
The historical dimension of science scarcely appears in our school
and college curricula. Most students tend to view science as a
finished product that has been largely imported from the West.
Textbooks occasionally do pay lip service to the history of science
by inserting photographs of great scientists and giving their short
biographical sketches. The main body of the texts, however, hardly
brings out the developmental nature of science. Yet, if there is one
criterion that distinguishes scientific enterprise from other
endeavours, it is that with time science evolves, grows richer,
becomes at once more complex and unifying, encompassing more
and more domains of experience. Science is not static. It has an
arrow of time in the direction of progress. Scientific knowledge is
often viewed as a product of western culture alone. Yet, it is now
widely appreciated that science has drawn inputs from the rich
cultural experiences of the Arabs, Indians and Chinese among
others. It may be possible to understand particular topics of science
without reference to its history. However, to appreciate science
deeply and imbibe its ethos, it is necessary to understand the cultural
and historical contexts of its growth. This book is a part of HBCSE’s
efforts to inculcate a developmental view of science among students
and to heighten their awareness of the contribution of India to the
global enterprise of science. It is a modest but comprehensive
exhibition that begins with the great leaps our ancestors made in
fathoming nature, journeys past the different milestones in the
history of science and concludes with a brief description of the
monumental achievements of twentieth century science.

Preface

Science has multi-cultural origins. The arrows in the map
indicate our current historical understanding of the flow
of knowledge among the major ancient civilizations: Greece,
India, China, West Asia and finally from Arabia to Europe
(red arrow). The background map shows the Eastern
Hemisphere made by Gerard Mercator (1512-94) in 1587.
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Great Leaps
in Early History

The Knowing Animal

Modern science is only about 400 years old, but the preconditions
that made it possible can be traced back to our early ancestors who
departed radically from other animals in their habit and habitat.
This departure took place roughly 5 million years ago, when the
human-like primate evolved from an ape-like ancestor.  The erect
posture of the human ancestors not only freed the  fore-limbs from
the role of supporting and walking, but also opened up several
new dimensions to what an animal could do.  The evolution of the
human ancestor to a knowledgeable animal was driven primarily
by the power of the hands in conjunction with the brain.

Unlike other animals, humans can adapt to a wide variety of
habitats.  This adaptive ability is the product of both  biological
and cultural evolution. Some of the great leaps in our early history
are : fashioning the available material (wood, stone, metal etc.) in
the surroundings into tools and other artifacts; building shelters;

1
An Invitation to History of Science

Ramapithecus
(5 million years ago)

Australopithecus
(1.5 million years ago)

Homo erectus
(1.2 million years ago)

Neanderthal
(500, 000 years ago)

Cro-Magnon
(300, 000 years ago)

Homo sapiens
(100, 000 years ago)

Fig 1.1: The Evolutionary Path to Modern Human Being:  The evolutionary history of human beings has been constructed on the basis
of  fossils collected mostly in this century.  The part of the fossil actually found is shown in brown colour, and the reconstructed part is
gray in colour.  The outline indicates how the animal could have looked.
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Fig 1.3: The distinctive biological assets - the brain
and the hands - enabled humans to add new
modes of interacting with he world around. Tools
were shaped by the dexterous human hand from
the naturally available sources like wood, stone,
bone and clay. The picture shows the use of a stone
tool for separating skin from a fresh hunt.

Great Leaps in Early History

Fig 1.2: The fossilized footprints of Australopithecines — two adults and a child.

making use of fire and harnessing it; cultivating plants and
domesticating animals; weaving cloth; speaking and writing;
creating powerful symbolic forms of expressions like paintings,
dance, drama, music and so on. These different acquisitions  when
interwoven produced the rich and multi-dimensional social and
cultural fabric of human beings, of which knowledge becomes the
main thread. Scientific knowledge emerged from this rich cultural
tapestry.
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Fig 1.5: A view of life inside a cave: Before building artificial shelters, humans used natural caves as their dwelling during the stone age.
The use of fire came in handy for driving away the wild animals from the caves.

Fig 1.4: Fire may have been discovered by ancient humans accidentally from a volcanic eruption or a forest fire. The picture is an artist’s
impression of a group of people exploring the burnt remains after a  forest fire. Humans probably discovered the  usefulness of cooked
food from such an exploration.

An Invitation to History of Science



7

The Great Leaps

During the course of our history it is possible to identify a few events
that have launched us to higher levels of cultural growth.  Among
them the most notable are: the use of tools, learning to make and
manage fire, the practices of agriculture and domestication of
animals, followed by the discovery of metals, and the invention of
the wheel.  Along the way, a distinctly human feature developed
from primitive modes of animal communication: the ability to speak
and much later, to write.

To the best of our present knowledge, Homo habilis,  an ancestor
of Homo sapiens began to shape stones into crude tools about two
million years ago.  The use of tools tremendously widened the scope
of our interaction with the world, leading to an increase in the
knowledge base.  The discovery of the use of fire, possibly by Homo
erectus who lived around 1.2 million years ago, gave humans a
weapon, a weather conditioner, and an external source of energy.

A major transformation in human way of living occurred, however,
only after the beginning of agriculture and domestication of animals.

Fig 1.7: The Grain of Grass:  After our ancients
discovered that cooking can transform the grains
of grass weeds into  valuable food, they could get
food in abundance from  the grass lands of the
fertile river beds.  Unlike other  forms of food,
grain can also be stored for future use. The
phenomenal growth of humankind  all over the
globe would not have been possible without
discovering the value of the grain of grass.

Great Leaps in Early History

Fig 1.6: The Roots of Human Intelligence:  The
most striking anatomical asset of our body is the
presence of a large number of movable and
controllable joints, many of them concentrated in
the two  hands. The picture shows the wide
variety of things human hands can do.
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Agriculture brought about a new relationship between humans and
nature.  This was the first large-scale harnessing of the world’s
natural energy for the benefit of humankind. Managing agriculture
called for an  increase in know-how about the flora and fauna, –
day-night cycles, climatic conditions, water management etc.The
use of measurement must have originated in this richsetting, where
the notion of property and production began to shape human
relations.

An Invitation to History of Science

Fig 1.10: Clay, being an easily available and a
highly moldable material, was used since the early
days for a variety of  purposes.  People constructed
houses out of clay, made pots for the kitchen,
constructed stoves for not only cooking but even
for smelting ore, made large containers for storing
grain, devised toys, and shaped  the clay  into
beautiful artistic forms. It is no surprise that the
early forms of writing found their place on the
surface of clay.

Fig 1.9: The Wheel of progress: Following  the
realisation that rolling logs of wood can be
transformed into a mechanism  that can carry
loads, the wheel has become the heart of almost
every major invention. The wheel in an abstract
sense is more a principle than a mere artifact. The
picture shows its use in different contexts.

Fig 1.8: Instances of early writings in the form of
pictographic scripts were found on tablets dating
from c. 3300 BC. Pictographic scripts gradually
evolved  into phonetic scripts based on the source
of a syllable or word not  its meaning.
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Fig 1.12:Fire continues to open  up new possibilities. That fire can transform certain
kinds of earth (ores) into metals like copper was realised around ten thousand years
ago in the Middle East. Around 3,800 BC the extraction of bronze was discovered in
Persia, but the bronze works reached their finest expression in China.  The picture
shows a wide variety of metal weapons found in the Indus valley.

Fig 1.11: A Sumerian frieze of 2,500 BC depicting agricultural practices.

The Early Civilisations

The discovery of agriculture posed innumerable new challenges for
humans.  A multifaceted activity, agriculture  needed inputs from
different 'corners' of the earth --- the water, the land and the sky. It
provided a stable and rich socio-cultural context for generating
knowledge about the world.  Humans now had a greater need to
take  help from and communicate with each other.  And, at the
same time, they had more leisure to work and think on their
problems.These factors spurred the development of
science,technology, arts and crafts, languages, social organisation
and political structures.

One of the notable outcomes of the agricultural revolution was the
development of towns, particularly in the larger  river valleys,

Fig 1.14: Civilisations of the ancient world

Great Leaps in Early History

Clay tablet found in Sumeria (c. 2,360 B.C.)

Bamboo strips of China (c. 1,100 B.C.)

Silver plaque of Persia  (c. 525 B.C.)

Brahmi script of India (c. 300 B.C.)

Fig 1.13: The earliest writing was found at Uruk
in Sumeria on clay tablets dating from c. 4000 BC.
A selection of  writings found in other civilizations
is shown above.
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leading to the great civilisations in Mesopotamia, Egypt, India and
China.  Each of the early civilisations had a distinctive mark of its
own, yet they had  many features in common.  They contributed to
a wide  spectrum of necessary means of measuring space and time:
number systems using different bases; different standards for
measuring lengths and angles; mensuration techniques leading to
geometry; and different methods of measuring  time based on the
solar and lunar calendars.

Many of these achievements found their immediate expression in
architecture and town planning.  Besides the ractical knowledge of
arts and crafts, ancient knowledge was also abstract and
metaphysical. The power of abstract  knowledge began to be
realised very early on.  The priests harbouring this knowledge
occupied crucial positions in ancient political structure, and began
shielding it from others leading to a social divide. Knowledge
appeared and evolved in different forms: arts and crafts, magic,
rituals, religious practices and philosophical discourse.

We have come to know of the rich ancient heritage from the long
lasting sculptures, metal works, inscriptions on temples and tablets,
and the architectural remains.  The effort to understand our past
still continues.

Fig 1.16: We know about the Indus Valley
civilisation (3200-1750 BC) from the excavations
of the two cities, Moenjo-daro and Harappa.
These sites give evidence of the sophisticated
level of town-planning and engineering
techniques attained in this civilisation. The
picture is an artist's impression of how the ritual
bath at Moenjo-daro might have looked, based
on the archaeological findings.  The bath
measured 39 feet long, 23 feet wide and 8 feet
deep.

Fig 1.15: The valley of the river Nile nurtured
the great Egyptian civilisation from c. 3000 BC.
The Egyptians believed in the concept of divinity
and immortality of their kings and queens, who
were mummified and kept in the massive
pyramids.  The construction of a pyramid was a
gigantic enterprise involving many craftsmen,
surveyors, scribes and a huge work force.  The
largest pyramid of Giza is 146 m high and
contains two and a half million blocks of
limestone.

An Invitation to History of Science



11

Fig 1.18: The mummy cases containing
preserved dead bodies were made of wood, and
were painted with pictures of gods and the
hieroglyphs found on them had descriptions
praising the owner.  The inner  coffin was often
embedded in one or two outer ones.

Fig 1.20: The famous intricately carved dancing
girl statue, made of bronze, measured only four-
and-a-half inches.

Fig 1.19: The remarkable uniformity of length and weight measures made
of stone shows the level of precision attained by the Indus civilisation.
The broken ruler shown to the right of the balance has exact intervals of
0.264 inch.

Fig 1.17: Egyptian tomb painting showing farm life

Great Leaps in Early History
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Fig 1.21: The seals found at Moenjo-Daro carved out of soft stone have proved informative. They provide insights into the religious
practices of the time and early writings, though deciphering the script continues to be a difficult challenge.

Fig 1.22: The toys of the Indus Valley,
made of pottery, were ingenious with
movable parts and rattling balls.
Numerous stone marbles and dice were
unearthed from Moenjo-Daro.

Fig 1.23: The Shang Dynasty (c. 1700 - 1100 BC) created a Bronze
Age culture in the plains of Yellow River (Huang He) of North
China. The superb craftsmanship of their ritual bronze vessels as
also of their stone and jade sculptures has rarely been excelled.
On the bronzes are carved intricate geometrical patterns and a
variety of animal forms.
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Fig 1.24: The Phoenicians (c. 1500 BC) who lived on the fertile coast of the eastern Mediterranean were shrewd traders and navigators.
Their cities Tyre and Sidon were famous for expensive purple textiles.

Fig 1.25: Stonehenge: The first observatory at Britain (c. 2,000 BC)

Great Leaps in Early History
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Science in
Ancient Greece

The Orgins of Science

The origin of science is not any singular event in history.  Science is
a dynamic ‘multi-cultural social phenomenon to which different
communities across the globe have contributed.  Even in ancient
times, there was considerable information exchange among different
civilizations.  For example, around the 7th century BC, Ionia in
Eastern Greece was a centre of trade for merchants from West Asia,
India and China. Trade spurred socio-cultural interactions among
different people, enabling flow of knowledge.

Genesis of Natural Philosophy: The thinkers of ancient Greece
certainly deserve credit for sowing the early seeds of natural science,
for they were the first to explain natural phenomena without
recourse to myth or magic. Thales (c. 624-525 BC) initiated a
remarkable intellectual tradition that separated investigations of
the laws of Nature from religion.  He also started a thread of
intellectual debate based on abstract speculations about the grand
structure of the world.  It was common wisdom of the period that
the world can be constructed out of the four elements – Earth, Water,
Air and Fire.  Notable thinkers Anaximander, Anaximenes,
Heraclitus, Pythagoras, Empedocles, and Democritus continued
the abstract speculations initiated by Thales.  In modern terms, they
were modeling nature on the basis of a few first principles.

While many views played a role  in the debate, two distinct atomistic
world views need special mention: the mathematical view of

2

Fig: 2.1: Estimating an unknown quantity from a
known quantity on the basis of the  relation
between the two is one of the principles of science.
Thales applied this principle for estimating the
height of a pyramid (unknown) by measuring the
length of its shadow and the length of the shadow
of a pole of known height. He generalised the
principles of Egyptian geometry, and applied
them in determining the distance at sea, and in
(supposedly) predicting the total solar eclipse of
28 May 525 BC.

An Invitation to History of Science
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Democritus’ world view Aristotle’s world view
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Fig: 2.5: According to Democritus all matter was made up of
differentially spaced out atoms.  It is the relative density of
atoms that distinguishes one element from another.  Aristotle
on the other hand believed that there are four absolutely
distinct substances.  It was Democritus’ relativistic view that
influenced later scientists, particularly Galileo, to overthrow
the dominant Aristotelian world view.

Pythagoras and the physicalistic view of Democritus.  Pythagoras
(born c. 582 BC) preached within an inner circle of disciples the
‘mysterious’ properties of natural numbers.   He believed that every
phenomenon, from matter to music, had an underlying numerical
harmony.  This led to the dictum: “All things are numbers.”
Democritus (c. 470-400 BC) proposed that the world is made of
two things, atoms and void: the indivisible lumps of material atoms
in a sea of emptiness.  Modern science has accommodated both
these views at least in spirit.

In Athens: By about 450 BC the Greek intellectual centre had shifted
to Athens.  The natural philosophical tradition of Ionia did not
flourish with the same vigour, with the exception of Anaxagoras
and Empedocles. However, a number of systematic ideas developed
by scholars in and around Athens remained part and parcel of
modern science even after the dethronement of Greek Science.
Parmenides and his follower Zeno strongly criticized Heraclitus’
view that everything is in perpetual change, and also the ‘mystical’
Pythagorean view of numbers. The complex and paradoxical
arguments they invoked in the process generated the conceptual
distinction between the subject and predicate, laying the foundations
of a syntactical study of language and also logic.  In this backdrop
that Socrates (c. 470-399 BC) introduced critical thinking by raising

Fig: 2.4: Pythagorean theorem: The square on the
hypotenuse of a right-angled triangle is equal to
the sum of the squares of the other two sides.
Though known by his name, this theorem was
certainly known to his predecessors, as well as to
other scholars in East and West Asia.

Fig: 2.3: Pythagoras (born c. 582 BC) was so
mystified by mathematical inventions, he saw
nothing but  numbers in the world.

Fig: 2.2: The sum of any two consecutive triangular numbers is a square number.
The discovery of this relation was attributed to Pythagoras.

T1 T2 T3 T4 T5

S1=T1 S2=T1+T2 S3=T2+T3 S4=T3+T4 S5=T4+T5

Science in Ancient Greece
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some deeper questions: What is knowledge?  What is true and valid
knowledge?  How do we arrive at knowledge?  What is virtue?
Who is virtuous? And so on.

Plato (427-347 BC) developed in his own way the tradition of critical
thinking  initiated by his teacher Socrates, and wrote several classic
dialogues on various topics.  His school, Academy, at Athens became
a centre for learning philosophy, mathematics and polity.  Plato's
contribution to science is mainly by way of setting the standards of
systematic thinking rather than in the content of science.  He
introduced the need for clear definitions in a scientific discourse,
laying the foundations for deductive reasoning.  Plato was
influenced by Eudoxus (c. 409-356 BC) who developed axiomatic
presentation of geometric theorems, which were  adopted and
developed later by Euclid.  Plato’s student Aristotle (384-322 BC)
developed this further into a full fledged system of deductive and
inductive logic,   though he abhorred mathematics.

Aristotle, unlike his predecessors, began exploring specific problems
such as:  What makes a body move? What forces act on a stone
thrown upwards?  Why do objects thrown upward begin to fall
back?  Though his answers are not in consonance with modern
science, his wide ranging theories in physics and biology influenced
the Western and Arabian scholars till the onset of the scientific
revolution in the 17th century.  Plato and Aristotle are
unquestionably among the greatest thinkers of all time.

The period from Thales to Aristotle remains one of the most
productive in intellectual history, giving birth to various ideas and
metaphors that have directly or indirectly stimulated scientific
imagination.

Hippocratic Oath

I swear by Apollo the physician, and Aesculapius, and Health, and All-heal,
and all the Gods and Goddesses, that, according to my ability and judgement,
I will keep this Oath and this stipulation to reckon him who taught me this
Art equally dear to me as my parents, to share my substance with him, and
relative his necessities if required; to look upon his offspring in the same footing
as my own brothers and teach  them this art, if they shall wish to learn it,
without fee or stipulation; and that by precept, lecture, and every other mode
of instruction. I will impart a knowledge of the Art to my own sons, and those
of my teachers, and to disciples bound by a stipulation and oath according to
the law of medicine, but to none others. I will follow that system of regimen
which, according to my ability and judgement, I consider for the benefit of
my patients, and abstain from whatever is deleterious and mischievous. I will
give no deadly medicine to any one if asked, nor suggest any such counsel;
and in like manner I will not give to a woman a pessary to produce abortion.
With purity and with holiness I will pass my life and  practice my Art. I will
not cut persons laboring under the stone, but will leave this to be done by
men who are practitioners of this work. Into whatever houses I enter, I will go
into them for the benefit of the sick, and will abstain from every voluntary act
of mischief and corruption; and, further from the seduction of females or males,
of freemen and slaves. Whatever, in  connection with my professional practice
or not, in connection with it, I see or hear, in the life of men, which ought not
to be spoken of abroad, I will not divulge, as reckoning that all sch should be
kept a secret. While I continue to keep this Oath unviolated, may it be granted
to me to enjoy life and practice  the Art, respected by all men, in all times! But
should I trespass and violate this Oath, may the reverse be my lot!

Fig: 2.7: Hippocrates of Cos (born 460 BC), who
is supposed to have written sixty important texts
known as the ‘Hippocratic Corpus’, preached the
doctrine of  ‘humours’. Though this theory was
not new, he rationalised it on the basis of the
Pythagorean notion of ‘balance as health’ and
Empedocles’ theory of the four elements.
Hippocrates is known to this day for his ethical
prescription in medicine in the form of Oaths.

Fig: 2.6: Empedocles’ view of the world: Greek
thought was constrained by opposites and
affinities.  Empedocles held that all matter was
composed of two opposing pairs of elements
(water and fire; earth and air), and two opposing
pairs of qualities (hot and cold; wet and dry).
Differential combinations of these primary
elements and qualities were held to produce
everything in the world.

Fire

EarthAir

Water

Hot Dry

ColdWet

An Invitation to History of Science



19

Fig: 2.9: Aristotle's famous ‘ladder of nature’
showing the arrangement of living species in an
hierarchical order.  Each species is essentially
different from the other, despite affinities, and
no evolutionary transformation is possible
between the species.

Fig: 2.10: Diagram of reproductive and excretory
systems of a mammal based on the description
given, by Aristotle in his book ‘Historia animalium’.

Fig: 2.8: The Greek world around 450 BC

Fig: 2.11: Socrates (470-399 BC): The most revered figure in the
Greek intellectual history. The conservative rulers of the time
misunderstood the critical and exploratory nature of his essentially
philosophical discourse.  He was sentenced to death for allegedly
corrupting the youth by propagating his unconventional ideas
and developing questioning attitude among them.
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Fig: 2.12: An artist's impression of the two great philosophers engaged in a debate in the Academy. Plato and Aristotle held different,
and often divergent views. But the critical intellectual culture of Greece at the time did not prevent them from engaging in a healthy
dialogue.

In Alexandria

After the death of Alexander, Egypt was ruled for three centuries
by the Ptolemaic dynasty that greatly patronised learning.  From
320 BC to 170 AD we see a remarkable development of systematic
knowledge  in and around Alexandria, where a library and museum
were also founded.

A great milestone of early Alexandrian period is the monumental
work by Euclid (c.330-260 BC): Elements. This work put together
all the earlier knowledge of geometry, elaborated it and presented
it as a logical deductive system of propositions containing axioms,
postulates, theorems and proofs. The book contained, among others,
the proofs of the Pythagoras theorem and the infinity of prime
numbers.  The influence of Euclid's work on western scientific
thought was as profound as that of the Bible on western society.

Tetrahedron Cube Octahedron Dodecahedron Icosahedron

Fig: 2.13: Platonic Solids

Fig: 2.14: Euclid (c.330-260 BC)
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Archimedes (c. 287-212 BC) was a genius, who applied Euclidean
Geometry to explain how machines work by invoking the principle
of balance.  His discovery of the concept of specific gravity is perhaps
the first measured theoretical dimension in the history of science.  In
his mathematical investigations, he came close to the concept of
limit that is basic to calculus.  He perfected the art of reducing the
unknown to the known: a methodological principle of science.
Galileo, in the 17th century, used Archimedian reasoning to
overthrow the dominant Aristotelian world view.  It may not be
inappropriate to describe him as the father of mathematical physics.

Fig: 2.15: Conic cuts of Apollonius
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Euclid's Axioms

Things equal to the same thing are equal.

If equals are added to equals the sums are equal.

If things are subtracted from equals, the reminders are equal.

Things which coincide with one another, are equal to one another.

The whole is greater than the part.

Euclid's Postulates

A straight line can be drawn from any point to any other point.

A finite straight line can be drawn continuously in a straight line.

A circle can be described with any point as center, and with a radius equal to

any finite straight line drawn from the centre.

All right angles are equal to each other.

Given a straight line and any point not on this line, there is, through that

point, one and only one line that is parallel to the given line.

Euclid's Axioms and Postulates:  Axiomatic thinking was a Platonic legacy, initiated
by Eudoxus, and further developed by Euclid.  An axiomatic system is constructed
on the basis of a few assumptions (axioms) and definitions, based on which a set of
theorems can be deduced.  It has become a powerful tool of science and mathematics
ever since.

Fig: 2.16: A page from Euclid's
Elements: The book dealt with plane
and solid geometry, proportion and
properties of numbers.

Science in Ancient Greece
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Fig: 2.17: Archimedes in his treatise On the Equilibrium of Planes has
discussed the principles of the lever and the centre of gravity. The
following three postulates represent a model of equilibrium.

1. Equal weights at equal distances are at equilibrium, and equal weights
at unequal distances are not in equilibrium, but incline towards weight
which is at the greater distance.

2. If, when weights at certain distances are in equilibrium, something be
added to any one of the weights, they are not in equilibrium, but incline
towards that weight to which the addition was made.

3. Similarly, if anything be taken away from one of the weights, they are
not in equilibrium, but incline towards the weight from which nothing
was taken.

1

2

3

Fig: 2.20: The Ship-shaker designed by Archimedes at  Syracuse harbour in 214 BC displays the elaborate system of levers. Many war
machines designed by Archimedes were used to defend the city.

Fig: 2.18: Archimedes  (287-212 BC)

Fig: 2.19: Estimating the Value of πππππ using the Principle of Limit: To find the ratio
of circumference to diameter of a circle, Archimedes approximated the circle by
regular polygons both inscribed and circumscribed, and tried to obtain the limits of
the perimeter to side ratio, as each side became increasingly small.  He found the
limit to lie between 310

71 and 310
70 , a good approximation to the modern value of π.
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Fig: 2.21: Pictures describing the principles of hydrostatics from Archimedes’ book  On floating bodies.

Fig: 2.22: The Screw of Archimedes: As
the handle rotates, water is brought into
the helical screw which brings it up to a
trough. The method is still used in Egypt
and other parts of the world for
irrigating fields.

“Proposition 3: Of solids those which, size of size,
are of equal weight with a fluid will, if let down into
the fluid, be immersed so that they do not project
above the surface but do not sink lower....”

“Proposition 4: A solid lighter than a fluid will, if
immersed in it, not be completely submerged, but part
of it will project above the surface....”

“Proposition 7: A solid heavier than a fluid will, if
placed in it, descend to the bottom of the fluid, and
the solid will, when weighed in the fluid, be lighter
than its true weight, by the weight of the fluid
displaced.”

Science in Ancient Greece
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Fig: 2.24: Galen’s description of circulatory
system:  Galen preached that ‘pneuma’, the natural
spirit, is the living substance.  So long as it is
present and circulated to other parts, as suggested
in the picture, the organism remains alive.

Fig: 2.23: An artist's impression of Galen performing dissection of a pig. It is known that the physicians at Alexandria used both
domestic animals and dead human bodies for understanding anatomical features, and related their knowledge to various pathological
conditions.

Apart from Euclid and Archimedes, Alexandria produced many
notable scientists and mathematicians. Apollonius wrote On Conics,
which was a study of various curves obtained by slicing a cone.  He
is also remembered for discovering the notion of epicycle for
describing planetary motion. Eratosthenes applied mathematics
to geography, considered the earth as a globe, divided it into zones,
and most importantly, measured the earth's circumference using a
simple but brilliant idea. Hipparchus  developed spherical
trigonometry, compiled precise astronomical data, and arrived at
the important idea of the ‘precession of the equinoxes’.

In medicine and physiology too, scholars of Alexandria made
significant contributions.  The physician Herophilos conducted
dissections of the human body.  He noted, among other things,
that the brain and not the heart is the centre of the nervous system.
Erasistratus was known for carrying out examination of dead
bodies.  One of the most influential medical treatises ever written
was by Galen (131-201 AD), who documented much of the Greek
medicine and physiology that we read today.  His theories, though
unacceptable from the modern point of view, dominated till the
medieval period.

A great achievement of the last phase of science in ancient Greece
was Ptolemy's work on astronomy.  Though he also worked in
developing geography, Almagest (Al Majisti) was Ptolemy's
crowning glory.  It was a vast compendium of Greek astronomy up
to his own day, and contained results of his original work on the
theory of planetary motion. It also contained a catalogue of star
positions and a new extensive table of chords.
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Fig: 2.28: Alexandria Map

Fig: 2.27: The Ptolemaic System was geocentric.
The earth was thought to be stationary at the
centre and all heavenly motions were circular. The
illustration shows the orbits of the moon, the sun,
the planets (Mercury, Venus and Saturn)
surrounded by the stars.

Science in ancient Greece, a monument to human intellectual
creativity, came to an end with Ptolemy. In 269 AD the library in
Alexandria was damaged by invasions, and was partially burnt by
the Queen of Palmyra who captured Egypt.  A woman
mathematician and philosopher, Hypatia, who was the head of
the museum was brutally murdered by the monks, and an incensed
mob burned the library.  During this uncertain period many scholars
fled to Arabia, carrying with them the wealth of Greek learning.
This was recovered by the Europeans during the medieval period.

Fig: 2.25: The diameter of the earth was measured
(c. 200 BC) by the Greek geographer Eratosthenes.
On a mid-summer day, when the sun was known
to be directly overhead at the Egyptian town of
Syene, he measured the shadow cast by a vertical
pole at Alexandria and found the angle of the sun
from the vertical to be 7.2 degrees.  Knowing the
distance between the two towns, he estimated the
circumference of the earth to be 40,555 km, close
to the modern accepted value (40,074 km)

Science in Ancient Greece

Fig: 2.26: Ptolemy (c.
85-165 AD)
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Fig: 2.29: The Library at Alexandria is estimated to have had a collection of more than 700,000 papyrus rolls.  It was founded by
Ptolemy I, one of Alexander's generals.  A great centre of learning, influenced by the Greek tradition, Alexandria attracted leading
scholars of the time.

Fig: 2.30: Hero was a great engineer of the Alexandrian school.  One of his best known inventions, ‘The Aelopile’, converted heat into
mechanical energy through the medium of steam.  ‘The Organ’ used the pressure principles of both air and water. ‘The Holy-water slot
machine’ passes a little water each time a coin is dropped into it. These are just a few of the hundreds of machines invented by the
Alexandrian engineers.

An Invitation to History of Science
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Science in
Ancient India

3

The Vedic Period

Early systematic and deep thought appeared in the Indian
subcontinent during the Vedic Period (between 1500 BC and 600
BC).  The Vedas are verbally transmitted, codified storehouse of
knowledge in the form of  verses and hymns, available today as
scriptures in Sanskrit. The Vedas are regarded in Hinduism as the
ultimate source of truth, in which the spiritual and physical beliefs
appear inter-mingled.

Unlike the Greeks and the Chinese, Indians during the Vedic period
did  not keep detailed records of astronomical observations, or
construct any star catalogues.  Only the constellations around the
zodiac and a few of the bright stars away from the zodiac find
mention in  the texts. Astronomical observations focussed mostly
on the sun and the moon for determining the calendar. A very sound
knowledge of time is evident in the Vedas, in the form of calendars
that were used extensively for  determining the time of rituals.
Around 1000 BC (Rigvedic period), people knew how to  extract
metals such as gold, silver and copper and make alloys like bronze.
The Vedas had elaborate descriptions of  human ailments, though
their causes were attributed to  punishment by the gods against

Fig: 3.1: Lothal dock: Archaeological excavations
at Lothal show the presence of a huge dockyard
near the gulf of Cambay.  A rectangular structure
built of baked bricks, in c. 2500 BC, spanned 37
metres from east to west and about 22 metres from
north to south. The dock had been a centre for
trade with ancient Egypt and Mesopotamia. It was
one of the greatest products of maritime
architecture of the period.  The dock was used for
berthing ships and had a warehouse for storing
the cargo.

An Invitation to History of Science
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human sins, and the  treatments normally consisted of religious
sacrifices.  One also finds a description of anatomical features of
the human body and sacrificial animals like the horse.

Indians were at their best in Arithmetic.  They counted in tens, and
had words for very  large numbers up to 1012.  Sulvasutras (manuals
for  construction of sacrificial altars) composed in 500 BC are part
of the Yajurveda.  They used the Pythagorean theorem to  solve
difficult problems of equivalent areas. These problems  cropped
up in constructing altars of a given geometric shape. The Sulvasutras
also contained geometrical proofs.  Some  operations with fractions
and irrational numbers are discussed and good rational
approximations for irrational numbers such as 2  and 3  are found
in the sutras.

Fig: 3.2: Bead making: Bead making was developed as an industry around Lothal, a major site of the Indus Valley Civilization. The
industry had a courtyard and 11 rooms, which included workers’ quarters, warehouses and guard rooms.  Beads  were made in a
chambered kiln by grinding materials, rolling them on a string and then baking them to give the required shape and size.  Metal drills
were used to make holes through the stone beads. The picture shows an artist’s impression of a bead making workshop, and the insets
show the photograph of the metal drill (obtained during the excavations) and beads in different colours and shapes.

Fig: 3.3: An Indus scale: The wooden scale used
for measurements during the Indus Valley
Civilisation shows nine parallel cuts, with one of
them marked by a fine circle and the sixth line
from it by a dot. The distance  between the circle
and the dot is 1.32 inches.

1.32”

Science in Ancient India
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Fig: 3.4: Map of Ancient India
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The Post-Vedic Period

The period from 600 BC to 600 AD saw many significant
developments in the Indian subcontinent both in science and
mathematics. An elaborate atomic theory was developed by Kanada
around the sixth century BC. The axiomatisation of Sanskrit
grammar by Panini (c. 350 BC) is the first account of a structural
analysis of any language. His work, Ashtadhyaya, was among the
most influential texts in Sanskrit. Sanskrit was the chosen language
for literary, religious, philosophical andscientific discourse.

Ayurveda (a comprehensive system of ancient Indian herbal and
mineral medicine) developed as a subsidiary branch of Atharvaveda.
A monumental treatise on Ayurveda, Charaka Samhita, was
composed by Charaka around the second century BC. Believed to
be a revision of Agnivesa’s work, this contained eight divisions
(ashtanga), each further divided into several chapters. Susruta, an
expert in Ayurveda, enriched ancient knowledge by including
surgery in his famous treatise, Susruta Samhita. The treatise contains
descriptions of surgery for cataract, hernia, abdominal ulcers,
haemorrhoids, bladder stones, etc., in great detail. There is also
evidence of the use of mineral acids during this period. Apart from

Fig: 3.7: Aryabhata (476 AD): The great
mathematician and astronomer worked in
Kusumapura near Patna during the Gupta period.
His Aryabhatiya is considered a mathematical-
astronomical masterpiece. He obtained 3.1416 as
the approximate value of π. He also gave the
correct formulae for the areas of a circle and
trapezium and for the sum of an arithmetic series.
The modern methods of extracting squareroots
and cube-roots are found in his writings. He
introduced trigonometric ratios, studied the
summation of arithmetic series and quadratic and
linear indeterminate equations. He proposed a
theory of the rotation of the earth and developed
an epicyclic theory for the motions of planets.

Fig: 3.5: A problem from the Sulvasutras (500
BC): Given an altar in falcon shape having an area
of 7½ purushas, to construct an altar of exactly
the same shape having an area of 8½ purushas.
In the course of construction, a problem arises to
construct a square equal in area to a given
rectangle.  This is solved first by making the
rectangle equal to a difference of two squares.
Next this difference is made equal to a square by
using the ‘Pythagoras’ theorem.  This construction
was in all probability known before 600 BC, the
time of Pythagoras.

Fig: 3.6: A geometrical proof in the Apastamba
Sulvasutra (600-500 BC): One draws a line from
the southern amsa (D) toward the southern sroni
(C), to the point (E) which is 12 padas from the
point (L) of the prsthya. There upon one turns the
piece cut off (i.e. the triangle DEC) around and
carries it to the other side. Thus the vedi obtains
the form of a rectangle. In this form (FBED) one
computes the area.

Science in Ancient India
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Fig: 3.8: An artist's impression of Charaka
teaching the science of Ayurveda to a group of
disciples:   A basic principle of Ayurveda is that
of tridosa according to which the equilibrium of
the three dosas — vata (wind), pitta (bile) and kapha
(phlegm) — keeps a person healthy.

Fig: 3.9: Copper statue of Buddha at Sultanganj
(c. 500 AD): The huge statue of Buddha, 7ft. 6in.
in height with a weight of one ton, is an example
of excellence achieved in metal-working during
this period. The statue was discovered by an
engineer of East India Company in 1864 and is at
present kept in the Museum and Art Gallery of
Birmingham.

Susruta’s detailed studies in human anatomy, Parasara’s
Vriksayurveda, written around first century AD, gives elaborate
description and classification of plants.

The emergence of Buddhism and Jainism and the rise of the great
empires transcended the Vedic roots of knowledge and spurred
new developments. There were several developments in astronomy.
The Jaina School (500-200 BC) discussed number theory,
permutations and combinations, the binomial theorem, etc. Jaina
mathematics also marked a significant change: from being a pursuit
aimed at meeting the needs of religious ritual, it became an abstract
pursuit in its own right. The Bakhshali manuscript (c. 200 AD)
describes the eight fundamental arithmetic operations: addition,
subtraction, multiplication, division, square, cube, square-root and
cuberoot. It was probably during the period 200 AD to 400 AD that
the symbol ‘0’ for zero was first used. Other notable developments
in algebra were: negative numbers, representation of unknown
quantities by symbols, and solutions of simple, simultaneous and
quadratic equations.

Atomism

Kanada’s world-view is very comprehensive and classifies the entire universe
into six broad categories: Dravya (Substance), Guna (Quality), Karman (Action),
Samanya (Generality), Visesha (Particularity), and Samavaya (Co-inherence).
Dravya is further divided into nine categories which includes Kala (Time), Disa
(Space), Mana (Mind) and Atman (Soul), apart from the typical five elements
Prithvi (earth), Apah (water), Tejas (fire), Vayu (air) and Akasa (ether). The first
four elements are made of four distinct kinds of paramanus (atoms). According
to his atomic theory, combination and separation of the basic paramanus gives
rise to the diversity of the physical world.

An Invitation to History of Science
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Fig: 3.10: An artist’s impression of Susruta
performing a surgery: Sushruta Samhita discusses
14 different types of bandages, amputation of
damaged limbs, and management of fractures. A
pioneering development, which we now call
plastic surgery, was used for repairing damaged
noses, earlobes, etc. The text describes a large
number of surgical instruments that includes 101
blunt instruments (Yantra) and 20 sharp
instruments (Sastra), a few of which are shown
above.

Indian mathematical tradition reached a high level of maturity in
the works of Aryabhata (b. 476 AD) and Brahmagupta (b. 598 AD).
Aryabhata not only made great contributions to mathematics and
astronomy, but also founded a rich mathematical tradition which
continued right down to the Kerala School of the 17th century AD.
Brahmagupta’s outstanding achievement was the successful solution
of indeterminate equations of the second degree (Pell’s equation)
and the lemmas he discovered in the course of the solution. These
discoveries by Brahmagupta and later by Bhaskara II had great
significance for number theory and were rediscovered by European
mathematicians like Fermat and Euler more than a thousand years
later.

Fig: 3.11: The Iron Pillar at
Delhi (c. 400 AD): Located in
Mehrauli near Qutub Minar, it
has a height of 24ft. 3in.  The
weight of the pillar is more than
six tons.  It is made of wrought
iron (99.72%) and has not shown
signs of wearing away due to
rust for more than 1500 years.

Science in Ancient India
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Fig: 3.12: Bakhshali manuscript: This manuscript
was discovered in 1881 in a small village called
Bakhshali near Peshawar, now in Pakistan.  It
belongs to the 3rd and 4th century AD and gives
rules for arithmetic, algebraic and geometrical
operations with illustrative examples and
solutions.  The manuscript uses the decimal place
value system and the symbol for zero.  It also has
the first recorded use of the sign for negative
numbers.

The Medieval Period

Besides the significant contributions in mathematics, astronomy,
linguistics and philosophy, Indian contributions to metallurgy need
special mention. The pre-eminence of India in making high quality
steel for swords is well known. Apart from the marvels such as the
Iron Pillar at Delhi and the copper statue of Buddha at Sultanganj,
later developments in metallurgy gave rise to methods of extracting
new metals. Recent archaeological findings at Zawar near Udaipur
in Rajasthan have thrown light on the extraction of zinc on an
industrial scale in the medieval period. Indians were probably the
first to master this difficult metallurgical technique (around 1150
AD) which involved condensation of the vapours of the metal.

Fig: 3.13: Lilavati, Bhaskara II's daughter (after
whom his book is named).  She and her fiance are
trying to determine a chosen moment of time by
observing the slow sinking of a small vessel
(ghatika) in a tray full of water.  According to the
legend, a pearl from Lilavati's jewellery blocked
the hole in the ghatika making the observers lose
track of time.
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Fig: 3.14: Zawar: The archaeological excavation
at Zawar (Rajasthan) in 1983 brought to light the
remains of furnaces that were used for the
distillation of zinc to produce brass in the period
1150-1810 AD. The furnace had a zinc
condensation chamber at the bottom and a furnace
chamber at the top separated by perforated
terracotta plates. Above these plates, 36 charged
retorts were arranged vertically to collect the
condensed zinc vapour. Extraction of zinc was
mastered and undertaken on an industrial scale.
Furnaces of this kind are described in
Rasaratnasamuccaya in great detail. It is likely that
the first process patented in 1748 by William
Champion involved a transfer of technology from
India.

Spinning, weaving and dyeing cotton textiles were some other skills
in which Indians excelled.

Mathematics continued to be pursued by Indian scholars of this
period. Mahavira (850 AD) systematized the work of Jaina
mathematicians and gave general formulae for permutations and
combinations. Sridhara (991 AD) gave a general method of solving
quadratic equations of the type ax2 + bx = c by multiplying both
sides by 4a and completing squares. Bhaskara II (1114 AD)
represented a high period of Indian mathematics. He improved
Brahmagupta’s solution of Pell’s equation by discovering the
chakravala (cyclic) method, later discovered by Fermat as the method
of infinite descent. He also gave all the correct operations with zero
including division by zero, and operations with negative numbers.
Another remarkable achievement is the idea of infinitesimal increase
and the derivative which are implicit in his discussion of
instantaneous velocity of a planet. He also wrote down the
equivalent of d(sin x) = (cos x)dx.

Fig: 3.15:

Science in Ancient India
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The great contributions made by the Kerala School  of
mathematicians have recently come to light showing that the high
period of Indian mathematics extended well beyond Bhaskara II.
The Kerala School had a series of distinguished mathematicians from
Madhava (1340-1405 AD), Parameshwara, Damodara and
Neelakanta Somayajin (1442-1540 AD), to Jyesthadeva (1500-1610
AD). The most outstanding contribution of this School is the
elaboration of the power series expansions for sin x, cos x and tan-1 x,
which fully anticipated European discoveries by nearly three
centuries. Madhava also gave a series to obtain a rational
approximation to to any needed accuracy.

The Notion of Impetus in Nyaya-Vaisesika

When a body experiences a force, a quality of vega (impetus) is possessed by it;
and as a result the body continues to move in the same direction; and when it
encounters an obstacle, it would come to rest or continue its motion with diminished
strength.

This notion of impetus as defined in the Nyaya-Vaisesika system of thought
is a clear forerunner of the notion developed much later in Europe. It may
be noted that the concept is defined as a quality and not as a measurable
quantity, unlike the later western concept. Nyaya-Vaisesika is a well developed
and fairly dominant Indian school of thought, that professed an atomic world
view. The school was founded by Goutama and Kanada sometime between
200 - 400 AD, and continued to develop till the medieval period.

Fig: 3.16: Alchemy: Alchemy in India was more
concerned with life-prolonging processes than
with the conversion of base metals into noble ones.
Alchemical texts of India describe the various
products used for medicinal purposes. A
laboratory would be located in a place rich in
medicinal herbs, and had a variety of apparatus
made of earthen material. High temperature was
achieved by feeding dried cow-dung cakes for
several days at a stretch. The picture is an artist’s
impression of a rasasala reconstructed from
Rasaratnasamuccaya (1300-1500 AD). In the
centre of the picture is an apparatus, kosthiyantram
in which mercury is being heated.

Fig: 3.17: The familiar proof of the formula for
the area of a circle is found in Ganesa’s work.
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Fig: 3.19: Gelosia method: A method of
multiplication as it appears in Ganesa's
work (c. 1545).  To multiply 135 by 23, one
constructs a table of 3 columns and 2 rows
(corresponding to the 3 digits of 135, and 2
digits of 23).

Fig: 3.18: The huge concrete astronomical
observatories built by Raja Savai Jai Singh II of
Jaipur. An important landmark of astronomy in the
medieval period was the building of observatories.
Maharaja Sawai Jai Singh II of Jaipur, a great lover
of astronomy, set up five observatories, at Delhi
(Jantar-Mantar), Ujjain, Banaras, Mathura and
Jaipur. Massive instruments like dials,
hemispherical dials, zodiac dials were built in these
observatories. Extensive observations were
recorded in astronomical tables, published both in
Persian and Sanskrit.

Fig: 3.20: The method to solve an indeterminate
equation of the second degree, i.e. DX2 + 1 = Y2  was
given by Brahmagupta (598-668 AD) and was later
perfected by Bhaskara (1114-1185 AD) by using the
Chakravala (cyclic) method. Euler, in the 17th
century , mistakenly attributed the equation to Pell,
having found it in his works.

Now add the numbers
diagonally from right to left to
obtain the product. The product
is 3105.

Write the product of the column
digit and row digit in each cell
in the table in the lower right
hand corner.

If the product has 2 digits, the
second digit must be written in
the upper left hand corner.

Science in Ancient India
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Science in
Ancient China

4

Chinese World View

A large land mass of near-continental size with diverse climates
and a vast population, China developed into a great and distinctive
culture. Ancient Chinese were avid observers of nature, and made
significant advances in several areas of science, mathematics and
technology. From the 16th to 11th century BC, during the Shang
dynasty, a fully developed ‘Bronze Age’ culture flourished in China.
The Chinese mastered metallurgy much earlier than other
civilizations. They also had several kinds of decimal numeral systems
starting from 1500 BC, as seen on the oracle bones. The modern
Chinese numerals appeared first in the third century BC.

Confucianism and Taoism are the two main philosophical strands
underlying the Chinese culture. Confucius regarded human beings
as endowed with a spirit of justice, and concentrated on preaching
universal education, harmony and justice in social relationships.
Taoism, in contrast, preached human beings to live a natural way
of life by obeying natural order, and not by trying to gain mastery
over it. This philosophy was mainly responsible for encouraging a

An Invitation to History of Science

Fig. 4.1: K’und Fu Tzu or Confucius (5th century
BC) preached individual and universal education
and held that the administrative positions should
go to educated academics.  Though Confucius
concentrated mostly on social organization, he
developed an abstract system of ‘ladder of spirits’
depicting different levels of life, as shown in the
picture.  Fire and water (the bottommost level)
had a subtle spirit, but not life; plants and trees
(the second level) had life spirit but not perception;
birds and animals (the third level) could perceive,
but it was only man (occupying the topmost level)
who had a spirit of justice.
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highly detailed study of nature. The Taoist world view was distinctly
organic and viewed everything in nature, including human beings,
as a part of a grand interconnected system. Apart from these two
dominant schools, there were the Mohists and the Logicians who
explored experimental science, cause and effect relationship, and
logic — encompassing deduction, induction, conceptual models and
paradoxes.

The most outstanding contribution during the Han dynasty was
I Ching (The Book of Changes), composed around the third century
BC. The book contains a highly abstract description of Nature, and
describes a theory of five elements (water, metal, wood, fire and

Fig. 4.3: Chinese outlook viewed the world as a process of growth and decay of the
two forces,  Yin and Yang.  It was essentially a cyclic view, where the things and
events permeating the universe undergo wave-like changes wherein objects grow
and decay.

Fig. 4.2: The Great Wall of China, about 2,400
km long and 9 m high at most places, represents
one of the largest building projects ever
undertaken. It was built during 453-221 BC when
a number of small defensive structures were built
in the Warring States Period. In 221 BC, Ch’in Shih
Huang Ti (Di), the first Emperor of China,
connected these, extending the Wall from the
Liaoning Province in the east to central Asia in
the west.  Originally, the structures were built of
masonry and earth, with brick faces in some
portions. The Wall stands as a testimony to the
engineering genius of the Chinese.

Science in Ancient China
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earth). These elements were then systematically associated with
the two fundamental forces — the Yin and the Yang. The elements
and the forces were thought to generate the multiplicity of the
substances and changes in the world. The theory seemingly threw
light on every observed fact of Nature and the book became a natural
reference for every scholar. The all encompassing character of the
book had a major impact on the Chinese civilization, comparable
to the impact of the Vedas in India.

An Invitation to History of Science

Fig. 4.5: Buddhism entered into China from India around the first century AD. Its encounters with Taoism and Confucianism resulted in
a special form of Chinese Buddhism, which had a deep influence on Chinese thought and culture.

Fig. 4.4: The Five Element Theory: Tsou Yen (270
BC) systematized the five element theory,
according to which, water, metal, wood, fire and
earth were the five active elements, each with a
corresponding taste: salt, acrid, sour, bitter and
sweet.  The elements were interrelated by the
cyclic processes of ‘becoming’, ‘producing’ and
‘conquering’.  The blue arrows in the picture,
represent conquest: wood conquers earth
(wooden spade can dig up earth); metal conquers
wood (metal can cut and carve wood); fire
conquers metal (fire can melt metal); water
conquers fire (water can extinguish fire); and
earth conquers water (earth can dam water by
containing).
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Elements

Colors Blue/green Red Yellow White Black

Symbols Dragon Phoenix Caldron Tiger Tortoise

Seasons Spring Summer Between Autumn Winter

Months 1-2 4-5 3,6,9,12 7-8 10-11

Conditions Rain Heat Wind Clear Cold

Directions East South center west north

Mountains
T’ai,
Shantung

Heng,
Hunan

Sung,
Honan

Hua,
Shensi

Heng,
Hopei

Planets Jupiter Mars Saturn Venus Mercury

Days Thursday Tuesday Saturday Friday Wednesday

Animals Scaled Winged Naked Furred Shelled

Peoples Mongol H�n Manchu Tibetan Hu�/Turks

Actions Countenance Sight Thought Speech Listening

Senses Sight Taste Touch Smell Hearing

Sounds Calling Laughing Singing Lamenting Moaning

Notes chiao/kaku/E chih/chi/G kung/kyß/C shang/sh� /D y� /u/A

Tastes Sour Bitter Sweet Acrid/spicy Salty

Smells Goatish Burning Fragrant Rank Rotten

Organs Liver Heart Spleen Lungs Kidneys

Virtues Benevolence Propriety Good faith Righteousness Knowledge

Emperors
Fu-hsi Shen-nung Huang-ti Shao-hao Ch� an-hs�

T’ai-hau Yen-ti Huang-ti Shao-hao Ch� an-hs�

Ministers Ch� -mang Ch� -jung Hou-t’u Jung -shou Hs� an-ming

WOOD FIRE EARTH METAL WATER

THE CHINESE ELEMENTS & ASSOCIATIONS

OTHER CHINESE FIVES, ASSOCIATIONS UNCERTAIN

Relations

Poisonous
animals

Ruler Father

Iron Copper Gold Silver Tin

Husband Elder Friend

Subject Son Wife Younger Friend

Metals

Snakes Toads Lizards Scorpions Centipedes

Grains Barley/wheat Rice Millet
Corn
[millet] Beans

Mind Soul (hun) Spirit Soul (p�e) WillSpirits

Death Life exile Exile Detention FinesPunishments

Mø Hu T J n Shu

Fig. 4.6: The elaborate system of generating a
multitude of phenomena by associating them with
the five elements.

Fig. 4.7: Proof of the Kou Ku (‘Pythagorean’)
Theorem: ABC is a space for a rightangled
triangle. BCIS is the square on the kou (or a) while
AQDC (=FERI) is the square on the ku (or b).
From SBCFER cut off the triangle GBS and put it
in the space ABC. Next, cut off the triangle EGR
and place it over the triangle EAF. What we now
have is the square AEGB, which is the square on
the hypotenuse (or c). This completes the ‘proof’
of the Kou Ku theorem.

Science in Ancient China

Mathematics and Astronomy

The Chinese began to use nine numerals with a placevalue principle
around the fourteenth century BC. They were adept in handling
fractions and negative numbers, and were also able to handle very
large numbers. Possibly, the concept of negative numbers appeared
in China around the second century AD, much before it did in India.
The Chinese were also famous for developing devices for calculation,
such as counting rods and abacus. The oldest available document
of ancient Chinese mathematics Chou Pei Suan Ching (fourth
century BC) contains a proof of the Kau Ku theorem (Pythagorean
theorem). Though the Chinese had no general theory of equations,
by the Han period (200 BC to 220 AD), they were able to solve
simultaneous linear equations with several unknown quantities,
indeterminate equations and quadratic equations. They had no
symbols for algebraic equations, but they used counting-rods (see
picture). They also developed numerical methods of solving higher
order equations. Pascal’s triangle of binomial coefficients was known
to them as early as 1100 AD, about five centuries before Pascal.
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The Chinese belief that everything in the cosmos was interconnected
provided a motivation for their meticulous observation of the
heavens as well as nature. Chinese astronomical observations are
found to be of considerable use today by the astronomers because
many astronomical events of the ancient times were recorded by
them. Their records go back to 720 BC and are reliable and detailed.
They recorded observations on 75 guest stars (nova or supernova)
between 352 BC to 1604 AD. They used a projection method for
displaying the celestial sphere on the two dimensional surface,
which was similar to the projection developed almost six centuries
later by Gerhard Mercator in the West in 1596. The Chinese followed
a luni-solar calendar. By 1400 BC  they knew that the solar year was
365 ¼ days and the new moon appears every 29 ½ days. They also
developed many astronomical measuring instruments such as
armillary spheres and gnomon. Their time keeping instruments had
undergone a major advancement by using escapement mechanism,
almost seven hundred years before mechanical clocks were
developed in the West.

Fig. 4.9: Simultaneous Equations with Counting
Rods: The counting rods were arranged in such
a way that one column was assigned to each
equation, and one row to the coefficients of each
unknown in the equations. The elements of the
last row consisted of the entries on the right-hand
side of each equation. Red rods represent positive
(cheng) coefficients and black rods negative (fu)
coefficients. Such simultaneous equations
appeared in Chiu Chang Suan Shu (Nine
Chapters on the Mathematical Arts) of c. 300 BC
to 200 AD, composed by an unknown author. This
is one of the most influential mathematical texts
of ancient China.

Fig. 4.8: Modern astronomers go back to Chinese
records to trace astronomical events e.g. a comet’s
earlier movements. Star catalogues were prepared
in China starting from fourth century BC.
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Fig. 4.10: The ‘Tunhuang’ star-map of  Ch’ien Lo-Chih of 940 AD.   The map uses a
‘Mercator’ projection.  Current atlases and maps use this method, commonly
attributed to the Flemish cartographer, Gerhard Mercator in 1596.   The West's priority
to this method is certainly misplaced for it is nearly 600 years after the Tunhuang
star-map.

Fig. 4.11: An illustration of crude integration
drawn by one of Seki Kowa’s pupils, displaying
the method of measuring the area of a circle with
a series of rectangles. Seki Kowa was a 17th
century Japanese mathematician.

Fig. 4.12: Armillary Sphere:  It is a sphere of rings representing a skeleton of the celestial globe.  The rings are often graduated for
measuring the positions of stars.

Science in Ancient China
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Fig. 4.13: Suan p’an (Calculating Plate) or Chinese Abacus:
This is an evolved version of the original ‘ball arithmetic,’
which appeared first in a book of the sixth century AD.

Fig. 4.14: The Pascal Triangle for n = 0,1,2,...,8
depicted at the beginning of Chu Shih Chieh’s book
The Precious Mirror of the Four Elements. Chu also
indicated how the triangle can be used for
obtaining solution of numberical equations of
higher order. The picture on the right is a
transliteration in modern numerals. In modern
terminology, the picture reads as follows:
The numbers in the (n+1)th row show the
coefficients n of the binomial expansion of (a+b) ,
n being a positive integer. The unit coefficients
along the extreme left slanting line (the chi shu)
and the extreme right slanting line (the yu suan)
are the coefficients of the first and last term
respectively in each expansion. The inner numbers,
‘2’, ‘3,3’, ‘4,6,4’,... on the third, fourth and fifth, etc.,
rows (the lien) are the inner terms of the binomial
equations of the second, third, fourth, etc., Degree.

Natural Sciences

Along with their records of astronomical events, the Chinese also
had records of rainfall, snowfall and the directions of wind. By
measuring and comparing the weights of dry and wet charcoal they
developed a hygrometer (to measure the water content of the air)
in the second century BC. They had found and studied several fossils
and their biological origins. They did ‘geo-botanical prospecting’
of ores: a method of locating the place where ores could be found
by geological and biological indicators. They kept extensive records
of all major earthquakes, the earliest one in 780 BC. Around the
second century AD Chang Heng invented the first ever seismograph,
‘the earthquake weathercock’.

A significant Chinese contribution to technology was the invention
of magnetic compass. This instrument first appeared in the third

Fig. 4.16: A fortune teller's divining board was
the precursor of the magnetic compass.  The
‘spoon,’ made of lodestone, always pointed to the
south pole.  By the first century AD, the Chinese
started designing and using lighter magnetic
objects like thin needles mounted on wood. They
used the compass first in civil engineering and
by the tenth century began using it for
navigation.

Fig. 4.15: A Chinese mariner's compass of the 19th
century.

An Invitation to History of Science
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Fig. 4.18: Acupuncture: A method of treatment that has survived from 600 BC till today.  Chinese physicians
identified specific points below the skin, called acupuncture points, along twelve lines through which ‘vital’
energy flowed in the body.  Chinese traditional medicine is a combination of herbal treatment, acupuncture
and moxibustion (burning a herb called moxa on an acupuncture point).

Fig. 4.17: The earliest known seismometer, a
device for registering seismic activity, was
designed by  Chang Heng in 132 AD.  It enabled
him to announce the occurrence of a major
earthquake, nearly 400 km away from the capital,
days before the messengers on galloping horses
brought the news of devastation.

century BC as diviner’s boards for fortune telling. The Chinese also
discovered that the magnetic north/south does not coincide with
the geographical north/south. Their experiments with weak nitric
acid brought them in contact with potassium nitrate (saltpetre)
which led them to the discovery of gunpowder. They used
gunpowder for fireworks and for military purposes starting from
the tenth century. It was only during the thirteenth century that its
use spread to the Arabian world and subsequently to Europe in the
fourteenth century. There are many other notable Chinese
achievements such as chemical preservation of human bodies; study
of mirrors and lenses and their use for practical purposes;
development of metallurgical apparatus and the use of distillation
process for extracting metals; biological plant protection; traditional
silk industry; a system of healing called acupuncture; invention of
movable type and printing press; paper making, etc.

The Chinese civilization thus has a distinguished record of
contributions to mathematics, astronomy, science and technology
that pre-empted the West in many areas. To what extent their
discoveries actually influenced the rise of Western science is,
however, not very clear.

Fig. 4.19: Processing of Silk Processing of Silk

Science in Ancient China
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Fig. 4.20: Alchemy in China:  The Chinese invented several
extraction and separation techniques. They invented freezing-out
process for producing a very concentrated alcohol, probably in
the second century AD.  They used specially designed stills in
their alchemical laboratories before the fourth century AD.  By
the seventh century, distillation process was widely practised.  The
picture shows an alchemist’s laboratory with a still used for
distillation.

 Fig. 4.21: The evolution of the still as captured in a
conjectural drawing by Joseph Needham.  The rich
traditions of science and technology in China became
known to the rest of the world only in the 1960s, through
the scholarly works of Joseph Needham, followed by
several other scholars.

Fig. 4.22: Su Song’s Clock was built between 1088 and 1092. It
had three rotating instruments: the clock, a celestial globe and an
armillary sphere.  All the three instruments worked in
coordination with each other, driven by a single water-powered
mechanism.  Most notable in this engineering feat is the first
appearance of an escapement mechanism for any clock.

An Invitation to History of Science
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Fig. 4.24: Making of Artificial Magnets: The Chinese discovered around the
sixth century that small iron needles could be magnetised by stroking them
with a piece of lodestone.  By the eleventh century, they had developed the
technique of magnetising iron by raising it to red heat and then cooling it
while it was held in a north-south direction.

Fig. 4.25: Paper making was invented by Ts’ai Lun in 105
AD.  He prepared a pulp of mulberry bark, hemp and
rags with water, squeezed out the liquid by pressing to
form a thin mat, and dried it in the sun.  Around the
seventh century, the technique spread to Japan, where it
flourished and developed.  In 751 AD, during the
Samarkhund war, the Arabs took the Chinese
papermakers as prisoners.  From Arabia it went to Europe
through Spain in 1009 AD. The picture shows an artist’s
impression of an ancient Chinese paper industry.

Fig. 4.23: The printing technique devised by the inventor Bi Sheng in the 1040s was
the world’s first movable type system.

To print with movable type, a brush was
used to mix solid ink and water in a
shallow rectangular dish.

A sheet of paper was placed over the
inked characters and rubbed down
gently with a pad.

The paper was peeled away, to reveal
the impression of the inked characters
printed on it.

Science in Ancient China
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5
Science in West Asia

Astronomy and Mathematics

After the decline of Greek Science, Europe passed through a
millennium in which theology was the primary concern and science
took a back seat. In contrast, following the Islamic conquest of
western Asia and northern Africa, there was spectacular progress
in Arabian Science from about 700 AD to 1200 AD. Abbasid caliphs’s
ambitious cosmopolitan institute, Bait al-Hikma (‘House of
Wisdom’), was an intellectual centre of the Arab world for more
than 200 years. It had scholars who translated scientific works from
Sanskrit, Pahlavi, Syriac and Greek into Arabic. The broadminded
and influential philosopher al-Kindi (born c. 801) studied and
encouraged learning from all sources within the ‘House of Wisdom’.

Arabian mathematics was a blend of Babylonian, Indian and Greek
mathematical traditions. After the seventh century, when Abbasids
came to rule Baghdad, Indian numerals and astronomical texts came
to Arabia. Severus, a Syrian bishop, wrote in praise of Indian
numerals, but they were not widely accepted till al-Khwarizmi
promoted their use. A systematic beginning was made to synthesize
geometry and algebra by al-Khwarizmi and Omar Khayyam (1044-
1123), who gave geometric solutions to quadratic equations and
cubic equations. Omar extended the concept of a number to include
positive irrational numbers. It is believed that the idea passed
through al-Tusi (1201-74) to European mathematics.

Al-Battani (858-929) was the first to replace the use of Greek chords
by Sines, an idea believed to have come from the Indian astronomical
texts. Abul Wafa (940-998) did pioneering work in trigonometry
by using Tangent function, compiled tables for Sines and Tangents
and introduced the secant and cosecant functions. Al-Hasib (c.850)

An Invitation to History of Science

Fig 5.1: Al-Khwarizmi (c.780-850)

1. Roots equal squares: bx = ax2

2. Roots equal numbers: bx = c
3. Squares equal numbers: ax2 = c
4. Squares and roots equal numbers: ax2 + bx = c
5. Roots and numbers equal squares: bx + c = ax2

6. Squares and numbers equal roots: ax2 +c =bx
    where a, b and c are positive integers.

Al-Khwarizmi reduced all algebraic equations into six types.  The unknown quantity
was referred to as ‘roots’ and the constants as ‘numbers’.
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extended the work by constructing the first sine and tangent tables
at intervals of 1 degree, accurate to three sexagesimal (nine decimal)
places. The astronomer Ulugh Beg (1394-1449) reduced the intervals
and increased the accuracy of these tables. Al-Kashi (c. 1380-1429),
a brilliant mathematician, calculated the value of p to sixteen decimal
places, wrote an exposition of decimal fractions and calculated
trigonometric values to nine sexagesimal (sixteen decimal) places.
Both trigonometry and algebra developed by the Arabian
mathematicians played a direct and significant role in the scientific
revolution in Europe. Their role in passing the Indian numerals to
the whole world is, of course, well known.

The Arabs made careful observations of the sky and drew detailed
celestial maps. Their need to establish the correct coordinates of
cities so that they could determine the direction of Makkah for prayer
provided motivation for a difficult problem to solve. With the
establishment of observatories and the influx of Greek astronomical
texts, serious development of indigenous Islamic astronomy coupled
with advances in mathematics began to take place. Preparation of

Science in West Asia
Fig 5.2: Al-Khwarizmi geometric solution of a
quadratic equation: ABCD is a square of side x.
AD and AB are extended to E and F such that DE
= BF = 5. The square AFKE is completed, and DC
is extended to G and BC to H. Then the area of
AFKE is equal to
x2  + 10x + 25,  or  (x + 5)2

Adding 25 to both sides of the equation
x2  + 10x = 39 gives
x2  + 10x + 25 = 39 + 25 = 64
from which one of the sides of AFKE, say EK is
found to be x + 5 = 8, and so EH = x = 3.

Fig 5.3: Solving the equation: mal and 10 root equals 39 (in modern notation  x2  +
10x = 39)

Fig 5.4: The illustration depicts a 9th century
manuscript of Euclid's Elements in the version
revised by Thabit ibn Qurra (826-901).  Ibn Qurra
was the first great Arab mathematician. Well
versed in Greek, Syriac and Arabic, he made many
contributions in mathematics.  As a translator he
wrote Arabic editions of all the works of
Archimedes and the work of Apollonius  on conic
sections as well as Euclid's geometry. He wrote
on the theory of numbers and extended their use
to describe the ratios between geometrical
quantities a step not taken by the Greeks.
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astronomical tables (Zij) of future planetary and stellar positions
was an important activity of most astronomers. Al-Battani detected
elliptical orbit of the earth and made important corrections to
Ptolemy’s Almagest. Islamic scholars were the first to detect
problems in the Greek astronomy dominated by the Ptolemaic
system. Al-Haytham argued contrary to the Greeks’ belief that the
milky way was very far from the earth. He even estimated the height
of the atmosphere to be 52,000 paces (approximately 52 km), which
is close to the modern estimate.
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Fig 5.6: Omar Khayyam’s (1048-1122) work can be considered as the culmination of
the geometric approach to the solution of general cubic equations. The table is a
summary of his solutions of cubic equations.

Fig 5.5: The Arab astronomer al-Hasib, during
the ninth century, examined the length of the
shadow of a rod of unit length horizontally
mounted on a wall when the sun was at a given
angle to the horizontal.
In figure 1 the length of the shadow (s) can be
calculated as
s = sin a/cos a = tan a
where a is the angle of elevation of the sun above
the horizon. The length (t) of the shadow cast by
a vertical rod in figure 2 is
t = cos a/sin a = cot a .

Fig 5.7:
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Fig 5.11: Armillary sphere: By aligning the top rings of an
armillary sphere with various celestial bodies, Islamic
astronomers could calculate the time of the day or year, or
measure the tilt of the earth's axis or the height of the Sun.
The astrological and astronomical computer, which was
something like an automatic calendar, was made in Baghdad
in the thirteenth century.

Science in West Asia
Fig 5.8: The Greek astrolabe was an instrument that Islam was to make its own.
Built of brass it was flat and circular. In the centre was a disc engraved with indicator
lines whose positions were worked out mathematically. This disc rotated in a holder,
one side of which had a fret of thin pieces of brass ending in points that represented
the stars. By rotating the inner disc it was possible to find rising and setting times
for celestial bodies and determine the occurrence of astronomical events. In this
respect the astrolabe was a graphical computer. The other face of the holder carried
scales and a sighting arm. By its aid, the altitude and azimuth (position along the
horizon measured from true north) of a celestial body could be determined. Such a
way of measuring the altitude and azimuth was a specifically Arabian system. The
word azimuth is itself of Arabic origin.

Fig 5.9: Separated components of an astrolabe

Fig 5.10: Stereographic projection is the principle
of the plane astrolabe: a way of plotting the surface
of a sphere on a plane.  The instrument consists
essentially of a circular star map which can be
rotated about its north pole resting on a plan of
the sky as seen by an observer at a given latitude.
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Fig 5.12: The picture depicts astronomers using
various instruments, including compass, a globe
of the world, astrolabes and a mechanical clock,
for measuring the position of celestial bodies at
the observatory founded in 1575 at Istanbul.

Science and Medicine

Jabir ibn Hayyan of the eighth century, the first notable Arabic-
writing alchemist, modified the Greek doctrine of the four elements.
He considered sulphur and mercury as embodying combustibility
and metallic nature respectively. Other metals could be formed by
their combination. Thus lead could be separated into mercury and
sulphur, which when recombined in a suitable proportion would
make gold. Though these ideas on transmutation of elements were
wrong, as we now know, Jabir did make genuine chemical
discoveries. Al Razi (860-932), also called Rhazes, another noted
Arabic alchemist and a writer on medicine, was the first to
distinguish between smallpox and measles. Avicenna, (Ibn Sina) a
great thinker and man of medicine, wrote a gigantic masterpiece:
Canon of Medicine.

In the ninth and tenth centuries, Islamic medicine was more than
just a revival of Galenic medicine. Rhazes was a successful physician
who wrote many comprehensive manuals and specialized works
including a book titled Doubts Concerning Galen. Another great
physician of the time was Al-Quff who was a teacher, surgeon,
writer and editor of medical texts and is remembered today because

Fig 5.13: Jabir ibn Hayyan (c. 721- c. 815), known
by the name of the alchemist Geber of the Middle
Ages, is generally regarded as the Father of
Chemistry. He wrote more than one hundred
monumental treatises, of which twenty-two deal
with chemistry and alchemy. He introduced
experimental investigation into alchemy (derived
from the Arabic word al-Kimiya). Jabir’s major
achievement was the discovery of minerals and
acids. Among his various breakthroughs is the
preparation of nitric, hydrochloric, citric and
tartaric acids.

An Invitation to History of Science
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of his description of capillaries and the use of cardiac valves. Another
notable surgeon Ibn al-Nafis (1213-88), a prolific writer, is
remembered for his discovery of the lesser circulation of the blood,
i.e., the circulation between the heart and the lungs. The Arabs made
significant advances in Physics also. The versatile Persian scholar
al-Biruni made precise determination of the specific gravity of
precious stones and metals. The important work of al-Haytham
(al-Hazen) on Optics dealt with reflection, refraction, optical
illusions and vision. Al-Haytham’s works preached empirical
evidence as a methodology of scientific investigations, which
influenced European scholars and promoted the rise of humanism,
and in turn the scientific revolution. It was al-Haytham who
introduced the concept of ‘ray of light’. Herejected the Greek idea
of vision as something emanating in the eye and drew upon his
physical theory of rays and mathematical construction of their paths
to explain what is seen.

Fig 5.15: Al-Haytham (965-1040), made major
contributions to optics, astronomy and
mathematics, his most important contribution
being a seven volume work on optics, Kitab al-
Manazir. It introduced the idea that light rays
emanate in straight lines in all directions from
every point on a luminous surface.

Fig 5.14: A 16th Century Western edition of Al-Haytham’s Optics.

Fig 5.16: Ibn Sina (980-1037), known in the West
by the name of Avicenna, was the most famous
physician, philosopher, encyclopedist,
mathematician and astronomer of his time. His
major contribution to medical science was his
famous book al-Qanun fi al-Tibb, known as the
‘Canon’ in the West. He created a system of
medicine in which medical practice could be
carried out and wherein physical and
psychological factors, drugs and diet were
combined. He made rich contributions to
anatomy, gynaecology and child health.

Fig 5.17: Canon of Medicine deals with general medicines, drugs (seven hundred
sixty), diseases affecting all parts of the body from head to foot, specially pathology
and pharmacopoia. On the right hand page is a drawing of Avicenna lecturing to
students; on the left, is a rendering of the body.

Science in West Asia
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Fig 5.19: Al-Biruni (973-1048) was an outstanding astronomer,
mathematician, physicist, physician, geographer, geologist and
historian. His contributions in physics include work on springs and
accurate determination of the specific weight of eighteen elements
and compounds including many metals and precious stones.

Fig 5.18: During the tenth century, surgeons in Arabia
performed caesarian operations. The picture is an artist’s
impression of a surgeon performing a caesarian.

An Invitation to History of Science

The Arabs, as the above account illustrates, were not mere
custodians of learning from other cultures; they played a vital role
in the creative synthesis of Indian astronomy and arithmetic with
that of Ptolemaic astronomy and Euclidean geometry. Arabian
scholars made numerous original contributions to modern science,
particularly in astronomy, optics, physiology, trigonometry and
algebra.
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Fig 5.21: The picture is an Artist’s impression of a physician treating a patient
using cauterisation method.

Fig 5.20: Arabic study of plants in biology and the medical
sciences was largely based on their use in agriculture or
medicine. An exception to this medical bias of botany
originated with the Ikhwan as Safa or Brethren of Purity
which was an esoteric sect. In their Epistles, enlightenment
was taught through a study of the natural sciences. In
botany this led them to examine the form and structure of
plants and their growth which was a valuable contribution
to knowledge.

Science in West Asia
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