpsbot-unicodify, David Biddulph, JDspeeder1, 

KnightRider~enwiki, True Pagan Warrior, SmackBot, RDBury, Selfworm, C.Fred, Jagged 85, MB~enwiki, Chris the speller, Aucaman, 

Bluebot, JCSantos, Kisholi, MK8, Jayanta Sen, MalafayaBot, CSWarren, Baronnet, Darth Panda, Salmar, OrphanBot, Racklever, Arab 

Hafez, Khoikhoi, Fuhghettaboutit, Nepaheshgar, Jan.Kamenicek, Crittens, BryanG, Jóna Þórunn, Ugur Basak Bot~enwiki, Ceoil, Lam- 

biam, Rklawton, ManiF, Ckatz, Rkmlai, Mr Stephen, Dicklyon, AdultSwim, Pejman47, Iridescent, Maestlin, JoeBot, MehrdadNY, 'Ff'lo, 

CapitalR, Richard75, Inahet, CRGreathouse, CmdrObot, Kraf001, CBM, Itaqallah, Gregbard, Equendil, Slazenger, Cydebot, Meno25, 

Sa.vakilian, Doug Weller, DumbBOT, Chrislk02, SteveMcCluskey, Pustelnik, Tiger-man, Ryry50, Epbr123, Wikid77, Headbomb, Miss- 

vain, Bobblehead, ThomasPusch, AstroLynx, JoeFriday, Vanjagenije, Hannes Eder, Wayiran, Lfstevens, Lanov, JAnDbot, Dogru144, 

NE2, Andonic, TAnthony, Andy Ross, Acroterion, Mardavich, Bibi Saint-Pol, Magioladitis, Connormah, VoABot II, Dekimasu, James- 

BWatson, باسم, JPG-GR, الدبوني, David Eppstein, Aziz1005, JaGa, Jahangard, Amitkagrawal, Doesper, Nopira, Gun Powder Ma, 

Jackson Peebles, Danieliness, Stealthound, Hdt83, MartinBot, David J Wilson, Pbroks13, Johnpacklambert, Nono64, JBC3, Natsirtguy, 

AlphaEta, J.delanoy, Skeptic2, Arrow740, Rizan, Phible, NYCRuss, JamesPen, MezzoMezzo, Plasticup, Chiswick Chap, Fountains of 

Bryn Mawr, Kansas Bear, Slackerlawstudent, PatriciaJH, Signalhead, Hugo999, VolkovBot, TreasuryTag, Thomas.W, Jeff G., Holme053, 

AlnoktaBOT, TXiKiBoT, Hatimsalih, Java7837, Emo muzik sux, Vipinhari, Ontoraul, Mussav, Geometry guy, Azdi~enwiki, Natg 19, 

Sodicadl, Alborz Fallah, Graymornings, Bradley Steffens, AgentCDE, Dmcq, Carticus, Respecter, SieBot, Arkwatem, Temp07, Arpose, 

S711, Flyer22 Reborn, Antonio Lopez, King4ever, Egulaye, Lightmouse, Sunrise, CharlesGillingham, Mojoworker, Yasiry, Piroozi, Tin- 

glepal, Denisarona, Tom Reedy, Locaracle, 3rdAlcove, Tomasz Prochownik, Sfan00 IMG, ClueBot, Eilidhrosach, FiveRupees, RisingSun- 

Wiki, Neptunes2007, Treharne, J8079s, Cpq29gpl, Niceguyedc, Harland1, Zack wadghiri, SamuelTheGhost, 07fan, Moshirah, Alexbot, 

PixelBot, Verum~enwiki, Rhododendrites, M.O.X, Bayrak, SchreiberBike, Al-Andalusi, Johnuniq, Apparition11, Darkicebot, Natebard, 

Kurdo777, Airplaneman, Kbdankbot, Iranway, Ehsan1356, Nabuchadnessar, Addbot, Kayla.thorpe1, DOI bot, Levantine, Jncraton, Lau- 

rinavicius, Fluffernutter, Sina111, Protonk, LaaknorBot, Redheylin, Ahmad2099, Debresser, Deamon138, Blaylockjam10, Raayen, Intel- 

libeing, Aratak80, J. Johnson, Enforcing Neutrality, Luckas-bot, Yobot, Pink!Teen, TaBOT-zerem, Amirobot, Washburnmav, Samaraaa, 

Hinio, Arashariya, AnomieBOT, Jim1138, Grolltech, LlywelynII, Kingpin13, Materialscientist, Neutrality45, Citation bot, Racconish, Lil- 

Helpa, Coutasji, Used2be, Intelati, GameCube Dude, Cavila, 4twenty42o, Nfr-Maat, Gilo1969, Davshul, ManasShaikh, Victim2009, J04n, 

GrouchoBot, Xashaiar, Omnipaedista, RibotBOT, Ashrf1979, Sahehco, Mattis, WebCiteBOT, Unknown1183, MaryBowser, FrescoBot, 

Tobby72, Telementor, Vicharam, Wearsunscreen, Fragma08, Izzedine, Buijs, Cowboyhat123, PigFlu Oink, Þjóðólfr, Tkuvho, Notedgrant, 

Jonesey95, Tom.Reding, Жељко Тодоровић, Irbisgreif, FoxBot, TobeBot, Trappist the monk, DixonDBot,  یکیو  -Zaydepoo, Di ,علی 

annaa, Tbhotch, Persia2099, Minimac, Akarempoor, RjwilmsiBot, Alph Bot, SoSaysSunny, Salehnuru, Kamran the Great, EmausBot, 

WikitanvirBot, Syncategoremata, RA0808, Rarevogel, NotAnonymous0, ZxxZxxZ, The arabin wolf, Dcirovic, Beleary, Tuxedo junction, 

Werieth, ZéroBot, Knight1993, StringTheory11, Cybernautique, K kisses, SporkBot, AManWithNoPlan, Zuhairali, Cocky93, Alborzagros, 

Factfinderz, Donner60, الشبح العربي, Chewings72, Polaris01, AFKM i, Khestwol, ClueBot NG, Gareth Griffith-Jones, Jack Green- 

maven, Memories of lost time, Fauzan, Larskonzack, Widr, Helpful Pixie Bot, Gorgealaki, Bibcode Bot, Adhoc82, Guest2625, Carjoyg, 

BG19bot, Brownchamcha, TCN7JM, Mazandar, Mithraeum, Musiclover81, Red Baboon, Mughal Lohar, Supremeaim, CitationCleaner- 

Bot, MrBill3, DistributorScientiae, Glacialfox, ارژنگ, EdwardH, EcoChap, BattyBot, Pratyya Ghosh, MahdiBot, Mdann52,   Mrt3366, 

https://en.wikipedia.org/wiki/Ibn_al-Haytham?oldid=767735813
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Ninmacer20, Cyberbot II, ChrisGualtieri, Dexbot, Einstein2, Mohsenali93, Periglio, Frosty, Jochen Burghardt, Wario-Man, Doubtcoach- 

doubtcoach, Yutabam, Harri01, BurritoBazooka, Ueutyi, Civillisation, DangerouslyPersuasiveWriter, Lekoren, HistoryofIran, Michi5738, 

Shrikarsan, Wamiq, Abdalla Dabdoub, Utaibimt, Prokaryotes, Wikiblorg, Jackmcbarn, Mutawasit, Ehsanshahos, SonDiego, Turbomon- 

key555, RookTaker, Monkbot, Teaksmitty, Browneman, Roudgarmi38732, Filedelinkerbot, Jsaur, Prisencolin, Juveatta, Creeperman640, 

Roverlager, Randadil, Rob at Houghton, Ahwazeardeshir, Pooya3003, KH-1, Unhappydapppy, HaEr48, Batsgasps, MSV O, Mohammed 

al-Bukhari, Rubbish computer, Hurvashtahumvata888, Cyrej, Bapehu, Serten II, Moorrests, Isambard Kingdom, Sonja Brentjes, Ecoboy90, 

Mamin1375, CyanoTex, KasparBot, Ryanstafford2000, Miladkarimii, Lendteksdinoseven, AkliBaitiche, Shalir Salim, MierDRashid, Em- 

salius, Kaviraus, DatGuy, InternetArchiveBot, Arnous543, Keenanf6, Colton113, Ttt74, Scarsdale.vibe, SuperScience32310, GreenC bot, 

Assaf122, AlineXu, Emir of Wikipedia, Bender the Bot, Metaphysicswar, Doorturk, Fahad15151GO, Cadmus90, Scienceis, PrimeBOT, 

000meow, Parviz1337 and Anonymous: 478 

• Ibn Maḍāʾ Source: https://en.wikipedia.org/wiki/Ibn_Ma%E1%B8%8D%C4%81%CA%BE?oldid=713732031 Contributors: William 

Avery, Michael Hardy, Quadell, Canadian Paul, Tony1, Hakeem.gadi, Maunus, SmackBot, RayAYang, Soap, Uq, Cydebot, Waacstats, Mez- 

zoMezzo, Matthewedwards, Denisarona, Supertouch, Otolemur crassicaudatus, RogDel, Addbot, Lightbot, Yobot, AnomieBOT, Rjwilm- 

siBot, D.Lazard, MALLUS, Frietjes, Toploftical, Fraulein451, KasparBot, CounterTime and Anonymous: 2 

• Avicenna Source: https://en.wikipedia.org/wiki/Avicenna?oldid=767774509 Contributors: Magnus Manske, Brion VIBBER, Mav, Andre 

Engels, Mathijs~enwiki, Rmhermen, Deb, Zoe, Rsabbatini, Camembert, Ewen, Hephaestos, Olivier, Spiff~enwiki, Michael Hardy, Dan 

Koehl, Nixdorf, Alireza Hashemi, Looxix~enwiki, Ellywa, Kingturtle, Ciphergoth, Andres, Jeandré du Toit, Ruhrjung, Charles Matthews, 

Radgeek, Sertrel, Markhurd, Tpbradbury, Hyacinth, Phoebe, Philopp, Samsara, Morven, Joseaperez, Wetman, Carbuncle, RadicalBen- 

der, Robbot, Pigsonthewing, PBS, Zandperl, Gak, Nkv, Mirv, SchmuckyTheCat, Diderot, Halibutt, Jondel, Wikibot, JackofOz, Seano1, 

Giftlite, Peruvianllama, Varlaam, Rpyle731, Erich gasboy, Andycjp, Toytoy, Sonjaaa, Antandrus, Williamb, JoJan, MisfitToys, Tothebar- 

ricades.tk, Karl-Henner, Caton~enwiki, Neale Monks, Agari, Uaxuctum~enwiki, Robin klein, Picapica, Mike Rosoft, Zartosht~enwiki, 

An Siarach, Rich Farmbrough, Guanabot, Oliver Lineham, Florian Blaschke, Aris Katsaris, Eric Shalov, Dbachmann, Mani1, Bender235, 

Phaust, Kaisershatner, El C, Kwamikagami, Laurascudder, Susvolans, Sietse Snel, Rizman Suzaidi, Wareh, Cmdrjameson, Khakbaz, Bgeer, 

Nk, Flammifer, Dmanning, Jakew, Ogress, HasharBot~enwiki, GK, Jumbuck, OneGuy, Alansohn, Gary, Mick Knapton, Ben davison, 

Omerlives, Pouya, Sligocki, Ynhockey, Bart133, Velella, SidP, Helixblue, Saga City, Grenavitar, SteinbDJ, Ghirlandajo, Zereshk, Iustinus, 

Tainter, Oleg Alexandrov, Agingjb, Angr, Mel Etitis, Woohookitty, FeanorStar7, Merlinme, Rocastelo, Miaow Miaow, Jacobolus, Pbhj, 

Briangotts, Ruud Koot, Jeff3000, Cibeckwith, Rickjpelleg, Cbdorsett, Striver, GregorB, Julo, SDC, Dmitry Gerasimov~enwiki, Farhan- 

sher, RichardWeiss, Tibetibet, BD2412, Amir85, Reisio, Ketiltrout, Drbogdan, Rjwilmsi, Mbahrami, Koavf, Mike s, Camdic, FayssalF, 

Miskin, Sasanjan, MisterSquirrel, RexNL, Enon, Mehrshad123, Jfraatz, Chobot, Jaraalbe, LatinoMuslim, Bgwhite, Aminadibi~enwiki, 

YurikBot, Wavelength, Spacepotato, RobotE, Hairy Dude, Deeptrivia, RussBot, DanMS, Gaius Cornelius, CambridgeBayWeather, Alex 

Bakharev, Kimchi.sg, NawlinWiki, Dialectric, Test-tools~enwiki, Grafen, Aleichem, Bota47, Hakeem.gadi, Nescio, Elkman, AjaxSmack, 

Igiffin, KateH, Mike Serfas, Wiqi55, Andrew Lancaster, Raafat, Mike Selinker, Fram, Whobot, Delta13C, Willtron, JLaTondre, T. 

Anthony, Caballero1967, Tajik, Arad, Allens, Kungfuadam, NeilN, Nima.nezafati, GrinBot~enwiki, Sangak1, NiTenIchiRyu, Izayohi, 

Farshied86, Rcorazzon, Sardanaphalus, Attilios, David Straub, SmackBot, Daryou, Selfworm, Herostratus, Slashme, Prodego, McGed- 

don, Shoy, Unyoyega, C.Fred, Od Mishehu, Shervink, Jagged 85, Paxse, Kintetsubuffalo, Flamarande, Pasha Abd, Aryobarzan, Aksi 

great, Peter Isotalo, Gilliam, Ohnoitsjamie, Hmains, Hozien, Betacommand, MB~enwiki, ParthianShot, Abukaspar, Ioprwe, Jeffro77, 

QEDquid, Bluebot, MK8, Vjam, Jayanta Sen, Roscelese, Behaafarid, Cloj, Mladifilozof, Sct72, Can't sleep, clown will eat me, Ammar 

shaker, Gol, OrphanBot, Rrburke, Xarshiax, Grover cleveland, Khoikhoi, Boray, RandomP, Nepaheshgar, Jan.Kamenicek, Smerus, Click- 

etyclack, Ohconfucius, Will Beback, Snowgrouse, Nishkid64, GiollaUidir, PBarak, Mike1901, Kipala, Breno, Mgiganteus1, Behrad18n, 

ManiF, Mitso Bel, Ghlobe, Bless sins, Kirbytime, Beetstra, Mr Stephen, Ferhengvan, Jose77, Hu12, Pejman47, K, Zmmz, Clarityfiend, 

Armatura, Daraheni, MehrdadNY, Twas Now, MJO, Courcelles, Khosrow II, Mrjahan, Afghana~enwiki, Eastlaw, Mostergr, Planktonbot, 

CRGreathouse, Postmodern Beatnik, CmdrObot, Irwangatot, JohnCD, Bluerain, Itaqallah, WeggeBot, Lgh, Fordmadoxfraud, Gregbard, 

Beh-nam, Badseed, Cabolitae, Cydebot, Kayikcioglu, Anthonyhcole, Siba, Amandajm, Sa.vakilian, Doug Weller, DumbBOT, Chrislk02, 

Sirmylesnagopaleentheda, SteveMcCluskey, Nol888, Lid, Thijs!bot, DerDoc, Mbell, Davron, Sry85, N5iln, Headbomb, Sobreira, Esow- 

teric, Missvain, Itsmejudith, EdJohnston, The Fat Man Who Never Came Back, Worldweaver, Napmor, Escarbot, Hajji Piruz, AntiVan- 

dalBot, RobotG, AstroLynx, Fayenatic london, Vanjagenije, NSH001, Darklilac, Gh5046, Wayiran, Katxijasotzaile, Sluzzelin, JAnDbot, 

Dogru144, Ekabhishek, Dsp13, Scythian1, Hassanfarooqi, Cancerward, RebelRobot, Acinari, Addtok, Yahel Guhan, Mardavich, FaerieIn- 

Grey, Ma000055, Magioladitis, VoABot II, Diamond2, Kaodk, Jaykb~enwiki, Waacstats, Mischami, Avicennasis, Snowded, Ujalm, An- 

imum, Chemical Engineer, LookingGlass, David Eppstein, Aziz1005, JaGa, Edward321, Jahangard, JdeJ, Rickard Vogelberg, Hedwig in 

Washington, Danieliness, Schmloof, Mr WR, Ghorbanalibeik, Jonathan Stokes, Analytikone, Hoerkan, Naohiro19, Anaxial, R'n'B, Com- 

monsDelinker, Fconaway, LedgendGamer, Mausy5043, AlphaEta, J.delanoy, Kimse, DrKay, CFCF, Skeptic2, Adavidb, Bogey97, Rizan, 

Artacoana, MezzoMezzo, Dogg187, Rhkasmlm, William Rehtworc, Oceanflynn, Plasticup, Chiswick Chap, NobleHelium, Belovedfreak, 

Kansas Bear, Mufka, Potatoswatter, Ravshanrahmanov, Sigmundur, KylieTastic, Joshua Issac, Homer Landskirty, Artemidoros, Cuck- 

ooman4, Bibliobaggins, Idioma-bot, Realking, Nima007, Ibnsina786, VolkovBot, TreasuryTag, Rayis, Buriwolf, Maziarc, Indubitably, 

Nburden, Maghnus, TXiKiBoT, Java7837, Rei-bot, Cihangir21, Glacialfury, Hekmatullah Nafe, Ontoraul, DennyColt, Macseoinin, Ab- 

dullais4u, Molkhal, Vgranucci, Natg 19, Alborz Fallah, Y, Cantiorix, Weiszman, Laval, Wavehunter, Carticus, Zaf159, Symane, Logan, 

Arash the Archer, EmxBot, Klaksonn, LOTRrules, DiamondA, SieBot, Anoshirawan, WereSpielChequers, Fabullus, Temp07, Viskonsas, 

Mnbitar, Yintan, Flyer22 Reborn, Geoffreywatson, DevOhm, Syed Tirmizi, OKBot, Werldwayd, Svick, Aumnamahashiva, StaticGull, 

Alefbe, Wuhwuzdat, Maralia, ImageRemovalBot, Khirurg, Martarius, INEAS, De728631, ClueBot, FiveRupees, DFRussia, Zachariel, 

Yuslo~enwiki, Fadesga, Kafka Liz, Azraq~enwiki, EoGuy, Sirius86, Drmies, J8079s, Oxvox, Zaeem asia 7, Imamoglu, Niceguyedc, Men- 

surs, RafaAzevedo, Rsperez1, SamuelTheGhost, Jagdfeld, Zlerman, Lovelyartin, CrazyChemGuy, Iraswe, Verum~enwiki, SpikeToronto, 

Bkveida, Rhododendrites, Jhaasdijk, Arjayay, MrTsunami, Tahmasp, Bayrak, Razorflame, BOTarate, Al-Andalusi, Bald Zebra, Notthe600, 

Versus22, Yozer1, Johnuniq, Urgehip, XLinkBot, Kurdo777, Fastily, Wertuose, Aqwseasw, Larno Man, Al-Fanā, WikHead, Maijin- 

san, Bradley0110, Good Olfactory, Awalli, Nabuchadnessar, Addbot, Proofreader77, DOI bot, Tcncv, Levantine, Zahd, Arabian-Editor, 

Cuaxdon, SwatiAfridi, Scientus, Gordoncph, Djamik84, Snazeeram, Redheylin, Ahmad2099, AndersBot, AmjadSafa, Debresser, Favo- 

nian, Rajpoot91, Blaylockjam10, Distillersteel, Raayen, Numbo3-bot, Lightbot, Luckas Blade, Abjiklam, Luckas-bot, Yobot, Berkay0652, 

TaBOT-zerem, ArchonMagnus, KamikazeBot, AnomieBOT, DoctorJoeE, Pukhtunman, Jim1138, Galoubet, Dwayne, Scythian77, Clar- 

inetguy097, RaidenFM, LlywelynII, Ulric1313, Barf73~enwiki, Materialscientist, Skipper2, Citation bot, Bob Burkhardt, BrokenMir- 

ror, Fabian RRRR, LilHelpa, MauritsBot, Xqbot, Timir2, Alirezaabbas, ManasShaikh, Kiddflamez, Anonymous from the 21st century, 

J04n, GrouchoBot, Xashaiar, Omnipaedista, RibotBOT, Wikireader41, Ashrf1979, Mathonius, Wiki emma johnson, Krscal, Sahehco, 

GhalyBot, In fact, Shadowjams, Blaueziege, Erik9, Tulpar-bilmuh, Tatom2k, St. Hubert, FrescoBot, Tobby72, Recognizance, Alarics, 

D'ohBot, HJ Mitchell, Sakimonk, Citation bot 1, DrilBot, Mazhar Zarif, HRoestBot, Abductive, DefaultsortBot, Bionicuser01, Jonesey95, 

Rameshngbot, Ghazne, Cpaidhrin, Mrt9089, Leone~enwiki, Serols, Osman Tuna, FormerIP, Mrsfaqiri, Annbrepols, Heybabyitsme,  Jeppiz, 

https://en.wikipedia.org/wiki/Ibn_Ma%25E1%25B8%258D%25C4%2581%25CA%25BE?oldid=713732031
https://en.wikipedia.org/wiki/Avicenna?oldid=767774509
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Jauhienij, Orenburg1, Morefire34, TobeBot, Trappist the monk, BrokenMirror2, HyperGaruda, Lotje, Dont101, علی ویکی, Reaper Eter- 

nal, Jeffrd10, Farhikht, Diannaa, Persia2099, AYousefzai, LienEmpire, Guerillero, TjBot, Math920, DASHBot, EmausBot, John of Read- 

ing, WikitanvirBot, Shazam55, ScottyBerg, Syncategoremata, GoingBatty, ZxxZxxZ, Slightsmile, Tommy2010, Winner 42, Wikipelli, 

Dcirovic, Djembayz, Pahlavannariman, Werieth, Timursafi, AvicBot, Kkm010, HrRo, ZéroBot, Checkingfax, Hashemi1971, Josve05a, 

Knight1993, DragonTiger23, Imadjafar, Vargavandnick, Mithradatha, Bigman50, Esb2, Jonathan.kade, SporkBot, Imcreativelearner, 

CanonofMedicine, Rallyeye, Alborzagros, Factfinderz, Khodabandeh14, Chewings72, Muslimsson, ChuispastonBot, Diako1971, EdoBot, 

Maximilianklein, Nugagerube, Senator2029, Herk1955, ZelosRaine, Khestwol, Adila1360, ClueBot NG, GoetheFromm, Gareth Griffith- 

Jones, Dr. Persi, Behrooz1809, Cuparsk, Chris Van Hutsul, Movses-bot, Irandyar, Shahravand, Rossi101, Sjuraboev, 570ad, Frietjes, 

Vincent Moon, O.Koslowski, Smdlangari, Daiel Grant, Runehelmet, Widr, Niemin2, WikiHuda, Helpful Pixie Bot, Deutschmark82, Petan- 

Bot, SzMithrandir, Curb Chain, Arsaces, Philosopherkrista, Orion229, Carjoyg, BG19bot, Yamaweiss, Mazandar, M7S6M, Hza a 9, Ali 

Historian, MusikAnimal, Btuh, Jahnavisatyan, Midnight Green, Mughal Lohar, LuckyDukeSeven, DlronW, Xooon, DPL bot, Olision889, 

Popalafg, Amirosein, Brad7777, AEOIID, Afg saddiq, Winter Gaze, Jaqeli, BattyBot, Biosthmors, Ariaveeg, David.moreno72, EMr KnG, 

Cyberbot II, ChrisGualtieri, M.daryalal, Dexbot, Majilis, TommyAtKettering1, Mogism, Hishampgm, VIAFbot, Pahlevun, Wario-Man, 

Vortexion, Slurpy121, Solomon100001, Hillbillyholiday, Dschslava, Fliederbach, Lifehappens10, Worldchampion101, Epicgenius, Wad- 

dlesplash, UsmanullahPK, HistoryofIran, RNealK, Everymorning, Shrikarsan, B14709, LouisAragon, Usmaan khawer, Ugog Nizdast, 

Yurichev, Amy Gigsy, Pokebub22, Krzysztof hun, Afghanistan777, ShinHerzl, Aubreybardo, GTVM92, Esn6, N0n3up, TheStrayDog, 

Suelru, Grizzly162534, Sgila145, Monkbot, Filedelinkerbot, PersianTomcat, Why should I have a User Name?, Ikonsana1, Turalhemidli, 

Wikisah, Mehdi ghaed, Alireza.aghazadeh, Haitham peace, M.Smaxor, Nahid285, HasanDogoozblayi, ChamithN, 0xF8E8, Abdulelah7, 

HaEr48, Julietdeltalima, Akhil roshan, Arman53, Turan22, Samim.karimyar, Bilga07, TajikIran, Gastroking, Richard Mwangi, Pixarh, 

Kültîn, Xtremedood, Realmastery, Innova18, Denniscabrams, KasparBot, PaulBustion88, Yasnodark, MusikBot, Srednuas Lenoroc, Sro23, 

Babyjellies, BU Rob13, Shimmeringsky, CAPTAIN RAJU, İsbahar, Feminist, Amir hosein RB, Mohammad vojdani, Ahmadsafi1212, 

CounterTime, Eperoton, Muhammad Umair Mirza, GSS-1987, Taegenmeyer, AhmedKeremSayar, AmirMuhammad2, NgYShung, Hal- 

lowedSole, Hassan lotfi 37, Outsider9870, Elahe Rahroniya, PEDH, GreenC bot, Arslanduha, Constanstin, MSoliev7, Joezeff, Makem- 

inea99, Turano'g'lu, PrimeBOT, S.H.R.R., Jasim Ameeri, Samirus 21, Jacurani and Anonymous: 873 

• Abu'l-Barakāt al-Baghdādī Source: https://en.wikipedia.org/wiki/Abu'l-Barak%C4%81t_al-Baghd%C4%81d%C4%AB?oldid= 

755868532 Contributors: GCarty, Charles Matthews, Phoebe, OldakQuill, D6, Bender235, TheParanoidOne, Gene Nygaard, FeanorStar7, 

Rjwilmsi, Dialectric, SmackBot, Jagged 85, Arab Hafez, Adnanmuf, Twas Now, ShelfSkewed, Cydebot, Headbomb, Dsp13, Scythian1, 

TAnthony, Waacstats, Catgut, Hugo999, Noor Aalam, Sfan00 IMG, SamuelTheGhost, Alexbot, Al-Andalusi, RogDel, RKill, Addbot, 

Lightbot, John Belushi, Luckas-bot, Yobot, Hinio, Bbb23, Omnipaedista, RibotBOT, FrescoBot, Muslim-Researcher, Trappist the monk, 

RjwilmsiBot, DASHBot, EmausBot, Syncategoremata, Rarevogel, אלימיט, Helpful Pixie Bot, מבב, HistoryofIran, Ben tetuan, Paul2520, 

Monkbot, KasparBot, InternetArchiveBot and Anonymous:  9 

• Abu'l-Hasan al-Uqlidisi Source: https://en.wikipedia.org/wiki/Abu'l-Hasan_al-Uqlidisi?oldid=748840012 Contributors: XJaM, Schnee- 

locke, Morwen, Altenmann, Henrygb, Mfc, Icairns, TonyW, Dbachmann, HasharBot~enwiki, VivaEmilyDavies, Mel Etitis, Ruud Koot, 

Farhansher, Gisling, Yuber, Snailwalker, Bgwhite, YurikBot, Deeptrivia, Dialectric, BOT-Superzerocool, SmackBot, Selfworm, Jagged 

85, Basel15, Amalas, Cydebot, BhaiSaab, Thijs!bot, Waacstats, Baristarim, Anas Salloum, Kansas Bear, Homer Landskirty, Hugo999, 

VolkovBot, Al-Andalusi, Addbot, Zozo2kx, Yobot, Hinio, RjwilmsiBot, EmausBot, Greyshark09, Widr, MRG90, Hmainsbot1, Tudor987, 

KasparBot, Kaviraus and Anonymous: 7 

• Abū Sahl al-Qūhī Source: https://en.wikipedia.org/wiki/Ab%C5%AB_Sahl_al-Q%C5%ABh%C4%AB?oldid=764269301 Contributors: 
AxelBoldt, AlexR, TheParanoidOne, SteinbDJ, Zereshk, Mel Etitis, FeanorStar7, Etacar11, Ruud Koot, Farhansher, Bhadani, Sbrools, 

RussBot, Wiqi55, Selfworm, Jagged 85, Hmains, Bluebot, MalafayaBot, Maestlin, Amalas, Cydebot, Headbomb, Siamax, Waacstats, 

Aziz1005, Jahangard, JamesPen, Chiswick Chap, Kansas Bear, Homer Landskirty, Juhoeemeli, Alexbot, Al-Andalusi, DumZiBoT, 

RogDel, Addbot, AkhtaBot, LaaknorBot, Willondon, Hinio, Davshul, FrescoBot, LucienBOT, Tom.Reding, TobeBot, Jesse V., Rjwilm- 

siBot, EmausBot, John of Reading, Syncategoremata, ZxxZxxZ, Knight1993, Vargavandnick, AManWithNoPlan, Helpful Pixie Bot, 

Solomon7968, MrBill3, Amardian, Dexbot, HistoryofIran, Monkbot, KasparBot, HB, II.Super Legendary.II and Anonymous: 6 

• 'Abd al-Hamīd ibn Turk Source: https://en.wikipedia.org/wiki/'Abd_al-Ham%C4%ABd_ibn_Turk?oldid=766027947 Contributors: 
Rich Farmbrough, Ruud Koot, Jlittlet, Gadget850, Tajik, Selfworm, Jim62sch, Jagged 85, TimBentley, Johnstevens5, DumbBOT, Waac- 

stats, Baristarim, R'n'B, JamesPen, Chiswick Chap, Kansas Bear, Homer Landskirty, Hugo999, TXiKiBoT, Atubeileh, Ferret, Diego Grez- 

Cañete, Promethean, Muro Bot, Al-Andalusi, Mhockey, Addbot, DOI bot, Tassedethe, Lightbot, Hinio, Citation bot, Xqbot, Hanberke, 

GrouchoBot, Xashaiar, Tim1357, Persia2099, RjwilmsiBot, GoingBatty, ZéroBot, عمرو بن كلثوم, ClueBot NG, Tarkan Bey, Diyar se, 

Mazandar, Khazar2, KasparBot, Werfghv and Anonymous: 10 

• Abdus Salam Source: https://en.wikipedia.org/wiki/Abdus_Salam?oldid=768121758 Contributors: Rsabbatini, Stevertigo, Edward, Cyde, 

Delirium, Ahoerstemeier, Jll, Kaihsu, Wik, Tpbradbury, Jake Nelson, Maximus Rex, Owen, RedWolf, Rholton, Ujmi, Timrollpick- 

ering, Aetheling, DigiBullet, JerryFriedman, HaeB, Giftlite, Gene Ward Smith, Herbee, Everyking, Wyss, SWAdair, Ragib, ChicXu- 

lub, DragonflySixtyseven, Neutrality, Klemen Kocjancic, Udzu, D6, CALR, Discospinster, Rich Farmbrough, Guanabot, David Schaich, 

Bender235, Billlion, Cedders, Art LaPella, AKGhetto, Pearle, AmeriDesi, Nazli, Alansohn, SnowFire, Dachannien, Craigy144, Den- 

niss, Ksnow, VivaEmilyDavies, Grenavitar, Dirac1933, Awais141, Mmsarfraz, Gene Nygaard, Drbreznjev, Tintin1107, RyanGerbil10, 

Woohookitty, Carcharoth, Kosher Fan, GregorB, Emerson7, Jan.bannister, BD2412, , Rjwilmsi, Koavf, KYPark, Gorikot, Captain 

Disdain, MZMcBride, Ligulem, Bhadani, CalJW, JdforresterBot, CarolGray, Hottentot, Gurch, Srleffler, Gurubrahma, Chobot, Bgwhite, 

YurikBot, Wavelength, RussBot, Albert Einsteins pipe, Gaius Cornelius, CambridgeBayWeather, Siddiqui, Gareth Jones, UDScott, Stal- 

lions2010, Howcheng, Dhollm, Khalid!, Tachs, JonathanLamb, Varano, Black Falcon, Szhaider, SamuelRiv, Sandstein, Bdell555, The 

Fish, Adilch, Josh3580, Terber, RobertBorgersen, LeonardoRob0t, Schajee, T. Anthony, SuperJumbo, Garion96, Ilmari Karonen, NeilN, 

Patiwat, Street Scholar, Attilios, SmackBot, YellowMonkey, Roger Hui, Rentier, C.Fred, KocjoBot~enwiki, Jagged 85, Spasage, Nil Einne, 

Hmains, Oscarthecat, Chris the speller, Bluebot, Sahirshah, Buermann, MK8, Leifisme, Jayanta Sen, Colonies Chris, Oatmeal batman, Can't 

sleep, clown will eat me, OrphanBot, Vanished User 0001, Nixeagle, Zah00r, Yelm, InnocentMind, Grover cleveland, Huon, Khukri, De- 

cltype, Dreadstar, Marc-André Aßbrock, James084, Wizardman, Bidabadi~enwiki, Ohconfucius, Yahya01, Nishkid64, BrownHairedGirl, 

Admn404, John, Carnby, Erfaan, Sohail2506, IronGargoyle, Bless sins, Slakr, MarcAurel, Dicklyon, Badlermd, Dl2000, Falcon007, Mar- 

goz, Rattatosk, Chetvorno, SkyWalker, HennessyC, Mosaffa, Jurir, Drinibot, Banedon, Moyerjax, Cydebot, Hydraton31, Xorox, Abdul- 

saqib, Zishanov, Muhammadhani, Michael C Price, Akeeq, BhaiSaab, After Midnight, Farhan00, Michael Johnson, VPliousnine, Thijs!bot, 

Islescape, Armanaziz, N5iln, Headbomb, Vertium, Zeeair, Maadal, Sinn, Bunzil, Oreo Priest, RobotG, Scourgeofgod, Dr. Blofeld, THE- 

unique, James smith2, Perelaar, Qwerty Binary, Disinterested, Uchohan, JAnDbot, Gcm, Avaya1, Fetchcomms, Tca achintya, Bahar, 

Douglas Whitaker, Jarkeld, Demophon, .anacondabot, Magioladitis, Bdfhawk, Sosaited, Rafiqmahmood, Waacstats, NTak, Recurring 

dreams, IP Singh, Hekerui, Mwalimu59, Tanvirzaman, PatialaPeg, Nenamoss, Duendeverde, JaGa, Grantsky, Nbl06, Mmustafa~enwiki, 

https://en.wikipedia.org/wiki/Abu%2527l-Barak%25C4%2581t_al-Baghd%25C4%2581d%25C4%25AB?oldid=755868532
https://en.wikipedia.org/wiki/Abu%2527l-Barak%25C4%2581t_al-Baghd%25C4%2581d%25C4%25AB?oldid=755868532
https://en.wikipedia.org/wiki/Abu%2527l-Hasan_al-Uqlidisi?oldid=748840012
https://en.wikipedia.org/wiki/Ab%25C5%25AB_Sahl_al-Q%25C5%25ABh%25C4%25AB?oldid=764269301
https://en.wikipedia.org/wiki/%2527Abd_al-Ham%25C4%25ABd_ibn_Turk?oldid=766027947
https://en.wikipedia.org/wiki/Abdus_Salam?oldid=768121758
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Pagw, CommonsDelinker, Archania, BigrTex, Nbauman, Maproom, The Human Trumpet Solo, Imanazeem, ChauriCh, Smcbuet, Shoessss, 

Largoplazo, STBotD, Jpkole, Tweisbach, Davecrosby uk, WWGB, Mwlin1, Cuzkatzimhut, VolkovBot, AlnoktaBOT, TXiKiBoT, Pahari 

Sahib, Zshahab2, GcSwRhIc, Ahmadi~enwiki, Dormskirk, DaveBorman, Doug1943, Comradesaad, Duncan.Hull, Jmath666, Jimiwo, 

Moose-32, AjitPD, Naemusp, Cnilep, Insanity Incarnate, Jedi Master MIK, Rcb1, Mansoorulhaq, Arjun024, Warbug, SieBot, Euryalus, 

Alex Middleton, Smsarmad, Utternutter, Masoodusaf, Oate238ca4ada42, Hiddenfromview, Atmamatma, JackSchmidt, Vojvodaen, Mael- 

gwnbot, Aumnamahashiva, Sean.hoyland, WajeehBajwa, N4nomankhan, Explicit, ImageRemovalBot, RS1900, MenoBot, Martarius, 

ClueBot, Foxj, The Thing That Should Not Be, QueenAdelaide, Cambrasa, Sirius86, AusTerrapin, Masoodurrehman, DrParkash, Joao 

Xavier, Engrmhkhan, Niceguyedc, Malik07, Tarifspeaks, SamuelTheGhost, Pointillist, Xinjao, DragonBot, LordFoppington, Bilalusaf, 

TheRedPenOfDoom, Iohannes Animosus, Wajahat malik, SchreiberBike, Thingg, Cardinalem, SoxBot III, Ijaz13, DumZiBoT, Kuddyc, 

Smkilani, Bletchley, XLinkBot, Good Olfactory, Srirangam99, Addbot, Altetendekrabbe, Emenent, DOI bot, Opus88888, Nadeemnaz, 

Ironholds, Call186, Munna101, Jamshaidzubairee, CarsracBot, Talha, JGKlein, Tassedethe, Numbo3-bot, Lightbot, OlEnglish, Akhwandk, 

Rojypala, Swarm, Middayexpress, Luckas-bot, Yobot, Irfanlhr, Zafhore, Eric-Wester, AnomieBOT, Profangelo, Aditya, Materialscientist, 

Citation bot, RevelationDirect, Syedkash4u, Embe111, Northryde, Topdown bottomup, Coutasji, Somnat1, JimVC3, Davshul, Arslan-San, 

Off2riorob, Aspacid, Omnipaedista, RibotBOT, Fahad.sadiq, Skashifakram, Jonny Hansson, Strider11, Leor klier, Morpheus & Momus, 

FrescoBot, Ironboy11, MusicMan4444, D'ohBot, Saad khanewal, Hirpex, Citation bot 1, DrilBot, Elockid, Plucas58, Tom.Reding, Ec- 

centrist, Derveish, Wong liza, Double sharp, Mitoderohne, Trappist the monk, Badger M., Scorched Earth76, MrX, Sooraj.is, Jesse V., 

RjwilmsiBot, Regancy42, Peaceworld111, Scieberking, DASHBot, EmausBot, 5:40, John of Reading, Fabuzaid21, Woleez, Catgunhome, 

AlphaGamma1991, Dewritech, Drfirefighter, Syncategoremata, TherasTaneel, GoingBatty, Bobfreshwater, RA0808, Hhhippo, AvicBot, 

JohnCengiz77, Mar4d, Sherwani nadeem, Suslindisambiguator, Rcsprinter123, JeanneMish, Brandmeister, Muuneeb, Mayur, Shabann, 

Salar waleed, Captain Assassin!, ChuispastonBot, Mni9791, Mamoonrizwan123, Xoxcexox, Rocketrod1960, Akamal1947, Xanchester, 

ClueBot NG, Catlemur, Rossi101, Hindustanilanguage, Fasi100, Sameenahmedkhan, Imran Parvez, Mmuneeb, North Atlanticist Usonian, 

Oddbodz, Asalrifai, Nokhaiz Kaunpal, Helpful Pixie Bot, Titodutta, KLBot2, Bibcode Bot, DBigXray, BG19bot, PTJoshua, S99151116, 

Brustopher, MusikAnimal, Darkness Shines, Mark Arsten, AdnanKhadim, Zander Christine, Mmoczo1, CitationCleanerBot, Harizotoh9, 

Brad7777, Ghazanfar109, Muhammad Shuaib Nadwi, EricEnfermero, ParottaBeefFry, Ninmacer20, Cyberbot II, Ama991, Shahbazma- 

lik97, Arcandam, Adityasaxena.corp, ReverseSwing1, Saifu77, BrightStarSky, Dexbot, Mogism, Vdr11, Demton208, VIAFbot, Oranges- 

Ryellow, Choor monster, TripWire, Kprsastry, Gregorykarn, Ali Mohammad Khan, Spj24, Samee, Zhou Guanhuai, Faizan, Aftabbanoori, 

CsDix, Chicago Style (without pants), Saffi ullah, American In Brazil, Jodosma, Adil Ghauri, EvergreenFir, Obradji, Wamiq, Nawabmalhi, 

Fitzcarmalan, Healing Mandala, CopSuscept, Javed Mehar, Monkbot, Pinoy Pride 2013, Abid masood malik, Tigercompanion25, Sheis001, 

Jonarnold1985, Jagga1992, InfoDataMonger, 115ash, Islamicpointofview, KH-1, Sajidmq, City Bube, TheEmperor14, FreeatlastChitchat, 

Huma1970, Car780, Muhammad umair khanxyz, Jisk22, KasparBot, Xwedêda, Sacred Falcon, Mr.frencheese, JJMC89, Rahib222, Vicpk, 

Filpro, King Osama Malik, Msexton1981, InternetArchiveBot, 12345byzanyine, Muhammad Numan MN, Shahrukhwani1, Jlifferth, The- 

scienceguyRS, 20thCenturyBorn, WhiteAndGreenBug2, Bender the Bot, Huzaifakhan123, RobertDTLChau, Malikahmad6, Walee1982, 

Asifaliarain, Janu Gee, Bialetti123 and Anonymous: 573 

• Al-Battani Source: https://en.wikipedia.org/wiki/Al-Battani?oldid=765857930 Contributors: SimonP, Michael Hardy, Owen, Robbot, 

Rursus, TOO, Obli, Peruvianllama, Quadell, Antandrus, Discospinster, Vsmith, Dbachmann, RJHall, Func, Nicke Lilltroll~enwiki, Jean- 

no, HasharBot~enwiki, VivaEmilyDavies, Pwqn, Zereshk, Adrian.benko, Oleg Alexandrov, Mel Etitis, FeanorStar7, Rocastelo, Kam So- 

lusar, Ruud Koot, Eras-mus, Farhansher, Theo F, Ketiltrout, Yuber, FlaBot, Lzz, Jidan, Sbrools, Astriolok, YurikBot, Deeptrivia, Vertaloni, 

Veledan, Snarius, Wiqi55, Deville, Closedmouth, CharlesHBennett, Peyna, Curpsbot-unicodify, SmackBot, Selfworm, Jagged 85, Hmains, 

Buermann, MK8, Jan.Kamenicek, Bejnar, Maestlin, Newone, CBM, Chicheley, Jac16888, Cydebot, SteveMcCluskey, Tiger-man, Ciel- 

Profond, AstroLynx, Hannes Eder, Pseudothyrum, Magioladitis, Aziz1005, Riccardobot, R'n'B, Skeptic2, Homer Landskirty, Hugo999, 
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Brief description of the numerical method 

The following code leverages some numerical methods to simulate the solution of the 2-dimensional Navier-Stokes equation. 

We choose the simplified incompressible flow Navier-Stokes Equation as follows: 
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The iterations here are based on the velocity change rate, which is given by 
 

<img src='https://wikimedia.org/api/rest_v1/media/math/render/svg/84351a8157ffbc3af56ed19583c97d062bfd428d' 

class='mwe-math-fallback-image-inline' aria-hidden='true' style='vertical-align: −2.338ex; width:23.36ex; height:5.843ex;' 

alt='{\displaystyle {\frac {\partial \mathbf {v} }{\partial t <h2' />Content license $3={\frac {\mu }{\rho   }}\nabla 
^{2}\mathbf {v} -\mathbf {v} \cdot \nabla \mathbf {v} .}"> 

https://upload.wikimedia.org/wikipedia/commons/9/9e/Maquina_vapor_Watt_ETSIIM.jpg
https://upload.wikimedia.org/wikipedia/commons/9/9e/Maquina_vapor_Watt_ETSIIM.jpg
https://upload.wikimedia.org/wikipedia/commons/3/3f/Marcelletti_SO2.jpg
https://upload.wikimedia.org/wikipedia/commons/7/7e/Marie_Curie_c1920.jpg
http://wellcomeimages.org/indexplus/result.html?_IXMAXHITS_=1&amp;_IXACTION_=query&amp;_IXFIRST_=103&amp;_IXSR_=jb0hEL2TE6P&amp;_IXSS_=_IXFPFX_%253dtemplates%25252ft%2526_IXMAXHITS_%253d250%2526c%253d%252522historical%252bimages%252522%252bOR%252b%252522contemporary%252bimages%252522%252bOR%252b%252522corporate%252bimages%252522%252bOR%252b%252522contemporary%252bclinical%252bimages%252522%2526_IXFIRST_%253d1%2526%25252asform%253dwellcome%25252dimages%2526%252524%252b%252528%252528with%252bwi_sfgu%252bis%252bY%252529%252band%252bnot%252b%252528%252522contemporary%252bclinical%252bimages%252522%252bindex%252bwi_collection%252bor%252b%252522corporate%252bimages%252522%252bindex%252bwi_collection%252529%252529%252band%252bnot%252bwith%252bsys_deleted%253d%25252e%2526%252524%25253dsi%253dtext%2526_IXACTION_%253dquery%2526%253d%2526_IXrescount%253d107%2526_IXINITSR_%253dy%2526%252524%25253dsort%253dsort%252bsortexpr%252bimage_sort%2526w%253dnobel%2526_IXshc%253dy&amp;_IXSPFX_=templates%252ft&amp;_IXFPFX_=templates%252ft
http://www.wikidata.org/wiki/Q4233718%27
https://upload.wikimedia.org/wikipedia/commons/4/46/Market_Data_Index_NYA_on_20050726_202628_UTC.png
https://upload.wikimedia.org/wikipedia/commons/4/46/Market_Data_Index_NYA_on_20050726_202628_UTC.png
https://upload.wikimedia.org/wikipedia/commons/d/d8/Mathematical_Physics_and_other_sciences.png
https://upload.wikimedia.org/wikipedia/commons/d/d8/Mathematical_Physics_and_other_sciences.png
https://upload.wikimedia.org/wikipedia/commons/4/42/Max_Planck_%2528Nobel_1918%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/4/42/Max_Planck_%2528Nobel_1918%2529.jpg
http://nobelprize.org/nobel_prizes/physics/laureates/1918/planck-bio.html
http://photos.aip.org/quickSearch.jsp?qsearch=Lagrelius%2B&amp;group=10&amp;Submit=GO
http://www.tremil.se/pls/hborg/rigby.VisaObjekt?pin_masidn=319177
https://upload.wikimedia.org/wikipedia/commons/1/1a/Maximum_boxed.png
https://upload.wikimedia.org/wikipedia/commons/1/1b/Maya.svg
https://upload.wikimedia.org/wikipedia/commons/f/ff/McDonnell-Planetarium.jpg
http://en.wikipedia.org/
http://en.wikipedia.org/
https://upload.wikimedia.org/wikipedia/commons/a/a6/Measure_illustration.png
https://en.wikipedia.org/wiki/Inkscape
https://upload.wikimedia.org/wikipedia/commons/5/55/Meissner_effect_p1390048.jpg
https://upload.wikimedia.org/wikipedia/commons/4/4a/Metsamor_aerien.jpg
https://upload.wikimedia.org/wikipedia/commons/1/15/Millennium_Dome_%2528zakgollop%2529_version.jpg
https://upload.wikimedia.org/wikipedia/commons/1/15/Millennium_Dome_%2528zakgollop%2529_version.jpg
http://www.flickr.com/photos/zakgollop/122117505/
http://www.flickr.com/photos/zakgollop/
https://upload.wikimedia.org/wikipedia/commons/3/32/Mk_Stettin_Hafen2.jpg
https://upload.wikimedia.org/wikipedia/commons/5/56/Modernphysicsfields.svg
https://en.wikipedia.org/wiki/Vector_images
https://upload.wikimedia.org/wikipedia/commons/4/45/MontreGousset001.jpg
https://upload.wikimedia.org/wikipedia/commons/1/13/Monument_Avicenna_in_Qakh.JPG
https://upload.wikimedia.org/wikipedia/commons/1/13/Monument_Avicenna_in_Qakh.JPG
https://upload.wikimedia.org/wikipedia/commons/b/b6/Moreno_Sociogram_2nd_Grade.png
https://upload.wikimedia.org/wikipedia/commons/b/b6/Moreno_Sociogram_2nd_Grade.png
https://upload.wikimedia.org/wikipedia/commons/7/79/Ms.Thott.290.2%25C2%25BA_150v.jpg
http://www.kb.dk/da/nb/materialer/haandskrifter/HA/e-mss/thalhofer/thott-2_290.html
https://upload.wikimedia.org/wikipedia/commons/c/cb/M%25C3%25A9daillon_Saint-Ouen7.JPG
https://upload.wikimedia.org/wikipedia/commons/c/cb/M%25C3%25A9daillon_Saint-Ouen7.JPG
https://upload.wikimedia.org/wikipedia/commons/7/73/Navier_Stokes_Laminar.svg


4.2.  IMAGES 402 
 

 

Muslims and Evolution of Science 

 

 
 

Or in X coordinates: 

<img src="https://wikimedia.org/api/rest_v1/media/math/render/svg/d009b926bc255277cd55f75f9773d3721861f3ac" 

class="mwe-math-fallback-image-inline” aria-hidden="true” style="vertical-align: −2.505ex; width:45.497ex; 

height:6.343ex;"  alt="{\displaystyle  {\frac  {\partial  v_{x}}{\partial  t}}={\frac  {\mu  }{\rho  }}({\frac        {\partial 
^{2}v_{x}}{\partial x^{2}}}+{\frac {\partial ^{2}v_{x}}{\partial y^{2}}})-v_{x}{\frac {\partial v_{x}}{\partial x}}-

v_{y}{\frac {\partial v_{x}}{\partial  y}}.}"> 

The above equation gives the code. The case of Y is similar.|IkamusumeFan}} 

• File:Network_Flow_SVG.svg Source: https://upload.wikimedia.org/wikipedia/commons/d/df/Network_Flow_SVG.svg License: CC 

BY-SA 4.0 Contributors: Own work Original artist: Limaner 

• File:Network_flow_residual_SVG.svg   Source:   https://upload.wikimedia.org/wikipedia/commons/a/ae/Network_flow_residual_SVG. 

svg License: CC-BY-SA-3.0 Contributors: 

• Network_flow_residual.png Original  artist:  Network_flow_residual.png:  Maksim 

• File:Newton-WilliamBlake.jpg   Source:        https://upload.wikimedia.org/wikipedia/commons/0/0e/Newton-WilliamBlake.jpg   License: 
Public domain Contributors: William Blake Archive Original artist: William Blake 

• File:NewtonDetail.jpg Source: https://upload.wikimedia.org/wikipedia/commons/3/35/NewtonDetail.jpg License: Public domain Con- 
tributors: Transferred from en.wikipedia to Commons by Sreejithk2000 using CommonsHelper. Original artist: The original uploader was 

Trovatore at English Wikipedia 

• File:Nobel_Prize.png Source:  https://upload.wikimedia.org/wikipedia/en/e/ed/Nobel_Prize.png License:  ?  Contributors: 

Derivative of File:NobelPrize.JPG Original artist: 

Photograph:  JonathunderMedal:  Erik Lindberg (1873-1966) 

• File:Northridge_earthquake_10_frwy2.png Source: https://upload.wikimedia.org/wikipedia/commons/2/2c/Northridge_earthquake_ 

10_frwy2.png License: CC-BY-SA-3.0 Contributors: Own work Original artist: JesseW 

• File:Numeral_Systems_of_the_World.svg Source: https://upload.wikimedia.org/wikipedia/commons/c/c0/Numeral_Systems_of_the_ 

World.svg License: CC BY-SA 4.0 Contributors: Own work Original artist: Psiĥedelisto 

• File:Numeration-brahmi_fr.png  Source:    https://upload.wikimedia.org/wikipedia/commons/6/68/Numeration-brahmi_fr.png  License: 

Public domain Contributors: Own work Original artist: Piero 

• File:Nuvola_apps_edu_mathematics_blue-p.svg Source: https://upload.wikimedia.org/wikipedia/commons/3/3e/Nuvola_apps_edu_ 

mathematics_blue-p.svg License: GPL Contributors: Derivative work from Image:Nuvola apps edu mathematics.png and Image:Nuvola 

apps edu mathematics-p.svg Original artist: David Vignoni (original icon); Flamurai (SVG convertion); bayo (color) 

• File:Nuvola_apps_kalzium.svg    Source:        https://upload.wikimedia.org/wikipedia/commons/8/8b/Nuvola_apps_kalzium.svg  License: 

LGPL Contributors: Own work Original artist: David Vignoni, SVG version by Bobarino 

• File:Nuvola_apps_kcmsystem.svg Source: https://upload.wikimedia.org/wikipedia/commons/7/7a/Nuvola_apps_kcmsystem.svg Li- 
cense: LGPL Contributors: Own work based on Image:Nuvola apps kcmsystem.png by Alphax originally from [1] Original artist: 
MesserWoland 

• File:Offa_king_of_Mercia_757_793_gold_dinar_copy_of_dinar_of_the_Abassid_Caliphate_774.jpg Source: https: 

//upload.wikimedia.org/wikipedia/commons/a/a7/Offa_king_of_Mercia_757_793_gold_dinar_copy_of_dinar_of_the_Abassid_ 

Caliphate_774.jpg License: Public domain Contributors: PHGCOM (Own work by uploader, photographed at the British Museum) 

Original artist: ? 

• File:Office-book.svg Source: https://upload.wikimedia.org/wikipedia/commons/a/a8/Office-book.svg License: Public domain Contribu- 
tors: This and myself. Original artist: Chris Down/Tango project 

• File:Offshore_platforms.jpg  Source:    https://upload.wikimedia.org/wikipedia/commons/9/96/Offshore_platforms.jpg  License:    CC  BY 

2.0 Contributors: ? Original artist: ? 

• File:Old_Market_Roundabout,_Bristol.jpg    Source: https://upload.wikimedia.org/wikipedia/commons/5/5f/Old_Market_ 

Roundabout%2C_Bristol.jpg License:  Public domain Contributors:  Photographed by Adrian Pingstone Original artist: Arpingstone 

• File:Oldfaithful3.png Source: https://upload.wikimedia.org/wikipedia/commons/0/0f/Oldfaithful3.png License: Public domain Contrib- 
utors: ? Original artist: ? 

• File:Omar_Kayyám_-_Geometric_solution_to_cubic_equation.svg Source: https://upload.wikimedia.org/wikipedia/commons/5/5e/ 

Omar_Kayy%C3%A1m_-_Geometric_solution_to_cubic_equation.svg License: Public domain Contributors: Own work Original artist: 
Pieter Kuiper 

• File:Pahoeoe_fountain_original.jpg Source: https://upload.wikimedia.org/wikipedia/commons/0/01/Pahoeoe_fountain_original.jpg 

License: Public domain Contributors: http://pubs.usgs.gov/dds/dds-80/ Original artist: Jim D. Griggs, HVO (USGS) staff 

photographer[1][2] 

• File:Patriot_missile_launch_b.jpg Source: https://upload.wikimedia.org/wikipedia/commons/f/f8/Patriot_missile_launch_b.jpg Li- 
cense: Public domain Contributors: ? Original artist: ? 

• File:People_icon.svg Source: https://upload.wikimedia.org/wikipedia/commons/3/37/People_icon.svg License: CC0 Contributors: Open- 

Clipart Original artist: OpenClipart 

• File:Persian_Khwarazmi.jpg  Source:   https://upload.wikimedia.org/wikipedia/commons/b/b7/Persian_Khwarazmi.jpg  License:   Pub-  

lic domain Contributors:    Based on the USSR stamp of him,  shaded by  me,  see File:Abu Abdullah Muhammad bin      

Musa al-Khwarizmi.jpg for a version of the stamp, although  perhaps  not  the  one  used  here.  Original  artist:  Un- 

known<a href='https://www.wikidata.org/wiki/Q4233718' title='wikidata:Q4233718'><img alt='wikidata:Q4233718' src='https://upload. 

wikimedia.org/wikipedia/commons/thumb/f/ff/Wikidata-logo.svg/20px-Wikidata-logo.svg.png' width='20' height='11' srcset='https:// 

upload.wikimedia.org/wikipedia/commons/thumb/f/ff/Wikidata-logo.svg/30px-Wikidata-logo.svg.png 1.5x, https://upload.wikimedia. 

org/wikipedia/commons/thumb/f/ff/Wikidata-logo.svg/40px-Wikidata-logo.svg.png   2x'   data-file-width='1050' data-file-height='590' 
/></a> 

https://upload.wikimedia.org/wikipedia/commons/d/df/Network_Flow_SVG.svg
https://upload.wikimedia.org/wikipedia/commons/a/ae/Network_flow_residual_SVG.svg
https://upload.wikimedia.org/wikipedia/commons/a/ae/Network_flow_residual_SVG.svg
https://upload.wikimedia.org/wikipedia/commons/0/0e/Newton-WilliamBlake.jpg
https://en.wikipedia.org/wiki/William_Blake
https://upload.wikimedia.org/wikipedia/commons/3/35/NewtonDetail.jpg
https://tools.wmflabs.org/commonshelper/
https://en.wikipedia.org/wiki/
https://upload.wikimedia.org/wikipedia/en/e/ed/Nobel_Prize.png
https://upload.wikimedia.org/wikipedia/commons/2/2c/Northridge_earthquake_10_frwy2.png
https://upload.wikimedia.org/wikipedia/commons/2/2c/Northridge_earthquake_10_frwy2.png
https://upload.wikimedia.org/wikipedia/commons/c/c0/Numeral_Systems_of_the_World.svg
https://upload.wikimedia.org/wikipedia/commons/c/c0/Numeral_Systems_of_the_World.svg
https://upload.wikimedia.org/wikipedia/commons/6/68/Numeration-brahmi_fr.png
https://upload.wikimedia.org/wikipedia/commons/3/3e/Nuvola_apps_edu_mathematics_blue-p.svg
https://upload.wikimedia.org/wikipedia/commons/3/3e/Nuvola_apps_edu_mathematics_blue-p.svg
https://en.wikipedia.org/wiki/David_Vignoni
https://upload.wikimedia.org/wikipedia/commons/8/8b/Nuvola_apps_kalzium.svg
http://www.icon-king.com/
https://upload.wikimedia.org/wikipedia/commons/7/7a/Nuvola_apps_kcmsystem.svg
http://www.icon-king.com/
https://upload.wikimedia.org/wikipedia/commons/a/a7/Offa_king_of_Mercia_757_793_gold_dinar_copy_of_dinar_of_the_Abassid_Caliphate_774.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a7/Offa_king_of_Mercia_757_793_gold_dinar_copy_of_dinar_of_the_Abassid_Caliphate_774.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a7/Offa_king_of_Mercia_757_793_gold_dinar_copy_of_dinar_of_the_Abassid_Caliphate_774.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a8/Office-book.svg
https://upload.wikimedia.org/wikipedia/commons/9/96/Offshore_platforms.jpg
https://upload.wikimedia.org/wikipedia/commons/5/5f/Old_Market_Roundabout%252C_Bristol.jpg
https://upload.wikimedia.org/wikipedia/commons/5/5f/Old_Market_Roundabout%252C_Bristol.jpg
https://upload.wikimedia.org/wikipedia/commons/0/0f/Oldfaithful3.png
https://upload.wikimedia.org/wikipedia/commons/5/5e/Omar_Kayy%25C3%25A1m_-_Geometric_solution_to_cubic_equation.svg
https://upload.wikimedia.org/wikipedia/commons/5/5e/Omar_Kayy%25C3%25A1m_-_Geometric_solution_to_cubic_equation.svg
https://upload.wikimedia.org/wikipedia/commons/0/01/Pahoeoe_fountain_original.jpg
http://pubs.usgs.gov/dds/dds-80/
http://www.jstor.org/stable/3968037
http://pubs.usgs.gov/imap/i2685/i2685_flows_sheet1.pdf
https://upload.wikimedia.org/wikipedia/commons/f/f8/Patriot_missile_launch_b.jpg
https://upload.wikimedia.org/wikipedia/commons/3/37/People_icon.svg
https://upload.wikimedia.org/wikipedia/commons/b/b7/Persian_Khwarazmi.jpg
http://www.wikidata.org/wiki/Q4233718%27


4.2.  IMAGES 403 
 

 

Muslims and Evolution of Science 

 

 
• File:Persian_Scholar_pavilion_in_Viena_UN_(Avicenna).jpg Source: https://upload.wikimedia.org/wikipedia/commons/f/f3/ 

Persian_Scholar_pavilion_in_Viena_UN_%28Avicenna%29.jpg License: CC BY-SA 3.0 Contributors: Own work Original artist: 
Yamaha5 

• File:Persian_Scholar_pavilion_in_Viena_UN_(Avicenna,Biruni).jpg Source: https://upload.wikimedia.org/wikipedia/commons/6/ 

66/Persian_Scholar_pavilion_in_Viena_UN_%28Avicenna%2CBiruni%29.jpg License: CC BY-SA 3.0 Contributors: Own work Origi-  
nal artist: Yamaha5 

• File:Persian_Scholar_pavilion_in_Viena_UN_(Biruni).jpg Source: https://upload.wikimedia.org/wikipedia/commons/f/fb/Persian_ 

Scholar_pavilion_in_Viena_UN_%28Biruni%29.jpg License:  CC BY-SA 3.0 Contributors:  Own work Original artist: Yamaha5 

• File:Petrus_Astronomus_Astronomical_clock_in_Uppsala_Cathedral.jpg     Source: https://upload.wikimedia.org/wikipedia/ 

commons/f/fc/Petrus_Astronomus_Astronomical_clock_in_Uppsala_Cathedral.jpg License: Public domain Contributors: ? Original 
artist: ? 

• File:Phoenix_Mars_Lander_in_testing_PIA01885.jpg Source: https://upload.wikimedia.org/wikipedia/commons/7/79/Phoenix_ 

Mars_Lander_in_testing_PIA01885.jpg License: Public domain Contributors: http://photojournal.jpl.nasa.gov/catalog/PIA01885 

Original artist: JPL 

• File:Physics_and_other_sciences.png   Source:  https://upload.wikimedia.org/wikipedia/commons/8/86/Physics_and_other_sciences. 

png License: CC BY-SA 3.0 Contributors: Own work Original artist: Saeed Veradi 

• File:PileDriving.jpg Source: https://upload.wikimedia.org/wikipedia/commons/8/8b/PileDriving.jpg License: CC BY 2.5 Contributors: 

Transferred from en.wikipedia to Commons. Original artist: The original uploader was Argyriou at English Wikipedia 

• File:Pinhole-camera.svg Source: https://upload.wikimedia.org/wikipedia/commons/3/3b/Pinhole-camera.svg License: Public domain 

Contributors: http://commons.wikimedia.org/wiki/Image:Pinhole-camera.png Original artist: en:User:DrBob (original); en:User:Pbroks13 

(redraw) 

• File:Piri_reis_world_map_01.jpg Source: https://upload.wikimedia.org/wikipedia/commons/7/70/Piri_reis_world_map_01.jpg Li- 
cense: Public domain Contributors: Bilkent University (lo res), erisi.com (hi res) Original artist: Piri Reis (circa 1467 - circa 1554) 

• File:Polynomialdeg3.svg Source:   https://upload.wikimedia.org/wikipedia/commons/a/a3/Polynomialdeg3.svg License:   Public  domain 

Contributors:  Polynomialdeg3.png Original artist: N.Mori 

• File:Pont_du_gard.jpg Source:  https://upload.wikimedia.org/wikipedia/commons/2/23/Pont_du_gard.jpg License:   CC-BY-SA-3.0 

Contributors: ? Original artist: ? 

• File:Portal-puzzle.svg Source:  https://upload.wikimedia.org/wikipedia/en/f/fd/Portal-puzzle.svg License:  Public domain Contributors:   ? 

Original artist: ? 

• File:Prediction_of_sound_scattering_from_Schroeder_Diffuser.jpg Source: https://upload.wikimedia.org/wikipedia/commons/b/ 

bc/Prediction_of_sound_scattering_from_Schroeder_Diffuser.jpg License: CC BY-SA 3.0 Contributors: Own work Original artist: Trevor 

Cox 

• File:Pythagorean.svg Source: https://upload.wikimedia.org/wikipedia/commons/d/d2/Pythagorean.svg License: CC-BY-SA-3.0 Contrib- 
utors: Transwikied from en:. Originally created by en:User:Michael Hardy, then scaled, with colour and labels being added by en:User: 

Wapcaplet, transformed in svg format by fr:Utilisateur:Steff, changed colors and font by de:Leo2004 Original artist: en:User:Wapcaplet 

• File:Qasim_with_abdus_salam.jpg Source: https://upload.wikimedia.org/wikipedia/commons/e/ed/Qasim_with_abdus_salam.jpg Li- 
cense: CC0 Contributors: Asimqalmqar (talk) (Uploads) Original artist: Asimqalmqar (talk) (Uploads) 

• File:Quadratic_formula.svg Source: https://upload.wikimedia.org/wikipedia/commons/c/c4/Quadratic_formula.svg License: Public do- 

main Contributors: Wolfram Mathworld Original artist: Jamie Twells 

• File:Question_book-new.svg  Source:    https://upload.wikimedia.org/wikipedia/en/9/99/Question_book-new.svg  License:  Cc-by-sa-3.0 

Contributors: 

Created from scratch in Adobe Illustrator. Based on Image:Question book.png created by User:Equazcion Original artist: 

Tkgd2007 

• File:Radioactive.svg Source: https://upload.wikimedia.org/wikipedia/commons/b/b5/Radioactive.svg License: Public domain Contribu- 
tors: Created by Cary Bass using Adobe Illustrator on January 19, 2006. Original artist: Cary Bass 

• File:Ramp_meter_from_Miller_Park_Way_to_I-94_east_in_Milwaukee.jpg Source: https://upload.wikimedia.org/wikipedia/ 

commons/9/9c/Ramp_meter_from_Miller_Park_Way_to_I-94_east_in_Milwaukee.jpg License: CC BY 3.0 Contributors: Own work 

Original artist:  Patriarca12 

• File:Ray_Diagram.PNG Source:  https://upload.wikimedia.org/wikipedia/commons/a/a8/Ray_Diagram.PNG License: CC-BY-SA-3.0 

Contributors: ? Original artist: ? 

• File:Reflection_angles.svg  Source:   https://upload.wikimedia.org/wikipedia/commons/1/10/Reflection_angles.svg  License:   CC-BY-SA- 

3.0 Contributors: No machine-readable source provided. Own work assumed (based on copyright claims). Original artist: No machine- 

readable author provided. Arvelius assumed (based on copyright claims). 

• File:Retaining_wall_failure.jpeg Source:  https://upload.wikimedia.org/wikipedia/en/9/9e/Retaining_wall_failure.jpeg License: PD 

Contributors: ? Original artist: ? 

• File:Rigveda_MS2097.jpg     Source: https://upload.wikimedia.org/wikipedia/commons/0/02/Rigveda_MS2097.jpg         Li- 
cense: Public domain Contributors: http://www.nb.no/baser/schoyen/5/5.20/ms2097.jpg Original artist: Unknown<a 

href='https://www.wikidata.org/wiki/Q4233718'    title='wikidata:Q4233718'><img    alt='wikidata:Q4233718'    src='https: 

//upload.wikimedia.org/wikipedia/commons/thumb/f/ff/Wikidata-logo.svg/20px-Wikidata-logo.svg.png' width='20' height='11' 

srcset='https://upload.wikimedia.org/wikipedia/commons/thumb/f/ff/Wikidata-logo.svg/30px-Wikidata-logo.svg.png 1.5x, 

https://upload.wikimedia.org/wikipedia/commons/thumb/f/ff/Wikidata-logo.svg/40px-Wikidata-logo.svg.png 2x' data-file-width='1050' 

data-file-height='590' /></a> 

• File:Robonaut_2’{}s_back.jpg   Source:        https://upload.wikimedia.org/wikipedia/commons/8/80/Robonaut_2%27s_back.jpg   License: 
Public domain Contributors:  http://spaceflight.nasa.gov/gallery/images/station/crew-29/html/jsc2011e056899.html Original artist: NASA 

https://upload.wikimedia.org/wikipedia/commons/f/f3/Persian_Scholar_pavilion_in_Viena_UN_%2528Avicenna%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f3/Persian_Scholar_pavilion_in_Viena_UN_%2528Avicenna%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/6/66/Persian_Scholar_pavilion_in_Viena_UN_%2528Avicenna%252CBiruni%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/6/66/Persian_Scholar_pavilion_in_Viena_UN_%2528Avicenna%252CBiruni%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/f/fb/Persian_Scholar_pavilion_in_Viena_UN_%2528Biruni%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/f/fb/Persian_Scholar_pavilion_in_Viena_UN_%2528Biruni%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/f/fc/Petrus_Astronomus_Astronomical_clock_in_Uppsala_Cathedral.jpg
https://upload.wikimedia.org/wikipedia/commons/f/fc/Petrus_Astronomus_Astronomical_clock_in_Uppsala_Cathedral.jpg
https://upload.wikimedia.org/wikipedia/commons/7/79/Phoenix_Mars_Lander_in_testing_PIA01885.jpg
https://upload.wikimedia.org/wikipedia/commons/7/79/Phoenix_Mars_Lander_in_testing_PIA01885.jpg
http://photojournal.jpl.nasa.gov/catalog/PIA01885
http://www.jpl.nasa.gov/
https://upload.wikimedia.org/wikipedia/commons/8/86/Physics_and_other_sciences.png
https://upload.wikimedia.org/wikipedia/commons/8/86/Physics_and_other_sciences.png
https://upload.wikimedia.org/wikipedia/commons/8/8b/PileDriving.jpg
https://en.wikipedia.org/wiki/
https://upload.wikimedia.org/wikipedia/commons/3/3b/Pinhole-camera.svg
https://upload.wikimedia.org/wikipedia/commons/7/70/Piri_reis_world_map_01.jpg
http://www.ee.bilkent.edu.tr/~history/topkapi.html
http://www.erisi.com/gelisim/harita/pri/piri_dunya.jpg
https://en.wikipedia.org/wiki/Piri_Reis
https://upload.wikimedia.org/wikipedia/commons/a/a3/Polynomialdeg3.svg
https://upload.wikimedia.org/wikipedia/commons/2/23/Pont_du_gard.jpg
https://upload.wikimedia.org/wikipedia/en/f/fd/Portal-puzzle.svg
https://upload.wikimedia.org/wikipedia/commons/b/bc/Prediction_of_sound_scattering_from_Schroeder_Diffuser.jpg
https://upload.wikimedia.org/wikipedia/commons/b/bc/Prediction_of_sound_scattering_from_Schroeder_Diffuser.jpg
https://upload.wikimedia.org/wikipedia/commons/d/d2/Pythagorean.svg
https://de.wikipedia.org/wiki/Leo2004
https://upload.wikimedia.org/wikipedia/commons/e/ed/Qasim_with_abdus_salam.jpg
https://upload.wikimedia.org/wikipedia/commons/c/c4/Quadratic_formula.svg
http://mathworld.wolfram.com/QuadraticEquation.html
https://upload.wikimedia.org/wikipedia/en/9/99/Question_book-new.svg
https://upload.wikimedia.org/wikipedia/commons/b/b5/Radioactive.svg
https://upload.wikimedia.org/wikipedia/commons/9/9c/Ramp_meter_from_Miller_Park_Way_to_I-94_east_in_Milwaukee.jpg
https://upload.wikimedia.org/wikipedia/commons/9/9c/Ramp_meter_from_Miller_Park_Way_to_I-94_east_in_Milwaukee.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a8/Ray_Diagram.PNG
https://upload.wikimedia.org/wikipedia/commons/1/10/Reflection_angles.svg
https://upload.wikimedia.org/wikipedia/en/9/9e/Retaining_wall_failure.jpeg
https://upload.wikimedia.org/wikipedia/commons/0/02/Rigveda_MS2097.jpg
http://www.nb.no/baser/schoyen/5/5.20/ms2097.jpg
http://www.wikidata.org/wiki/Q4233718%27
https://upload.wikimedia.org/wikipedia/commons/8/80/Robonaut_2%2527s_back.jpg
http://spaceflight.nasa.gov/gallery/images/station/crew-29/html/jsc2011e056899.html


4.2.  IMAGES 404 
 

 

Muslims and Evolution of Science 

 

 
• File:Roger_II_tari_gold_coin_Palermo_with_Arabic_inscriptions.jpg Source: https://upload.wikimedia.org/wikipedia/commons/9/ 

9c/Roger_II_tari_gold_coin_Palermo_with_Arabic_inscriptions.jpg License: Public domain Contributors: Own work by uploader, ph- 

tographed at the British Museum Original artist: PHGCOM 

• File:Roman_Colosseum_With_Moon.jpg Source: https://upload.wikimedia.org/wikipedia/commons/8/8c/Roman_Colosseum_With_ 

Moon.jpg License: CC BY-SA 2.0 Contributors: ? Original artist: ? 

• File:Routeabdussalam.png  Source:   https://upload.wikimedia.org/wikipedia/commons/3/3a/Routeabdussalam.png  License:   CC BY-SA 

3.0 Contributors: Own work Original artist: User:The Fish 

• File:Rubik’{}s_cube.svg  Source:    https://upload.wikimedia.org/wikipedia/commons/a/a6/Rubik%27s_cube.svg  License:    CC-BY-SA-3.0 

Contributors: Based on Image:Rubiks cube.jpg Original artist: This image was created by me, Booyabazooka 

• File:SLCCityAndCountyBldg.jpg Source: https://upload.wikimedia.org/wikipedia/commons/c/c3/SLCCityAndCountyBldg.jpg Li- 
cense: CC-BY-SA-3.0 Contributors: ? Original artist: w:user:BigBen212 

• File:Samarkand_Shah-i_Zinda_Tuman_Aqa_complex_cropped2.jpg Source: https://upload.wikimedia.org/wikipedia/commons/d/ 

d6/Samarkand_Shah-i_Zinda_Tuman_Aqa_complex_cropped2.jpg License: CC BY 3.0 Contributors: http://commons.wikimedia.org/ 

wiki/File:Samarkand_Shah-i_Zinda_Tuman_Aqa_complex.JPG Original artist: User:Patrickringgenberg 

• File:San-Francisco_City_Hall_1906.jpg     Source:        https://upload.wikimedia.org/wikipedia/en/b/b7/San-Francisco_City_Hall_1906.jpg 

License: PD-US Contributors: ? Original artist: ? 

• File:San_Francisco_in_ruins_view_from_Captive_Airship_above_Folsom_1906.jpg      Source: https://upload.wikimedia.org/ 

wikipedia/commons/c/c9/San_Francisco_in_ruins_view_from_Captive_Airship_above_Folsom_1906.jpg License: Public domain 

Contributors: Panoramic Photographs Taking the Long View, 1851-1991 Original artist: ? 

• File:Saw_Cut_Loop_Detectors.jpg Source: https://upload.wikimedia.org/wikipedia/commons/8/8f/Saw_Cut_Loop_Detectors.jpg Li- 
cense: CC BY-SA 3.0 Contributors: Own work Original artist: Z22 

• File:Scheme_Jaw_Crusher.gif Source: https://upload.wikimedia.org/wikipedia/commons/2/22/Scheme_Jaw_Crusher.gif  License: Pub- 

lic domain Contributors: Own work Original artist: Skiffm Anatoly Verevkin (Анатолий Веревкин) 

• File:Schlaegel_und_Eisen_nach_DIN_21800.svg Source: https://upload.wikimedia.org/wikipedia/commons/a/ac/Schlaegel_und_ 

Eisen_nach_DIN_21800.svg License: Public domain Contributors: Vorlage vom Heraldiker erhalten nach DIN 21800 Original artist: 
unbekannt; uploaded by T. Rystau (de:Benutzer:Ollemarkeagle) 

• File:Sea_island_survey.jpg Source: https://upload.wikimedia.org/wikipedia/commons/5/5c/Sea_island_survey.jpg License: Public do- 

main Contributors: 1726 Tu Shu Ji Cheng Original artist: Liu Hui 

• File:Seabees_compactor_roller.jpg Source: https://upload.wikimedia.org/wikipedia/commons/d/df/Seabees_compactor_roller.jpg Li- 
cense: Public domain Contributors: Navy NewsStand Photo ID: 070606-F-8678B-011 
Navy NewsStand Home Original artist: United States Air Force, MSgt. Rickie D. Bickle 

• File:Seismic_Testing_of_Crane.jpg    Source:       https://upload.wikimedia.org/wikipedia/en/5/57/Seismic_Testing_of_Crane.jpg   License: 
PD Contributors: ? Original artist: ? 

• File:Senenmut-Grab.JPG Source: https://upload.wikimedia.org/wikipedia/commons/3/34/Senenmut-Grab.JPG License: GPL Contrib- 
utors: selbst Original artist: NebMaatRa 

• File:Sextant_TakiyüddinRasid_TopkapiPalaceMuseum.jpg    Source: https://upload.wikimedia.org/wikipedia/commons/3/3a/ 

Sextant_Takiy%C3%BCddinRasid_TopkapiPalaceMuseum.jpg License: Public domain Contributors: http://www.muslimheritage.com/ 

topics/default.cfm?ArticleID=949 Original artist: From Al-âlât al rasadiya li-zij al-shahinshahiyya, by en: Taqi al-Din Muhammad ibn 

Ma'ruf, Library of the en:Topkapi Palace Museum, Hazine 452, fol. 14b 

• File:Shaking_NDC.jpg Source: https://upload.wikimedia.org/wikipedia/commons/8/8f/Shaking_NDC.jpg License: CC BY-SA 3.0 Con- 
tributors: NEESit Original artist: Shustov 

• File:Shifting_from_foundation.jpg Source: https://upload.wikimedia.org/wikipedia/commons/1/14/Shifting_from_foundation.jpg Li- 
cense: Public domain Contributors: https://www.ngdc.noaa.gov/hazardimages/picture/show/176#data Original artist: B. Reagor, U.S. Ge- 

ological Survey 

• File:Signal_transduction_pathways.svg    Source: https://upload.wikimedia.org/wikipedia/commons/b/b0/Signal_transduction_ 

pathways.svg License: CC BY-SA 3.0 Contributors: http://en.wikipedia.org/wiki/File:Signal_transduction_v1.png Original artist: 
cybertory 

• File:Simple_feedback_control_loop2.svg    Source: https://upload.wikimedia.org/wikipedia/commons/9/90/Simple_feedback_ 

control_loop2.svg License: CC BY-SA 3.0 Contributors: This file was derived from Simple feedback control loop2.png: <a 

href='//commons.wikimedia.org/wiki/File:Simple_feedback_control_loop2.png' class='image'><img alt='Simple feedback control 

loop2.png' src='https://upload.wikimedia.org/wikipedia/commons/thumb/4/45/Simple_feedback_control_loop2.png/50px-Simple_ 

feedback_control_loop2.png' width='50' height='17' srcset='https://upload.wikimedia.org/wikipedia/commons/thumb/4/45/Simple_ 

feedback_control_loop2.png/75px-Simple_feedback_control_loop2.png 1.5x, https://upload.wikimedia.org/wikipedia/commons/thumb/ 

4/45/Simple_feedback_control_loop2.png/100px-Simple_feedback_control_loop2.png   2x'   data-file-width='439' data-file-height='150' 
/></a> 

Original  artist:  Simple_feedback_control_loop2.png: Corona 

• File:Sinusvåg_400px.png Source: https://upload.wikimedia.org/wikipedia/commons/8/8c/Sinusv%C3%A5g_400px.png License: Public 

domain Contributors: Own work Original artist: User Solkoll on sv.wikipedia 

• File:Sir_Isaac_Newton_by_Sir_Godfrey_Kneller,_Bt.jpg Source: https://upload.wikimedia.org/wikipedia/commons/5/50/Sir_Isaac_ 

Newton_by_Sir_Godfrey_Kneller%2C_Bt.jpg License: Public domain Contributors: 

National Portrait Gallery: NPG 2881 

Original artist: Sir Godfrey Kneller 

• File:Sizer_2000.jpg Source: https://upload.wikimedia.org/wikipedia/commons/a/a7/Sizer_2000.jpg License: CC BY-SA 3.0 Contribu- 
tors: Own work Original artist: Dryerdrier 

https://upload.wikimedia.org/wikipedia/commons/9/9c/Roger_II_tari_gold_coin_Palermo_with_Arabic_inscriptions.jpg
https://upload.wikimedia.org/wikipedia/commons/9/9c/Roger_II_tari_gold_coin_Palermo_with_Arabic_inscriptions.jpg
https://upload.wikimedia.org/wikipedia/commons/8/8c/Roman_Colosseum_With_Moon.jpg
https://upload.wikimedia.org/wikipedia/commons/8/8c/Roman_Colosseum_With_Moon.jpg
https://upload.wikimedia.org/wikipedia/commons/3/3a/Routeabdussalam.png
https://upload.wikimedia.org/wikipedia/commons/a/a6/Rubik%2527s_cube.svg
https://upload.wikimedia.org/wikipedia/commons/c/c3/SLCCityAndCountyBldg.jpg
https://upload.wikimedia.org/wikipedia/commons/d/d6/Samarkand_Shah-i_Zinda_Tuman_Aqa_complex_cropped2.jpg
https://upload.wikimedia.org/wikipedia/commons/d/d6/Samarkand_Shah-i_Zinda_Tuman_Aqa_complex_cropped2.jpg
http://commons.wikimedia.org/
https://upload.wikimedia.org/wikipedia/en/b/b7/San-Francisco_City_Hall_1906.jpg
https://upload.wikimedia.org/wikipedia/commons/c/c9/San_Francisco_in_ruins_view_from_Captive_Airship_above_Folsom_1906.jpg
https://upload.wikimedia.org/wikipedia/commons/c/c9/San_Francisco_in_ruins_view_from_Captive_Airship_above_Folsom_1906.jpg
http://memory.loc.gov/ammem/collections/panoramic_photo/index.html
https://upload.wikimedia.org/wikipedia/commons/8/8f/Saw_Cut_Loop_Detectors.jpg
https://upload.wikimedia.org/wikipedia/commons/2/22/Scheme_Jaw_Crusher.gif
https://upload.wikimedia.org/wikipedia/commons/a/ac/Schlaegel_und_Eisen_nach_DIN_21800.svg
https://upload.wikimedia.org/wikipedia/commons/a/ac/Schlaegel_und_Eisen_nach_DIN_21800.svg
https://upload.wikimedia.org/wikipedia/commons/5/5c/Sea_island_survey.jpg
https://upload.wikimedia.org/wikipedia/commons/d/df/Seabees_compactor_roller.jpg
http://www.news.navy.mil/view_single.asp?id=48358
http://www.news.navy.mil/
https://upload.wikimedia.org/wikipedia/en/5/57/Seismic_Testing_of_Crane.jpg
https://upload.wikimedia.org/wikipedia/commons/3/34/Senenmut-Grab.JPG
https://upload.wikimedia.org/wikipedia/commons/3/3a/Sextant_Takiy%25C3%25BCddinRasid_TopkapiPalaceMuseum.jpg
https://upload.wikimedia.org/wikipedia/commons/3/3a/Sextant_Takiy%25C3%25BCddinRasid_TopkapiPalaceMuseum.jpg
http://www.muslimheritage.com/topics/default.cfm?ArticleID=949
http://www.muslimheritage.com/topics/default.cfm?ArticleID=949
https://en.wikipedia.org/wiki/Taqi_al-Din_Muhammad_ibn_Ma%2527ruf
https://en.wikipedia.org/wiki/Taqi_al-Din_Muhammad_ibn_Ma%2527ruf
https://en.wikipedia.org/wiki/Topkapi_Palace
https://upload.wikimedia.org/wikipedia/commons/8/8f/Shaking_NDC.jpg
https://upload.wikimedia.org/wikipedia/commons/1/14/Shifting_from_foundation.jpg
https://www.ngdc.noaa.gov/hazardimages/picture/show/176#data
https://upload.wikimedia.org/wikipedia/commons/b/b0/Signal_transduction_pathways.svg
https://upload.wikimedia.org/wikipedia/commons/b/b0/Signal_transduction_pathways.svg
https://upload.wikimedia.org/wikipedia/commons/9/90/Simple_feedback_control_loop2.svg
https://upload.wikimedia.org/wikipedia/commons/9/90/Simple_feedback_control_loop2.svg
https://upload.wikimedia.org/wikipedia/commons/8/8c/Sinusv%25C3%25A5g_400px.png
http://sv.wikipedia.org/
https://upload.wikimedia.org/wikipedia/commons/5/50/Sir_Isaac_Newton_by_Sir_Godfrey_Kneller%252C_Bt.jpg
https://upload.wikimedia.org/wikipedia/commons/5/50/Sir_Isaac_Newton_by_Sir_Godfrey_Kneller%252C_Bt.jpg
https://en.wikipedia.org/wiki/National_Portrait_Gallery%2C_London
http://www.npg.org.uk/collections/search/portrait.php?search=ap&amp;npgno=2881&amp;eDate&amp;lDate
https://en.wikipedia.org/wiki/Godfrey_Kneller
https://upload.wikimedia.org/wikipedia/commons/a/a7/Sizer_2000.jpg


4.2.  IMAGES 405 
 

 

Muslims and Evolution of Science 

 

 
• File:Slab_on_grade.JPG Source: https://upload.wikimedia.org/wikipedia/commons/0/04/Slab_on_grade.JPG License: CC BY 2.5 Con- 

tributors: Own work Original artist: Peter Kapitola 

• File:Slopslump2.jpg  Source:    https://upload.wikimedia.org/wikipedia/en/5/51/Slopslump2.jpg  License:    Cc-by-sa-3.0  Contributors:    ? 

Original artist: ? 

• File:Smashed_Car_in_Dujiangyan_-_2008_Sichuan_earthquake_(1).jpg      Source: https://upload.wikimedia.org/wikipedia/ 

commons/1/11/Smashed_Car_in_Dujiangyan_-_2008_Sichuan_earthquake_%281%29.jpg License: CC BY-SA 2.0 Contributors: 
Smashed Car Original artist: old bacon 

• File:Snapshot_of_earthquake-like_crash_testing.jpg Source: https://upload.wikimedia.org/wikipedia/commons/e/e7/Snapshot_of_ 

earthquake-like_crash_testing.jpg License: CC BY 3.0 Contributors: “Testing of a New Line of Seismic Base Isolators” research report at 

http://nees.org/data/get/NEES-2006-0283/Public/REPORT.pdf  Original  artist:  Shustov 

• File:Socrates.png Source: https://upload.wikimedia.org/wikipedia/commons/c/cd/Socrates.png License: Public domain Contributors: 
Transferred from en.wikipedia to Commons. Original artist: The original uploader was Magnus Manske at English Wikipedia Later versions 

were uploaded by Optimager at en.wikipedia. 

• File:Soil-phase-diagram.svg Source: https://upload.wikimedia.org/wikipedia/commons/5/54/Soil-phase-diagram.svg License: CC-BY- 

SA-3.0 Contributors:  Soilcomposition.png Original artist: 

• Derivative work: 5d7ygtr09h 

• File:Solvay_conference_1927.jpg Source: https://upload.wikimedia.org/wikipedia/commons/6/6e/Solvay_conference_1927.jpg Li-  
cense:  Public domain Contributors:  http://w3.pppl.gov/ Original artist:  Benjamin Couprie 

• File:St.Joseph’{}sSeminary_Los_Altos_USGS.jpg Source: https://upload.wikimedia.org/wikipedia/commons/e/e7/St.Joseph% 

27sSeminary_Los_Altos_USGS.jpg License: Public domain Contributors: [1], also seen at lower resolution at [2] Original artist: H.G. 

Wilshire, United States Geological Survey 

• File:St._John’{}s_College,_Cambridge_University.jpg Source: https://upload.wikimedia.org/wikipedia/commons/e/e5/St._John% 

27s_College%2C_Cambridge_University.jpg License: Public domain Contributors: http://www.newbostonfineandrarebooks.com/?page= 

shop/disp&pid=page_Cambridge1&CLSN_1291=132698937012912a313e3d14cf968d0e Original artist: Photos taken for William Win- 

field; uploaded by Kimberlyblaker 

• File:StressedRibbonBridgeUnderside7138.JPG Source: https://upload.wikimedia.org/wikipedia/commons/9/9a/ 

StressedRibbonBridgeUnderside7138.JPG License: Public domain Contributors: Own work Original artist: User:Leonard G. 

• File:Strip_coal_mining.jpg  Source:   https://upload.wikimedia.org/wikipedia/commons/b/b3/Strip_coal_mining.jpg  License:   CC  BY  2.5 

Contributors: ? Original artist: ? 

• File:Stylised_Lithium_Atom.svg Source: https://upload.wikimedia.org/wikipedia/commons/6/6f/Stylised_atom_with_three_Bohr_ 

model_orbits_and_stylised_nucleus.svg License: CC-BY-SA-3.0 Contributors: based off of Image:Stylised Lithium Atom.png by Halfdan. 

Original artist: SVG by Indolences. Recoloring and ironing out some glitches done by Rainer Klute. 

• File:Sydney_Opera_House_Sails_edit02.jpg Source: https://upload.wikimedia.org/wikipedia/commons/0/08/Sydney_Opera_House_ 

Sails_edit02.jpg License: CC-BY-SA-3.0 Contributors: ? Original artist:  ? 

• File:Symbol_book_class2.svg Source: https://upload.wikimedia.org/wikipedia/commons/8/89/Symbol_book_class2.svg License: CC BY-

SA 2.5 Contributors: Mad by Lokal_Profil by combining: Original artist: Lokal_Profil 

• File:Symbol_list_class.svg Source: https://upload.wikimedia.org/wikipedia/en/d/db/Symbol_list_class.svg License: Public domain Con- 
tributors: ? Original artist: ? 

• File:Symphony_Hall_Birmingham.jpg Source: https://upload.wikimedia.org/wikipedia/commons/5/5a/Symphony_Hall_Birmingham. 

jpg License: CC BY-SA 3.0 Contributors: Own work Original artist: Trevor Cox 

• File:Syria_made_medicinal_jars_circa_1300_excavated_in_Fenchurch_Street_London.jpg Source: https://upload.wikimedia.org/ 

wikipedia/commons/3/3f/Syria_made_medicinal_jars_circa_1300_excavated_in_Fenchurch_Street_London.jpg  License:    CC  BY-SA 
3.0 Contributors: Own work, photographed in London Museum Original artist: Uploadalt 

• File:Syrian_or_Egyptian_pieces_of_glass_with_Arabic_inscriptions_excavated_in_London.jpg Source: https://upload.wikimedia. 

org/wikipedia/commons/1/15/Syrian_or_Egyptian_pieces_of_glass_with_Arabic_inscriptions_excavated_in_London.jpg License: CC 

BY-SA 3.0 Contributors: Museum of London Original artist: Uploadalt 

• File:THC_2003.902.122_Ore_Crushing_Machinery.tif Source: https://upload.wikimedia.org/wikipedia/commons/9/9b/THC_2003. 

902.122_Ore_Crushing_Machinery.tif License: Public domain Contributors: Chemical Heritage Foundation. Original artist: Unknown 

• File:Table_of_Geometry,_Cyclopaedia,_Volume_1.jpg Source: https://upload.wikimedia.org/wikipedia/commons/d/dc/Table_of_ 

Geometry%2C_Cyclopaedia%2C_Volume_1.jpg License: Public domain Contributors: ? Original artist: ? 

• File:TabulaRogeriana_upside-down.jpg  Source: https://upload.wikimedia.org/wikipedia/commons/a/a1/TabulaRogeriana_ 

upside-down.jpg License:  Public domain Contributors: 

• TabulaRogeriana.jpg Original  artist:  TabulaRogeriana.jpg: Al-Idrisi 

• File:Taipei_101_Tuned_Mass_Damper.png Source: https://upload.wikimedia.org/wikipedia/commons/1/15/Taipei_101_Tuned_ 

Mass_Damper.png License: GFDL Contributors: Own work Original artist: Someformofhuman 

• File:TajikistanP17-20Somoni-1999(2000)-donatedsb_f.jpg   Source: https://upload.wikimedia.org/wikipedia/commons/e/e6/ 

TajikistanP17-20Somoni-1999%282000%29-donatedsb_f.jpg License: Public domain Contributors: Бонки миллии Тоҷикистон 

(National Bank of Tajikistan) Original artist: Бонки миллии Тоҷикистон (National Bank of Tajikistan) (banknote), Steve Burke [1] 

(photo) 

• File:Technician_inside_NIF_target_chamber.jpg Source: https://upload.wikimedia.org/wikipedia/commons/7/7d/Technician_ 

inside_NIF_target_chamber.jpg License: CC BY 3.0 Contributors: Own work Original artist: Lseaveratnif 

• File:Terasawa5.jpg Source:   https://upload.wikimedia.org/wikipedia/commons/a/a1/Terasawa5.jpg License:   CC BY-SA 3.0  Contributors: 
jpg Original artist: yuzi 

https://upload.wikimedia.org/wikipedia/commons/0/04/Slab_on_grade.JPG
https://upload.wikimedia.org/wikipedia/en/5/51/Slopslump2.jpg
https://upload.wikimedia.org/wikipedia/commons/1/11/Smashed_Car_in_Dujiangyan_-_2008_Sichuan_earthquake_%25281%2529.jpg
https://upload.wikimedia.org/wikipedia/commons/1/11/Smashed_Car_in_Dujiangyan_-_2008_Sichuan_earthquake_%25281%2529.jpg
http://www.flickr.com/photos/22650385%40N03/2490850591/
http://www.flickr.com/people/22650385%40N03
https://upload.wikimedia.org/wikipedia/commons/e/e7/Snapshot_of_earthquake-like_crash_testing.jpg
https://upload.wikimedia.org/wikipedia/commons/e/e7/Snapshot_of_earthquake-like_crash_testing.jpg
http://nees.org/data/get/NEES-2006-0283/Public/REPORT.pdf
https://upload.wikimedia.org/wikipedia/commons/c/cd/Socrates.png
https://en.wikipedia.org/wiki/
http://en.wikipedia.org/
https://upload.wikimedia.org/wikipedia/commons/5/54/Soil-phase-diagram.svg
https://upload.wikimedia.org/wikipedia/commons/6/6e/Solvay_conference_1927.jpg
http://w3.pppl.gov/
https://upload.wikimedia.org/wikipedia/commons/e/e7/St.Joseph%2527sSeminary_Los_Altos_USGS.jpg
https://upload.wikimedia.org/wikipedia/commons/e/e7/St.Joseph%2527sSeminary_Los_Altos_USGS.jpg
http://libraryphoto.cr.usgs.gov/cgi-bin/show_picture.cgi?ID=ID.%2520Wilshire%2C%2520H.G.%252012ct
http://pubs.usgs.gov/dds/dds-29/web_pages/los_altos.html
https://upload.wikimedia.org/wikipedia/commons/e/e5/St._John%2527s_College%252C_Cambridge_University.jpg
https://upload.wikimedia.org/wikipedia/commons/e/e5/St._John%2527s_College%252C_Cambridge_University.jpg
http://www.newbostonfineandrarebooks.com/?page
https://upload.wikimedia.org/wikipedia/commons/9/9a/StressedRibbonBridgeUnderside7138.JPG
https://upload.wikimedia.org/wikipedia/commons/9/9a/StressedRibbonBridgeUnderside7138.JPG
https://upload.wikimedia.org/wikipedia/commons/b/b3/Strip_coal_mining.jpg
https://upload.wikimedia.org/wikipedia/commons/6/6f/Stylised_atom_with_three_Bohr_model_orbits_and_stylised_nucleus.svg
https://upload.wikimedia.org/wikipedia/commons/6/6f/Stylised_atom_with_three_Bohr_model_orbits_and_stylised_nucleus.svg
https://upload.wikimedia.org/wikipedia/commons/0/08/Sydney_Opera_House_Sails_edit02.jpg
https://upload.wikimedia.org/wikipedia/commons/0/08/Sydney_Opera_House_Sails_edit02.jpg
https://upload.wikimedia.org/wikipedia/commons/8/89/Symbol_book_class2.svg
https://upload.wikimedia.org/wikipedia/en/d/db/Symbol_list_class.svg
https://upload.wikimedia.org/wikipedia/commons/5/5a/Symphony_Hall_Birmingham.jpg
https://upload.wikimedia.org/wikipedia/commons/5/5a/Symphony_Hall_Birmingham.jpg
https://upload.wikimedia.org/wikipedia/commons/3/3f/Syria_made_medicinal_jars_circa_1300_excavated_in_Fenchurch_Street_London.jpg
https://upload.wikimedia.org/wikipedia/commons/3/3f/Syria_made_medicinal_jars_circa_1300_excavated_in_Fenchurch_Street_London.jpg
https://upload.wikimedia.org/wikipedia/commons/1/15/Syrian_or_Egyptian_pieces_of_glass_with_Arabic_inscriptions_excavated_in_London.jpg
https://upload.wikimedia.org/wikipedia/commons/1/15/Syrian_or_Egyptian_pieces_of_glass_with_Arabic_inscriptions_excavated_in_London.jpg
https://en.wikipedia.org/wiki/Museum_of_London
https://upload.wikimedia.org/wikipedia/commons/9/9b/THC_2003.902.122_Ore_Crushing_Machinery.tif
https://upload.wikimedia.org/wikipedia/commons/9/9b/THC_2003.902.122_Ore_Crushing_Machinery.tif
http://www.chemheritage.org/discover/collections/collection-items/photographs/machinery-for-crushing-ore-fixed-nitrogen-research-laboratory.aspx
https://upload.wikimedia.org/wikipedia/commons/d/dc/Table_of_Geometry%252C_Cyclopaedia%252C_Volume_1.jpg
https://upload.wikimedia.org/wikipedia/commons/d/dc/Table_of_Geometry%252C_Cyclopaedia%252C_Volume_1.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a1/TabulaRogeriana_upside-down.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a1/TabulaRogeriana_upside-down.jpg
https://upload.wikimedia.org/wikipedia/commons/1/15/Taipei_101_Tuned_Mass_Damper.png
https://upload.wikimedia.org/wikipedia/commons/1/15/Taipei_101_Tuned_Mass_Damper.png
https://upload.wikimedia.org/wikipedia/commons/e/e6/TajikistanP17-20Somoni-1999%25282000%2529-donatedsb_f.jpg
https://upload.wikimedia.org/wikipedia/commons/e/e6/TajikistanP17-20Somoni-1999%25282000%2529-donatedsb_f.jpg
http://aes.iupui.edu/rwise
https://upload.wikimedia.org/wikipedia/commons/7/7d/Technician_inside_NIF_target_chamber.jpg
https://upload.wikimedia.org/wikipedia/commons/7/7d/Technician_inside_NIF_target_chamber.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a1/Terasawa5.jpg


4.2.  IMAGES 406 
 

 

Muslims and Evolution of Science 

 

 
• File:Texas_Park_Road_4_CCC_Map_1_edit.jpg Source: https://upload.wikimedia.org/wikipedia/commons/d/d9/Texas_Park_Road_ 

4_CCC_Map_1_edit.jpg License: Public domain Contributors: File:Texas Park Road 4 CCC Map 1.png Original artist: Civilian Conser- 

vation Corps 

• File:Text_document_with_red_question_mark.svg Source: https://upload.wikimedia.org/wikipedia/commons/a/a4/Text_document_ 

with_red_question_mark.svg License: Public domain Contributors: Created by bdesham with Inkscape; based upon Text-x-generic.svg 

from the Tango project. Original artist: Benjamin D. Esham (bdesham) 

• File:The_Algebra_of_Mohammed_ben_Musa_(Arabic).png Source: https://upload.wikimedia.org/wikipedia/commons/e/eb/The_ 

Algebra_of_Mohammed_ben_Musa_%28Arabic%29.png License: Public domain Contributors: The Algebra of Mohammed ben Musa 
by Fredrick Rosen. MacTutor [1] [2] Original artist: Muhammad ibn Musa al-Khwarizmi 

• File:The_Algebra_of_Mohammed_ben_Musa_(English).png Source: https://upload.wikimedia.org/wikipedia/commons/4/45/The_ 

Algebra_of_Mohammed_ben_Musa_%28English%29.png License: Public domain Contributors: MacTutor [1] [2] Original artist: Fredrick 

Rosen 

• File:The_Arab_hospital-Granada_Bimarstan.jpg    Source: https://upload.wikimedia.org/wikipedia/commons/1/1a/The_ 

Arab_hospital-Granada_Bimarstan.jpg License: CC BY 2.5 Contributors: http://www.wellcomecollection.org/explore/ time--

place/topics/islam-and-medicine/images.aspx Original artist: Unknown<a href='https://www.wikidata.org/wiki/Q4233718' 

title='wikidata:Q4233718'><img alt='wikidata:Q4233718' src='https://upload.wikimedia.org/wikipedia/commons/thumb/f/ff/ 

Wikidata-logo.svg/20px-Wikidata-logo.svg.png' width='20' height='11' srcset='https://upload.wikimedia.org/wikipedia/commons/ 

thumb/f/ff/Wikidata-logo.svg/30px-Wikidata-logo.svg.png 1.5x, https://upload.wikimedia.org/wikipedia/commons/thumb/f/ff/ 

Wikidata-logo.svg/40px-Wikidata-logo.svg.png 2x' data-file-width='1050' data-file-height='590' /></a> 

• File:The_Earth_seen_from_Apollo_17.jpg Source: https://upload.wikimedia.org/wikipedia/commons/9/97/The_Earth_seen_from_ 

Apollo_17.jpg License: Public domain Contributors: http://www.nasa.gov/images/content/115334main_image_feature_329_ys_full.jpg 

Original artist: NASA/Apollo 17 crew; taken by either Harrison Schmitt or Ron Evans 

• File:The_Little_Belt_Bridge_(1935).jpeg Source: https://upload.wikimedia.org/wikipedia/en/b/b1/The_Little_Belt_Bridge_ 

%281935%29.jpeg  License:   Cc-by-sa-3.0 Contributors: 

This image was taken by Ævar Arnfjörð Bjarmason on 2004-04-10 using a Kodak EasyShare DX4330 camera. Original artist: 

Ævar Arnfjörð Bjarmason 

• File:The_Metropolitan_M_Stamp.PNG Source: https://upload.wikimedia.org/wikipedia/commons/c/c0/The_Metropolitan_M_Stamp. 

PNG License: CC BY-SA 3.0 Contributors: Own work Original artist: Unisouth 

• File:The_Scientific_Universe.png Source: https://upload.wikimedia.org/wikipedia/commons/7/75/The_Scientific_Universe.png Li- 
cense: CC BY-SA 3.0 Contributors: Own work Original artist: Efbrazil 

• File:The_Somerset_House_Conference_19_August_1604.jpg Source: https://upload.wikimedia.org/wikipedia/commons/9/9b/The_ 

Somerset_House_Conference_19_August_1604.jpg License: Public domain Contributors: National Maritime Museum Original artist: pos- 

sibly Juan Pantoja de la Cruz 

• File:Theorem_of_al-Haitham.JPG Source: https://upload.wikimedia.org/wikipedia/commons/1/14/Theorem_of_al-Haitham.JPG Li-  
cense: CC-BY-SA-3.0 Contributors: Own work Original artist: 

• File:Thesaurus_opticus_Titelblatt.jpg  Source:  https://upload.wikimedia.org/wikipedia/commons/c/c6/Thesaurus_opticus_Titelblatt. 

jpg License: Public domain Contributors: ? Original artist: ? 

• File:Thomé_Salix_alba_clean.jpg    Source:   https://upload.wikimedia.org/wikipedia/commons/a/a1/Thom%C3%A9_Salix_alba_clean. 

jpg License: Public domain Contributors: ? Original artist: ? 

• File:ThreeTwrBrCenter.jpg Source: https://upload.wikimedia.org/wikipedia/commons/9/93/ThreeTwrBrCenter.jpg License: CC SA 

1.0 Contributors: Transferred from en.wikipedia to Commons. Original artist: The original uploader was Leonard G. at English Wikipedia 

• File:Tokyo_Sky_Tree_2012.JPG    Source:      https://upload.wikimedia.org/wikipedia/commons/3/3e/Tokyo_Sky_Tree_2012.JPG   License: 
CC BY-SA 3.0 Contributors: Own work Original artist: Kakidai 

• File:Torus.png Source: https://upload.wikimedia.org/wikipedia/commons/1/17/Torus.png License: Public domain Contributors: This im- 

age was created with POV-Ray Original artist: LucasVB 

• File:Tour_Eiffel_Wikimedia_Commons.jpg    Source: https://upload.wikimedia.org/wikipedia/commons/a/a8/Tour_Eiffel_ 

Wikimedia_Commons.jpg License: CC BY-SA 3.0 Contributors: Own work Original artist: Benh LIEU SONG 

• File:Tractat_de_medicina_d'Avicenna.jpg Source: https://upload.wikimedia.org/wikipedia/commons/b/b3/Tractat_de_medicina_d% 

27Avicenna.jpg License: Public domain Contributors: http://xac.gencat.cat/ca/llista_arxius_comarcals/alt_penedes/els_documents_ 

escollits/ Original artist: Diversos 

• File:TransCore_RFID_reader_and_antenna.jpg Source: https://upload.wikimedia.org/wikipedia/commons/2/2f/TransCore_RFID_ 

reader_and_antenna.jpg License: CC BY-SA 3.0 Contributors: Own work Original artist: z22 

• File:Tusi-couple.gif Source: https://upload.wikimedia.org/wikipedia/commons/b/b4/Tusi-couple.gif License: Public do- 

main Contributors: Unknown Original artist: Unknown<a href='https://www.wikidata.org/wiki/Q4233718' title='wikidata: 

Q4233718'><img alt='wikidata:Q4233718' src='https://upload.wikimedia.org/wikipedia/commons/thumb/f/ff/Wikidata-logo. 

svg/20px-Wikidata-logo.svg.png' width='20' height='11' srcset='https://upload.wikimedia.org/wikipedia/commons/thumb/f/ff/ 

Wikidata-logo.svg/30px-Wikidata-logo.svg.png 1.5x, https://upload.wikimedia.org/wikipedia/commons/thumb/f/ff/Wikidata-logo.svg/ 

40px-Wikidata-logo.svg.png 2x' data-file-width='1050' data-file-height='590' /></a> 

• File:Tusi_couple.jpg Source: https://upload.wikimedia.org/wikipedia/commons/3/33/Tusi_couple.jpg License: Public domain Contribu- 
tors: 

• Online source: <a data-x-rel='nofollow' class='external text' href='http://wps.prenhall.com/esm_chaisson_astronomytoday_5/0, 

9185,1383966-content,00.html'>Pearson Prentice Hall Companion Website for Astronomy   Today</a> 

• Original source: Library of Congress Vatican Exhibit (Vat. Arabic ms 319, fol. 28 verso) 

Original artist: Nasir al-Din al-Tusi 

https://upload.wikimedia.org/wikipedia/commons/d/d9/Texas_Park_Road_4_CCC_Map_1_edit.jpg
https://upload.wikimedia.org/wikipedia/commons/d/d9/Texas_Park_Road_4_CCC_Map_1_edit.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a4/Text_document_with_red_question_mark.svg
https://upload.wikimedia.org/wikipedia/commons/a/a4/Text_document_with_red_question_mark.svg
https://upload.wikimedia.org/wikipedia/commons/e/eb/The_Algebra_of_Mohammed_ben_Musa_%2528Arabic%2529.png
https://upload.wikimedia.org/wikipedia/commons/e/eb/The_Algebra_of_Mohammed_ben_Musa_%2528Arabic%2529.png
http://www-history.mcs.st-andrews.ac.uk/history/Biographies/Al-Khwarizmi.html
http://www-history.mcs.st-andrews.ac.uk/history/Bookpages/Al
https://en.wikipedia.org/wiki/Muhammad_ibn_Musa_al-Khwarizmi
https://upload.wikimedia.org/wikipedia/commons/4/45/The_Algebra_of_Mohammed_ben_Musa_%2528English%2529.png
https://upload.wikimedia.org/wikipedia/commons/4/45/The_Algebra_of_Mohammed_ben_Musa_%2528English%2529.png
http://www-history.mcs.st-andrews.ac.uk/history/Biographies/Al-Khwarizmi.html
http://www-history.mcs.st-andrews.ac.uk/history/Bookpages/Al
https://upload.wikimedia.org/wikipedia/commons/1/1a/The_Arab_hospital-Granada_Bimarstan.jpg
https://upload.wikimedia.org/wikipedia/commons/1/1a/The_Arab_hospital-Granada_Bimarstan.jpg
http://www.wellcomecollection.org/explore/time--place/topics/islam-and-medicine/images.aspx
http://www.wellcomecollection.org/explore/time--place/topics/islam-and-medicine/images.aspx
http://www.wellcomecollection.org/explore/time--place/topics/islam-and-medicine/images.aspx
http://www.wikidata.org/wiki/Q4233718%27
https://upload.wikimedia.org/wikipedia/commons/9/97/The_Earth_seen_from_Apollo_17.jpg
https://upload.wikimedia.org/wikipedia/commons/9/97/The_Earth_seen_from_Apollo_17.jpg
http://www.nasa.gov/images/content/115334main_image_feature_329_ys_full.jpg
https://en.wikipedia.org/wiki/Harrison_Schmitt
https://en.wikipedia.org/wiki/Ronald_Evans_(astronaut)
https://upload.wikimedia.org/wikipedia/en/b/b1/The_Little_Belt_Bridge_%25281935%2529.jpeg
https://upload.wikimedia.org/wikipedia/en/b/b1/The_Little_Belt_Bridge_%25281935%2529.jpeg
https://upload.wikimedia.org/wikipedia/commons/c/c0/The_Metropolitan_M_Stamp.PNG
https://upload.wikimedia.org/wikipedia/commons/c/c0/The_Metropolitan_M_Stamp.PNG
https://upload.wikimedia.org/wikipedia/commons/7/75/The_Scientific_Universe.png
https://upload.wikimedia.org/wikipedia/commons/9/9b/The_Somerset_House_Conference_19_August_1604.jpg
https://upload.wikimedia.org/wikipedia/commons/9/9b/The_Somerset_House_Conference_19_August_1604.jpg
http://www.nmm.ac.uk/collections/explore/object.cfm?ID=BHC2787
https://en.wikipedia.org/wiki/Juan_Pantoja_de_la_Cruz
https://upload.wikimedia.org/wikipedia/commons/1/14/Theorem_of_al-Haitham.JPG
https://upload.wikimedia.org/wikipedia/commons/c/c6/Thesaurus_opticus_Titelblatt.jpg
https://upload.wikimedia.org/wikipedia/commons/c/c6/Thesaurus_opticus_Titelblatt.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a1/Thom%25C3%25A9_Salix_alba_clean.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a1/Thom%25C3%25A9_Salix_alba_clean.jpg
https://upload.wikimedia.org/wikipedia/commons/9/93/ThreeTwrBrCenter.jpg
https://en.wikipedia.org/wiki/
https://upload.wikimedia.org/wikipedia/commons/3/3e/Tokyo_Sky_Tree_2012.JPG
https://upload.wikimedia.org/wikipedia/commons/1/17/Torus.png
https://en.wikipedia.org/wiki/POV-Ray
https://upload.wikimedia.org/wikipedia/commons/a/a8/Tour_Eiffel_Wikimedia_Commons.jpg
https://upload.wikimedia.org/wikipedia/commons/a/a8/Tour_Eiffel_Wikimedia_Commons.jpg
https://upload.wikimedia.org/wikipedia/commons/b/b3/Tractat_de_medicina_d%2527Avicenna.jpg
https://upload.wikimedia.org/wikipedia/commons/b/b3/Tractat_de_medicina_d%2527Avicenna.jpg
http://xac.gencat.cat/ca/llista_arxius_comarcals/alt_penedes/els_documents_escollits/
http://xac.gencat.cat/ca/llista_arxius_comarcals/alt_penedes/els_documents_escollits/
https://upload.wikimedia.org/wikipedia/commons/2/2f/TransCore_RFID_reader_and_antenna.jpg
https://upload.wikimedia.org/wikipedia/commons/2/2f/TransCore_RFID_reader_and_antenna.jpg
https://upload.wikimedia.org/wikipedia/commons/b/b4/Tusi-couple.gif
http://www.wikidata.org/wiki/Q4233718%27
https://upload.wikimedia.org/wikipedia/commons/3/33/Tusi_couple.jpg
http://wps.prenhall.com/esm_chaisson_astronomytoday_5/0
https://en.wikipedia.org/wiki/Nasir_al-Din_al-Tusi


4.2.  IMAGES 407 
 

 

Muslims and Evolution of Science 

 

 
• File:Two_red_dice_01.svg Source: https://upload.wikimedia.org/wikipedia/commons/3/36/Two_red_dice_01.svg License: CC0 Con- 

tributors: Open Clip Art Library Original artist: Stephen Silver 

• File:Tycho_instrument_sextant_mounting_19.jpg     Source: https://upload.wikimedia.org/wikipedia/commons/4/40/Tycho_ 

instrument_sextant_mounting_19.jpg License:  Public domain Contributors:  ?  Original artist:  ? 

• File:Variable_speed_limit.jpg  Source: https://upload.wikimedia.org/wikipedia/commons/f/f1/Variable_speed_limit.jpg  License:   Pub- 

lic domain Contributors: ? Original artist: ? 

• File:Vector_field.svg Source: https://upload.wikimedia.org/wikipedia/commons/c/c2/Vector_field.svg License: Public domain Contrib- 
utors: Own work Original artist: Fibonacci. 

• File:Venitian_glass_circa_1330_with_enamel_decoration_derived_from_Islamic_technique_and_style.jpg Source: 
https://upload.wikimedia.org/wikipedia/commons/0/09/Venitian_glass_circa_1330_with_enamel_decoration_derived_from_Islamic_ 

technique_and_style.jpg License: CC BY-SA 3.0 Contributors: Own work, photographed at British Museum Original artist: PHGCOM 

• File:Venn_A_intersect_B.svg Source: https://upload.wikimedia.org/wikipedia/commons/6/6d/Venn_A_intersect_B.svg License: Public 

domain Contributors:  Own work Original artist: Cepheus 

• File:Ventanas_con_arabescos_en_la_Alhambra.JPG Source: https://upload.wikimedia.org/wikipedia/commons/0/07/Ventanas_con_ 

arabescos_en_la_Alhambra.JPG License: CC-BY-SA-3.0 Contributors: No machine-readable source provided. Own work assumed (based  

on copyright claims). Original artist: No machine-readable author provided. Javier Carro assumed (based on copyright claims). 

• File:WLA_vanda_Ottoman_marquetry_and_tile-top_table_2.jpg Source: https://upload.wikimedia.org/wikipedia/commons/c/ce/ 

WLA_vanda_Ottoman_marquetry_and_tile-top_table_2.jpg License: CC BY 2.5 Contributors: Uploaded from the Wikipedia Loves Art 

photo pool on Flickr Original artist: Wikipedia Loves Art participant "VeronikaB" 

• File:Water_droplet.jpg Source:  https://upload.wikimedia.org/wikipedia/commons/e/ec/Water_droplet.jpg License: CC-BY-SA-3.0 

Contributors: ? Original artist: ? 

• File:Westerner_and_Arab_practicing_geometry_15th_century_manuscript.jpg Source: https://upload.wikimedia.org/wikipedia/ 

commons/4/45/Westerner_and_Arab_practicing_geometry_15th_century_manuscript.jpg License: Public  domain  Contributors: Cahiers 

de Science et Vie No114 Original artist:  Anonymous painter,15th century 

• File:Wiki_letter_w_cropped.svg Source: https://upload.wikimedia.org/wikipedia/commons/1/1c/Wiki_letter_w_cropped.svg License: CC-

BY-SA-3.0 Contributors: This file was derived from Wiki letter w.svg: <a href='//commons.wikimedia.org/wiki/File: 

Wiki_letter_w.svg' class='image'><img alt='Wiki letter w.svg' src='https://upload.wikimedia.org/wikipedia/commons/thumb/6/6c/Wiki_ 

letter_w.svg/50px-Wiki_letter_w.svg.png' width='50' height='50' srcset='https://upload.wikimedia.org/wikipedia/commons/thumb/6/6c/ 

Wiki_letter_w.svg/75px-Wiki_letter_w.svg.png 1.5x, https://upload.wikimedia.org/wikipedia/commons/thumb/6/6c/Wiki_letter_w.svg/ 

100px-Wiki_letter_w.svg.png 2x' data-file-width='44' data-file-height='44' /></a> 

Original artist: Derivative work by Thumperward 

• File:Wikibooks-logo-en-noslogan.svg Source: https://upload.wikimedia.org/wikipedia/commons/d/df/Wikibooks-logo-en-noslogan. 

svg License: CC BY-SA 3.0 Contributors: Own work Original artist: User:Bastique, User:Ramac et al. 

• File:Wikibooks-logo.svg  Source:    https://upload.wikimedia.org/wikipedia/commons/f/fa/Wikibooks-logo.svg  License:    CC  BY-SA 3.0 

Contributors: Own work Original artist: User:Bastique, User:Ramac et al. 

• File:Wikinews-logo.svg Source: https://upload.wikimedia.org/wikipedia/commons/2/24/Wikinews-logo.svg License: CC BY-SA 3.0 

Contributors: This is a cropped version of Image:Wikinews-logo-en.png. Original artist: Vectorized by Simon 01:05, 2 August 2006 (UTC) 

Updated by Time3000 17 April 2007 to use official Wikinews colours and appear correctly on dark backgrounds. Originally uploaded by 

Simon. 

• File:Wikipedia_multilingual_network_graph_July_2013.svg     Source: https://upload.wikimedia.org/wikipedia/commons/5/ 

5b/Wikipedia_multilingual_network_graph_July_2013.svg License: CC BY-SA 3.0 Contributors: Own work Original artist: 
Computermacgyver 

• File:Wikiquote-logo.svg  Source:    https://upload.wikimedia.org/wikipedia/commons/f/fa/Wikiquote-logo.svg  License:    Public domain 

Contributors: Own work Original artist: Rei-artur 

• File:Wikisource-logo.svg Source:   https://upload.wikimedia.org/wikipedia/commons/4/4c/Wikisource-logo.svg License:   CC BY-SA   3.0 

Contributors:  Rei-artur Original artist:  Nicholas Moreau 

• File:Wikiversity-logo-Snorky.svg   Source:      https://upload.wikimedia.org/wikipedia/commons/1/1b/Wikiversity-logo-en.svg   License: 

CC BY-SA 3.0 Contributors: Own work Original artist: Snorky 

• File:Wikiversity-logo.svg Source:   https://upload.wikimedia.org/wikipedia/commons/9/91/Wikiversity-logo.svg  License:   CC  BY-SA 3.0 

Contributors: Snorky (optimized and cleaned up by verdy_p) Original artist: Snorky (optimized and cleaned up by verdy_p) 

• File:Wikivoyage-Logo-v3-icon.svg Source: https://upload.wikimedia.org/wikipedia/commons/d/dd/Wikivoyage-Logo-v3-icon.svg Li- 
cense: CC BY-SA 3.0 Contributors: Own work Original artist: AleXXw 

• File:Wiktionary-logo-v2.svg Source: https://upload.wikimedia.org/wikipedia/commons/0/06/Wiktionary-logo-v2.svg License: CC BY- 

SA 4.0 Contributors: Own work Original artist: Dan Polansky based on work currently attributed to Wikimedia Foundation but originally 

created by Smurrayinchester 

• File:Wiktionary-logo.svg  Source:   https://upload.wikimedia.org/wikipedia/commons/e/ec/Wiktionary-logo.svg  License:   CC  BY-SA 3.0 

Contributors: ? Original artist: ? 

• File:Woman_teaching_geometry.jpg  Source:  https://upload.wikimedia.org/wikipedia/commons/d/d4/Woman_teaching_geometry.jpg 

License:  Public domain Contributors: 

Catalogue entry: Burney 275 

This tag does not indicate the copyright status of the attached work. A normal copyright tag is still required. See Commons:Licensing for more information. 

Original artist:  Attributed to Meliacin Master 

• File:Wood-framed_house.jpg Source: https://upload.wikimedia.org/wikipedia/commons/5/50/Wood-framed_house.jpg License: CC- 

BY-SA-3.0 Contributors: Own work Original artist: Jaksmata 

https://upload.wikimedia.org/wikipedia/commons/3/36/Two_red_dice_01.svg
http://www.openclipart.org/clipart/recreation/games/two_red_dice_01.svg
https://upload.wikimedia.org/wikipedia/commons/4/40/Tycho_instrument_sextant_mounting_19.jpg
https://upload.wikimedia.org/wikipedia/commons/4/40/Tycho_instrument_sextant_mounting_19.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f1/Variable_speed_limit.jpg
https://upload.wikimedia.org/wikipedia/commons/c/c2/Vector_field.svg
https://upload.wikimedia.org/wikipedia/commons/0/09/Venitian_glass_circa_1330_with_enamel_decoration_derived_from_Islamic_technique_and_style.jpg
https://upload.wikimedia.org/wikipedia/commons/0/09/Venitian_glass_circa_1330_with_enamel_decoration_derived_from_Islamic_technique_and_style.jpg
https://upload.wikimedia.org/wikipedia/commons/6/6d/Venn_A_intersect_B.svg
https://upload.wikimedia.org/wikipedia/commons/0/07/Ventanas_con_arabescos_en_la_Alhambra.JPG
https://upload.wikimedia.org/wikipedia/commons/0/07/Ventanas_con_arabescos_en_la_Alhambra.JPG
https://upload.wikimedia.org/wikipedia/commons/c/ce/WLA_vanda_Ottoman_marquetry_and_tile-top_table_2.jpg
https://upload.wikimedia.org/wikipedia/commons/c/ce/WLA_vanda_Ottoman_marquetry_and_tile-top_table_2.jpg
http://www.flickr.com/groups/wikipedia_loves_art/pool/
http://www.flickr.com/groups/wikipedia_loves_art/pool/
http://www.flickr.com/groups/wikipedia_loves_art/pool/tags/VeronikaB/
https://upload.wikimedia.org/wikipedia/commons/e/ec/Water_droplet.jpg
https://upload.wikimedia.org/wikipedia/commons/4/45/Westerner_and_Arab_practicing_geometry_15th_century_manuscript.jpg
https://upload.wikimedia.org/wikipedia/commons/4/45/Westerner_and_Arab_practicing_geometry_15th_century_manuscript.jpg
https://upload.wikimedia.org/wikipedia/commons/1/1c/Wiki_letter_w_cropped.svg
https://upload.wikimedia.org/wikipedia/commons/d/df/Wikibooks-logo-en-noslogan.svg
https://upload.wikimedia.org/wikipedia/commons/d/df/Wikibooks-logo-en-noslogan.svg
https://upload.wikimedia.org/wikipedia/commons/f/fa/Wikibooks-logo.svg
https://upload.wikimedia.org/wikipedia/commons/2/24/Wikinews-logo.svg
https://upload.wikimedia.org/wikipedia/commons/5/5b/Wikipedia_multilingual_network_graph_July_2013.svg
https://upload.wikimedia.org/wikipedia/commons/5/5b/Wikipedia_multilingual_network_graph_July_2013.svg
https://upload.wikimedia.org/wikipedia/commons/f/fa/Wikiquote-logo.svg
https://upload.wikimedia.org/wikipedia/commons/4/4c/Wikisource-logo.svg
https://upload.wikimedia.org/wikipedia/commons/1/1b/Wikiversity-logo-en.svg
https://upload.wikimedia.org/wikipedia/commons/9/91/Wikiversity-logo.svg
https://upload.wikimedia.org/wikipedia/commons/d/dd/Wikivoyage-Logo-v3-icon.svg
https://upload.wikimedia.org/wikipedia/commons/0/06/Wiktionary-logo-v2.svg
https://upload.wikimedia.org/wikipedia/commons/e/ec/Wiktionary-logo.svg
https://upload.wikimedia.org/wikipedia/commons/d/d4/Woman_teaching_geometry.jpg
http://searcharchives.bl.uk/primo_library/libweb/action/search.do?dscnt=0&amp;frbg&amp;scp.scps=scope%3A(BL)&amp;tab=local&amp;srt=rank&amp;ct=search&amp;mode=Basic&amp;dum=true&amp;indx=1&amp;vl(freeText0)=%2522Burney%2B275%2522&amp;vid=IAMS_VU2&amp;fn=search
https://upload.wikimedia.org/wikipedia/commons/5/50/Wood-framed_house.jpg


4.2.  IMAGES 408 
 

 

Muslims and Evolution of Science 

 

 
• File:Yuan_dynasty_iron_magic_square.jpg Source: https://upload.wikimedia.org/wikipedia/commons/2/2d/Yuan_dynasty_iron_ 

magic_square.jpg License: CC BY-SA 3.0 Contributors: Own work Original artist: BabelStone 

• File:11111111.gif Source: https://upload.wikimedia.org/wikipedia/commons/8/88/%E4%B9%9D%E7%AB%A0%E7%AE%97%E8% 

A1%93.gif License: Public domain Contributors: Transferred from en.wikipedia to Commons. Transfer was stated to be made by 

User:Otso Huuska. Original artist: ? 
 

|Creative Commons Attribution-Share Alike 3.0}} 

https://upload.wikimedia.org/wikipedia/commons/2/2d/Yuan_dynasty_iron_magic_square.jpg
https://upload.wikimedia.org/wikipedia/commons/2/2d/Yuan_dynasty_iron_magic_square.jpg
https://upload.wikimedia.org/wikipedia/commons/8/88/%25E4%25B9%259D%25E7%25AB%25A0%25E7%25AE%2597%25E8%25A1%2593.gif
https://upload.wikimedia.org/wikipedia/commons/8/88/%25E4%25B9%259D%25E7%25AB%25A0%25E7%25AE%2597%25E8%25A1%2593.gif
https://creativecommons.org/licenses/by-sa/3.0/

