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Cover visual: Secular and sacred mathematics. In the background is a fragment of the Bakhshgli
manuscript (written probably around 800 CE), a secular manual devoted to arithmetic and
algebra, arraying numbers in a calculation and using special notations for writing equations of
various kinds.
In the foreground is a figure representing the geometrical devices called yantras used in the
practice of meditation. Some yantras are quite complex: a Sri-yantra, for example, consists of
nine interwoven triangles generating 43 subsidiary triangles, with sides that may have up to six
(often multiple) intersections with each other. The outer figure, with four 'gates', separates the
world of order within from the world of chaos outside.
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Preface
Given the extraordinary and widespread curiosity in India about its
own scientific heritage, it is remarkable that there are so few books that
respond to that curiosity for the interested non-specialist reader. India's
scientific and technological accomplishments are among the oldest in the
world. Indians have used mathematics for sacred and secular purposes
for some 3000 years, probably longer. The decimal place value system
with zero as a numera - a system that has been universally adopted
today - had its origin in Hindu mathematics.
Indian brick technology is more than 4000 years old. Indians were
experienced creators and users of metal products, especially with iron
and zinc. People of the Indus valley civilization, ca. 2000 BCE,lived in
planned cities and towns, with advanced public drainage systems. All
over India people devised elaborate methods of irrigation with rivers,
canals and reservoirs. They were excellent sailors and boat builders.
,
of living well to promote a long and
In medicine, ~ ~ u r v e daa system
healthy life, has been practised for millennia. It is now experiencing a
ic
can be purchased in shops anywhere
global revival. ~ ~ u r v e dmedicines
in the world, and the basic premise that people of different personalities
and temperaments should be treated differently is increasingly becoming
a part of medical treatment everywhere. Ancient herbal remedies keep
getting converted to modern drugs. More people practise yoga in the
rest of the world now than Indians do. But its history is long, and the
first mention of yoga occurs in the Upanisads.
All of these accomplishments were supplemented by a philosophy and
a view of consciousness that is touched on in many of the articles in the
Encyclopaedia. The VFdas, dating from the second millennium BCE or
earlier, were the basis of much Indian thought and early science. Together
with the Upanisads that followed them, they set out a philosophical basis
on which Indian sciences were built. But there was a vigorous protestant
tradition as well, nourished for example by Buddhist schools of thought in
ancient universities like Nalanda; the Jains made important contributions
of their own, as did Muslims in more recent times.
This Encyclopaedia of Classical Indian Sciences contains articles on all these
topics, as well as biographical articles on many ancient Indian scientists.
There are also some more polemical essays, such as those on Colonialism
and science or Values and science.
Our objective in this Encyclopaedia is to provide as authentic an account as possible of what is actually known and widely accepted today
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about Indic science by scholars across the world. There is, of course, a
great deal that is not yet known. David Pingree's catalogue of Indian
astronomical works (in seven volumes) lists an enormous number of
manuscripts that have not yet been examined at all. It is only in recent
decades that we have begun to appreciate the brilliant mathematical
work of the Kerala school (12th to 16th century CE). Some of the greatest
classics of Indic science have not yet had complete and modern English
translations; e.g. Brahmagupta's Brahma-sphufa-siddhdnta, or Bhiskara's
Siddhdnta-Siromani. Nor has classical Indic science yet attracted a scholar
of the breadth and depth of Joseph Needham, whose monumental work
on Chinese science and technology has altered our notions of the contributions of eastern civilizations. As his studies progressed Needham
raised the important question about 'the failure of China and India to
give rise to distinctively modern science while being ahead of Europe for
fourteen previous centuries', and went on to ask '. . . how [it was that]
Galilean science could come to birth in Pisa but not in Patna or Pelung'.
This question, in some form or other, has vexed many Indian leaders and
thinkers too, beginning with Raja Rammohan Roy. This Encyclopaedia
may help in suggesting answers to such questions.
As Takao Hayashi says at the beginning of his 1995 volume on The
Bakhshdli Manuscript (which was discovered near Peshawar in 1881), the
history of that manuscript, 'just like the study of the history of Indian
mathematics itself. . . has been suffering from two kinds of preoccupation,
namely, Indian nationalism and Hellenism'. Because of exaggerations on
both sides a fair and authentic account of the history of Indic science has
been difficult to find. (An honourable exception, although not written
explicitly for the intelligent lay reader, is A Concise History of Indian Science
by Sen, Bag and Subbarayappa.) By drawing on scholarship from all over
the world, we have attempted to provide here as unbiased an account
as seemed feasible.
In 1997 Helaine Selin compiled an Encyclopaedia of the History of Science,
Technology and Medicine in Non-Western Cultures (Kluwer, Dordrecht). The
volume was received with critical acclaim; it received the Choice Magazine Outstanding Academic Book award, and a review that called it 'a
landmark in the history of science'.
The editors had the good fortune of meeting each other in the year
2000, when HS attended the International Conference on Knowledge and
East-West Transitions, organized at the National Institute of Advanced
Studies jointly by Dr Susantha Goonatilake and RN. As the discussions
veered around to how generally ignorant we still are about the history
of science and technology in India, it seemed suddenly clear to RN
that HS had already done much of the ground work necessary in her
earlier encyclopaedia. The present volume is the outcome of that thought,
and the grant of a Fulbright fellowship to HS in December 2004 that
enabled us to meet again and make concrete plans for the present volume
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(which incidentally includes much new material not present in the earlier
encyclopaedia).
It only remains to explain the title of the present work. First of all
we have (somewhat reluctantly) preferred the characterization Indian to
Indic. India is now a political entity with a certain well-defined frontier,
and Indian might be construed as limited to this political state. At various
times, however, contributions to the same science have come from areas
now outside the present political frontiers of India. Indic therefore seemed
in many ways a more appropriate adjective for the wider cultural area
that shared in the creation of a specific kind of science. In the end,
however, we preferred a word that was more familiar to most people.
We also owe an explanation for the word classical. Much debate has
taken place about what periods in history could be included within the
scope of that adjective. We have used the word here as a convenient
designation of the kind of science that was done in India before the
advent of modern European science around the turn of the 18th century
to the 19th. But even more than this chronological interpretation we use
the word to describe all science that was done in the spirit of a distinctive
Indic approach. Thus some paficGriga-kiras and Byurvedic physicians are
certainly practising, and perhaps even creating, classical Indic science
today - in the sense in which we use those words to define the present
work.
We hope that this book can be a reference accessible to every interested
Indian reader. We would be delighted if specialists will find it a useful
starting point for information on fields outside their areas of specialisation.
The editcrs welcome suggestions and comments on this work. We are
aware that the present work is by no means complete, and would be
happy to expand it should the response to this attempt indicate a need
for doing so.
Helaine Selin
Hampshire College, Amherst, Massachusetts, USA
Roddam Narasimha
Jawaharlal Nehru Centre for Advanced Scientific Research/
National Institute of Advanced Studies, Bangalore, India
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Agriculture
The Harappan culture related to the earliest agricultural settlements in
the Indian subcontinent is dated between 2300 and 1700 BCE. The crops
of the Harappan period were chiefly of West Asian origin. They included
wheat, barley, and peas. Of indigenous Indian origin were rice, tree
cotton, and probably sesame. Rice first appeared in Gujarat and Bihar,
not in the centre of the Harappan culture in the Indus Valley. There
is some rather doubtful evidence that African crops were also grown
by the Harappans. There is a record of sorghum (jowar) from Sind and
Pennisetum (bajra) from Gujarat. The earliest record of the African cereal,
Eleusine coracana (ragi) is from Mysore, about 1899 BCE. The Southeast
Asian crops of importance to India are sugar cane and banana, and they
both appear in the early literary record. Crops of American origin include
maize, grain amaranths, and potato. The dating of the introduction of
maize is uncertain, the characteristics and distribution of some forms
being such as to lend support to the view that they reached India in
pre-Columbian times. Crops of the Indian subcontinent have influenced
the agricultural development of ancient Egyptian, Assyrian, Sumerian,
and Hittite civilisations through their early spread to these regions of
the Old World. The Buddhists took several Indian crops and plants to
South-east Asian countries, and there was much early exchange of plant
material with Africa. The Arabs distributed crops such as cotton, jute,
and rice to the Mediterranean region in the eighth to tenth centuries CE.
There was also a reciprocal exchange of several New World domesticates.

India is characterised by a wide variety of climates, soils, and topographies. It is rich in biodiversity and a seat of origin and diversification
for several crop plants such as rice, millets, pigeon pea, okra, eggplant,
loofah, gourds, pumpkin, ginger, turmeric, citrus, banana, tamarind, coconut, and black pepper. Because India is ethnically diverse, traditional
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agriculture is still practiced in many places. There are about 100 million operational holdings, and the country has over 20% of the world's
farming population.
India has different ecosystems such as irrigated, rain fed, lowland,
upland, semi-deepldeep water, and wasteland. Agriculture is primarily
rain fed (rain dependent); it supports 40% of the human population,
60% of cattle, and contributes 44% to the total food production. Owing
to differences in latitude, altitude, variation in rainfall, temperature and
edaphic diversity, great variety exists in crops and cropping patterns.
There are two important growing seasons in India: the Kharif or the
summer season, especially important for rice; and the Rabi or the winter
season in which the major crop grown is wheat. The Kharif crop is
primarily rain dependent, and the Rabi is relatively more reliant on
irrigation. The Khariflrainy season cropping patterns include major crops
such as rice, sorghum, pearl millet, maize, groundnut, and cotton. The
Rabilwinter season cropping patterns include important crops like wheat,
barley and to some extent oats, sorghum, and gradchickpea. Mixed
cropping is also practiced, especially during the Kharif season. Pulses,
grain legumes, and oilseeds are grown with maize, sorghum, and pearl
millet. Brassica and safflower are grown mixed with gram or even with
wheat. Under subsistence farming, on small holdings, mixed cropping
provides food security and is consumption oriented.
India is the major producer of a number of agricultural commodities
including rice, groundnut, sugar cane, and tea. Food grains constitute
roughly two-thirds of the total agricultural output. These consist of cereals, principally rice, wheat, maize, sorghum, and minor millets. India is the
second largest producer of vegetables next to China. Mango accounts for
almost half of the area and over a third of production; banana is the second largest and is followed by citrus fruits, apple, guava, pineapple, grape,
and papaya. Of non-food cash crops, the most important are oilseeds
especially groundnut, short staple cotton, jute, sugar cane, and tea.
Owing to improvements in recent years there has been widening
of inter-regional disparities in agricultural production and productivity.
Regions such as the north and north-west and the delta regions of
peninsular India have prospered under assured irrigation, but dryland
and semi-arid regions have not done so well.

R. K. Arora

Arora, R.K. "Plant Diversity in the Indian Gene Centre." In Plant Genetic Resources: Conservation and Management. Ed. R.S. Paroda and R.K. Arora. New
Delhi: International Board for Plant Genetic Resources. 1992. pp. 25-54.
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Forty Years of Agricultural Research and Education in India. New Delhi: Indian
Council of Agricultural Research. 1989.

Handbook of Agriculture. New Delhi: Indian Council of Agricultural Research.
1992.
"India." In Regional Surveys of the World. The Far East and Australasia. 24th
ed. London: Europa Publications. 1993. pp. 275-335.

Alchemy
Alchemy was an art practiced in ancient India. This is evident from
the description in Artha-Sdstra, a monumental work on state craft by
Kautilya (400 BCE), of a type of gold which was then being prepared
by the transmutation of base metals. It was more recently (in 1941-1942)
demonstrated in New Delhi in the presence of renowned national leaders.
Two marble slabs with the inscription of these two events still adorn
the yajria-vedi (altar for the Vedic sacrifice) behind the Laksmi-Ndrdyana
temple (popularly known as Birla temple after the name of the donor).
The English translation of the first inscription is as follows:
On the first day of Sukla paksa (bright fortnight) in the month of Jyestha
(May-June) of the sambat 1998, i.e. 27th May 1941, Pandit Krsnalda ~ a r m i i ,
in our presence ... prepared one to15 (12 grams approximately) of gold from
out of one told of mercury in Birla house, New Delhi. The mercury was kept
inside a fruit of r i t k (bot. Sapindus trifoliatus Linn). Inside this, a white
powder of some herbs and a yellow powder which were perhaps one and
half ratti [one ratti is equal to approximately 125 milligrams] in weight were
added. Thereafter, the fruit of rithd was smeared with mud and kept over
a charcoal fire for about forty-five minutes. When the charcoal became ash,
water was sprinkled over it. From inside the fruit which originally contained
mercury, gold came out. In weight, the gold was one or two rattis less than
one tol5. It was pure gold. We could not ascertain the mystery behind the
performance. The nature as well as the identity of both the powders which
were added were not disclosed to us. During the whole experiment, Pandit
I(ysnaliila Sarma was standing ten to fifteen feet away from us. ... We were all
surprised to witness this performance ..."

The second plaque tells the story of a similar event in 1942, in which
mercury was mixed with an unnamed drug, kept over the fire for half
an hour, and transformed into gold.
The primary aim of giving the above inscriptions is to show that
such alchemical practices are prevalent even now, and they are not mere
myths or superstitious beliefs as some people claim.
According to Indian tradition, alchemy is not an end in itself. Mercury, when processed through eighteen different steps which are called
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saniskdras in Ayurvedic parlance, helps a person to attain positive health
and to prevent disease. It also cures several obstinate and otherwise incurable diseases. Prior to administering this processed mercury to human
beings, at the seventeenth step, it must be tested on ordinary mercury
or other base metals. Depending upon its potency, these base metals
become transmutated into gold or silver. Thus alchemy is only a step to
test the effectiveness of the recipe before it is administered to human
beings to improve their physical and mental health. These are necessary
for attaining spiritual perfection in the form of jivan mukti (salvation
while remaining alive). These methods are always kept secret and disclosed only to trusted disciples. It is also ensured that the knowledge
does not fall into the hands of untrustworthy people, who by amassing
wealth may create social problems. In fact, acquiring wealth by alchemical
methods is considered a great sin. Such wealth should never be used for
personal benefit, but for charitable purposes. This is why saints adept
in this technique are reluctant to demonstrate alchemy in public. While
doing so, only the end result is shown without disclosing the details of
the technique. Pandit Rsnalala s a r r n ~ ,who demonstrated the method
described above, learnt it from a saint of Haradwar named Narayana
Swami. However, he did not teach the detailed technique to anybody
because he could not find a worthy disciple.
Because of the secrecy involved, many manuscripts describing this
alchemical technique have perished. According to anecdotes, Nagarjuna,
the Buddhist monk perfected this technique and wrote several books
on it. All these are unfortunately no longer extant. Some of the extant
works dealing with both deha-siddhi (attaining perfection of the body by
rejuvenation) and lauha-siddhi (transmutation of base metals into gold,
etc) are as follows:
Rasahrdaya-tantra by Govinda Bhagavat-pada, fl. ninth century;
Rasendra-cziddrnani by Somadeva, fl. twelfth century;
RasaprakdSa-sudhdkara by Yasodhara, fl. thirteenth century;
Rasasdra by Govindacarya, fl. thirteenth century;
Rasendra-cinfdmani by Dhundukanatha, fl. fourteenth century;
Rasa-paddhati by Bindu, fl. fifteenth century;
~yurveda-saukhyaby Todara Malla, fl. sixteenth century;
Ayurveda-prakd6a by Mgdhava Upadhyaya, fl. seventeenth century;

(9) Rasdyana-sdra by syama Sundaracarya, fl. twentieth century;
a , addition to mercury, several other metals, minerals,
In ~ ~ u r v e d in
gems, and costly stones are used for therapeutic purposes. Before these
ingredients are added to recipes, special processes are required to make
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them non-toxic and therapeutically potent. The branch of Ayurveda
describing such details is called Rasa-Sdsfra. All the books mentioned
above belong to this branch. In addition to the processing of mercury
both for deha-siddhi and lauha-siddhi, the technique of processing other
metals is described.
Mercury is processed through eighteen different steps, both for dehasiddhi and lauha-siddhi Although there are some minor differences in
different texts, these samskaras are (1) svedana or fomentation, (2) mardana
or trituration, (3) murchana or causing disintegration of particles, (4)
utfhdpana or revival of the natural physical properties of mercury, (5)
pifana or distillation and sublimation, (6) bodhana or potentisation, (7)
niydmana or regulation of physical properties, (8) dipana or enhancing the
power of digestion (of other metals), (9) grdsa-mina or determination of
the quantity of other metals to be added, (10) cdrana or impregnation with
bija (preparations used as seed), (11)garbha-dyti or internal digestion, (12)
vdhya-drfi or external digestion, (13) jdrana or assimilation, (14) rafijana
or colouration, (15) sdrana or excessive potentisation, (16) krdmana or
enhancing the power of penetration, (17) vedha or testing the efficacy
and potency of mercury by way of transmutating base metals into gold
and silver, and (18) Sarirayoga or administration of processed mercury to
human beings for the purpose of rejuvenating the body.
Even though the details of all the above-mentioned steps are described
in books, the description is cryptic and some vital techniques are kept
secret. Many people, in their enthusiasm to practice alchemy on the basis
of the description in books, have lost lots of energy and money. They
are unsuccessful, because the secret codes and hidden techniques can
be learned only from a guru or master, and such adept masters disclose
these techniques only to worthy disciples who are absolutely free from
worldly attachments.
Bhagwan Dash

Acarya, Yadavji Trikamji. Rasdmytam. Banarasa: Motilala Banarasidasa. 1951.
~ i y a ,Satyendrakumdra. kyurveda Rasaiastra kd udbhava evam-vikdsa. Varanasi:
Krsnadas Academy. 1984.

Dash, Bhagwan. Alclzemy and Metallic Medicines in Ayurveda. New Delhi: Concept.
1986.
Dvivedi, VBsudeva Miilaiatikara. PdradavQtidn&am. DatiyB: SarmB Ayurveda
Mandira. 1969.
Govinda Bhagavatpdda. Rasahrdayatantra. Kaleda: Krsna Gopala Ayurveda Bhavana. 1958.
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Kangle, R.E The Kau$qa Arthaidstra. Delhi: Motilal Banarasidass. 1992.
Mookerjee, Bhudeb. Rasa-jala-nidhi. VBrlcasi: srigokul Mudracalaya. 1984.
Nityanatha Siddha. Rasdyanakhanda of Rasaratndkara. Varanasi: Chaukhamba
Amarabharati Prakasan. 1982
Panta, Tdradatta. Ed. Rasrimava or Rasatantram. Benaras: Chowkhamba Sanskrit
Series Office. 1939.
Ray, PC. History of Chemistry in Ancient and Medieval India. Calcutta: Indian
Chemical Society. 1956.
Seal, B.N. Positive Sciences of Ancient Hindus. Delhi: Motilal Banarasi Dass. 1958.
See also: Medicine: ~ ~ u r v e d a

Algebra: Bijaganita
Bfjaganita, which literally means "mathematics (ganifa) by means of seeds
(bija)", is the name of one of the two main fields of medieval Indian
mathematics, the other being pdfiganifa or "mathematics by means of
algorithms". Bqaganita is so-called because it employs algebraic equations
(samikayana) which are compared to seeds (bfja)of plants since they have
the potential to generate solutions to mathematical problems. Bfjaganita
deals with unknown numbers expressed by symbols. It is therefore also
called avyaktaganifa or "mathematics of invisible (or unknown) [numbers]".
Algebraic analyses are also employed for generating algorithms for many
types of mathematical problems, and the algorithms obtained are included
in a book of pdti. Bfjaganita therefore also means "mathematics as a seed
[that generates pdfi (algorithms)]".
Extant works in bfjaganita include Chapter 18 (kuttaka only) of
Aryabhafars Mahdsiddhdnta (ca. CE 950 or 1500), Chapter 14 (avyaktaganifa)
's
(ca. CE 1050), BhBskarars Bfjaganifa (CE 1150),
of ~ r i ~ a t iSiddhdnfaiekhara
NBrByana's Bfjaganitivatamsa (before CE 1356, incomplete), and JfiBnariija's
Bfjddhydya (ca. CE 1500). Sridhara's work (ca. CE 750), from which BhBskara
quotes a verse for the solution of quadratic equations, is lost. Chapter
18 (kuttaka) of Brahmagupta's Brdhmasphutasiddhdnta (CE 628) has many
topics in common with later works of bfjaganita, but the arrangement
of its contents is not so systematic as that of the later works, and an
unusual stress is placed on kuffaka as the title of the chapter suggests.
Kuftaka (lit. pulveriser) is a solution to the linear indeterminate equation:
y = (ux+c)/b.
The symbols used for unknown numbers in bfjaganita are the initial
letters (syllables) of the word ydvaffdvaf (as much as) and of the colour
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names such as hilaka @lack), nilaka (blue), pita (yellow), etc. The use
of the colour names may be related to Aryabhata1s gulikd (see below).
Powers of an unknown number are expressed by combination of the
initials of the words varga (square), ghana (cube), and ghita (product). A
coefficient is placed next (right) to the symbol(s) to be affected by it, and
the two sides of an equation are placed one below the other. A dot (or
a small circle) is placed above negative numbers. Thus, for example, our
equation,

would be expressed as:
ydvaghaghd 5 ydvava 4 yigha 3 ydva 2 yd 1 rzi 0
yivaghaghi 0 ydvava 0 yigha 0 yiva 1 yd 0 rzi 1
where rii is an abbreviation of rzipa meaning an integer or an absolute
term. The product of two (or more) different unknowns is indicated by
the initial letter of the word bhivifa (produced): e.g. yahibhd 3 for 3 xy.
These tools for algebra had been fully developed by the twelfth century, when Bhaskara wrote his book Bqaganita, the main topics of which
are "four seeds" (bl;iacatustaya), namely, (1) ekavarnasarnikarana or equations with one colour (i.e. in one unknown), (2) maddhyamiharana or
elimination of the middle term (solution of quadratic equations), (3)
anekavarnasamdcarana or equations with more than one colour, and (4)
bhdvitakasarnikarana or equations with "the product" (i.e. of the type ax
by
c = dxy).
At least part of this algebraic notation was known to Brahmagupta.
He uses the words avyakta (invisible) and varna (colour) for denoting
unknown numbers, when he gives his rules concerning the same four
seeds as Bhaskara's, in Chapter 18 (kuttaka) of his Brihmasphutasiddhdnta.
The details of Brahmagupta's algebraic notation are, however, not known
to us.
Bhaskara, a contemporary of Brahmagupta, did know the word
yivattivat meaning an unknown number, but it is not certain if he used
it in equations, because he expresses the equation, 72 + 7 = 2x+12,
without the symbol yd as:

+

+

in his commentary (CE 629) on the ~ r ~ a b h a t i In
~ a the
.
same work he
refers to four seeds which are said to generate "mathematics of practical
problems" (vyava&raganita) having eightfold of names beginning with
"mixture", but what kinds of seeds he mentioned by the names yivattdvat,
vargivarga (square?), ghanighana (cube?), and visama (odd), are not exactly
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known. Similar terms (ydvaftdvaf, varga, ghana, and vargivarga) occur in a
list of ten mathematical topics given in a Jaina canon, Sfhdndnga (Sutra
747), which is ascribed to the third century BCE.
~ r ~ a b h a used
ta
the term guliE (a bead) for an unknown number
d
when he gave his rule for linear equations of the type ax + b = cx
in his ~ r ~ a b h a t (CE
i ~ a499). All the equations to which he gave solutions
(including kuttaka) are linear, although his rules for the interest and for
the period of an arithmetical progression pre-suppose the solution of
quadratic equations.
Brahmagupta gave many theorems for vargaprakrfi (lit. square nature),
that is, the indeterminate equation of the second degree: Px2 + t = y2,
but it is Jayadeva (the eleventh century or before) that gave a complete
solution for the case t = 1 (the so-called Pell's equation).
Bgaganifa reached its culmination in the twelfth century, when
Bhaskara gave solutions to various types of equations of higher degrees
by means of kuttaka and vargaprakrfi. After him significant developments
in the field of bijaganifa are not known.

+

Takao Hayashi
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Arithmetic: Pafiganita
Patiganita, which literally means "mathematics (ganita) by means of algorithms (pdfT)",is the name of one of the two main fields of medieval
Indian mathematics, the other being bqaganita or "mathematics by means
of seeds". The two fields roughly correspond to arithmetic (including
mensuration) and algebra respectiveIy.
The compound pGtiganita seems to have come into use in relatively
later times. In older works, the expressions, ganifapfifi and ganitasyapdti
(mathematical procedure, i.e. algorithm), are common, and sometimes the
word pfiti occurs independently. Patiganita is also called vyaktaganita or
"mathematics of visible (or known) [numbers]", while bqaganita is called
avyaktaganita or "mathematics of invisible (or unknown) [numbers]". Some
scholars maintain that the word pati originated from the word patta or
pata meaning the calculating board, but its origin seems to be still open
to question.
The division of mathematics (ganita) into the two fields was not practiced in the Aryabhatiya (CE499), which has a single chapter called ganita,
but it existed in the seventh century, when Brahmagupta included two
chapters on mathematics in his astronomical work, BrGhrnasphutasiddhdnta
(CE 628). Neither the word pati nor bfjaganita occurs in the book, but
Chapter 12 (simply called ganita) deals with almost the same topics as
later books of pati, and Chapter 18, though named kuttaka or the pulveriser (solution of a linear indeterminate equation), has many topics in
common with later books of bijaganita. ~ridhara(ca. CE 750) is known to
have written several textbooks of pati and at least one of bqaganita.
Extant works of pati include ~ridhara's Pdtlganita (incomplete) and
TriSatikii (and Ganitapaficavimii?), Mahavira's Ganitasdrasamgraha (ca. CE
850), Chapter 15 (pati) of Lyabhatals Mahasiddhanta (ca. CE 950? or
1500?), Sripatils Gapitatilaka (incomplete) and Chapter 13 (vyaktagapita)
of his SiddhantaSekhara (ca. CE 1050), Bhaskara's Ldavatz (CE 1150), and
Ngrayana's Ganitakaumuds (CE 1356).
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A book (or chapter) of pifi consists of two main parts, namely, fundamental operations (parikarm?ni) and "practical problems" (vyavahdrih).
The former usually comprises six or eight arithmetical computations (addition, subtraction, multiplication, division, squaring, extraction of the
square root, cubing, and extraction of the cube root) of integers, fractions,
and zero, several types of reductions of fractions, and rules concerning
proportion including the so-called rule of three (trairdiika). The latter
originally consisted of eight chapters (or sections), i.e. those on mixture
(miiraka), mathematical series (iredhi), plane figures (ksetra), ditches (khita),
stacking [of bricks] (citi), sawing [of timbers] (krikacika), piling [of grain]
(riii), and on the shadow (chdyd).
To this list of the practical problems, ~ridkaraadded in his Pdtiganita
one named "truth of zero" (Sunyatattva). A large portion of the work
including that chapter is, however, missing in the only extant manuscript.
The way the Ganitasdrasamgraha of Mahavira divides its contents into
chapters is unusual, but it can still be characterised as a book of piti. It
is quite rich in mathematical rules and problems.
In his Lilivati, Bhaskara separated the rules on proportion from the
arithmetical computations, and created with them a new chapter named
prakirnaka (miscellaneous [rules]), in which he also included the regula
falsi, the rule of inverse operations, the rule of sum and difference, etc.
After the ordinary topics of practical problems, he treated kuffakaas well
as arikapiia or the nets of numerical figures (combinatorics). Written in
elegant but plain Sanskrit and organised well, the Lilivati became the
most popular textbook of piti in India.
In his Ganitakaumudi, Narayana included in the practical problems not
only kuftaka and arikapiia, but also vargaprakrti or the square nature (indeterminate equations of the second degree including the so-called Pell's
equation), bhigidina or the acquisition of parts (factorisation), a@ivatdra
or manifestation of fractions (partitioning), and bhadraganita or mathematics of magic squares. These topics had already been dealt with to
a certain extent by his predecessors, but he developed them considerably. He also investigated new mathematical progressions, some of which
turned out to be useful when Miidhava (ca. CE 1400) and his successors
obtained power series for the circumference of a circle (or T),sine, cosine,
arctangent, etc.
Takao Hayashi

Bag, A.K. Mathematics in Ancient and Medieval India. Varanasi: Chaukhambha
Orientalia. 1979.
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Armillary Spheres
The armillary sphere, known in Hindu astronomy by the terms Golabandha and Gola-yantra (globe instrument), was constructed from early
times for study, demonstration, and observation. Among texts and commentaries which have either a brief mention or a detailed treatment of
the armillary sphere, the following might be mentioned: Aryabhatiya of
~ r ~ a b h a(b.
f a476), Paficasiddhfintikfiof Varahamihira (505), ~ i s ~ a d h i u r d d h i d a
of Lalla (eighth century), Br2hmasphutasiddhfinta of Brahmagupta (b. 628),
Siddhfintaiekhara of hipati (1039), Szirya-siddhfinta, Siddhfintaiiromani (Golabandhfidhikfira) of Bhaskara I1 (b. 1114), and Goladipikfi of Parameivara
(1380-1460).
The movable and immovable circles which form parts of the instrument
are made out of thin bamboo strips, the earth and the celestial bodies
are of wood or clay, and the lines are connected by means of strings.
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The axis is made of iron and is mounted on two vertical posts, so that
it is possible to rotate the sphere as needed.
The GoladipikG describes the construction of a simple Golabandha with
two spheres, the inner one representing the Bhagola (starry sphere) moving inside an outer sphere which represents the Khagola (celestial sphere),
both fitted on the same central axis. The movements of the planets, etc.
are projected and measured on these spheres. A circular loop made of
a thin bamboo strip kept vertically in the north-south direction represents the solsticial colure (Daksinottara).Another similar circle fixed to the
former in the east-west direction would be the equinoctial or celestial
equator (GhafikG-mandala). Still another circle fixed around these, cutting
them at right angles and making crosses at the four cardinal points,
represents the equinoctial colure. The celestial equator is graduated into
60 equal parts and the other two into 360 equal parts. Another circle
is fued passing through the east and west crosses and inclined at 24"
north and south of the zenith and the nadir - this would be the ecliptic (Apama-vrtta). Several smaller circles are now constructed across the
solsticial colure on either side of the celestial equator and parallel to
it, at the required declinations - these would be the diurnal circles
(Ahoritra-vrttas), of different magnitudes. The orbits of the Moon and
other planets are now constructed, crossing the ecliptic (the band of the
zodiac through which the Sun apparently moves in its yearly course) at
the nodes (patas) of the respective planets and diverging from it, north
and south, by their maximum latitudes at 90" from the nodes. A metal
rod is inserted through the north and south crosses to form the central
axis. This figuration is called the starry sphere (Bhagola).
Three circles are constructed outside the Kha-gola (celestial sphere).
The horizontal circle is called the horizon (Ksitija), the east-west circle is
called prime vertical (Samamandala), and the north-south circle is called
the meridian (Daksinottara). A model of the Earth in spherical form is
then fixed to the centre of the axis. This would be the figuration at zero
latitude.
If the armillary sphere is to be used in any other place, two holes are
made in the celestial sphere at a distance equal to the latitude of the
place, below and above the south and north crosses, and the axis of the
starry sphere is made to pass through them. It is also necessary, in this
case, to construct a circle called the equinoctial colure (Unmandala), which
passes through the two ends of the axis and the east and west crosses.
To keep the two sets of circles in position, wooden pieces are futed to
the axis in between them, so that the spheres do not get displaced.
The inner starry sphere revolves constantly, while the celestial sphere
remains stationary, and directions are reckoned therefrom. A diurnal
circle with its radius equal to the sine latitude is also constructed with
a point on the central axis as the centre, just touching the horizon. The
sine and cosine of the place can be measured on this circle.

While the armillary sphere described above is more for study and
demonstration, certain other texts speak of more circles and also enjoin
observation of celestial bodies. Thus Brahmasphutasiddhdnta (XXI. 49-69)
prescribes the construction of 51 movable circles, sisyadhivyddhida speaks
of diagonal circles (Kona-vyttas)and spheres for each planet, and SiddhdntaSiromani adds a third circle called Dyggola outside the Khagola (celestial
sphere). According to ~isyadhivyddhida,the lagna (Orient ecliptic point)
and time are also found by means of the armillary sphere.
K.V. Sarma
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~ r ~ a b h a (b.
f a CE 476) was a celebrated astronomer and mathematician
of the classical period of the Gupta dynasty (CE 320 to ca. 600). This era
is called the Golden Age in the history of India, during which Indian
intellect reached its high water mark in most branches of art, science,
and literature, and Indian culture and civilisation reached a unique stage
of development which left its deep impression upon succeeding ages.
Aryabhata played an important role in shaping scientific astronomy in
India. He is designated as kyabhata I to differentiate him from ~ r ~ a b h a t a
II, who flourished much later (ca. CE 950-1100) and who wrote the
Mahrisiddhdnta.
~ r ~ a b h a It awas born in CE 476. This conclusion is reached from his
own statement in the Aryabhatiya: "When sixty times sixty years and three
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quarters of the yuga (now Mahi) had elapsed, twenty three years had
then passed since my birth" (111, 10).
Since the present Kaliyuga (the last quarter of the Mahiyuga) started
t a 23 years old in 3600 minus 3101, that is, in
in 3102 BCE,~ r ~ a b h a was
CE 499. The exact date of birth comes out to be March 21st, when the
Mean Sun entered the zodiac sign of Aries in CE 476. The significance
of mentioning CE 499 is that the precession of equinoxes was zero at
the time, so that the given planetary mean positions did not require any
correction. According to some commentators, CE 499 was also the year
of composition of the Aryabhafiya.
We have no knowledge about his parents or teachers, or even about
his native place. Aryabha:a composed the ~ryabhatiyawhile living at
Kusumapura, which has been identified as Piitaliputra (modern Patna in
Bihar State), the imperial capital of the Gupta empire. It is possible that
~ r ~ a b h a headed
ta
an astronomical school there.
fa
and wrote on mathThe association of Patna, where ~ r ~ a b h ataught
ematics and astronomy, with his professional career, does not settle the
question of his birthplace, but it may have been a place where he was
educated.
~ r ~ a b h a f afame
' s rests mainly on his Aryabhatiya, but from the writings
of Variihamihira (sixth century CE),Bhiiskara I, and Brahmagupta (seventh
century), it is clear that earlier he composed an Aryabhata Siddhinta.
Although voluminous, the Aryabhafa Siddhinta is not extant. It is also
called ~rdharitrikaTantra, because in it the civil days were reckoned from
one midnight to the next. Its basic parameters are preserved by Bhiiskara
I in his Mahibhiskariya (Chapter VII). Riimakrsna Ariidh~a (CE 1472)
has quoted 34 verses on astronomical instruments from the Aryabhata
Siddhinta, of which some were devised by ~ r ~ a b h a himself.
ta
The ~ryabhafiyais an improved work and the product of a mature
intellect. Considering the genius of Aryabhaf.a, it is easy to agree with
the view that he composed it at the age of 23. The date is also in fair
agreement with the recent research and analysis by Roger Billard. Unlike
the Aryabhafa Siddhinta, the civil days in the ~ryabhafiyaare reckoned
from one sunrise to the next - a practice which is still prevalent among
the followers of the Hindu calendar. The Aryabhafiya consists of four
sections or pidis (fourth parts):
1. DaSagitik (10

+ 3 couplets in Giti meter);

2. Ganitapida (33 verses on mathematics);
3. Kila-kriyapida (25 verses on time-reckoning); and
4. Golapida (50 verses on spherical astronomy).

That the ~ryabhafiyawas quite popular is shown by the large number
of commentaries written on it, from Prabhiikara (ca. CE 525) through
Nilakanfha Somayiiji (ca. 1502) to Kodandariima (ca. 1850).
An Arabic translation of the Aryabhafiya entitled Z2;i al-~rjabharwas
made in about 800, possibly by a1-Ahwiizi. In spite of the Aryabhatiya's
popularity, H.T. Colebrooke failed to trace any work of ~ r y a b h a f aanywhere in India.
The use of modern scientific methodology, as described by Roger
Billard in his L'astronornie indienne, along with new ephemerides, clearly
shows that both of ~ryabhafa'smajor works were based on accurate
planetary observations. In fact, the use of better planetary parameters, the
innovations in astronomical methods, and the concise style of exposition
rendered the ~ryabhatiyaan excellent textbook in astronomy. In opposition
to the earlier geostationary theory, Aryabhafa held the view that the
earth rotates on its axis. His estimate of the period of the sidereal rotation
of earth was 23 hours, 56 minutes, and 4.1 seconds, which is quite close
to the actual value.
Aryabhafa has also been considered the father of Indian epicyclic
astronomy. The resulting new planetary theory enabled Indians to determine more accurately the true positions and distances of the planets
(including the Sun and the Moon). He was the first Indian to provide
a method of finding celestial latitudes. He also propounded the true
scientific cause of eclipses (instead of crediting the mythological demon
Riihu). In fact his new ideas gave rise to the formation of a new school
of Indian astronomy: the Aryabhafa School or ~ryapaksa,for which the
basic text was the Aryabhafiya.
Exposition and computation based on the new astronomical theories
were made easy by ~ r ~ a b h a fbecause
a,
of the development of some
mathematical tools. One of them was his own peculiar system of alphabetic numerals. The 33 consonants of the Sanskrit alphabet (Niigari script)
denoted various numbers in conjunction with vowels which themselves
stood for no numerical value. For example, the expression khyughr (=khu
yu + ghy) denoted

+

which is the number of revolutions of the Sun in a Yuga.
The development of Indian trigonometry (based on sine instead of chord,
as the Greeks had done) was another of Aryabhafals achievements which
was necessary for astronomical calculations.
Because of his own concise notation, he could express the full sine table
in just one couplet, which students could easily remember. For preparing
the table of sines, he gave two methods, one of which was based on
the property that the second order sine differences were proportional to
sines themselves.
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Aryabhata seems to have been the first to give a general method for
solving indeterminate equations of the first degree. He dealt with the
subject in connection with the problem of finding an integral number
N which will give a remainder r when divided by an integer a, and s
when divided by b. This amounts to solving the equations

Although at present the topic of indeterminate analysis comes under
pure mathematics, in ancient times it arose and was used for practical and
ta
used his theory of
astronomical problems. In fact, ~ r ~ a b h asuccessfully
indeterminate analysis to determine a mean conjunction of all planets at
the zero mean longitude at the start of the Kaliyuga (3102 BCE). Recently
it has been shown that his algorithm solves more general problems than
the Chinese remainder theorem, and works irrespective of the sign of
numbers.
The solution of a general quadratic equation and the summation of
certain series were some other algebraic topics dealt with by ~ r ~ a b h a t a .
The methods of adding an arithmetical progression were known in all
ancient cultures, but he was perhaps the first to supply a general rule
for finding the number of terms (n) when the first term (a), the common
difference (4 and the sum (s) were given. His solution is a root of the
quadratic equation

which comes from the usual formula for the sum of an arithmetical
progression.
In geometry, his greatest achievement was an accurate value of
rule amounts to the statement
T

T.

His

= 6283V20000 nearly.

This implies the approximation 3.1416 which is correct to its last decimal
place. How he arrived at this is not known.
From what we know about Lyabhafa, it is clear that he was an outstanding astronomer and mathematician. His scientific attitude, rational
approach, and mathematical methodology ushered in a new era in the
history of the exact sciences in India. It was quite befitting that the first
Indian satellite launched on 19th April, 1975 was named ~ r ~ a b h a f a .

R. C. Gupta
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Astrology

In India, astrology, Jyotisa, is defined as Jyotisrim szlryfidigrahrinam bodhakam
iristram, the system which explains the influences of the Sun, Moon, and
planets.
Indian astrology came explicitly to light around 1200 BCE, when the
monk Lagadha compiled the Veddnga-Jyotisa on the basis of Vedas, in
which lunar and solar months are described, with their adjustment by
AdhimEsa (lunar leap month). Rtus (seasons), years, and yugas (eras) are
also described. Twenty-seven constellations, eclipses, seven planets, and
twelve signs of the zodiac were also known at that time.
In the period from 500 BCE to the begnning of the Christian era
some texts were written on the subject of astrology. Nineteen famous
sages composed their SiddhBntris (texts). Candra-prajnapti, Surya-prajnapti
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and Jyotisakarandaka were written. The Sz?ryasiddhinta, the ancient text of
Indian astrology, was composed around 200 BCE.
In the first five centuries of the Christian era, there were some important contributions by Jain writers. Angavijji is a large collection about
~ a k u n a(omens). Kilaka and Rsiputra also contributed around this time. At
the end of the fifth century, Aryabhaf-aI mentioned in his text Aryabhafiya
that the Sun and stars are constant and that day and night are based on
the movement of the Earth.
The period CE 500-1000 was very productive. Lalliicarya, the disciple of
~ r ~ a b h a tcomposed
a,
two texts - ~ i ~ ~ a d h i v ~ d dand
h i d Ratnakosa
a
- dealing with mathematical theories. The astrologer Varahamihira composed
several texts, and his son PrthuyaSa composed a brief horary called SatPaficlSikL Bhiiskaraciirya I wrote a commentary on the Aryabhafiya in the
seventh century, and Brahmagupta composed the Brihmasphufasiddhinta
and the Khandizkhidyaka around CE 635. Other scholars wrote commentaries on the texts of their predecessors and independent texts of their
own.
In 1000-1500, there was a great deal of enhancement to the literature concerning the construction of astronomical instruments for observation. In the twelfth century, Bhiiskara composed the famous text
SiddhlntaSiromani. The Lilfi~atiof Riijaditya is another of the texts of that
century. In the fifteenth century, KeSava wrote more than ten books, and
his son GaneSa composed the Grahalighava at the age of thirteen.
Many more texts and commentaries were written from the sixteenth century onwards. A few noteworthy ones are: Tijikanilakanthi
of Nilakantha (sixteenth century), Meghamahodaya by Meghavijayagani
(seventeenth century), Janmapatripaddhatiby Lgbhacandragani (eighteenth
century), and the nineteenth century works of astrologer Bapiideva ~astri.
A knowledge of paficinga is a prerequisite to understanding the subject
of astrology. This is the fivefold system of tithi (lunar day), vira (weekday),
naksatra (asterism), yoga (sum of the solar and lunar longitudes) and
karana (half lunar day). Tithi, the lunar date, is the duration of time in
which the Moon moves 12". The fifteen tithis of the white fortnight (from
new moon to full moon) are:
1. Pratipada; 2. Dvitiyl; 3. Trtiyi; 4. Caturthi; 5. Paficami; 6. Sasthi; 7.
Saptami; 8. Asfami; 9. Navami; 10. DaSami; 11. EkidaSi; 12. DvidaSi; 13.
TrayodaSi; 14. CaturdaSi; 15. Purniml (15 x 12" = 180").
In the black fortnight (from fill1 moon to new moon), the fifteenth
day is called Amdvasyd and the remainder are the same as above. Tithis
are classified into five groups: Nandi (tithis 1,6,11), Bhadri (2,7,12), layi
(3,8,13), Rikti (4,9,14), and Piirnd (5,10,15).
The seven virus (weekdays) are based on the names of the grahas:
Sun, Moon, Mars, Mercury, Jupiter, Venus, and Saturn. The position of
the grahas at Varanasi on 21 March 1994 is shown in Chart 1.
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Positions of Grahas (planets) on 21 March 1994 at 6:02 am at Varanasi

Grahas
Sun
(Planets)
RdSi (sign) 11
AnSa
6
(degree)
Kali
21
Vikali
27

Moon Mars Mercury Jupiter Venus Saturn

Rihu Ketu

2
15

10
16

10
9

6
23

11
22

10
8

7
3

1
3

7
45

57
18

51
17

19
40

13

8

21
21

3
44

3
44

There are twenty-seven naksatras (asterisms) bifurcating the ecliptic
into twenty-seven parts, each of 13.33". These are mentioned in Table 1.
Table 1

Twenty-seven naksatras (asterisms)

Krttika
MrgaSiras
Punarvasu
ASlesa
Purvaphalguni
Hasta
Svati
Anuradha
Mula
Uttariisadhl
Sravisfha
Purva-Bhadrapada
Revati
Bharani

Rohini
~rdra
Pusya
Magha
Uttariiphalguni
Citra
ViSakha
Jyesthii
Purvasadha
Srona
~atabhisaj
Uttara-Bhadrapada
ASvini

The ecliptic is again bifurcated into twelve parts through RiSis (signs,
each of 30"). The twelve signs are equal to twenty-seven naksatras, or 1
sign = 2.25 constellations. For example, ASvini, Bharani, and one quarter
of Krttiki make the sign Mesa (Aries). The remaining three quarters of
Kyttih, Rohini, and half of MrgaSira make the sign Vrsa (Taurus). The
same pattern holds true for the other signs: Mithuna (Gemini), Karka
(Cancer), Simha (Leo), Kanyi (Virgo), Tuli (Libra), V$cika (Scorpio), Dhanu
(Sagittarius), Makara (Capricorn), Kumbha (Aquarius), and Mina (Pisces).
Thus twenty-seven constellations represent twelve signs.
Yoga is the sum of the solar and lunar longitudes. If the sum of their
degrees is between 0 and 13.33", that is called Viskambha Yoga - from
there until 26.66" it is Priti - up to 40" it is Ayusmina. The remaining
yogas are Saubfigya, ~obhana,Atiganda, Sukarmi, Dhrti, Scla, Ganda, Vrdhi,
Dhruva, Vyighita, Harsana, Vajra, Siddhi, Vyatipdta, Variyina, Parigha, ~ i v a ,
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Siddha, Sddhya, subha, ~ u k l a ,Brahma, Aindra, and Vaidhrti (13.33" x 27 =
360").
Karana (constant or moveable) is the half part of the tithi. Constant
Karana sakuna belongs to the second half of caturdaii Catuspada and Ndga
to that of ~ m d v a s ~ind the black fortnight, while Kistughna exists in the
first half of the Pratipada of the white fortnight in every lunar month.
The remaining 14.5 tithis of the white and 13.5 tithis of the black fortnight
contain eight rounds of seven moveable Karanas: Bava, Bdlava, Kaulava,
Taitila, Gara, Vanija, and Visti.
The subject matter of astrology may be divided into five groups:
Samhitd, Siddhdnta, Jdtaka, PraSna, and sakuna. In ancient India, Savhitd
was the miscellaneous collection of astrological materials out of which
the remaining four grew.
Siddhdnta or Ganita refers to mathematical calculations about time, distance, and position of the planets. On the basis of the proper positions of
twelve signs and nine planets, a chart containing twelve chambers may
be sketched. In northern, southern, and eastern India, astrologers sketch
charts such as Charts 2, 3, and 4 which are called Janmdnga or ascendant.
(Lagna)
Sun
12
Venus

Ascendant as sketched in
in northern India

2

3

Ketu

Moon

Saturn
Mars
11
Mercury

4

10

5

9

Chart 2

1

Chart 3

8
Rzhu

7

6

Jupiter

Ascendant as sketched
southern India

Jitaka (native) is the person about whom a prediction is made on
the basis of a birth chart. Twelve houses represent the health, wealth,
brotherlsister, mother, offspring, diseaseslenemies, wifehusband, death,
fate, father, income, and expenses, as in Chart 2. Daiis (periods) are
defined in numerous ways. The period of any planet becomes favourable
or harmful according to its position and power in the horoscope.
There are many other astrological methods in India. As an example, in
the Kerala-system, numbers are assigned to alphabets, and the astrologer
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advises the person to say the names of a flower, river, or god on which
the calculation depends.
Venus

Moon

Mercury
11 Saturn

Jupiter

Chart 4

Ascendant as sketched in eastern
India (West Bengal and Orissa)

Chart 5

NavarnrInSa chart

Astrology is applied to many aspects of Indian life. There are rules
concerning times for travelling, planting, and building. Favourable times
for the preparation of medicines and treatment are also prescribed.
Vijaya Narayan Tripathi

JagannBtha; R. Principles and Practice of Medical Astiology. New Delhi: Sagar
Publications. 1994.
Lokamani, D. Bhdrat&ajyoti~aSastrasyetihdsah (History of Indian Astrology).
Varanasi: Chaukhambha Surabharti. 1990.
Raghunandanaprasada, G. ~dhunika-JyotiSa(Modern Astrology). Delhi: Ankur
Publications. 1994.
.
,~
Raman, B. V. A Manual of Hindu Astrology. Delhi and London: UBS Publishers.
1992.
Sure~acandra,M. JyotiSa-Sarvasva (Complete Hindu Astrology). New Delhi: Ranjan
Publications. 1994.
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Astronomical Instruments
Astronomical knowledge in India can be traced back to the Vedic literature
(ca. 1500-500 BCE),the earliest literature in India, but no astronomical
instrument is mentioned there. Naked eye observations of the Sun, Moon,
and lunar mansions were carried out. It is not clear whether five planets
were observed or not.
There is a class of works called Veddriga, probably composed towards
the end of the Vedic period, which is regarded as auxiliary to the Veda. It
consists of six divisions, including Jyotisa (astronomy) and Kalpa (ceremonial). The Kalpa further consists of four divisions, including Sulba (method
of the construction of the altar). The earliest astronomical instruments in
India, the gnomon and the clepsydra, appear in the Veddriga literature.
The gnomon (Sanskrit: Sanku) is used for the determination of cardinal
directions in the Kdtydyana-Sulbaszitra. A vertical gnomon is erected on a
leveled ground, and a circle is drawn with a cord, whose length is equal
to the height of the gnomon, with the centre the foot of the gnomon. At
the two points where the tip of the gnomon-shadow touches the circle,
pins are placed, and they are joined by a straight line. This line is the
east-west line.
The annual and diurnal variations of the length of the gnomon-shadow
are recorded in the political work ArthaSdstra of Kautilya, the Buddhist
work ~drdzilakarna-avaddna,and Jaina works such as the Szirya-prajffapti.
These records seem to be based on observations in North India.
The clepsydra is mentioned in the Veddriga-jyotisa, the ArthaSdstra, and
the Sdrdzilakarna-avaddna. It was like a water jar with a hole at its bottom
from which water flowed out in a nddi& (one-sixtieth of a day).
Towards the end of the Veddriga astronomy period, certain Greek
ideas of astronomy and astrology had some influence in India from the
second to the fourth century CE. After that, Hindu astronomy (Jyotisa)
established itself as an independent discipline, and several fundamental
texts called Siddhdntas were composed. I call this period, from about the
fifth to the twelfth centuries CE, the classical Siddhiinta period. The main
ta
astronomers who described astronomical instruments are ~ r ~ a b h a (b.
CE 476), Variihamihira (sixth century CE),Brahmagupta (b. CE 598), Lalla
(eighth or ninth century CE),sripati (eleventh century CE),Bhgskara I1 (b.
CE 1114), and the anonymous author of the Sziryasiddhdnta. The siddhdntas
composed by Brahmagupta, Lalla, sripati, and Bhiiskara I1 contain special
chapters on astronomical instruments entitled Yantra-adhydya. The Sanskrit
word yantra means instrument. No observational data are recorded in
the siddhdntas, and the extent of actual observations in this period is
controversial. Roger Billard maintained that astronomical constants in the
siddhdntas were determined by actual observations, while David Pingree
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argued that they were exclusively borrowed from Greek astronomy. In
this connection, we should note that the method of determination of
astronomical constants by means of observations was correctly explained
by Bhaskara 11. Let us see the instruments in this period.
The gnomon (Sariku) was continually used in this period. The theory
of the gnomon, such as the relationship between the length of gnomonshadow, the latitude of the observer, and time, was developed in this
period, and a special chapter called TripraSna-adhyiy~in the Siddhintas
was devoted to this subject. Trigonometry, invented in India, was fully
utilised for this purpose.
The staff (yasti-yantra) is a simple stick, used to sight an object. There
are some variations of the staff, such as V-shaped staffs for determining
angular distance with the help of a graduated level circle.
The circle-instrument (cakra-yantra) is a graduated circular hoop or
board suspended vertically. The sun's altitude or zenith distance is
determined, and time is roughly calculated from it. Variations of the
circle-instrument are the semi-circle instrument (dhanur-yantra) and the
quadrant (turya-golaka).
A circular board kept horizontally with a central rod is the chairinstrument (pi!ha-yantra), and a similar semi-circular board is the bowlinstrument (kapila-yantra).The sun's azimuth is determined by them, and
time is roughly calculated from them.
A circular board kept in the equatorial plane is the equator-instrument
(nddivalaya-yantra). It is a kind of equatorial sundial. The combination
of two semi-circular boards, one of which is in the equatorial plane, is
the scissors-instrument (kartari-yantra). Its simplified version is the semicircular board in an equatorial plane with a central rod.
The armillary sphere (gola-yantra) was unlike the Greek armillary
sphere, which was based on ecliptical coordinates, although it also had
an ecliptical hoop. Probably, the celestial coordinates of the junction stars
of the lunar mansions were determined by the armillary sphere since
the seventh century or so. There was also the celestial globe rotated by
flowing water.
The clepsydra (ghati-yantra) was widely used until recent times. Unlike
the clepsydra of the Vediriga period, the clepsydra of this period is a bowl
with a hole at its bottom floating on water. Water flows into the bowl,
and it sinks after a certain time interval. The actual use of the clepsydra
of this type was recorded by the Chinese Buddhist traveller Yijing (CE
635-713). The clepsydra actually used can be seen in a museum at Kota
(Rajasthan) (see Plate 1). Several astronomers also described water-driven
instruments such as the model of fighting sheep.
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Plate 1 Clepsydra at Rao Madho Singh Museum, Kota, Rajasthan, India. Photograph
by the authoz Used with his permission.

Graduated
circle

b

Figure 1

Phalaka-yantra.

The phalaka-yantra (board-instrument) invented by Bhaskara I1 is a rectangular board with a pin and an index arm, used to determine time
graphically from the Sun's altitude (see Figure 1). This is an ingenious
instrument based on the Hindu theory of gnomon.
The astrolabe was introduced into India from the Islamic world at
the time of Firiiz Shah (r. CE 1351-1388) of the Tughluq dynasty. Firiiz
Shah's court astronomer Mahendra Sari composed a Sanskrit work on
the astrolabe entitled Yantra-raja (King of Instruments, the Sanskrit term
for the astrolabe) in CE 1370. This is the earliest Sanskrit work on Islamic
astronomy. Use of the 'astrolabe rapidly spread among some Hindu
astronomers, and Padmanabha (CE 1423) and Ramacandra (CE 1428)
described the astrolabe in their works.
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Figure 2

Back side

Dhruva-bhrama-yantra

Some new instruments were made in the Delhi Sultanate and Mughal
periods. Padmansbha invented a lund of nocturnal instrument called
dhruva-bhrama-yanfra (polar-rotation-instrument) (see Figure 2). It was
a rectangular board with a slit and a set of pointers with concentric
graduated circles. Adjusting the slit to the direction of a: and ,B Ursae
Minoris, time and other calculations could be obtained with the help of
pointers. Its back side was made as a quadrant with a plumb and an
index arm. Thirty parallel lines were drawn inside the quadrant, and
trigonometrical calculations were done graphically. After determining the
Sun's altitude with the help of the plumb, time was calculated graphically
with the help of the index arm.
Later, the quadrant as an independent instrument was described by
Cakradhara, and a more exact method to calculate time was explained.
Another new type of instrument in this period was the cylindrical sundial called ka&-yanfra (whip-instrument) by Hema (late fifteenth century
CE) or pratoda-yanfra (whip-instrument) by Ganega (b. CE 1507) (see Figure
3). It is a cylindrical rod having a horizontal gnomon and graduations
of time according to the vertical shadow below the gnomon.
The quadrant and the cylindrical sundial exist in the Islamic world
also, but the possibility of their influence on these Indian instruments is
still to be investigated.
The mah3r2ja of Jaipur, Sawai Jai Singh (CE 1688-1743) constructed five
astronomical observatories at the beginning of the eighteenth century.
The observatory in Mathura is not extant, but those in Delhi, Jaipur,
Ujjain, and Banaras are. There are several huge instruments based on
Hindu and Islamic astronomy. For example, the sum@-yanfra (emperorinstrument) is a huge sundial which consists of a triangular gnomon wall
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and a pair of quadrants towards the east and west of the gnomon wall.
Time has been graduated on the quadrants (see Plate 2).

Figure 3

Pratoda-yantra

Plate 2 SamrrSt-yantra at Jantar Manta< New Delhi, India, Photograph by the author:
Used with his permission.

By this time, European astronomy had begun to be introduced into India,
and Jai Singh had certain information about European astronomy. The
earliest European style astronomical observatory in India is a private one
of William Petrie, an officer of the British East India Company, which
was set u p in 1786 at his residence in Madras.
. .

Yukio Ohashi
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Astronomy
Astronomy in India, as it was in other ancient civilisations, was interwoven with religion. While the different facets of nature, the shining of
the Sun, the waxing and waning of the Moon, and the alternation of
the seasons all excited curiosity and evoked wonder, religious practices
conformed to astronomical timings following the seasons, equinoxes, solstices, new and full moons, specific times of the day and the like. In the
Vedas, the earliest literature of the Hindus, mention of professions such
as Ganaka (calculator) and naksatra-daria (star-gazer), and the mention of
a branch of knowledge called naksatra-vidyd (star science) are illustrative
of the fascination that the celestial bodies exerted on the Vedic priests.
The Vedas and their vast ancillary literature are primarily works of a
religious nature, and not textbooks on astronomy. Still, they inform about
the astronomical knowledge, mainly empirical in nature and often mystic
in expression, which Vedic Indians possessed and used in their religious
life. One finds in the Rgveda intelligent speculations about the genesis of
the universe from non-existence, the configuration of the universe, the
spherical self-supporting Earth, and the year of 360 days divided into 12
equal parts of 30 days each with a periodical intercalary month. In the
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AitareYa Brdhmana, we read of the moon's monthly elongation and the
cause of day and night. Seasonal and yearly sacrificial sessions helped
the priests to ascertain the days of the equinoxes and solstices. The
shifting of the equinoxes made the Vedic priests correspondingly shift
the year backwards, in tune with the accumulated precession, though the
rate thereof was not envisaged. The wish to commence sacrifices at the
beginning of specific constellations necessitated the identification of the
constellations as fitted on the zodiacal frame. They also noticed eclipses,
and identified their causes empirically.
The computational components and work rules for times for Vedic
rituals are to be found in the Veddriga Jyofisa (Vedic Astronomical Auxiliary),
composed by Lagadha. On the basis of the astronomical configurations
given in its epoch, the date of this text is ascertained to be in the
twelfth century BCE. This work sets out such basic data as time measures,
astronomical constants, tables, methodologies, and other matters related
to the Vedic ritualistic calendar. It prescribes a five-year luni-solar cycle
(Yuga) from an epoch when the Sun and the Moon were in conjunction on
the zodiac at the beginning of the bright fortnight, at the commencement
of the asterism Delphini (~ravi~thd)
of the (synodic month of) Maghd,
and of the (solar month) Tapas, when the northward course of the sun
began. The constants are contrived to be given in whole numbers for
easy memorisation. Accordingly, the Veddriga Jyotisa chose a unit of 1830
civil days as its unit, which it divided into five years of 366 days each,
the error of the additional 314 day in the year being rectified periodically.
1830 days is equal to 62 synodic or lunar months of 29.5 days each, and
60 solar months. The two extra intercalary lunar months are dropped,
one at the middle and the other at the end of the cycle, so that the two,
the solar and lunar years, commenced together again, at the beginning
of each cycle.
During the age that followed, a series of astronomical texts was written,
mainly by eighteen astronomers. Passages from some of these texts were
quoted in later texts, and five of them were redacted by Varahamihira
(d. 587) in his Paficasiddhinfihi. The texts of this age which are still
available are the Gargasamhitd, and ParrISarasamhifd, and the Jain texts
Sziryaprajfiapfi, Candraprajfiapfi and Jambzidvipa-prajfiapfi. The astronomy
contained in those is practically the same as that expounded in the
Vedfiriga Jyofisa though with minor differences, including the shifting of
the commencement of the year to earlier asterisms due to the precession
of the equinoxes.
From about the beginning of the Christian era a number of texts
were composed with the generic name Siddhdnta (established tenet).
The scope of these texts was wider, their outlook far-reaching, and
their methodology rationalistic. Also, the science began to be studied
for its own sake. The stellar zodiac was replaced with the twelve-sign
zodiac, and, besides the Sun and the Moon, the planets also began to be
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reckoned. Their rising and setting, motion in the zodiacal segments, direct
and retrograde motion, times of first and last visibilities, the duration
of their appearance and disappearance, and mutual occultation began
to be computed. These and their synodic motion called grahacira were
elaborately recorded. Analyses of these recordings enabled the depiction
of empirical formulae for computing their longitudes. While the use of
the rule of three (trai-rdiika, direct proportion), continued fractions, and
indeterminate equations helped computation, the use of trigonometry,
both plane and spherical, and geometrical models enabled a realistic
understanding of planetary motion, and developed rules, formulae, and
tables. This also resulted in fairly accurate prediction of the eclipses
and occultation of the celestial bodies. It is to be noted that in Indian
astronomical parlance, the word graha signifies not only the planets
Mars (Kuja), Mercury (Budha), Jupiter (Guru), Venus (~ukra)and Saturn
(~ani),
but also the Sun (Ravi, SGrya ), Moon (Candra), the ascending node
(Rihu), and the descending node (Ketu).
Yuga in Indian astronomy denotes a relatively large number of years
during which a celestial body, starting from a specific point on its orbit,
made a certain number of revolutions and returned to the same point
at the end of the period. In the siddhdnta texts the starting point is taken
as the first point of Aries (Mesa-ddi) (vernal equinox). Through extended
observation over long periods, methods were formulated for accurately
ascertaining the motion of the planets, as in the Arya-bhatiya. Having
obtained in this manner the sidereal periods of all the planets, their lowest
common multiple was calculated backwards to provide accommodation
to the revolutions of the relevant celestial bodies. Thus the VedMga Jyotisa
used a five-year yuga to accommodate only the sun and the moon.
Later, the planets were included and the Romakasiddhdnta, redacted by
Varahamihira, used a yuga of 2850 luni-solar years, and the Saurasiddhinta
used a yuga of 108,000 solar years. kyabhata (b. CE 476) formulated a
mak-yuga (grand cycle) of 4,320,000 years which was set to commence
at the first point of Aries on Wednesday, at sunrise, at Lanka, which is a
point on the terrestrial horizon of zero longitude, being the Greenwich
meridian of Indian astronomy. He also devised a shorter yuga, called
Kali-yuga, of 432,000 years, which commenced on Friday, February 18,
3102 BCE,where, however, the apogee and node were ahead by 90"
and behind by 180°, respectively. Pursuing the same principle, other
astronomers have devised yugas of different lengths, and still others have
suggested zero corrections to the mean position of the planets at the
beginning of the yuga.

30

Encyclopaedia of Classical Indian Sciences

Computing the longitude of a planet when the length of the yuga
in terms of civil days, the yuga-revolutions, and the time at which
its longitude is required are given, reduces itself to the application of
the rule of three, if the planetary orbits are perfect circles and the
planetary motions uniform. Indian astronomers conceive their motion
along elliptical orbits according to the epicyclic model or their own
eccentric model. In the former, the planets are envisaged as moving along
epicycles which move on the circumference of a circle, and in the latter,
the planets are supposed to move along a circle whose centre is not at the
centre of the Earth, but on the circumference of a circle whose centre is
the centre of the earth. Both models give the same result. Several sets of
sine tables are also derived and several computational steps called manda
and Sighra are enunciated to give the heliocentric positions in place of
the geocentric.
When the true longitude of a planet at a particular point of time
is to be found, the ahargana (count of days) from the epoch up to the
sunrise of the day in question is ascertained. To this is added the time
elapsed from sunrise on the relevant day to the required point of time.
Since the number of days in the yuga and the number of the relevant
planetary revolutions (which are constants) are known, the revolutions
up to the moment in question are calculated by the rule of three, and the
completed revolutions discarded. The remainder would be the position
of the mean planet at sunrise of the day in question at zero longitude (i.e.
Lank5 or Ujjain meridian). To get the correct longitude, four corrections
are applied to the result obtained above. They are (i) DeSintara, the
difference in sunrise due to the difference in terrestrial longitude, (ii) Cara
(ascensional difference), due to the length of the day at the place, (iii)
Bhujdntara, the equation of time caused by the eccentricity of the earth's
orbit, and (iv) Udaydntara, the equation of time caused by the obliquity
of the ecliptic (the band of the zodiac through which the sun apparently
moves in its yearly course) with the celestial equator.
As a striking natural phenomenon, the eclipse had been taken note of
and recorded in several early Indian texts. A solar eclipse was recorded
in the R p e d a , where it describes how, when Svarbh5nu (the dark planet
Rdhu of later legends) hid the sun, sage Atri restored it, first as a black
form, then as a silvery one, then as a reddish one, and finally in its
original bright form. On account of the popular and religious significance
associated with eclipses, their prediction assumed great importance in
Indian astronomy. In the Paricasiddhdntiki, details of the computation of
the lunar eclipse were given in the Vdsistha-PauliSa and Saura Siddhdntas
with geometrical diagrammatic representation, and the solar eclipse in the
PauliSa, Romaka and Saura Siddhdnfas.The treatment in later siddhdntas, like
a,
sripati and Bhfiskara I1 and also the
those of ~ r ~ a b h a fBrahmagupta,
Sziryasiddhinta, is accurate. A number of shorter texts were also written
solely on the computation of eclipses, aiming at greater perfection.
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The Vedas call the intrinsically dark moon siirya-raSmi (sun's light),
and thought that it was born anew every day in different configurations.
Each of the fifteen lunar days of the bright and the dark fortnights have
high religious significance, and different Hindu rites and rituals are fixed
on their basis.
From the early siddhdnfa age, computation of the moon's phases is
referred to by the term Candra-Srriga-unnafi (elevation of the horns of
the Moon) and is computed elaborately. The first work to give this
computation is the PauliSa Siddhinta, which devotes an entire chapter to
this subject. Most of the later siddhdnfas also devote one chapter to the
subject, adding corrections and evolving newer methods and also giving
graphical representations.
Still another topic which finds computational treatment in siddhdnta
texts is the conjunction of planets and stars. Two bodies are said to be
in conjunction when their longitudes at any moment are equal. The
conjunction of a planet with the Sun is called astamaya (setting), with
the Moon is samdgama (meeting), and with another planet, it is yuddha
(encounter). The conjunction of a planet with a star is similar, but with the
difference that a star is considered a ray of light and has no bimba (orb)
or motion. The computational methods followed are similar to those in
the case of eclipses, with minor modifications. Full chapters are devoted
in siddhdnfa texts to computing this phenomenon.
Although naked eye observations and the star-gazer (naksatradarSa)
find frequent mention in Vedic literature, mechanical instruments are of
a later origin. The earliest instruments used were the gnomon (Sariku) for
finding the cardinal directions, used in the Sulbasiifras, and the clepsydra
(nddi-yanfra) for measuring time. The Paficasiddhdnfikd, devotes one long
chapter to "Graphical Methods and Astronomical Instruments". While
~ r ~ a b h a gives
fa
only the underlying principles in his Aryabhatiya, he
has a long section of 31 verses on instruments in his A~~abhatasiddhinfa.
Almost all later siddhdnfas have a full chapter on instruments, which
include the armillary sphere, rotating wheels, and shadow, water, circle,
semi-circle, scissor, needle, cart, tube, umbrella, and plank instruments.
Some of these are used for observation; others are for demonstration.
After the advent of Muslim astronomy in India, the astrolabe became
common and even Hinduised. A number of texts in Sanskrit were also
written on the astrolabe, among which the Yantrardja of Mahendra Suri
and Yanfracinfima of ViSrZma are important. The pinnacle of this activity
came with Sawai Jai Singh, ruler of Jaipur, who patronised a group
of astronomers, built five huge observatories, in Delhi, Jaipur, Ujjain,
Varanasi, and Mathura, and wrote the work Yanfrardja-racand (construction
of astrolabes).
Towards the early centuries of the Christian era, texts with the generic
name siddhdnfa (tenet), in contrast to the earliest astronomical texts,
were composed. These were mathematically based, rationalistic, and ad-
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umbrated by geometric models and diagrammatic representations of
astronomical phenomena. While Varahamihira selectively redacted in
his Paricasiddhdntikd five of the early siddhdntas, his elder contemporary,
~ r y a b h a f a(b. CE 499) produced a systematic siddhdnta treatise entitled
Aryabhatiya ,in which he speaks also of the diurnal rotation of the Earth.
The work is divided into four sections, covering the following subjects:
(i) planetary parameters and the sine table (Gitikd-pdda), (ii) mathematics
(Ganitapdda), (iii) time reckoning and planetary positions (Kdlakriyd-pdda),
and (iv) astronomical spherics (Gola-pida). This siddhinta, which started
the ~ r ~ a b h a t aschool
n
of astronomy, was followed by advanced astronomical treatises written by a great number of astronomers and was very
popular in the south of India, where astronomers wrote a number of
commentaries and secondary works based on it.
Brahmagupta (b. CE 598) started another school through his voluminous work Brdhmasphufasiddhdnta in twenty chapters. This work shows
Brahmagupta as an astute mathematician who made several new enunciations. He also wrote a work by the name Khandakhidyaka in which he
revised some of Aryabhafals views. Among the things that he formulated
might be mentioned a method for calculating the instantaneous motion
of a planet, correct equations for parallax, and certain nuances related
to the computation of eclipses. Brahmagupta's works are also significant
for their having introduced Indian mathematics-based astronomy to the
Arab world through his two works which were translated into Arabic in
about CE 800.
Bhaskara I (ca. CE 628), who followed in Aryabhaf.als tradition, wrote
a detailed commentary on Aryabhatiya and two original treatises, the
Laghubhdskariya and the Mahdbhdskariya. VafeSvara (b. CE 880) wrote his
erudite work VateSvarasiddhdnta in eight chapters, in which he devised
precise methods for finding the parallax in longitude (lambana) directly,
the motion of the equinoxes and the solstices, and the quadrant of the
Sun at any given time. He also wrote a work on spherics. sripati, who
came later (ca. CE 999), wrote an extensive work, the Siddhdntaiekhara,
in twenty chapters, introducing several new enunciations, including the
Moon's second inequality.
The Siiryasiddhdnta, the most popular work on astronomy in North
India, is attributed to divine authorship but seems to have been composed
about CE 800. It adopts the midnight epoch and certain elements from
the old Saurasiddhdnta, but differs from it in other respects. It promulgates
its own division of time-cycle (yuga) and evinces some acquaintance with
Brrihamasphutasiddhinta.
The SiddhintaSiromani of Bhaskara I1 (b. CE 1114) comprises four books:
Lildvati dealing with mathematics, Bqaganita with algebra, Ganitddhydya
with practical astronomy, and Golidhydya with theoretical astronomy. The
author's gloss on the work which he calls Vdsani (fragrance) is not only
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explanatory but also illustrative and highly instructive. Extremely popular
and widely studied in North India, the work has been commented on
by generations of scholars.
The siddhinfa texts composed later, when Muslim astronomy had
been introduced into India, bear its influence in the matter of parameters and models though the general set up remains the same.
The more important among these are the Siddhdntaiindhu (1628)
and Siddhi~zfarija (1639) of Nityananda, Siddhintasarvabhauma (1646)
of MuniSvara, Siddhdntafaffvaviveka (1658) of Kamalakara and the
Siddhdnfasirakaustubha (1732) of Samrat Jagannatha.
In order to relieve the tedium in working with the very large numbers
involved when the maha-yuga or yuga is taken as the epoch, a genre of texts
called karanas was evolved which adopted a convenient contemporary
date as the epoch. The mean longitudes of the planets at the new epoch
were computed using the siddhintas and revised by observation, and the
resulting longitudes were used as zero corrections at the epoch for further
computations. In order to make computations still easier, planetary mean
motions were calculated for blocks of years or of days, and depicted in
the form of tables. Each school of astronomy had a number of karana
texts, produced at different dates and often exhibiting novel shortcuts and
methodologies. While the North Indian texts had tables with numerals,
South India, particularly Kerala, had its own traditions, and depicted the
daily motions of the planets, sines of their equations, and other matters
in the form of verses with meaningful words and sentences, employing
the facile kafapayidi notation of numerals. The earliest karana texts are the
redactions by Varahamihira in his Paficasiddhdnfika of the Romaka, PauliSa
and Saura Siddhdntas, the epoch of all the three being 21st March, 505
CE.

Hindu religious life, which served as the incentive to the development
of astronomy in India in its beginnings, has continued to be so even
today for the orthodox Indian. The paficanga (five-limbed) almanac which
is primarily a record of the tithi (lunar day), vara (weekday), naksatra
(asterism), yoga (sum of the solar and lunar longitudes) and karana (half
lunar day), can be said to direct and regulate the entire social and
religious life of the orthodox Hindu. Though the primary elements of
the almanac are identical throughout India, other matters like the sacred
days, festivals, personal and community worship, fasts and feasts, and
social celebrations, customs, and conventions differ from region to region.
These matters are also recorded in the almanacs of the respective regions.
In order to bring about some uniformity in the matter, the Government
of India appointed a Calendar Reform Committee in 1952 which made
several recommendations, but conditions have not changed much.
In astronomy, as in other scientific disciplines, the Indian ethos had
been to depict the formulae and procedures, but refrain from giving out
the rationale, though much rationalistic work would have gone before
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formulation. This position is relieved by a few commentators, such as
Mallari in his commentary on the Grahalaghava of Ganeia Daivajfia and
~arikaraVSriyar in his commentaries on the Lilivati of Bhaskara 11 and
the Tantrasavigfaha of Nilakantha Somayiiji. It is also interesting that
there are texts wholly devoted to setting out rationales, like the Yukfibhi!$ of Jyesfhadeva. Even more interesting are texts like Jyotirmiminisi
(Investigations on Astronomical Theories) by Nilakantha Somay%ji,which
open up a very instructive chapter of Indian astronomy.
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Astronomy in the Indo-Malay Archipelago
". . . in recent years anthropology has begun to face up to the implications
of the truism that people do not respond directly to their environment
but rather to the environment as they conceive of it: e.g. to animals and
plants as conceptualised in their minds and labelled by their language. In
other words, understanding human ecology requires understanding human
conceptual systems. It is not enough to understand the role of a type of
organism in economics and/or ritual. One must also understand how the
people involved classify and think about it." (Dentan, 1970)

All societies have their own body of knowledge through which they
seek to understand the natural environment and their relationship to
it. Thus we may be able to understand a society better by going beyond the categories of Western science and beginning to consider the
interrelationship of a society with its environment from the viewpoint
of its members. This attempt to understand how members of a society
themselves conceive of their environment has come to be known as
ethnoecology. Ethnoastronomy, the subject of this article, may be seen
as a branch of ethnoecology wherein the interrelationship of human
populations with their celestial environment is the focus of interest.
The modern nations of Indonesia and Malaysia, with a combined population of nearly two hundred million, encompass the homelands of well
over two hundred distinct ethnic groups whose cultures and languages
form part of a common Austronesian heritage, a heritage they share with
Polynesians and Micronesians, among others. Inhabiting mountainsides,
river valleys, and coastal plains and faced with a rather unpredictable
tropical monsoon climate, the peoples of Indonesia and Malaysia have developed a diverse agriculture which includes both inundated rice farming
and the shifting cultivation of rice and other food crops. Spread across an
archipelago of over 13,000 islands, they have also developed sophisticated
systems of navigation. These indigenous agricultural and navigational
practices have been found to be informed by an astronomical tradition
that is, at once, unique to this cultural area and richly diverse in its local
variation. This article describes several of the many techniques of astronomical observation employed by the peoples of Indonesia and Malaysia
to help regulate their agricultural cycles and navigate their ships.
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The passage of time is mirrored in all of nature: in the light of day
and dark of night, the flowering of plants, the mating and migratory
behaviour of animals, the changes in weather, the ebb and flood of the
tides, and in the recurring cycles within cycles of the Sun, Moon, planets,
and stars. Of these cycles, perhaps the most obvious is the diurnal rising
and setting of the Sun, Moon, planets and stars, as well as the synodic or
cyclic changes in the phases of the Moon and in the time of day that it
rises and sets. More subtle than these might be the annual changes in the
sun and stars: the north-south shift in the path of the Sun across the sky
(including its rising and setting points and its relative distance above the
horizon at noon) and the appearance, disappearance, and reappearance
of familiar patterns of stars at various times of night. As an integral part
of the natural landscape, these recurring celestial phenomena have long
provided farmers and sailors with dependable markers against which
agricultural and navigational operations can be timed.
Orientation in space and the art of wayfinding have often relied upon
knowledge of these same celestial phenomena. The English term "orient"
is derived from the Latin for "rise" and later became associated with the
East as the direction in which the Sun appears at dawn. Although the
times that individual stars rise and set shifts gradually throughout the
year, as viewed from a given latitude, the azimuths at which a star rises
and sets vary only slightly over a lifetime, thereby providing a reliable
"star compass" by which to determine direction. The Sun, Moon, and
planets also rise and set generally east and west, depending upon their
individual cycles, affording additional guides by which people are able
to orient themselves on land and sea.

Many traditional desert and plains cultures use the shift in the rising
andlor setting points of the Sun along the horizon both to mark important
dates and seasons and to commemorate the passage of years. These
environments are conducive to the use of these horizon-based solar
calendars: a permanent location from which to make sightings, a series
of permanent distant horizon markers and a clear view are all that is
needed for such a calendar. England's Stonehenge and the Big Horn
Medicine Wheel of Wyoming are striking examples. Such conditions are
not common in Indonesia and Malaysia. Here the landscape may consist
of anything from a nearby or distant mountain to, more often, some
nearby trees; the horizon is therefore a rather undependable device
against which to sight and measure the rising and setting positions of
the sun. However, in cultivated areas of the region, even from swiddens
located deep within the rainforest, one can usually find a field or homesite
from which much of the sky is visible.
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There are several types of observations of annually recurring celestial
phenomena that can be made where permanent, distant horizon markers
are not commonly available. These include cyclic changes in the phases
of the Moon, the annual changes in the appearances of familiar groups of
stars, and the annual changes in the altitude of the Sun at noon. Variations
of these types of observations as practiced by traditional Indonesian and
Malaysian farmers will now be presented. For the sake of clarity, they
are grouped using Western astronomical categories.
Solar Gnomons
Most often seen on sundials in western cultures, a solar gnomon is simply
a vertical pole or other similar device that is used to cast a shadow.
The altitude of the Sun above the horizon varies not only through the
day, but through the year as well. By measuring the relative length of
this shadow each day at local solar noon, one can observe and more
or less accurately measure the changing altitude of the Sun above the
horizon (or, reciprocally, from the zenith) through the year and thereby
determine the approximate date.

S

Figure 1

Solar gnomon

Two distinct types of solar gnomons have been reported. Both measure
the altitude of the Sun at local solar noon to determine the date. One
type has been attributed to various groups of the Kenyah and may still
be in use.
It consists of a precisely measured (= span of maker's outstretched
arms
span from tip of thumb to tip of first finger), permanently
secured, plumbed, and decorated vertical hardwood pole (tukar do) and
a neatly worked, flat measuring stick (as0 do), marked with two sets of
notches (see Figure 1).
The first set corresponds to specific parts of the maker's arm and
ornaments worn upon it, measured by laying the stick along the radial

+
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side of the arm, the butt end against the inside of the armpit. To mark
the date, the measuring stick is placed at the base of the vertical pole,
butt end against the pole and extending southward. This is done at the
time of day that the shadows are shortest, local solar noon. On the day
that the pole's noontime shadow is longest (the June solstice), a notch is
carved on the other edge of the stick to mark the extent of the shadow
made by the pole. This observation indicates that the agricultural season
is at hand. From then on, the extent of the noonday shadow is recorded
every three days as a record-keeping device. Dates, both favourable and
unfavourable, for various operations in rice cultivation such as clearing,
burning, and planting are determined by the length of the shadow
relative to the marks on the stick that correspond to parts of the arm
and to the marks made every three days.

Figure 2

Javanese bencet
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On Java a highly accurate gnomon, called a bencet, was in use from
about CE 1600 until 1855 (see Figure 2). A smaller, more portable device
than that employed by the Kayan and Kenyah, the bencet divides the
year into twelve unequal periods, called mangsa, two of which begin on
the days of the zenith Sun, when the Sun casts no shadow at local solar
noon, and another two of which begin on the two solstices, when the
sun casts its longest midday shadows. At the latitude of Central Java, 7
degrees south, a unique condition exists which is reflected in the bencet.
As the illustration shows, when, on the June solstice, the Sun stands
on the meridian (that is, at local solar noon) and to the north of the
zenith, the shadow length, measured to the south of the base of the
vertical pole, is precisely double the length of the shadow, measured
to the north, which is cast when the Sun, on the December solstice,
stands on the meridian (at noon) south of the zenith. By simply halving
the shorter segment and quartering the longer, the Javanese produced a
calendar with twelve divisions which are spatially equal but which range
in duration from 23 to 43 days. The twelve mangsa with their starting
dates.and numbers of days are shown in Table 1. Apparitions of Stars at
Dawn and Dusk.
The Pranatamangsa calendar
Ordinal Name(s) of
Duration
in days
number mangsa
nKa-1 Kasa
41
Karo or Kalih
23
Katelu or Katiga
24
Kapator Kasakawan 25
Kalima or Gangsal 27
Kanem
43
Kapitu
43
Kawolu
26/27
Kasanga
25
Kasepuluh or
24
Kasadasa
Desta
23
Ka-12 Sada
41

Table 1

First day(s)

Civil calendar

22 June
2 August
25 August
18 September
13 October
9 November
22 December
3 February
1 March
26 March

21 June
1 August
24 August
17 September
12 October
8 November
21 December
2 February
ult. February
25 March

19 April
12 May

18 April
11 May

The second category of observational techniques regularly employed
by traditional farmers of the region include all of those which involve
apparitions of stars or recognised groups of stars (asterisms) at last gleam
at dawn or first gleam at dusk. Because of the Earth's orbital motion about
the Sun, it can be observed that each star rises and sets approximately
four minutes earlier each night; similarly, each star appears to have
moved about 1 degree west, when viewed at the same time each night.
As a result, around the time of its conjunction with the Sun, any given
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star becomes lost in the Sun's glare and is therefore not visible for
approximately one month each year. It also means that the altitudes of
stars above the horizon vary as a function of both the time of night
and the day of the year, such that a certain star or group of stars, when
observed at the same time each night (in this case near dusk or dawn)
will appear at a given altitude above the eastern or western horizon on
one and only one night of the year. Hence the use of any technique or
device to measure the altitude of a star or group of stars as it appears at
first or last gleam can provide the observer with the approximate date.
In general the term "acronical" refers to any stellar apparition which
occurs at first gleam while "cosmical" is used to describe stars at last
gleam. A subset of these, "heliacal" (Greek helios: Sun) apparitions of stars
are those which occur just prior to and shortly after conjunction with the
Sun. The heliacal setting of a star or group of stars occurs on the date
that the star or stars are last observed before conjunction, just above the
western horizon at dusk. Likewise, the heliacal rising of a star or group
of stars occurs on the date that the star or stars are first observed, after
several weeks' absence, above the eastern horizon at dawn.
Just about three months after its heliacal rise, the star, now about ninety
degrees west of the sun, appears on the meridian at first gleam, an event
which may be termed a "cosmical culmination" of the star. Two months
later the star is nearing opposition with the Sun and undergoes an
"acronical rising" in the east at first gleam. In less than one month, after
opposition, the "cosmical setting" of the star is seen in the western sky.
After two more months the star may be seen on the meridian at first
gleam, accomplishing its "acronical culmination". Finally, about three
months later, the star undergoes "heliacal setting" as the Sun once again
outshines it.
These categories are taken from Western mathematical astronomy and
are used here as a way of organising and presenting this material to
the western scholar. Actual observations made by local Indonesian and
Malaysian farmers may not always be as precise as their assigned astronomical categories might imply. The demand for such precision varies
greatly between and within cultures and with local environmental conditions. It would not be unusual to find a local farmer, for example, first
noting the heliacal rising of the Pleiades at dawn several days or more
after its mathematically calculated reappearance.
The apparitions of stars at first and last gleam have been systematically observed by traditional cultures everywhere. From Indonesia and
Malaysia there are references in the literature, too numerous to describe
in detail here, to the calendrical use at both dusk and dawn of the
stars we know as the Pleiades. Orion and, to a lesser extent, Antares,
Scorpius, and Crux. Culminations at both first and last gleam of the
Pleiades, Orion, and Sirius are noted in the literature. Interestingly, the
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observation for calendrical purposes of such culminations seems to be
unique to peoples of the Indo-Malay Archipelago.
The first example in this category was practiced by a small Dayak
group related to the Kenyah-Kayan complex mentioned earlier. Like their
neighbours, they were swidden rice farmers. Unlike their neighbours who
tracked the Sun, they depended upon the stars to fix the date of planting.
To do so, they nightly poured water into the end of a vertical piece of
bamboo in which a line had been inscribed at a certain distance from
the open end. The bamboo pole was then tilted until it pointed toward
a certain star (unrecorded) at a certain time of night (also unrecorded),
causing some of the water to pour out (see Figure 3). It was then made
vertical again and the level of the remaining water noted. When the
level coincided with the mark, it was time to plant.

Figure 3

Bamboo device for measuring the altitude of a star:

Near Yogyakarta, Central Java, the ritual practitioner raised his hand
toward the east in the direction of Orion at dusk, rice seed in his open
palm. On the night that kernels of rice rolled off his palm, it was time to
sow seed in the nursery. Using a planetarium star projector, the author
has fixed the date of this at about 4 January.
Lunar Calendars
Lunar calendars comprise the third category. These calendars are based
upon the 29.5 day synodic period, usually measured from new moon to
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new moon and often subdivided by phase. Because there is not an even
number of lunar months in a solar year and because agricultural cycles
are, after all, tied to the solar year, simple lunar calendars alone are of
little use in farming. However, when it is somehow pegged to the solar
year by reference to the apparent annual changes in the positions of the
Sun or stars or to other phenomena in nature that regularly recur on an
annual basis, a lunar calendar can be of use to the farmer.
Indigenous lunar calendars fall into two general categories: lunarsolar and sidereal-lunar. Examples of the lunar-solar calendar include
the Balinese ceremonial calendar, still in use, and the old Javanese Saka
calendar, used from the eighth through sixteenth centuries. Both are
apparently of a common Hindu origin and are primarily lunar; both
employ complex mathematical techniques to provide the intercalary days
which periodically synchronise the lunar with the solar year.
A second type of lunar calendar, best described as sidereal-lunar, uses
the apparitions at dusk and dawn of stars and asterisms as well as the
appearance of other signs in nature (such as winds, birds, and flowers)
to determine which month is current. In these cases, it is only important
to know which month it is for a few months each year (that is, during
the agricultural season), thereby obviating the need for codified schemes
for realigning the lunar with the solar/stellar year. Such "short" lunar
calendars are found spread throughout the region. The Iban calendar
provides a good example.
The Iban are a riverine people practicing shifting agriculture in the
vicinity of their longhouses, situated in low hills of Sarawak and West
Kalimantan. The stars play a central role in Iban mythology and agricultural practices. Several Iban stories tell how their knowledge of the
stars was handed down to them by their deities and according to one
village headman, "If there were no stars we Iban would be lost, not
knowing when to plant; we live by the stars" (Freeman, 1970). The Iban
lunar calendar was annually adjusted to the cosmical apparitions of two
groups of stars: the Pleiades and the three stars of Orion's belt.
The first observation is probably the most difficult. It is the reappearance of the Pleiades on the eastern horizon just before dawn after two
month's absence from the night sky. This heliacal sighting, around June
5th of the civil calendar, informs the observer that the month, taken from
new moon to new moon, that is current is the fifth lunar month. It is
during this month that two members of the longhouse go into the forest
to seek favourable omens so that the land selected will yield a good
crop. This may take from two days to a month, but once the omens
appear, they return to the longhouse and work clearing the forest begins.
If it takes so long for the omens to appear that Orion's belt rises before
daybreak (heliacal rising around June 25th), the people "must make every
effort to regain lost time or the crop will be poor." This reappearance of
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Orion at dawn occurs during the next or sixth lunar month, the time to
begin clearing the land.
The remaining observations of the stars are more easily accomplished.
They are all cosmical culminations, occurring "overhead at last gleam, and
are seen to be approaching for several weeks. When the Pleiades undergoes its cosmical culmination (September 3rd) and the stars of Orion's belt
are about to do so (September 26-30), it is the eighth month and time to
burn and plant. For good yields the burn should occur between the time
that the two asterisms culminate at first gleam, usually when the two are
in balance or equidistant from the meridian (September 16th). Rice seed
sown after the star Sirius has completed its cosmical culmination (October
15th) will not mature properly. Planting may carry into the tenth lunar
month (October/November), but it must be completed before the Moon is
full or the crop will fail. At this point the lunar calendar ends: only months
five through ten are numbered and fixed while the remaining months
vary according to how quickly the crop matures (e.g. bulan mantun, the
"weeding month). The lunar months from November-April are simply
not numbered; it is difficult to see the stars during the rainy season and
unimportant in any case.

As we have just seen, the rice farmers of Indonesia and Malaysia have
long noted correlations between celestial and terrestrial cycles and incorporated periodic changes in the sky into their agricultural calendars.
Meanwhile, neighbouring seafaring societies have used many of these
same phenomena to orient themselves in both space and time for the
purpose of navigation. Of these societies, the Bugis of South Sulawesi are
perhaps the best known. Maintaining a tradition of seafaring and trade
that spans at least four centuries, the Bugis are reputed to have established and periodically dominated strategic trade routes across South-east
Asia, stretching north-east from North Sumatra to Cambodia, north to
Sulu and Ternate, and east to Aru and Timor. Their maritime prowess
notwithstanding, Bugis systems of navigational knowledge and practice
have only recently come under study.
Bugis navigators employ a system of dead reckoning which depends
upon the knowledge of a variety of features of the natural environment
to negotiate the seas in their tall ships. Although these features include
land forms, sea marks, currents, tides, wave patterns and shapes, and the
habits of birds and fish, navigators rely most heavily upon the prevailing
wind directions, guide stars, waves, swells, and, increasingly, the magnetic
compass.
The major wind patterns across Island South-east Asia are governed
by the monsoons. From approximately May through October, winds
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from the east and south-east bring generally fair weather and steady
breezes; from November through April, the west monsoon brings first
calm air, then rain and squalls. For Bugis seafarers these winds are of
such fundamental importance that they have named the two monsoons
for their respective prevailing directions in the area of the Flores Sea:
bare' (west) and timo' (east).
For the Bugis of the small coral islet of Balobaloang, located midway
between Ujung Pandang (formerly Makasar) on Sulawesi and Bima on
Sumbawa, trade routes are generally north and south across the Flores
Sea. In principle, this allows them to take advantage of both easterly
and westerly winds by reaching in either direction, although storms and
heavy seas usually confine them to port during the west monsoon.
Bugis navigators have long relied upon the stars and star patterns
to set and maintain course. Although most sailors seem to know a few
star patterns and their use, the navigators know many more. These star
patterns or asterisms are known to rise, stand and/or set above certain
islands or ports when viewed from others and thereby pinpoint the
direction of one's destination forming a "star compass". For example,
in late July and early August bintotng balue' (Alpha and Beta Centauri)
(Asterism A, Figure 4) is known to make its nightly appearance at dusk in
the direction of Bima as viewed from Balobaloang, that is, to the south.
As the night passes and a given asterism is no longer positioned over
the point of destination, the navigator's thorough familiarity with the
sky allows him to adjust mentally to the new conditions: he can derive
through visualisation the points on the horizon at which the stars rise or
set relative to wherever they currently appear. When a certain asterism
simply is not visible, other associated but unnamed stars may be used to
remind the navigator where the original asterism set or is about to rise
or they may be used instead of the missing asterism. This, by the way,
appears to be analogous to the "star path, the succession of rising or
setting guiding stars down which one steers" described by David Lewis
for several cultures in Polynesia and Micronesia. The stars identified by
Bugis navigators are listed in Table 2 and illustrated in Figures 4 and 5;
those which are most relied upon will now be described.
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Table 2

Bugis stars and asterisms familiar to navigators

Asterism Bugis namea

English gloss

International designation

widow-beforeAlpha & Beta CENTAUR1
marriage
incomplete house Alpha-Delta, Mu CRUCIS
bintotng bola kippang
bembi'
goat
Coal Sack Nebula in CRUX
bintoing balt mangngiweng shark
SCORPIUS (south)
bintoing lambarui
ray fish, skate
SCORPIUS (north)
(identified w/o name)
lost Pleiad
Alpha SCORPII (Antares)
bintotng kappala Y
ship
Alpha-Eta URSA MAJORIS
bintotng kappala 'e'
ship
Alpha-Eta UMA, Beta,
Gamma UMI
bintoing balu Mandara'
Mandar widow Alpha, Beta URSA MAJORIS
bintoing timo'
eastern star
Alpha AQUILAE (Altair)
pajjtkoi ( ~ a k . or
)~
plough stars
Alpha-Eta ORIONIS
bintotng rakkalat
sign of three
Delta, Epsilon, Zeta OR1
tanra tellut
worong-porongngt or
cluster seven
M45 in TAURUS (Pleides)
bintokng pitu
stars
tanra Bajot
sign of the
Large and small
Bajau
Magellanic Clouds
wan-want (no gloss)
Venus: morning
bintotng bawi
pig star
Venus: evening
bintoing nagat
dragon stars
Milky Way

bintoing balut

A

a

Note that the Bugis term for 'star(s)' is bintotng; the suffix t may be
translated as the definite article 'the' in English.
Although pajje'koe' is a Makasar term, it is most commonly used on
Balobaloang to indicate this asterism.

Perhaps the most frequently used asterism among the Bugis of Balobaloang is that bintoe'ng balue', mentioned above. These two bright stars are
used to locate Balobaloang from Ujung Pandang and Bima from Ujung
Pandang or Balobaloang. With regard to their riselset points, navigators
observe that they appear "in the south at dusk during the middle of the
east monsoon, the peak period for sailing; they further note that they
rise southeast and set south-west. Their brightness makes them visible
even through clouds. The name balue' is derived from balu which means,
"widow from death of the betrothed before marriage" with the affix 15
forming the definite article. Hence: "the one widowed before marriage".
No graphical figure is attributed to this asterism.
Just to the west of Alpha and Beta Centauri is bintoe'ng bola kkppang
(Crux), visualised as an "incomplete house of which one post is shorter
than the other and, therefore, appears to be limping" (Asterism B, Figure
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4). Crux is used in conjunction with Alpha and Beta Centauri to navigate
along southerly routes; like them, it is known to set southwest. Interestingly, it was emphasised that Crux is also used to help in predicting the
weather. This asterism is located in the Milky Way which is known to
the Bugis as bintotng nagae' (the dragon), whose head is in the south and
whose tail wraps all around the sky. As such, a bright haze of starlight
surrounds Crux. On the eastern side of the house, however, there is a
small dark patch totally devoid of light which is seen as a bembe' (goat)
(B.l, Figure 4). Between the squall clouds of the rainy season the goat
in the sky may be seen standing outside the house trying to get in out
of the rain. There are nights, however, when the goat is gone from the
protection of the house. Hidden by haze, the missing goat portends a
period of calm air and little rain.
In the northern sky the asterism which figures most prominently in
Bugis navigation is bintotng kappala'e', (the ship stars) in the western constellation of Ursa Majoris (Figure 5: asterisms E and F = two versions).
The "ship" is used when travelling north. In particular, it rises northeast
and sets northwest over Kalimantan from Ujung Pandang and Balobaloang. Associations of this group of stars with the hull of a boat or ship
appear to be common throughout Indonesia.
Adjoining the ship and likewise used to navigate northward is balu
Mandara' (widow of the Mandar) (Asterism G, Figure 5). These two
stars, Alpha and Beta Ursa Majoris, remind the Bugis of Alpha and Beta
Centauri (thus the name balu), while "Mandar" recalls their northern
seafaring neighbours.

Figure 4

Bugis astcrisms: southern sky.

Figure 5

Bugis asterisms: northern sky

Several asterisms and a planet are used for sailing east and west:
bintoe'ng timo' (eastern star) (Altair; HI Figure 5), pajje'koe', Makassar for
"the plough and also known as bintoe'ng rakkalae', Bugis for "the plough
stars" (Orion; Figures 4 and 5), tanra tellue' (the sign of three) (the belt
of Orion; Figures 4 and 5), wari-warie' [no gloss] or bintoe'ng e'le" (morning
star; Venus as morning star), and bintoe'ng bawi (pig star; Venus as evening
star), so named since it is believed that wild pigs will enter and destroy
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a garden or orchard when this object shines brightly in the west. Both
the pig star and the plough, by the way, speak of an agrarian lifestyle
not practiced by Bugis seafarers but culturally shared with their kin who
farm the lands of Sulawesi as well as other islands of the archipelago.
Although the stars are useful guides, they are not always visible.
Because it is possible to see landfall during the day, navigators appear
to plan their voyages so as to maximise its usage. On a voyage from
Balobaloang to Bima the captain scheduled departure in mid-afternoon,
allowing him to back-sight on Balobaloang and other islands of the atoll
and observe the sun as it set in the west until dusk when Alpha and
Beta Centauri appeared in the sky. 'There was, in fact, a period of about
thirty minutes where both the receding island and the stars could be
seen, providing a good opportunity to maintain course as attention was
shifted from land forms to the stars.
Except during the height of the west monsoon, it is uncommon to
experience extended periods of totally overcast skies. Should clouds
conceal the primary guiding asterism, the navigator depends upon his
knowledge of other asterisms or unnamed stars to fix his direction. If it
is very cloudy, day or night, the navigator turns to wave directions and
the magnetic compass to maintain course.
Courses are committed to memory in terms of destinations and their
required compass headings under various winds. That is, certain points
of the compass are associated with certain destinations from various
ports. For example, it is known that to sail from Balobaloang to Bima
during the east monsoon, one must head due south, while during the
west monsoon one heads south-southwest to south-west, depending on
the strength of the wind and current. Like-wise, to reach Ujung Pandang
from the island during the east monsoon one travels somewhat east of
north, while during the west monsoon a heading to the north-northwest
is preferred. This difference takes into account drift from wind and
currents, while true directions are also known.
With regard to the study of indigenous astronomical systems, there
appear in regional agricultural calendars two types of celestial observations that may be unique to this cultural region. They are (1)observations
of "cosmical" and "acronical" culminations - meridian transits at last
and first gleam - of groups of stars, and (2) observations of the lunar
month for a limited number of months each year, creating discontinuous sidereal-lunar calendars. The use of stars by the Bugis navigators
of South Sulawesi likewise appears to represent a system which, along
with its transformations used by Oceanic mariners, may be unique to
the Austronesian world.
Implicit in the discussion of agricultural calendrical and navigation
systems is the understanding that celestial observations do not stand
alone. That is, many other environmental markers - changes in wind and
weather and the appearances of flora and fauna also inform agricultural
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and navigational decision-making. It is suggested that by noting more
carefully these and other signs in nature to which members of nonWestern societies attend, we may gain a deeper appreciation of the true
richness of human knowledge across cultures.
Gene Ammarell
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Atomism
Indic atomism is usually traced to Kangda, believed to be the original
exponent of VaiSesika, one of the earliest of the six well-known Hindu
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philosophical systems. No precise dates can be offered for the first exposition of atomism, but as the VaiSesika system is believed to precede
Buddhism a plausible date for either the system or Kanada himself is
about the 6th century BCE or earlier. KanFida was known by several other
names as well, all of them synonymous with the meaning 'particle-eater',
suggesting that he must have been a forceful and visible advocate of
what was seen at the time as a novel idea. In some form the idea became
part of the later syncretic Nydya-VaiSesika school and of the heterodox
philosophies of Jainism and Buddhism as well. (Jain atomism may even
have been earlier than VaiSesika).
The Nydya-VaiSesika system recognises nine categories of substance,
of which the four material ones - earth, water, air and fire - are all
considered to be atomic. The atom (called anu or paramdnu) is very small,
indivisible (without parts, indestructible (i.e. eternal - things made up of
parts were necessarily transient in this philosophical system)), spherical
and supra-sensible. Each of the four substances consists of a different
kind of atom, each sharing the attribute of the corresponding substance
itself. Thus the earth atom has odour, the water atom has taste, the fire
atom colour and the air atom touch.
In keeping with the VaiSesika view of causation (called drambha-vdda,
meaning a theory of (development of effect from an) initial cause, [state or
condition], the atom was supposed to be set in motion at some primordial
stage by an unseen force (adrsta). Thus adrsta was the efficient cause
of the world, while atoms were the material cause. The initial motion
enabled atoms to form dyads (dvyanukas, which were still infinitesimal
and supra-sensible, and not therefore gross matter. The minimum visible
unit was thought to be a tryanuka or triad, or a complex with more
atoms, of the size of a mote in a sunbeam. These higher complexes were
considered made up of dyads in some way, individual atoms having
ceased to play a role after dyad formation. Two like atoms (e.g. of earth)
could enter into combination but two unlike atoms (e.g. earth and air
could not. Aggregation into bulk matter was thus explained, but not (it
would seem) formation of new compounds among the primary elements.
The different properties observed in gross substances were attributed to
the different structural arrangement (vyuha) of atoms in each substance.
The concept of substance included not only the four elements but also
dkGa, time, space, self and mind. In the VaiSesika view mind was also
atomic.
There were also other schools of atomism in India, in particular among
Buddhists and Jains. The Jains also considered atoms indivisible. Atoms
were again the prime cause of the four elements, except that sound was
the quality of dkdSa, which accrued from an aggregation of atoms.
Among Buddhists the mddhyamika and yogdcdra schools were opposed
to atomism, but the other two schools, vaibheika and sautrdntika, admitted the concept. Buddhist atoms were indivisible, invisible, inaudible,
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untestable and intangible, but they were also momentary, in the sense
that they continuously underwent phase changes. This is consistent with
the Buddhist philosophical position that reality is instantaneous.
There are some resemblances but many interesting contrasts between
Indian and Greek atomistic views. Greek atoms also constituted indivisible
building blocks of the physical world. However they had different shapes
and sizes but no other qualitative differences; they were in perpetual
motion. Democritus thought that the soul was also composed of atoms,
whereas the Vaiiqika considered dtmd to be non-material. The Greeks
had no concept of atomic complexes like dyads and triads.
Curiously, unlike Greek atomism, Indic atomism endured as a live
concept until the 13th century CE, in spite of the vehement opposition
of such influential and respected philosophers as ~amkara(7th century
CE). For example the Yoga-Visistha (unknown author, perhaps 6th or 7th
century CE, but widely studied even in the 17th century) was strongly
atomist, considering consciousness atomic, and even experience as particulate or quantal. It seems as if the general idea of discreteness appeared
natural, on both philosophical and logical grounds, to many schools of
Jndic philosophy (some of them considering even time and space to be
discrete). But, throughout those centuries, atomism remained a part of
philosophical argument, with no visible direct impact (for example) on
the chemistry that was also vigorously practised in India.
B.V. Subbarayappa
Roddam Narasimha
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Atreya was the teacher of AgniveSa, renowned as a writer on medicine.
He is popularly known as Punarvasu Atreya or only Punarvasu. The term

~ t r e y aimplies a person who is either a disciple or a descendant of Atri,
the Vedic sage. On the basis of his teachings, AgniveSa and five other
disciples, Bhela, Jatukarna, ParaSara, K~Brapaniand Hgrita, composed
separate works. AgniveSa's work is still available today. Bhela-samhiti is
available only in a mutilated form. Hirita-samhiti, which is now in print,
appears to be the work of a later author who was also known as Harita.
Works of the other three disciples, though quoted profusely by later
commentators, are no longer extant.
In the past, there were several other medical authorities with the term
Atreya suffixed to their names. For example, there is ~hiksu-Atreyaand
Krsna-Atreya. Another ~ t r e y awas the head of the Ayurvedic faculty at
Taxila University (600 BCE),and his disciple Jivaka was the physician of
Lord Buddha. These should not be confused with Punarvasu Atreya.
Since AgniveSa's work was reprinted in a period prior to 600 BCE,
he and his teacher Atreya must have flourished much before this time.
The Bhela-samhiti states that Candrabhags was the mother of Punarvasu
Atreya, and he was the physician of King Nagnajit of GgndhBra. This
and Aitareya-Brihmana which
king is mentioned in ~ata~atha-~rihmana
were composed prior to 3000 BCE.Therefore, Punarvasu Atreya must
have flourished during or prior to this period.
Though he was the court physician of Gandhara, evidence in Carakasamhiti indicates that he travelled with his disciples in PgficBla-betra,
the forests of Caitraratha, Paiicaganga, DhaneSayatana, the northern side
of the Himalayas, and Trivistap.
Apart from his teachings, which are codified in Caraka-samhiti,
manuscripts of an independent work called Atreya-samhiti are also available. This work has four sections and deals with both the theory and
practice of Ayurveda in detail.
Bhagwan Dash
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Bakhshali Manuscript
The Bakhshali Manuscript is the name given to the oldest extant
manuscript in Indian mathematics. It is so-called because it was discovered by a peasant in 1881 at a small village called Bakhshali, about eighty
kilometres north-east of Peshawar (now in Pakistan). It is preserved in
the Bodleian Library at Oxford University.
The extant portion of the manuscript consists of seventy fragmentary
leaves of birch bark. The original size of a leaf is estimated to be about 17
cm wide and 13.5 cm high. The original order of the leaves can only be
conjectured on the bases of rather unsound criteria, such as the logical
sequence of contents, the order of the leaves in which they reached
A.F.R. Hoernle, who did the first research on the manuscript, physical
appearance such as the size, shape, degree of damage, and knots, and
the partially preserved serial numbers of mathematical rules (9-11, 13-29,
and 50-58).
The script is the earlier type of the ~ a r a d ascript, which was in
use in the north-western part of India, namely in Kashmir and the
neighbouring districts, from the eighth to the twelfth centuries. G.R. Kaye,
who succeeded Hoernle, has shown that the writing of the manuscript
can be classified into at least two styles, one of which covers about
one-fifth of the work. There is, however, no definitive reason to think
that the present manuscript consists of two different works.
The information contained in the manuscript, the title of which is
not known, is a loose compilation of mathematical rules and examples
collected from different works. It consists of versified rules, examples,
most of which are versified, and prose commentaries on the examples.
A rule is followed by an example or examples, and under each one
the commentary gives a 'statement', 'computation', and a 'verification'
or verifications. The statement is a tabular presentation of the numerical
information given in the example, and the computation works out the
problem by following, and often citing, the rule step by step.
Thus, the most typical pattern of exposition in the Bakhshali
Manuscript is:
a

rule (satra);

Bakhshtili Manuscript

example (uddharana)
-

statement (nyllsa/sfhlpanll);

- computation (karana);

A decimal place-value notation of numerals with zero (expressed by a
dot) is employed in the Bakhshali Manuscript. The terms for mathematical
operations are often abbreviated, especially in tabular presentations of
computations. Thus we have: yu for yuta (increased), gu for guna or gunita
(multiplied), bhll for bhlljita (divided) or bhfigahllra (divisor or division),
che for cheda (divisor), and mzi for mula (square root). For subtraction,
the Bakhshali Manuscript puts the symbol, + (similar to the modern
symbol for addition), next (right) to the number to be affected. It was
originally the initial letter of the word ma, meaning a debt or a negative
quantity in the Kusana or the Gupta script (employed in the second to
the sixth centuries). The same symbol is also used in an old anonymous
commentary on ~ridhara'sPltiganita, which is uniquely written in the
later type of the ~ a r a d ascript (after the thirteenth century). Most works
on mathematics, on the other hand, put a dot above a negative number.
The problems treated in the extant portion of the Bakhshali work
involve five kinds of equations, namely (1) simple equations with one
unknown (fifteen types of problems), (2) systems of linear equations with
more than one unknown (fourteen types), (3) quadratic equations (two
types, both of which involve an arithmetical progression), (4) indeterminate systems of linear equations (three types, including the so-called
Hundred Fowls Problem, in which somebody is to buy one hundred
fowls for one hundred monetary units of several kinds, and (5) indeterminate equations of the second degree (two types: &Ti= u and
= v, where u and v are rational numbers; and xy = ax + by).
The rules of the Bakhshali work may be classified as follows:
(1) fundamental operations, such as addition and subtraction of negative quantities, addition, multiplication, and division of fractions,
reduction of measures, and a root-approximation formula,

(2) general rules applicable to different kinds of problems: regula falsi,
rule of inversion, rule of three, proportional distribution, and partial
addition and subtraction;

(3) rules for purely numerical problems: simple equations with one unknown, systems of linear equations with more than one unknown,
indeterminate equations, and period of an arithmetical progression;
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(4) rules for problems of money: equations of properties, wages, earnings, donations, etc., consumption of income and savings, buying
and selling, purchase in proportion, purchase of the same number
of articles, price of a jewel, prices of living creatures, mutual exchange of commodities, instalments, a sales tax paid both in cash
and in kind, and a bill of exchange;

(5) rules for problems of travellers: equations of journeys, meeting of
two travellers, and a chariot and horses;
(6) rules for problems of impurities of gold; and
(7) rules for geometrical problems: volume of an irregular solid and
proportionate division of a triangle.
All the rules of the first category, namely the fundamental operations,
occur only as quotations in the computations of examples. Many of
the other rules could belong to either miiraka-vyavah,?ra (the practical
problems on mixture) or Sredhi (the practical problems of series) in a
book of pati (algorithms) such as ~ridhara'sPdtiganifa and TriSatifi (eighth
century), etc., but they have not been arranged according to the ordinary
categories of vyavahdra (practical problems).
We apparently owe the present manuscript to four types of persons: the
authors of the original rules and examples, the compiler, the commentator,
and the scribe. Possibly, however, the commentator was the compiler
himself, and 'the son of Chajaka' (his name is unknown), by whom
the Bakhshiili Manuscript, or at least part of it, was 'written,' was the
commentator, or one of the commentators. The colophon to the section
that deals exclusively with the frairdika (rule of three) reads:
This has been written by the son of Chajaka, a brihmana and king of
mathematicians, for the sake of Hasika, son of Vasisfha, in order that it may
be used (also) by his descendents.

Immediately before this statement occurs a fragmentary word -rfikvafi,
which is probably the same as the country of MBrtikiivata mentioned by
Variihamihira (ca. CE 550) among other localities of north-western India
such as TaksaSilii (Taxila), Gandhiira, etc. (Byhatsamhifd 16.25). It may be
the place where the Bakhshali work was composed.
A style of exposition similar to that of the Bakhshali work ('statement,'
etc.) is found in Bhaskara I's commentary (CE629) on the second chapter
called ganifa (mathematics) of the Aryabhafiya (CE 499). Both Bhiiskara
I's commentary and the Bakhshali work attach much importance to the
verification; it became obsolete in later times. The unusual word ydva
(ydvakarana in Bhiiskara I's commentary) meaning the square power, and
the apparently contradictory meanings of the word karani, the square
number and the square root, occur in both works.
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Bhsskara I does not use the symbol y i (the initial letter of yivattivat or
'as much as') for unknown numbers in algebraic equations even when it is
naturally expected, while he employs the original word yivattivat itself in
the sense of unknown quantities (in his commentary on ~ryabhatiya2.30).
This probably implies that he did not know the symbol. The symbol is,
on the other hand, utilised once in the Bakhshali work in order to reduce
the conditions given in an example to a form to which the prescribed
rule is easily applicable; after the reduction, the symbol is discarded and
the rule is, so to speak, applied mechanically (fol. 54"). This restricted
usage of the symbol seems to indicate that the work belongs to a period
when the symbol was already invented, but not very popular yet.
There has been quite a bit of dispute over the dates of the manuscript.
Hoernle assigned the work to the third or the fourth century CE, Kaye to
the twelfth century, Datta to 'the early centuries of the Christian era,' and
Ayyangar to the eighth or the ninth century. The above points suggest
that the BakhshHli work (commentary) was composed not much later
than BhHskara I (the seventh century).

Takao Hayashi
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Baudhayana
India's most ancient written works are the four Vedas, namely R p e d a ,
Yajur-veda, Sima-veda, and the Atharva-veda. There are different schools
which are represented by various Sanihiflis or recensions of the Vedas.
To assist their proper study, there are six Vedirigas (limbs or part of the
E d a ) , namely Siksli (phonetics), Kalpa (ritualistics), Vyikarana (grammar),
Nirukta (etymology), Chandas (prosody and metrics), and Jyotisa (astronomy, including mathematics and astrology). These auxiliary Vedic works
(except the last) are written in szitra or aphoristic style.
The Kalpa SlZtras deal with the rules and methods for performing Vedic
rituals, sacrifices, and ceremonies, and are divided into three categories:
~ r a u t a ,Grhya, and Dharma. The ~ r a u t aSzifras are more specifically concerned with the sacrificial ritual and allied ecclesiastical matters. They
often include tracts which give rules concerning the measurements and
constructions of agnis (fireplaces), citis (mounds or altars), and vedis (sacrificial grounds). Such tracts are also found as separate works and are
called SlZlba Szitras or Sulbas. They are the oldest geometrical treatises
which represent in coded form the much older and traditional Indian
mathematics. The root Sulb (or Sulv) means "to measure" or to mete out".
The names of about a dozen ~ u l b aSlZtras are known. The oldest of
them is the Baudhliyana Sulba Szitra. It belongs to the Taittiriya Samhitli of
the Black Yajur-veda and is the thirtieth PraSna or chapter of the Baudhliyana
Sraufa Szifra. The title Baudhliyana Sulba Sutra shows that its author or
compiler was Baudhiiyana, or perhaps more correctly, it belonged to the
school of Bodhiiyana. Other Vedic works bearing the same name are
known. It is more proper to consider these works as belonging to the
Baudhayana school than to regard them as authored by the same person.
Here we are concerned with Baudhayana the ~ulbakara(that is, the
author of the Baudhdyana ~ u l b aSzitra) or the Sulbavid (expert in Sulba

mathematics and constructions). We do not know his biographical details.
Georg Biihler believed that he hailed from the Andhra region, but a recent
study by Ram Gopal shows that he probably came from northern India.
His dates are also uncertain, being any time between 800 and 400 BCE.
Taking into acco unt the views of A.B. Keith. W. Caland, David Pingree,
and Ram Gopal, he may be placed about 500 BCE or earlier. However,
it must be noted that much of the material in Baudhiyana Sulba Szitra is
traditional and, thus, still older than its date of compilation and coding.
The Baudhiyana Sulba Szitra is not only the earliest but also the
most extensive among the ~ulbas.The subject matter is presented in
a systematic and logical manner. Of course, the language is somewhat
archaic, and due to the aphoristic style, the rules are highly condensed. The Baudhiyana Sulba Szitra was commented on by Dvarakanatha
Yajva (ca. seventeenth century). His Sanskrit commentary called the
~ u l b a d i ~was
z ~ publised more than a century ago by G.F.W. Thibaut
(1848-1914) in his edition of the Baudhiyana Sulba Szitra. A recent edition (Varanasi, 1979) of the Baudhiyana Sulba Szitra also contains the
above commentary as well as another called Bodhiyana s'ulbamiminisi,
which was written by Vyankateivara (or Venkateivara) Diksita who
lived during the Vijaya-nagaram kingdom (ca. 1600).
The text of the Baudhiyana Sulba Szitra is divided into three chapters
which comprise a total of 272 passages or 519 aphorisms. The main subject
is the measurement, construction, and transformation of various altars
and fireplaces. The forms of the three obligatory agnis (whose tradition
was older than even the Rpeda) were square, circle, and semicircle,
but those of optional citis involved all sorts of plane figures, including
the above three and also the rectangle, rhombus, triangle, trapezium,
pentagon, and some complicated shapes.
Some mathematical topics covered in the Baudhiyana Sulba Szitra are
a fine approximation for the square root of two and the so-called
Pythagorean theorem. In the latter, the sides of a right-angled triangle
obey the rule a2 + b2 = c2. This rule is generally called the Pythagorean
theorem, although it was known in Babylonia and China, as well as in
India, earlier than the time of the Greek philosopher and mathematician
Pythagoras.
The Baudhiyana Sulba Szitra also contains formulas for circling a square
and squaring a circle, and provides rules for basic simple geometric
constructions, such as drawing a perpendicular on a given line or drawing
the right bisection of a line. Some other elementary plane figures such
as the isosceles triangle, trapezium, and rhombus are also covered for
construction.
The Baudhiyana Sulba Szitra deals with the measurements and constructions of a large number of fire-altars (Kimya agnis). These were needed as
part of rituals performed to attain certain desired objects according to the
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religious beliefs of the Vedic people. It was essential that the shape, size,
area, and orientation of the relevant altar be according to the prescribed
instructions. Otherwise, there was a risk of divine wrath.
The standard forms of some of the optional altars were those which
resembled certain birds. The most significant and perhaps the oldest of
such altars was the Syenaciti (falcon-shaped altar). It was to be constructed
when one desired heaven (after death) because "the falcon is the best
flyer among the birds." The spatial dimensions, the number of bricks (of
prescribed shapes and sizes), the number of layers, etc., are all given. It
is interesting to note that the archaeological remains of this most striking
and complicated Syenaciti reported to be built in Kausambi in the second
century BCE, still survive.
Early Indian geometry developed because of the need for accurate altar
constructions and transformations which often required quite advanced
mathematical knowledge.

R. C. Gupta

Bhattacarya, V., ed. Baudhiyana ~ u l b aSutra with Commentaries of VyarikateSvara
and Dvfirakfinfitha. Varanasi: Sampurnanand Sanskrit University. 1979.
Datta, B. The Science of the ~ u l b aCalcutta:
.
University of Calcutta. 1932. Reprinted
1991.
Ganguli, S.K. "On the Indian Discovery of the Irrational at the Time of Sulba
SCitras." Scripta Mathematica I: 135-141. 1932.
Gupta, R.C. "BaudhByanafs Value of
1972.

4."Mathematics

Education 6(3): 77-79.

Gupta, R.C. "Vedic Mathematics From the Sulba Siitras." Indian Journal of Mathematics Education 9(2): 1-10. 1989.
Gupta, R.C., "SundararBjals Improvements of Vedic Circle-Square Conversions."
Indian Journal of History of Science 28(2): 81-101. 1993.
Kashikar, C.G. "BaudhByana ~ ~ e n a c i tAi : Study in the Piling Up of Bricks". In
Proceedings of 29th All-India Oriental Conference. Poona: Bhandarkar Institute. 1980.
pp. 191-199.
Kulkarni, R.E Geometry According to ~ u l b aSutra. Pune: Vaidika Samsodhana Mandala. 1983.
Prakash, Satya, and R.S. Sharma, eds. BaudhlIyana ~ u l b aSGtra. New Delhi: Research Institute of Ancient Scientific Studies. 1968.
Seidenberg, A. "The Origin of Mathematics." Archive for History of Exact Sciences
18(4): 301-342. 1978.

Bhaskara I

59

Sen, S.N., and A.K. Bag, eds. and trans. The ~ u l b aSctras. New Delhi: Indian
National Science Academy. 1983.
Thibaut, G. Mathematics in the Making in Ancient India. Calcutta: Bagchi. 1984.
See also: ~ulbasiitras

Bhaskara I
Bhaskara I was the greatest and the earliest exponent of Aryabhata I
and his school of astronomy, and explained extensively the all-too-brief
aphoristic statements of the Aryabhatiyam in a celebrated commentary.
DATEAND PLACE
There is much evidence to show that Bhsskara I was not a direct pupil
of ~ r ~ a b h aI.t aBased on statements regarding the time elapsed since the
beginning of the present kalpa, K.S. Shukla concluded that Bhaskara I
wrote his commentary in 629 CE exactly one year after Brahmagupta
wrote his famous treatise Brahmasphuta Siddhdnta. The two great stalwarts
were thus contemporaries, but they belonged to rival schools and most
likely did not know each other.
From the references in the illustrative examples given by him in his
work, it appears that Bhaskara's commentary on the ~ryabhatiyamwas
composed when he was residing at Valabhi in Kathiawar, on the western
shore of Cambay about 30 km to the northwest of Bhavanagar. Valabhi
was the capital of the SurH~frakingdom and a seat of Buddhist learning
in the seventh century CE. Shukla conjectures that Bhaskara might have
been an astronomer in the court of King Dhruvabhatta.

BhFiskara I is known to have composed three works: (i) Mah2 Bhdskariyam,
(ii) Laghu Bh2skarfyam and (iii) ~ryabhatiyaBhlisya. The first two texts,
though independent, are elucidations of ~ryabhata'sastronomy. Bh2skara
calls the first Aryabhata karma nibandha (referred to as karma nibandha
later), and says of it that it "has clarity of expression and simple methods
(of calculation), and can be comprehended even by those with modest
intellect; it was written by Bhaskara after great deliberation." The Laghu
Bhliskariyarn is an abridgement of this work. It was only later astronomers
and commentators who distinguished between the two texts as Mahliand Laghu-Bhliskariyam (respectively the bigger and smaller versions of
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karma nibandha). The third work is a commentary on Aryabhatiyam comprising two parts: DaSagitihi sfitra vydkhyd and Aryabhafa tantra bheya.
These three texts constitute the total output of Bhaskara I since his
n a C E ) , and later astronomers, mention
commentator, ~ a n k a r a n ~ r ~ y a(869
no other work by him. The chronological order of the texts appears to
be: Mahd Bhdskariyam, Aryabhafiya vyBkhyd and Laghu Bhdskariyam. The
first two came to be regarded as ideal textbooks of astronomy up to the
end of the sixteenth century.
The works of Bhaskara I have been well known for centuries among
astronomers in south India, especially in Kerala. In Kerala, where the
~ r y a b h a f school
a
is exclusively followed, Bhaskara I is respected next only
t aimportance. It is in Kerala that the works of Bhaskara I,
to ~ r ~ a b h ain
with the commentaries of Govindasvamin, ~ a f i k a r a n a r ~ ~ParameSvara
a~a,
and Narayana - all hailing from Kerala, were obtained. The famous text
Vdkya Karana (or Vdkya Paiicddhydyi), on which the vdkya paiicdrigas of
Tamil Nadu are based, mentions that it is based on Bhdskariyam.
However, for some strange reason, Bhaskara I fell into obscurity in
North India after some centuries. There is no mention of Bhaskara I either
in Sudhakara Dvivedi's Sanskrit work Ganaka Tararigini, or in S.B. Dikshit's
Bhdratiya Jyotisa ~dstra(in Marathi). However, H.T. Colebrooke rightly
guessed (in 1817) the existence of Bhaskara I through a reference by
Prthiidakasvamin (860 C E ) in his commentary on Brahmasphuta Siddhdnta
of Brahmagupta.

Conceptual Constructs

M. D. Srinivas (2002) remarks:
As regards the epistemological status of the planetary models, the
Indian astronomical texts present a very clear position that they are
conceptual tools which serve the purpose of calculating observationally verified planetary positions. This position is clearly set out in the
~ryabhafiyabh&~a
of Bhaskara I when he starts his exposition of the
manda and Sighra corrections. Bhaskara I says:
'There are no constraints or limitations imposed on the notions such
as the ucca, nica, madhyama, paridhi and so on which are indeed aids
to the calculation of the observed motion of the planets. These are
only the means for arriving at the desired results. Hence this entire
procedure is fictitious, by means of which the observed planetary motion
is arrived at. Just as the seekers of ultimate knowledge expound the
ultimate truth via untrue means, just as the surgeons practise their
surgery etc. on stems and other objects, just as the hair-stylists practise
shaving on pots, just as the experts in performance of yajfia practise

using dry wood, just as the linguists utilise notions such as prakrti,
pratyaya, vikra, ligaram, varna, lopa, vyatyaya, etc. to comprehend
(well-formed) words, in the same way in our science also the astronomers employ notions such as madhyama, mandocca, Sighrocca,
Sighra-paridhi, jyli, kstha, bhuja, koti, kama, etc., in order to comprehend the observed motion of planets. Hence, there is indeed nothing
unusual that fictitious means are employed to arrive at the true state
of affairs (in all these sciences).'

PRATYABDA
SODHANA FOR MEAN PLANETS

BhZskara I gives an interesting and easier method to obtain the mean
celestial longitudes of the heavenly bodies and of the special points. In
this method (pratyabda Sodhana), the mean sun is first determined by a
short-cut method, and then the mean positions of all other bodies and
points (like the Moon, Mars etc., and the apogee and the node of the
Moon) from that of the sun already determined.
For example, let MS be the mean position of the Sun and GT be what
BhZskara I calls graha tanu, defined by
Graha tanu = (Kali years x360°)

+ M S in degrees.

Then, Bhaskara I gives the formulae:
83 G T O 11 GT"
Mean Moon = ----- - - 13 MS,
225
50

+

where G T Oand GT" denote the graha fanu in degrees and seconds of
arc respectively. Similar formulae are given for other bodies.

An important topic of algebraic interest that engaged the serious attention
of Hindu mathematicians was the solution of the first degree indeterminate (i.e. Diophantine) equations (see article on ~ r ~ a b h aI).
f aThese are
called kuttaka, which literally means "pounding" or "pulverising".The two
main types of such equations are called niragra (without remainder) and
sigra (with remainder) kutt&iras. Though the word kuftaka refers to the
method of solution, usually in practice it is also used to mean equafion.
The way that the problem arises is illustrated below.
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Example: At the end of a certain number of days (i.e. ahargana, the mean
sun is found to be 3 rdis, 12"4011". Find the ahargana and the whole
cycles (i.e., integral number of revolutions) completed by the Sun.
The Sun completes 43,20,000 revolutions in a mahriyuga consisting of
1,57,79,17,500 civil days. The number of revolutions for the above specified
number of civil days reduces to 576 revolutions in 2,10,389 civil days (by
cancelling the common factor 7500).
The mean position of the sun (3'12"4011") becomes 369601/1296000 of
a revolution. Then the given problem takes the form of the first degree
indeterminate equation :

where x is the required ahargana and y is the number of revolutions
completed. We have to find out the values of the unknown integers x
and y.
The equation, on simplification, takes the form

As a solution by Bhaskara, based on ~ r ~ a b h a f amethod,
's
we obtain

where n is any integer. For n = 0 , l and 2, for example, we get
(i) x

= 35,169,

y = 96;

(ii) x = 2,45,558, y = 672; and
(iii) x = 4,55,947, y = 1248
Bhaskara I gives a device to avoid the difficulty when the Sesa (or
hepa), like 60,000 in the above example, is very large.

(1) kyabhata I makes cryptic statements in his Aryabhafiyam giving some
interesting trigonometric results. One of them is to find the sine of an
angle greater than 90'. Bhaskara I gives the following results explicitly.

+ 0) = R sin 90" - R versin 0 = R cos 0
sin(180° + 0) = R sin90° - R versin 90" - R sine = R sine
.
sin(270° + 0) = R sin900 - R versin 90" - R sine+ R versin 8
= -R sin 90" + R versin 0 = -R cos 0

(i) R sin(90°
(ii) R

-

,

(iii) R

where R versin 6' R(l - cos 8) is called utkramajyd 8. Bhiiskara I also
clearly explained the method of securing the sine table, obtaining the
sine and versine of an intermediate angle by linear interpolation. The
MaMbhdskariyam (MB) gives an interesting approximate formula for calculating the sine of an acute angle without using a table. The formula is
equivalent to
sin A =

4(180 - A)A
40500 - (180 - A)A

where A is in degrees (MB, VII 17-19: see Bag 1979: 231; Gupta 1967).
In Table 1 the values according to (1) are compared with actual values
correct to 3 decimal places for angles from 0" to 90" at intervals of 10".
Table 1

BhrIskara's sine value

We see that the values from BhBskara's approximate formula (1) agree
with the actual ones to within one unit in the third decimal place, i.e.
the maximum error is f0.001, which is insignificant in the type of further
computations involved.
Note: Although (1)is valid 0 5 A 5 90°, the expression can be used for
any angle e(0 5 0 5 360") by considering the corresponding acute angle.
E.g.: sin(220°) = sin(180° + 40") = - sin40° = -0.643 (from Table 1).
Formula (1) has been extensively used by later Indian mathematicians
and astronomers. In fact, the popular astronomer GaneSa Daivajfia (15th
century) composed his famous text Grahaldghavam completely dispensing
with sine and cosine using formula (1).
In the history of world mathematics Bhiiskara I was the first to give
such a simple and accurate rational approximation for the sine of an
angle.

Area of a triangle

Starting from ~ r ~ a b h a t aformula
's
for the area of a triangle,
area = (112) x base x altitude
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and expressing the altitude in terms of the sides, Bhaskara I gives a
formula equivalent to the now well-known result
area = J s ( s - a ) ( s - b ) ( s - c )
where s = ( 1 / 2 ) ( a+ b + c), the semi-perimeter of the triangle, a , b and c
being the three sides. A. K. Bag sketches the proof (Bag 1979: 149).

To illustrate Bhiskara I's methods three examples from his commentary
on the ~ryabhatiYam(AB, Shukla 1976: 289-334) are given below.
(1) "Correctly state, in accordance with the rules prescribed in Bhata&stra
(i.e. Aryabhatiyarn), the cube-root of 8291469824." (Ans: 2024). Ancient
Hindu mathematicians clearly explained the method of obtaining the
cube root of a number, but their method of cube root extraction is never
taught now (AB, 11, 5; Bag 1979: 80-81).
(2) "The two parallel faces of a figure resembling a panava (a drum-shaped
musical instrument) are each 8 units, the central width 2 units, and
the length between the faces is 16 units. Give the area of this figure
resembling a panava." - AB. Bhd. 11, 9; Ud. 4.

Figure 1

Area of panava-shapedfigure

The figure AFBCED (Figure I), resembling the musical instrument panava
(dhakkB, damaru - a double drum), is approximately a combination of
two identical trapezia AFED and BFEC. Bhaskara I uses the approximate
formula:
area = 112

iAD: "" + m]

AB
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and derives the area as 80 (square units). This example reappears in a
later commentary on Aryabhatiyam of Raghunathar2ja of Karnataka. In
some panava shaped instruments the segments DE, EC, AF and FB are
straight, in which case Bhaskara's formula is exact.
(3) A hawk is sitting on a pole whose height is 18 cubits. A rat which
had gone out of its dwelling at the foot of the pole, to a distance of 81
cubits, while returning to its dwelling, is killed by the cruel hawk on the
way. Say how far the rat had gone towards the hole, and determine the
horizontal motion of the hawk (the speeds of both rat and hawk being
the same) - AB. Bhd. 11, 17; Ud, 3.

C (Rat)

Figure 2

Hawk-and-rat problem

Bhaskara I gave two such "hawk-and-rat" problems. He gives the credit
for such problems to his predecessors. Bhaskara's method consists of the
following:
Draw a circle with centre 0 (Figure 2). Let ABOC be the horizontal
diameter and LBM a vertical chord intersecting the diameter at B. Let
BL be the pole, BC the track of the rat, and 0 the point at which the
rat is caught. The hawk is perched at the top L of the pole and B is
the hole, the abode of the rat. The rat has traversed 81 cubits to C. The
hawk, sitting at L, sees the rat moving from C towards B and swoops
down to attack it. The hawk catches the rat at 0 traversing a distance
LO. As hawk and rat travel at the same speed, LO = CO. Drawing a
circle with centre 0 and radius OL, we have
LB. BM

=

AB. BC or LB2 = AB . 81.

With LB = BM = 18 and BC = 81 we get AB = 4 cubits. Therefore, 80
= (BC - AB)/2 = 38; cubits and CO = (BC - AB)/2 = 42; cubits.
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The same o r similar problems are repeated by later mathematicians; for
example b y Bhaskara 11, w h o replaces the hawk-and-rat combination by
a peacock-and-serpent pair.

S . Balachandra Rao
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Bhaskara II
Undoubtedly, the greatest name in the history of ancient a n d medieval
Indian astronomy a n d mathematics is that of B h ~ s k a r 2 c ~ r y(b.
a CE 1114).
His Lildvati is the most popular book of traditional Indian mathematics.
H e is usually designated as Bhaskara I1 i n order to differentiate him from
his earlier namesake w h o flourished i n the early part of the seventh
century.
According to Bhaskara's o w n statement towards the e n d of his
Gol~dhydya,h e w a s born in aka CE 1036 o r CE 1114. H e also a d d s that

Bhaskara II

he came from Vijjadavida near the Sahya mountain. This place is usually
identified with the modern Bijapur in Mysore. S.B. Dikshit is of the
opinion that Bhaskara's original home was Pgtana (in Khandesh), where
a relevant inscription was discovered by Bhau Daji in 1865. According
to the inscription, Manoratha, MaheSvara, Labmidhara, and Cangadeva
were the names of the grandfather, father, son, and grandson, respectively, of BhBskara. Cangadeva was the chief astronomer in the court
of King Singhana and had established in CE 1207 a matha (residential
institution) for the study of the works of his grandfather. Bhaskara's
father, MaheSvara, was also his teacher.
BhBskara's Lildvati (The Beautiful) is a standard work of Hindu mathematics. It belongs to the class of works called pdti or pdfiganita; that
is, elementary mathematics covering arithmetic, algebra, geometry, and
mensuration. Its popularity is shown by the fact that it is still used as
a textbook in the Sanskrit medium institutions throughout India. It provides the basic mathematics necessary for the study of almost all practical
problems, including astronomy. The subject matter is presented through
rules and examples in the form of about 270 verses which can be easily
remembered. There is a story that the author named the work to console
his daughter Lilavati, who could not be married due to some unfortunate
circumstances; but the truth of the story cannot be ascertained. Bhaskara
addressed the problems to a charming female Lilavati, who, according
to some scholars was his wife (and not his daughter).
The great popularity of Lildvati is illustrated by the large number of
commentaries written on it since it was composed about CE 1150. Some
of the Sanskrit commentators were: ParameSvara (about 1430), GaneSa
(1545), MuniSvara (about 1635), and RBmakpna (1687). Only a few of
these have been published. GaneSa's gives a good exposition of the
text with a demonstration of the rules. However, the best traditional
commentary is the Kriydkramakari (ca. 1534), which is a joint work of
~ a n k a r aVariyar and Mahisamaligala NiirByaqa (who completed it after
the demise of ~ankara).
There are a number of commentaries and versions in regional Indian
languages. Quite a few modern scholars have edited, commented on,
and translated Lildvati. At least three Persian translations are known, the
earliest being by Abu al-Fayd Faydi (CE 1587). The English translation by
H.T. Colebrooke (London, 1817) was based on the original Sanskrit text
and commentaries.
Bhaskara's Bqaganita (Algebra) is a standard treatise on Hindu algebra.
It served as a textbook for Sanskrit medium courses in higher mathematics. In it the author included an exposition of the subject based on earlier
works. Among the sources named were the algebraic works of ~ridhara
and Padmanabha. Besides operations with various types of numbers (positive, negative, zero, and surds), it deals with algebraic, simultaneous, and
indeterminate equations. There is a separate chapter on the Indian cyclic
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method called cakravdla. He attributes the method to earlier teachers but
does not specify any name. Due to the difficult nature of some of the
topics, the Bqaganita was not as pop-~laras the Lildvati,
Bhaskara's Siddhdnta-Siromani (CE 1150) is an equally standard textbook on Hindu astronomy. It has two sections: Grahanita (Planetary
Mathematics) and the Golddhydya (Spherics). Often these two sections
appear as independent works. There is a lucid commentary on the whole
work by the author himself. It is called Mitdksard or Vdsandbhasya. Other
commentators include Lakmidasa, Nysimha, MuniSvara (1638/1645), and
Ramakrsna. The fourteenth chapter of the Golddhydya is the Jyotpatti,
which may be regarded as a small tract on Hindu trigonometry.
Usually it is customary to regard Lildvati, Bqaganita, Grahanita, and
the Golddhydya as the four parts of the Siddhdnta ~ i r o m a to
~ i make it a
comprehensive treatise of Bhaskaracarya's Hindu mathematical sciences.
His two other works are the Karana-kutuhala (whose epoch is 1183), a
handbook of astronomy, and a commentary on Lalla's ~is~adhiv~ddhidatantra (eighth century CE).Some other works have also been attributed
to him, but his authorship of Bqopanaya is questionable.
Bhaskara introduced a simple concept of arithmetical infinity through
what he calls a khahara, which is defined by a positive quantity divided by
zero, e.g. 3/0. His arithmetical and algebraic works are full of recreational
problems to provide interesting pedagogical examples.
Perhaps the most important part of Bhaskara's Algebra is his exposition
of the Indian cyclic method. We now know that the method was already
known to Jayadeva (eleventh century CE or earlier). A modern expert,
the late C.-0. Selenius, praised it by remarking that "no European performance in the whole field of algebra at a time much later than Bhaskara
11, nay nearly up to our times, equalled the marvellous complexity and
ingenuity of cakravala method." Fermat proposed the equation 61x2 1
= Y2 in 1657 to Frenicle as a challenge problem. However, by applying
the above method, Bhaskara had already solved the problem five centuries earlier. Bhaskara's solution (which he got in just a few lines) in its
smallest integers was x = 226, 153, 980, y = 1, 766, 319, 049.
The feat was possible not only due to the technique but also because
of a well-developed symbolic notation. Colebrook remarks

+

Had an earlier translation of Hindu mathematical treatises been made
and given to the public, especially to the early mathematicians in Europe,
the progress of mathematics would have been much more rapid, since
algebraic symbolism would have reached its perfection long before the
days of Descartes, Pascal, and Newton.

Another gem from Bhaskara's Algebra is a very short proof of the
so-called Pythagorean theorem.
The geometrical portion of Lildvati covers mensuration regarding triangles, quadrilaterals, circles, and spheres. A special rule gives the numerical
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lengths of the sides of regular polygons (from three to nine sides) in a
circle of radius 60,000. The last chapter entitled Arika-pda is devoted to
combinatorics.
Bhaskara's Jyopatti contains many trigonometrical novelties which appear in India first in this tract.
Although an equivalent of the differential calculus formula
A sin 8 = cos 8A6

already appeared in Mufijala's Laghumdnasa (CE 932), Bhaskara I1 gave
its geometrical demonstration. He knew that when a variable attains an
extremum, its differential vanishes. He is credited even with a knowledge
of the mean value theorem and the Rolle's theorem of differential calculus.
A crude method of infinitesimal integration is implied in his derivation of
the formula for the surface of a sphere. This he gave in the Visanabhasya
on the Golgdhygya (chapter 111).
Bhaskara's Siddhdnta-Siromani is one of the most celebrated works of
Hindu astronomy. It is a comprehensive work of Brahma-paksa. He
praised Brahmagupta, who belonged to the same school, but his own
astronomical work became more famous.
Although based on the works of predecessors, rather than on any fresh
astronomical observations, the Siddhanta-Siromani served as an excellent
textbook. Systematic presentation of the subject matter, lucidity of style,
and simple rationales of the formulas made it quite popular. It also
contained some improved methods and new examples. For instance, he
gave a very ingenious method of finding the altitude of the Sun in any
desired direction in his Golddhy2ya (111, 46). His professional expertise
and all-round knowledge made him a truly great and revered icirya
(professor) of Hindu astronomy and mathematics for generations.
R. C . Gupta
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Al-Biruni
Abu Rayhan Muhammad ibn Ahmad al-Biruni was born on Thursday, 3rd
of Dhii al-Hijjah, 362 H (4th September, CE 973) at "Madinah Khwarizm".
His exact birthplace is still a matter of dispute. It is conjectured that he
was born in the outskirts (birun) of Kath, at al-Jurjaniyah, Khwarizm or
at a place called Biriin, as implied by his nickname al-Biruni. The only
clue given by al-Biriini was that he was born in a city in Khwarizm. The
name Abii Rayhan (perfume or herb) was given to him because of his
love for sweet fragrances. Al-Biriini died in 443 H (CE1051).
Al-Biruni was a devout Muslim, yet there was no conclusive evidence
of his adhering to any particular madhhab (denomination) throughout his
life. His native language was the Khwarizmian dialect. He knew Persian
but preferred Arabic because he believed that Arabic was more suitable
for academic pursuit. He received some of his early education under the
tutelage of the astro-mathematician Abu Nasral-<Iraqand Abd al-Samad
from Khwarizm in addition to his formal education at the madrasah, an
institution where Islamic sciences are studied.
Al-Biriini's first patron was the Samanid Sultan Abu Salih Manstir I1
who reigned in Bukhara until the city was invaded by the Ghaznavid
Sultan Mahmud in 389 H (CE 999). Later al-Biriini went to Jurjan to
the court of Abu'l Hassan Qabiis ibn Washmjir Shams al-Ma cali (r. CE
998-1012), under whose patronage he wrote alithar al-biqiya min al-Qurun
al-khiliya (Chronology) which was completed in 390 H (CE1000).Al-Biriini
found the Sultan indiscriminate and harsh.

His next sojourn was in KhwZrizm and JurjZniyah, under the service
of the SZmanid Prince Abu'l Abbas al-Ma.miin ibn Muhammad 11. He was
the best patron and al-Biriini received the respect he very much deserved.
It was during this period that al-Binini met the physician al-JurjZni. His
Tahdid Nihiyit al-amdkin Ii-ta~kihmasifit alMasdkin (Determination of the
Coordinates of Cities) was completed in CE 1025, and his Kitib fi tahqiq
ma li'l Hind (Book on India) was finally published in 421 H (CE 1030).
Al-Binini's other book, Kitib altafhim Ii-awad sinicat al-tanjim (The Book
of Instruction in the Art of Astrology) which was dedicated to Rayhanah,
daughter of al-Hassan, was written in Ghaznah, CE 1029. Al-Biriini's
magnum opus was an astronomical encyclopaedia, al-Qinzin al-Maszidi fi
al-hay'ah wa 'ltanjim (Canon Masudicus) which comprises eleven treatises
divided into 143 chapters. It was completed in 427 H (CE1035).Apart from
emphasising the importance of astronomy, he gives accurate latitudes
and longitudes and also geodetic measurements. His Kitib al-jamihir fi
mav-ifat al-jawihir (Mineralogy) was completed less than a decade later
(435 W CE 1043). Al-Biriini's Kitib al-saydanah fi.1-tibb (Materia Medica, or
Pharmacology) was completed only in the form of a rough draft before
he died. The list of books mentioned thus far is not exhaustive; altogether
he wrote about 146 treatises.
Al-Biriini was both a scientist and a philosopher, but he never used
the word "science" in the sense the word is understood today-that
knowledge which is popularly thought to be exact, objective, veritable,
deductive, and systematic. He used the Arabic word dm, which means
knowledge.
Solving scientific problems, which to al-Biriini is analogous to "untying
knots", (Kitab fi ifiid al-maqil j? umr al-zlil [The Exhaustive Treatise On
Shadows]) is the main activity of scientists. That science to al-BiMni
was a problem-solving activity and a scientific problem was a problem
circumscribed by the Holy Qu.rin and Sunnah can be discerned by
examining, in particular, the Introductions of his major books. India,
for example, was written by al-Biriini primarily because in his opinion,
"while Muslims had been able to produce fairly objective works on such
religions as Judaism and Christianity, they had been unable to do so
with regard to Hinduism". In Tahdid, he clearly states another aspect of a
scientific problem. He says that "geography is very essential for a Muslim
for knowing the right direction of Mecca (qibla)".
Al-Biriini was certainly a very prolific, multidimensional scholar. He
did serious work in almost all branches of science in his time and his
146 treatises range from 10 to 700 pages each.
Abdul Latif Samian
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Al-Biruni: Geographical Contributions
The geographical knowledge of the Muslims, in part derived from the
Greeks and others, and contemporaneously developed and advanced by
themselves, had reached a very high level of development by the tenth
century. It is in this development that the work of al- Biriini is significant. Al-Biriini presented a critical summary of the total geographical
knowledge up to his own time. He made some remarkable theoretical
advances in general, physical, and human geography. Al-Biruni did not
confine himself to a simple description of the subject matter with which
he was concerned. He compared it with relevant materials and evidence,
and evaluated it critically, offering alternative solutions.
George Sarton identifies al-Biruni as one of the great leaders of this
period because of his relative freedom from prejudice and his intellectual
curiosity. Although his interests ranged from mathematics, astronomy,
physics and the history of science to moral philosophy, comparative
religion and civilization, al-Biriini became interested in geography at a
young age. He is considered to be the greatest geographer of his time.
In the area of physical geography, he discussed physical laws in analyzing meteorology and climatology. He wrote of the process of streams
development and landscape evolution. He introduced geomorphological
enquiry to elucidate a history of landscape. He developed the mathematical side of geography, making geodetic measurements and determining
with remarkable precision the coordinates of a number of places. Some
of his noteworthy contributions to geography include: a theory of landform building processes (erosion, transportation, and deposition); proofs
that light travels faster than sound; explanations of the force of gravity;
determination of the sun's declination and zenithal movement; and discussion of whether the Earth rotates on its axis. He described various
concepts of the limits for which he seems to have had recourse to contemporary sources not available to earlier geographers. He made original
contributions to the regional geography of India.
In the study of physical phenomena, including landforms, weather,
and geology, al-Bidni adopted the methods of the physical sciences and
drew conclusions with scientific precision. Long before Bernhard Varenius
(CE 1622-50), al-Biriini developed a schema for physical geography: (a)
terrestrial conditions, describing the shape and size of the Earth; @)
cosmic concepts, dealing with the measurement of the circumference
of the Earth and the establishment of the exact location of places; (c)
classification of natural phenomena either in accordance with their nature
or with their position in time and space. He studied phenomena in time
(chronological science) and also tried to study them in space. In his view,
geography was an empirical science.
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Based on available knowledge concerning the surface of the Earth, he
deduced and described the shape and forms of land surface. Al-Birfini
examined questions concerning the Earth's shape, size, and movement.
He explained running water as the most effective agent by which the
surface of the land is sculpted. He further asserted that as the rivers of
the plains of India approached the sea they gradually lost their velocity
and their power of transportation, while the deposition process along
their beds increased proportionately. Al-Biruni considered the changes in
the course of a river a universal phenomenon. He also recognised the
influence of the sun upon the tide and suggested that heavenly bodies
exert a gravitational effect on the tides.
Al-Birfini recognised that the heat of the atmosphere and the Earth's
surface is derived from the sun through the transfer of energy by rays,
and that it varies with the length of time that the Earth is exposed to
the rays. He recognised the wind's force and velocity and argued that
the wind, in all its phases, it determined by certain causes.
Al-Biruni noticed the peculiarities of the Indian monsoon, observed the
time of its breaking, and described its westward and northward movements and the unequal distribution of rain in different areas of India.
Finally, he added that the habitable world does not reach the north on
account of the cold, except in certain places where it penetrates into the
north in the shape, as it were, of tongues and bays. In the south it reaches
as far as the coast of the ocean, which in the east and west is connected
with what he calls the comprehending ocean (India,Vol. I, p. 196).
In short, al-Biruni recognised geography as an empirical science, and
he dealt with the terrestrial globe as a whole. He stressed its nature and
properties. He also tried to investigate the causes of global phenomena
and described them as they exist.
Akhtar H. Siddiqi
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Brahmagupta
"Brahmagupta holds a remarkable place in the history of Eastern civilisation. It was he who taught the Arabs astronomy before they became
acquainted with Ptolemy" (Sachau, 1971). Bhaskara I1 described Brahmagupta as Ganakacakraczldfimani(Jewel among the circle of mathematicians).
Brahmagupta was born in CE 598 according to his own statement:"...
when 550 years of the aka era had elapsed, Brahmagupta, son of Jisnu,
at the age of 30, composed the Brdhmasphutasiddhdnta for the pleasure
of good mathematicians and astronomers". Thus he was 30 years old in
saka 550 or CE 628 when he wrote the Brdhmasphufasiddhdnta. That he
was still active in old age is clear from the title epoch of CE 665 used
in another of his works called Khanda-khddyaka. Pythiidaka Svamin, an
ancient commentator on Brahmagupta, calls him BhillarnBlBcFirya, which
shows that he came from Bhillamala. This place has been identified with
the modern village Bhinmal near Mount Abu close to the RajasthanGujarat border.
We have no knowledge of Brahmagupta's teachers, or of his education, but we know he studied the five traditional Siddhdntas on Inta
dian astronomy. His sources also included the works of ~ r ~ a b h a I,
Latadeva, Pradyumna, Varahamihira, Simha, srisena, Vijayanandin, and
Visnucandra. He was, however, quite critical of most of these authors.
The Brfihmasphutasiddhdnta is Brahmagupta's most important work.
It is a standard treatise on ancient Indian astronomy, containing
twenty-four chapters and a total of 1008 verses in arya meter. The
Brdhmasphutasiddhdnta claimed to be an improvement over the ancient
work of the Brahmapaksa, which did not yield accurate results. Brahmagupta used a great deal of originality in his revision. He examined
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and criticised the views of his predecessors, especially ~ r ~ a b h aI,f aand
devoted two chapters to mathematics. There have been many commentators on this work. The earliest known was Balabhadra (eighth century
CE), but his commentary is not extant.
Chapter 7 is on Ganita (Mathematics). It deals with elementary arithmetic, algebra, and geometry. The subject is presented in twenty-eight
topics of logistics (arithmetical operations) and determinations, including
problems related to mixtures, plane figures, shadows, series, piles, and
excavations. He wrote in a concise and understandable style, whether
dealing with simple mathematics or complex geometry. In the treatment of surds, Brahamagupta is remarkably modern in outlook. The
Brihmasphufasiddhinta includes formulas for the rationalisation of the denominator, as well as a marvellous piece of pure mathematics in the rule
for the extraction of the square root of a surd. Still more remarkable
algebraic contributions are contained in a chapter entitled Kuttaka, which
is a traditional name for indeterminate analysis of the first degree. The
second order indeterminate equation

is called varga-prakrti (square nature). An important step towards the
integral solutions of such equations is what is called Brahmagupta's
Lemma in the history of mathematics. In modern symbology the Lemma
is as follows:
If ( a , P ) is a solution of (1) with c = k , and (a1,P')is its solution
with c = k', then (ap' f a'P, PP' f N a a ' ) will b e its solution with
c = kk'.

This lemma not only helps in finding any number of solutions from just
one solution, but it also helps in solving the most popular case of c = 1,
provided we know a solution for c = -1, or f2 or f4. Euler rediscovered
it in Europe in 1764.
In geometry, Brahamagupta's achievements were equally praiseworthy.
He wrote a fine symmetric formula for the area of a cyclic quadrilateral,
which appeared for the first time in the history of mathematics. Even more
important are his expressions for the diagonals of a cyclic quadrilateral.
Brahmagupta's name has been immortalised by yet another achievement. A "Brahmaguptan quadrilateral" is a cyclic quadrilateral whose
sides and diagonals are integral (or rational) and whose diagonals intersect orthogonally. He gave a simple rule for forming such figures in
the BrihrnasphutasiddhEnta (Chapter 7, Verse 38): If a , b, c and a , P, y are
the sides (integral or rational) of two right-angled triangles (c and y
being hypotenuses), then a y , by, ca! and c,B are the required sides of a
Brahamaguptan quadrilateral.
Prior to Brahmagupta, the usual method for computing the functional
value intermediary between tabulated values was that of linear interpola-
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tion, which was based on the rule of proportions. He was the first to give
second order interpolation formulas for equal as well as unequal tabulated argumental intervals. Mathematically, his rule is equivalent to the
modern Newton-Stirling interpolation formula up to the second order.
The Khanda-khddyaka is a practical manual of Indian astronomy of the
Karana category. The author claims that it gives results useful in everyday
life, birth, marriage, etc. quickly and simply, and is written for the benefit
of students. The work consists of two parts called the Purva and the Uttara.
The former comprises the first nine chapters and expounds the midnight
system. The latter six chapters provide corrections and additions. This
work has been studied by a great number of commentators, from Lalla
in the eighth century to ma raja in the twelfth. It was translated into
Arabic first by al-Fazari (eighth century) and then by al-Bifini.
Brahmagupta's genius made use of mathematics (traditional as well as
that which he developed) in providing better astronomical methods. He
used the theory of quadratic equations to solve problems in astronomy.
He knew the sine and cosine rule of trigonometry for both plane and
spherical triangles. He supplied standard tables of Sines and Versed Sines.
The historian of science George Sarton called him "one of the greatest
scientists of his race and the greatest of his time".

R. C . Gupta
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Bricks
BRICKSIN THE VEDIC AGE
The earliest textual references to bricks are contained in the ~ a t a ~ a t h a
Brahmans (S.B.) which gives us the etymology of the word isfaE for brick,
"tat yat istat samabhavan tasrnat istakah; tasrnat angina istaka pacanti. (that
using which isti (a sacrifice) is performed is isfaE @rick); the istaka are
baked in the fire). As these bricks were invented in the course of isti
or sacrifice, they are called istaka (S.B. Vi. W. 1.1 8.9; vi 2.3.2). Bhagwan
Singh (1995: 285, f.n.5) refers to the Yajurveda, which mentions a large
variety and names of bricks and concludes that the art of bricklaying
and craft of manufacturing bricks of various shapes were well developed
in the Vedic period. The Taittariya Samhiti (T.S.) mentions circular bricks
(vikrani) (T.S.V.3.7), conical bricks (coda) (TS.v. 4.3), gold headed bricks
(vimbhrt) (T.S.V.2.9; 5.3 etc), pot shaped bricks (kumbhestake) (TS.v.6.1) and
others with markings. According to Sarkar, the brick mantras refer to
the manner in which Angiras placed the bricks firmly or invented them
(Bhagwan Singh 1995: 289, f.n.6). In fact the use of bricks in sacrificial
as well as secular structures by the Harappans (Indus Valley Civilisation)
was recorded in Vedic literature. For instance, they mention kupa (well),
puskarani (public bath), durga durna (fortification), surmi (covered drain)
and kakud (water storage chamber). The water ducts and public bath of
Mohenjodaro, the water chamber of Dholavira and the covered drains
of Lothal have all been well studied in the Indus Civilisation.

The earliest users of mud bricks or sun-dried bricks were the Neolithic
people who had settled at Mehrgarh (Jarrige, 1984) by 6000 BCE in
Baluchistan. They knew agriculture and gradually used pottery also.
Subsequently the Harappans, as the inhabitants of the Indus Valley
Civilisation are known, used both kiln-fired bricks and mud bricks, the
former mostly for drains, baths, dockyards and sacrificial altars. Three
phases of this civilisation have been recognised in the Indus (Pakistan)
and Saraswati (Haryana, Punjab, Rajasthan, and Western Uttar Pradesh)
valleys and in Gujarat. The three phases are Pre-Harappa, Harappa
(Mature) and Late Harappa, corresponding to the pre-urban, urban and
de-urbanised phases of Harappan settlements, dating from 3400 to 1500
BCE (Rao, 1991).
The Neolithic people of Mehrgarh built cell-like buildings with complex plans using mud bricks mixed with chaff. These structures were
divided into narrow rectangular compartments and very small square
cells arranged symmetrically on either side of the corridor. Perhaps they
were prototypes of the famous granaries of Harappa and Mohenjodaro,
used by the Mehrgarh people for storing grains by 4000 BCE.They laid
bricks in alternate layers of headers and stretchers corresponding to the
later "English bond" in masonry. In the early Harappan site of Banawali in
Haryana, house walls were built in single mud bricks. Burnt bricks were
used for drains and both were in the standard ratio of 1:2:3 (thickness,
breadth, length).

According to V.B. Mainkar (1984) of the Indian Standards Institution, the
bricks of the Indus Valley Civilization from Baluchistan to the Godavari
River were made in dimensions which were integral multiples of large
gradations of the ivory scale of the Harappan port of Lothal in Gujarat,
namely 25.56 mm. The smallest division on the ivory scale is 1.704 mm.
The burnt brick wall of the dockyard above ground at Lothal (2300 BCE)
measures 1.04 m which is equal to 40 large gradations on the Lothal scale
(Figure 1). In the pre (Early) Harappa phase (3000 BCE)of Kalibangan in
Rajasthan, the bricks measure 10 x 20 x 30 cm. At Banawali the brick sizes
are 12 x 24 x 36 cm and 13 x 26 x 39 cm. Mud bricks made of fine alluvial
clay without any kankar (lime) nodules used in the Indus settlements of
the third millennium BCE are found to be stronger than those made of
black clay containing kankar used in the second millennium BCE.Burnt
radial bricks were used in the construction of wells and at the turnings
of drains (Figure 2).
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Figure 1 Ivory scale with decimal gradation marks, Lothal (Gujarat). (Courtesy of
the Archaeological Survey of India).

Figure 2 Radial bricks used in the construction of a well, Lothal. (Courtesy of the
Archaeological Survey of India).

Indus Valley bricks come in two sizes. The normal size of Harappa
(Mature) mud bricks in the Indus Valley is 10 x 20 x 40 cm, keeping the
ratio 1:2:4. The smaller ones are 7.5 x 15 x 30 cm. This ratio of one length
to two breadths helped the masons to use complete bricks as headers
or stretchers. Because of the extensive use of mud bricks for building
anti-flood structures such as the protective walls enclosing the citadel
as in Harappa, or the entire township as in Kalibangan and Lothal, it
was not possible or economical to produce millions of hln-fired bricks.
It is only in the case of the most important structures, namely the dock
at Lothal, that millions of kiln-fired bricks were used. This is because
tidal water entered the basin of the dock where sea sailing ships were
berthed. The prosperity of Loth21 depended on overseas trade which
necessitated maintaining its carefully built dock in good condition to
withstand erosion by floods and tidal water. The builders even used
overburnt bricks to withstand the salt effect. When floods eroded the
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massive mud brick protective walls of Harappa and the platforms on
which houses were built in Lothal, burnt bricks were also used. Burnt
brick revetments had to be provided to the affected mud brick platforms
at both places.
The enormity of cooperative effort put in by the Harappans in saving
their cities from floods can be gauged from the 4 m-high mud brick
podium of the warehouse of Lothal (Figure 3), covering an area of 1930
sq.m. Originally 74 cubical blocks of mud bricks stood here under a timber
superstructure where cargo was handled and sealed. Lothal withstood
major floods in 2200 BCE and again in 2000 BCE but not the deluge in
1900 BCE which destroyed the dock and warehouse. The residents who
returned after the floods could not afford to produce new burnt bricks
and therefore started using old damaged bricks in baths. In most houses
soakage jars replaced burnt brick. If the most common size of the mud
bricks is compared with that of burnt bricks, the difference is within
the limits of permissible fire-shrinkage, namely 8 to 15 per cent. The
difference also suggests the use of common moulds for both bricks. Brick
firing was done on modern principles.

Figure 3 Mud brickpodium of the warehouse built 4 m high as an anti-flood device,
Lothal. (Courtesy of the Archaeological Survey of India).
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Within the citadel is a public bath of burnt bricks built in a courtyard
(Figure 4). The bath is 11.89 x 7.0 m; the depth is 2.44 m. The brick-p.aved
courtyard is surrounded by verandahs, at the back of which are ranged
rooms on three sides. A double-ringed well in one of the rooms supplied
water to the bath. The floor of the bath is reached by a flight of steps
constructed by laying brick-on edge in gypsum mortar which is also used
for the walls of the bath. As a further precaution, a damp-proof course
of bitumen, 2 cm thick, was introduced between the facing bricks of the
basin and intermediate wall of baked bricks, which itself was retained by
a mud brick packing and the outermost baked brick wall. In the treads of
the brick steps leading to the floor of the bath, timber was set in bitumen
or asphalt. An outlet of the bath led to a large drain with a corbelled.
arch. A staircase from a room of the verandah led to the terrace of an
upper storey. The longer side of the Great Bath is equal to a length of
40 bricks, the smaller side to a length of 24 bricks and the depth equal
to the length of 8 bricks, the ratio being 5:3:1.

Figure 4 The Great Bath of burnt bricks, Mohenjodaro. (Courtev of the Archaeological Survey of India).

Bricks

Lothal had private baths larger than those in Mohenjodaro. A row of
twelve houses with brick-paved baths was connected to the public sewer
through a runnel. In the Acropolis at Lothal each runnel had an inspection
sump to clear solid waste manually so that only liquid waste entered the
sewer (Figure 5). The bricks were rubbed down to obtain fine joints to
make the masonry watertight. The floor of polished bricks was plastered
with lime and wainscoted or skirted with bricks laid on edge or flat. The
houses in the Lower Town had large baths measuring 2.5 x 1.8 m.

Figure 5 Brick-paved baths connected through runnels and sump to an underground
sewer; Lothal. (Courtesy of the Archaeological Survey of India).

All major Harappan towns had well-planned sanitary arrangements to
keep the entire town clean by providing surface and underground drains,
cesspools and water chutes. The internal width of the main sewers to
which private drains were connected varied from 1 to 0.6 m. The drop in
the terminal part of the sewer was 1.02 m over a length of 9 m, thereby
providing a steeper gradient for self-clearance. The curve at the turn of
the drain was smooth enough to minimise friction. A unique feature of
the main sewer in the Acropolis was the provision of drops from 0.5 m
to 1.5 m to reduce the velocity of liquid waste, but its depth increased at
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the terminal to 1.5 m before discharging into the cesspool. The grooves in
the apron wall of the terminal were meant to insert a wooden screen to
hold back solid waste, if any. Finally another sewer discharged the waste
into the dock where it was washed away at high tide. Another feature
of the main sewer is that its floor was paved with polished brick slopes
on either margin, keeping the central one-third part flat to provide two
smaller marginal channels. The purpose of this measure was to change
the angle of flow and thereby reduce its velocity. Second, the marginal
drains carried normal sewage while the whole drain carried both sewage
and storm water as in modern sewers (Figure 6).

Figure 6 Underground sewer designed to cany both sewage and storm water; with
stepped floor to reduce velocity of the stream, Lothal. (Courtey of the Archaeological
Survey of India).

Bricks

The largest structure built in the Indus Civilization using millions of
burnt bricks was the tidal dock at the port town of Lothal for sluicing
ships sailing from the Gulf of Cambay into the basin in high tide. The
importance of the tidal dock in the economy of Lothal is evident from
the use of burnt bricks which were too precious to be used even for
the dwellings in the Acropolis. The basin of this dock measures 210 m
north-to-south and 35 m east-to-west with an inlet channel 12 m wide
in the northern (shorter) arm. The Lothal dock had a unique lock-gate
system, as early as 2300 BCE. There was provision for a wooden door to
close the outlet in its southern arm, which could be lifted at high tide
and closed at low tide to retain about 1.5 m water depth. The original
height of the embankment of baked brick walls was 4.15 m but after two
great floods it got reduced to 3.3 m with 42 courses of bricks. At the
foundation level the width of the wall was 1.75 m but with two offsets
it was reduced to 1.2 m.

Figure 7 Brick wall of the Dockyard in plumb, Lothal. (Courtesyof the Archaeological
Suwq of India).

The inner face of the wall was in plumb (Figure 7) to enable boats to touch
the edge of the wharf for easy handling of cargo. From the dock five
perforated stone anchors were recovered, one of which was triangular.
L.S. Leshnik (1968) suspected that the basin was a water storage tank
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and the stone anchors might be counterweights for lift irrigation. H.D.
Sankalia, who subsequently studied the dock, wrote, "Leshnik's outlook
is initially vitiated and prejudiced and therefore he refuses to regard
Lothal as a port though he concedes its proximity to the sea. The use
of small stones as counterweights of shaduf in lift irrigation is confined
to narrow mouthed wells" (Sankalia 1974: 374). They are not used in
tanks. Oza (1960, see Rao 1991:143), Director of Ports in Ahmedabad,
has concluded that an artificial enclosure (at Lothal) was constructed
for shipping and the comfortable working of cargo and safety of boats.
N.K. Panikkkar (1971), Director of the National Institute of Oceanography
(NIO), who examined the dock, observed that, "since the Lothal dock was
a purely tidal one, the Lothal engineers must have possessed adequate
knowledge of tidal effects, including their amplitude, erosion and thrust.
Using this knowledge, they were capable of receiving ships at high tide
and ensuring that ships at low tide could float. This is perhaps the earliest
example of tidal phenomena being put to a highly practical purpose
both in the selection of a site having the highest tidal amplitude and in
adopting a method of operation for entry and exit of ships" (Panikkar
and Srinivasan 1971). I R.Nigam, a scientist at NIO who collected samples
from the floor of the dock in 1986, says, "The analysis shows the profuse
presence of the microorganisms foraminifera indicating that tidal sea water
used to enter the basin" (Nigam 1988: 20-22).

Generally mud mortar was used as a binding material, reserving the use
of lime mortar for drains, baths, sinks and water chutes. In the dock,
mud mixed with lime was used. Gypsum was used as a binding material
in Mohenjodaro.

Masons used terracotta plumb bobs, shell and ivory scales and compasses.
V.B. Mainkar (1984) has described at length the integrated Indus scale in
decimal gradation used for linear measurement. Two hollow cylindrical
shell objects, one from Dholavira with six slits on each of the two margins
of the ring, and another ring from Lothal, with four slits on each margin,
seem to have served the purpose of a compass similar to the one used
in modern plane table surveying. The lines joining opposite slits form a
30" angle in the Dholavira instrument and 45" in the Lothal compass.
For fixing alignment of streets and lanes the Harappans must have used
the compass.

Bricks

The walls of baked bricks are in plumb on both faces in Lothal, while they
are slightly battered in Mohenjodaro. The walls had hardly any footing
as they stood on solid platforms. But the embankment walls of the dock
had one or more offsets. In addition to the trabeated arch in the spillway
of the Lothal dock, a vaulted arch seems to have been attempted in a
kiln at Lothal. The public drains of Mohenjodaro had corbelled roofs,
while there are flat roofs for drains in Lothal for which large size bricks
were used. The Indus people used burnt bricks for constructing kilns,
manholes and dye vats (Figure 8).

Figure 8 Brick masonry of kilns, manholes and dye vats of the Indus filley Civilisation. (Courtew of the Archaeological Survey of India).
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On one of the mud brick platforms in the citadel at Kalibangan, archaeologists uncovered seven oblong fire altars sunk into the ground.
In the centre of the fire altar stood a cylindrical or faceted stele. On
another platform a fire altar and a rectangular pit lined with kiln-baked
bricks were discovered. There were also a well and bath-platforms for
ritual ablution during and after the sacrifice, which were identified as
animal sacrifices from the charred bones. The sacrificial altar at Lothal is
a rectangular enclosure of burnt bricks built on a platform in a house.
The gold pendant found in the altar, along with bovine bones, must have
been used as a rukma (adornment) by the priest or sacrificer as shown
on the forehead of a statue of a priest from Mohenjodaro. One of the
fire altars, measuring 0.8 x 0.25 m, built in a house in the Lower Town
of Lothal, is enclosed by mud brick walls. A community fire altar built of
burnt bricks on a mud brick platform (Figure 9) at Lothal measures 0.3 x
0.8 m. Three courses of bricks are in situ; the rest were removed by later
users. There is a circular posthole in one corner, a square pit in one arm
and a semi-circular pit in another arm. A beautifully painted jar used
perhaps for keeping ritualistic water is in situ. A terracotta ladle (sruk)
bearing smoke marks and terracotta cakes used for ritualistic offering
were also found.

Figure 9 The Fire Altar of burnt bricks built on a mud brickplatfotm for community
worship, Lothal. (Courtesy of the Archaeological Survey of India).

Four massive sacrificial altars of burnt bricks were unveiled by TN.
Ramachandran (1954) of the Archaeological Survey of India in the village
Jagatgram, 3 km from Kalsi in the Dehradun district of Uttar Pradesh.
The importance of one of these vast sacrificial altars lies in its being
recognised as a Syenaciti (hawk shaped altar). The inscriptions in the
Brahmi script of the third century are repeated on several bricks used
to construct the altar. The language of the inscription is Sanskrit. The
inscription of Asoka at Kalsi is also situated nearby. The brick inscriptions
say, "King Silavarman who was yogeswara and belonged to the Vrsagana
(gotra) performed the Asvamedha sacrifice to which this brick belongs".
On the bricks of another nearby altar the inscription refers to the fourth
Asvamedha sacrifice performed by him, the lord of Lustrum. The Brsagana
gotra is mentioned by the grammarian Panini (fourth century BCE).Such
sacrifices were performed for the purification of the nation or people.
The Greek kings performed them once every five years (Ramachandran,
1954)

At Banawali there is a one metre-wide pathway of bricks on edge, running
on the inner side of the wall of the citadel. In Kalibangan a house floor
was paved with beautifully stamped brick tiles. The bathrooms of Lothal
were paved with burnt bricks which were carefully rubbed to a polish.

The earliest Buddhist monument, namely the Dharmarajika Stupa at
Sarnath near Varanasi (Banaras in Uttar Pradesh), was built of burnt bricks
by King Agoka in the third century BCE.It consists of a hemispherical
dome with a low terrace at the base. Here stood Asoka's monolithic pillar
with a lion capital which is now the emblem of the Indian Republic.
Hundreds of stupas, some containing relics and associated with chaitya
halls and Viharas (monasteries) were built of bricks. The brick edifices
at Guntapalli in Andhra Pradesh, dating to the second century CE, are
noteworthy. Among the earliest Hindu temples built of bricks, the one
at Bhitargaon in the Kanpur district of Uttar Pradesh is unique. It is a
massive pyramidal edifice of diminishing tiers profusely decorated with
beautiful terracotta figures in niches depicting gods, demigods, human,
animal and bird figures. The Indo-Saracenic monuments such as masjids,
tombs and idgahs were built of small bricks with a veneer of stone. For
arches, vaults and domes, bricks were extensively used in the sixteenth
century.
S. R. Rao
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Calculus
Calculus, both integral and differential, was known to a limited extent
and used for specific purposes in India during early and medieval times,
and is attested to by the works of r\ryabhata (b. 476), Brahmagupta (b.
598), Mufljala (b. 932), Bhaskaracarya (b. 1114), Narayana Pandita (1356),
Nilakanfha Somayaji (b. 1444), and Jyesfhadeva (ca. 1500-1610). In the
same manner as Hindu geometry grew in response to the religious needs
of designing sacrificial altars, it would seem that calculus too evolved
when there was the need to ascertain favourable and unfavourable times
for religious rites and rituals on the basis of the moments of the eclipses,
conjunction of planets, and conjunction of planets and stars. Calculus
did not evince further growth in India.
In order to determine the accurate motion of a planet at a particular
moment (t&kfilika-gafz), Bhaskaracarya divides the day into a very large
number of intervals of time units called truti, equal to 1/33750 of a second,
and compares the successive positions of the planet, the motion during
that very small unit of time being considered constant. He also suggests
that the differential coefficient vanishes when the interval is diminished
to the absolute minimum. He illustrates this by three examples.
Hindu ideas on infinitesimal integral calculus are shown in the methods
employed and formulae arrived at for the calculation of the area of a
circle, and the surface area and volume of a sphere, all of which are
virtually the same as these derived by modern mathematics.
Two methods are adopted for finding the surface area of a sphere.
One of them is to draw, from a point on the sphere taken as the pivot,
a very large number of circles, parallel to each other and of small and
equal interstices, and to slice the sphere at these circles. The sum of the
areas of the strips peeled off each slice, the longest of them being at the
equator, and the smallest, equal to zero, at the pivot and the bottom,
would be equal to the surface area of the sphere. It is explained that
when the breadth of the strips tends to zero, the total surface area could
be obtained by the formula 47rr2, where r is the radius of the sphere.
In the same manner, the volume of a sphere is equal to the sum of the
numerous cones that would be formed with their bases on the surface
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of the sphere and their apexes being at the centre of the sphere. When
the number of cones is infinite, their bases could be taken as flat, and
the volume of the cones could be calculated by the usual formula. From
this postulate, the formula for the volume of the sphere is identified as
:7rr3. The several methods enunciated for the determination of the value
of the circumference of a circle, involving the irrational quantity, 7r, as
exposited in several works from Kerala, like the Yuktibhasa of Jye~thadeva,
also concern integral calculus.
K. V. Sarma
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Calendars

Calendars
Calendrical science developed in India in three distinct phases, and each
phase influenced the succeeding one. The first phase produced the Vedic
calendar, covering a period from an unknown antiquity to the Mauryan
emperor ABoka (ca. 300 BCE); the second had the Greco-Indian calendar
for a short period between the post-ASokan and post-Kusiina period (ca.
CE 300). And the third produced the Siddh2ntic calendar from the Gupta
period (CE 319) which is still used in India today. All three phases are
characterised by formulations of fitting a lunar year into a sidereal solar
one by suitably intercalating lunations.
References to calendrical elements like lunation, intercalation, year,
and solstice occur even in the earliest part of Vedic literature. A separate
calendrical literature, deemed a part of the Vedas, was developed in a
small text, Veddriga Jyotisa, but this text has not been fully deciphered
yet. There are some astronomical statements in the text, and also in the
earliest part of Vedic literature, which do not hold true in the latitude
belt and in the time period when the Vedic Aryans are believed to have
settled in India.
It is a separate course of study as to how and when the Vedic Indians
obtained this calendar, but they adopted it without verifying it.
This calendar is based on the following imperfect parameters:
5 sidereal years = 1830 days.
62 lunations = 1830 days.
67 sidereal lunar months = 1830 days.
The star beta Delphini indicates the winter solstice (which was indeed
the case around 1500 BCE) which is apparently a bxed point. The lunar
orbit is divided into twenty-seven equal arcs from beta Delphini each
equal to 13'20', called naksatra, the first arc named Dhanisfhd. The arcs
are named after a prominent star of the division. The theory is that if, in
five years, two lunations are intercalated, then the lunar year will remain
tied with the solar one. This period is called a 5-yearly cycle or yuga.
In practice, a cycle begins when the Sun and the Moon are in conjunction at beta Delphini (i.e. from the winter solstice). The first, second
and fourth year each contain twelve new moon ending lunations. One
lunation is intercalated at the middle of the third year and another at
the end of the fifth. The second cycle then again begins from a similar
new moon at winter solstice.
This imperfect calendar was destined to collapse, as the succeeding
cycles will begin from new moons shifted by some 4.5 days from the
winter solstice at beta Delphini per cycle, accumulating to one lunation in
six or seven cycles. However, the calendar did not collapse, and so the
accumulated lunation was extracalated, but we are not told in the text
how this was done. Perhaps the rule is hidden in an obscure part of the
text, and so we have to guess it.
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A lunation is divided into thirty parts called tithis. Accordingly, 30
tithis = 1830/62 days. The excess 30/62 of a tithi over a day is called
an omitted tithi. A month's days are designated by the tithi of the day
and not by ordinal numbers. The Jainas used this cycle in their calendar
with a marginal change: that months were full-moon-ending and a cycle
began from a full moon at summer solstice in the middle of the ~ i l e s d
division (180' away from beta Delphini).
Kautilya wrote a book entitled Arthailstra which is believed to reflect
the social and administrative conventions of the Mauryan empire. This
book, on the subject of measuring time, only reproduced the Jain school
of the 5-yearly cycle. We are thus assured of its use until then.
The second phase of the Indian calendar began by the first century
BCE after Saka penetration into north-western India.
The ~ a k a s a, central Asian people, conquered Bactria in 123 BCE and
established an era with epoch at 123 BCE,now called the Old Saka
Era. This epoch has variously been fixed at 88 BCE (Konow) and 110
BCE (Herzfeld), but, as M.N. Saha has shown, 123 BC fits into all the
circumsJantia1 evidence.
The Sakas used the Greek calendar based on the Metonic cycle in their
homeland. This was a nineteen year cycle at whose beginning and end the
Sun and Moon are in the same relative position to each other. When they
reached India they adopted Indian culture and Aryanised or Indianised
the Greek calendar, producing a Greco-Indian calendar. It replaced the
classical 5-yearly cycle and it circulated in India up to ca. CE 200. The
Kusanas, another Saka tribe, penetrated further inside India, adopting
Indian culture and using this calendar. Kings of the aka and Kusana
dynasties left behind some inscriptions bearing dates. These always refer
to an era, as in era of King Kaniska. Further, they contain a mysterious
expression - etaye purvam - whose meaning has not been deciphered.
The Indian form of the calendar is that the months are full moon
ending; the 19-year cycle begins from a full moon at the autumnal equinox
in the month Ksrtika; months are assigned Sanskrit or Sanskritised Greek
names; and, in special cases, the day is designated by the moon's naksatra
on that day. The Greek form is that days are designated by ordinal
numbers and not by tithis, and intercalation is made at the middle of
the year in Chaitra.
All these features are fully reflected in the inscriptions of the Kusana
kings. For example, present researches have shown that Kaniska established his era in CE 78 after deleting the hundredth place in the old Saka
era for that year.
Now, 123 + 78 = 201 = 1, deleting the hundredth place.
Hence,

CE

78 = 1 Kaniska era (current) and
0 Kaniska era (elapsed).
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We interpret efaye purvam as elapsed year, and accordingly the Julian
equivalent of Kaniska era in these inscriptions is:
CE

78 = 0 Kaniska era.

The day of the month can also be identified with the tithi with tolerable
accuracy. We have seen that the Moon gains 12' over the Sun per tithi.
In case of new-moon-ending months, we should expect, on 20th ~ s a d h a :
Moon-Sun = 20 x 12' = 240" (near about)
or Sun = Moon - 240"
If the Moon is near U f t a ~ aPhalguni (tropical longitude in CE 90 =
144"46'), we should have: Sun = 144O46' - 240° = 265' (say), so that the
Sun's position comes near the winter solstice, which cannot happen in
Asadha. However, if the month is full-moon-ending, then the Moon Sun = 5 x 12' = 60°, or Sun = Moon-60' = 144'46' - 60° = 85' (say), i.e.
near the summer solstice, which indeed happens in adha ha.
If we compute the mean tropical longitude of the sun (L) and mean
elongation of the moon in days (D), we get:
Date
June 21,
CE 90

L
87O.16

D
4.81

These luni-solar positions are in complete agreement with the inscriptional dates. We may perhaps identify these dates as Julian equivalents
of the inscriptional dates. Using this scale we can decipher all the other
dates in the inscriptions of the Kusana kings and use the same method
to decipher the dates of the old Saka Era.
Table 1

In a period of 4,320,000years

Sidereal revolution of the Sun
Sidereal revolution of the Moon
Sidereal revolution of Jupiter
Total civil days
Intercalary lunations
Omitted tithis

Aryabhaf.a
4,320,000
57, 753, 336
364, 224
1, 577, 917, 500
1, 593, 336
25,082,580

Sziryasiddfinta
4,320,000
57, 753, 336
364, 220
1, 577, 917, 828
1, 593, 336
25,082,252

This second phase was short-lived, but had far-reaching effects on the
later Indian calendar. In fact, this was perhaps the most productive period
in Indian calendrical history.
This Greco-Indian calendar was discontinued after the fall of the
Kusana empire.
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In the third phase, the Indian calendar was thoroughly revised. New
calendrical elements were introduced, new techniques in computational
works were formulated, and the application of cycles for intercalation
was abandoned. The new calendar that emerged is called the Siddhintic
calendar. This calendar was perfected by later Indian astronomers and
is still used all over India with some m a r p a l changes in some regions.
In this phase the solar zodiac with twelve signs was introduced. The
nak~atradivision was recast so that the first arc-division, renamed ASvini,
began from the first sign Mesa (Aries). This common point was the vernal
equinox. By CE 550, the vernal equinox shifted to zeta Piscium, and this
star (or a point very close to it) has since been the beginning of the
Indian zodiac.
The new technique for computations was that an epoch, Kaliyuga, was
formulated such that all the luminaries, like the Sun, Moon, and planets,
were assumed to be in conjunction at the initial point of the zodiac at
this epoch. Sidereal motions of the luminaries were so assigned that each
of them made an integral number of revolutions in a period of 4,320,000
years (see Table 1).
Astronomical parameters in this phase were not uniform in different
schools. We cite below some calendrical parameters from the ~ r ~ a b h a t i a n
school (CE 476) and the Siiryasiddhanta school of the tenth century.
For any day in question, elapsed days from Kali are computed from
the above figures, and from the rates of sidereal motion of the luminaries
their positions are found in the zodiac. Bentley computed the epoch of
Kali at 18th February, 3102 BCE midnight at Ujjain (longitude 75'45' east).
All astronomers have generally accepted this date.
~ r ~ a b h a formulated
ta
corrections of mean motions of the luminaries,
but such formulations are not found in earlier works. Our presumption is
that only mean motions were considered in the pre-~ryabhafianperiod.
In this revised calendar, the luni-solar year begins from the new moon
just preceding the Sun's entry to the initial point in the spring month
Caitra. Now, twelve lunations fall short of 10.8 days from a sidereal year,
and this accumulates to one lunation in two or three years. Whenever
such an extra lunation forms, it is intercalated in the year; there is no
role of any cycle here. This luni-solar year, with days designated by the
tithi of the day, is used all over India for religious purposes.
A solar year is also devised beginning from the Sun's entry into the
first sign Mesa, and is divided into twelve solar months, each month being
the period the Sun stays in a sign. Days of solar months are designated
by ordinal numbers. The first month is VaiS2kha. Datings are recorded
by luni-solar year in some regions, and by solar year elsewhere. The era
generally used is the Kaniska era renamed the aka era.
In a year containing twelve lunations, the twelve new moons will,
most generally, be distributed over the twelve signs, i.e. each sign will
contain a new moon. However, in an intercalary year when thirteen
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lunations are distributed over twelve signs, two new moons must occur
in one sign, and in extreme cases, one sign may not contain any new
moon at all. Such situations are natural phenomena and are 110 problem
for astronomers.
Out of the thirteen lunations occurring in an intercalated year, any
one may be earmarked as the extra month. However, metaphysics has
taken a toll here. As one sign will contain two new moons, so two
lunations, one from each new moon, will occur in that sign. One lunation
out of these two has to be selected as the intercalary one. Volumes of
religious literature have been written, perhaps more voluminous than
their astronomical counterparts, on which lunation is the proper one and
which is the intercalary one. Similarly, when a sign becomes void of a
new moon, religious literature is controversial as to which lunation is
to be assigned to that sign. Almost every region of India has its own
convention on these points.
A.K. Chakravarty
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Candrasekhara Samanta
~ a n d r a ~ e k h aSamanta
ra
(1835-1904) was a self-made astronomer who had
the distinction of revising the traditional calendar of Orissa during the
nineteenth century. He was a scion of a junior branch of the chiefs of the
small estate of Khandapara and bore the title Sdmanfa (Feudatory) on that
account. His full traditional name was Samanta ~ r CandraSekhara
i
Singh
Harichandan Mohipatra, and he was called locally Pathani Samanta.
Young CandraSekhara had little modern education, but learned Sanskrit
and astrology from his uncle, which he further developed by an intensive
study of two of the authoritative texts of the times, the Sziryasiddfinta, and
the Siddhdntas'iromani of Bhaskaracarya. Exhibiting an uncanny interest
in watching the skies, he became aware that the times of the rising and
setting of the Sun and Moon and of the other celestial bodies were
at variance with the times indicated in local almanacs arrived at by
computation based on traditional texts. Often, when almanacs differed in
their indication of times, and even of dates (fithis), there was confusion
in the matter of fixing the days for domestic and social festivals and of
sacred worship at temples like that of Lord Jaganniitha at Puri.
Deeply religious and equipped with the fundamentals of traditional
astronomy, CandraSekhara took it upon himself to remedy the prevailing
state of affairs, and from the age of 23 he commenced watching the
transit, conjunction, rising and setting of the celestial bodies, and recorded
his observations consistently and systematically. As aids to accuracy in
observation, he designed, all by himself, several astronomical instruments
which had been described in the Suryasiddhdnfa and the Siddhdntas'iromani
and their commentaries. Among the instruments were an armillary sphere
and a vertical wheel, which in modern terms served the purpose of the
transit and alta-azimuth instruments. He also used the clepsydra (water
clock) for measuring sidereal time. An instrument which he designed
and used constantly for celestial observation in place of a telescope was
a T-square frame which he called mdnayantra (measuring instrument)
with the main limb twenty-four digits and the crosspiece marked with
notches and having holes at distances equal to the tangents of the
angles formed at the free end of the main piece. He also designed an
automatically revolving wheel (svayam-vdhaka), with spokes partly filled
with mercury, which he also used to measure time. He effectively used
the gnomon, which when fitted with a small mirror could be used at
night for measuring time and angular distances.
CandraSekharals observations, experiments, and recordings, on the basis of which he coined corrections to earlier enunciations and innovated
new methodologies and practices, lasted thirty-four years. This enabled
him to introduce reforms to all aspects of astronomical computation,
which he set out in an extensive work Siddhdnfadarpana, in 2500 verses.
This is an astronomical manual in five chapters, devoted, respectively, to
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Mean planets (Madhyama-adhikfira), True planets (Sphufa-adhikira), Problems of Direction, Time and Place (TripraSna adhikfira), Spherics (Golaadhikfira), and Time and Appendices (Kfila adhikfira and PariSisfa). The
main contributions of CandraSekhara include corrections to the sidereal
periods of the star planets and to the main inclinations of the planetary
orbits to the ecliptic (the band of the zodiac through which the sun
apparently moves in its yearly course), identification, and evaluation of
evection, variation, and annual equation among the moon's inequalities,
and horizontal parallax of the sun and the moon. Recognition and honours were late in coming when the Government of India conferred on
him the title of Mahfimahopfidhyfiya (Scholar of scholars), the highest title
for a Sanskritist.

K. V. Sarma
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The oldest of the Ayurvedic classical works still in use by Ayurvedic
physicians is the Carakasamhitli, and its celebrated editor was Caraka.
Caraka's contribution was so significant that the work bears his name,
rather than that of AgniveSa, the original author.
Caraka was a popular name in ancient India from the Vedic period
up to the time of Kaniska (CE I), but the editor of the Carakasa~hitli
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belongs to a period prior to 600 BCE, the pre-Buddhist period. We
know this because the prose style of this work resembles the Brahmanas
and Upani~ads,because there are no references to Buddha or Buddhist
philosophy, because there are references to the Vedas and Vedic gods,
and because there is no Puranic mythology in the text.
The Carakasamhifi consists of 120 chapters which are divided into eight
sections. Unfortunately, the original complete work is no longer extant.
Seventeen chapters of the sixth section, and the entire seventh and eighth
sections were later supplemented by another scholar-physician called
Drdhabala (CE 12).
Out of the eight specialised branches of Ayurveda, Caraka's work primarily deals with six: (1)internal medicine, (2) toxicology, (3) psychiatry,
(4) pediatrics, (5) rejuvenation therapy, and (6) sexology, including the
use of aphrodisiacs. The other two, surgery and the treatment of eye, ear,
nose, and throat diseases, are scantily described. The important topics
dealt with in this text are anatomy, physiology, etiology (disease causation), pathology, therapeutics, form and time of treatment, conduct of the
physicians, medicaments and appliances, and rules for diet and drugs.
In addition, it contains a detailed classification and nomenclature for diseases, as well as information on embryology, obstetrics, personal hygiene,
sanitation, and the training of physicians. It also describes the cosmological, biological, physico-chemical, metaphysical, ethical, and philosophical
ideas prevalent in ancient India.
Bhagwan Dash
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City Planning

City Planning
As the birthplace of Indian culture, the towns of the Indus Valley represent an important and rich source of information concerning urban
development in the Indian subcontinent. The Indus River is one of the
largest and most important rivers in south central Asia. From its source
innn the Himalayan Mountains to its terminus in the Indian Ocean it
traverses a course of over two thousand miles. For millennia it has been
an essential route for travel, trade, and communication and has been
the source of much of India's agricultural production. The valley which
surrounds the Indus River has witnessed the birth, growth, and death
of many cities.
Excavations of Indus towns have demonstrated the most ancient town
planning in the world. The grid pattern (straight streets intersecting
other straight streets at right angles) is among the most common and
universal types of town planning. The discovery and excavation of the
most famous of these sites, Mohenjodaro, by Sir John Marshall (1931)
and Ernst Mackey (1938) supported the contention of Dan Stanislovski
(1946) that the development of the grid pattern in western societies Greece, Rome, and Europe in the Middle Ages - can be linked directly
to the development of town planning in the Indus valley.
A recent excavation on the Western plains of the Indus - the Rahman
Dheri site - reveals a town plan from the early Indus period. This site
comprises an area of roughly 22 hectares and could have been home to
ten to fourteen thousand people. Radio carbon-dating of artefacts places
development somewhere in the first half of the fourth millennium BCE.
Rahman Dheri is built in the classic grid pattern. It is rectangular in
shape surrounded by an immense wall and bisected by a major traffic
artery which runs roughly south-east to north-west. Perpendicular to this
road exists a pattern of regularly occurring laneways which appear to
create individual dwelling lots.
The successor to the plan of Rhaman Dheri is thought to be the
Surkotada site in Kutch which dates to ca. 2500-2000 BCE. Though smaller
in scale than its predecessor the Surkotada site is built along the same
grid pattern as Rahman Dheri. This settlement was enclosed by a stone
rubble and brick fortifications. This produced two separate areas each of
roughly sixty square meters.
Similar to Surkotada, only on a larger scale, the Kalibangan site was
completely surrounded by an enormous rampart. This site, about 200
kilometres to the south-east of Hirappa on the banks of the (now dry)
Ghaggar river, was composed of two mounds. The smaller mound, named
the citadel, was to the west and was roughly 240 metres by 120 metres.
The larger mound, named the lower city, was to the east and measured
360 metres by 240 metres. The lower city demonstrates the grid plan
divided into blocks of which the east-west side was roughly 40 metres in
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width. The width of lanes and streets in the lower city ranges from 1.8
to 7.2 m. Interestingly each lane or street is some multiple of 1.8 metres.
This site is thought to date to the early Indus period, roughly 3000 BCE.
The evolution of Indus town planning reached its zenith at Mohenjodaro. The town is geographically located on a floodplain of the Indus
river; the city occupies about one square kilometre - over five times
larger than Kalabangan. The basic grid of Mohenjodaro is about 180
metres square, subdivided into 16 sections of about 40 square metres.
Mohenjodaro existed from ca. 2500 to 2000 BCE.During this time it bore
the brunt of often severe flooding, and as a result the original grid
plan was often modified and transformed. The city itself was originally
planned in the same way as Kalabangan: an oblong walled city divided
into a citadel and a downtown area divided by an open space. Similar
to its predecessor communities, the town plan of Mohenjodaro indicates
the same parallel grid street structure that has come to characterise urban
planning in this region at this time.
As this brief history of the evolution of town planning in the Indus river
valley demonstrates the grid pattern was commonplace. The importance
of the Indus rivenr valley communities to the historical development of
culture and civilisaton in the Indian subcontinent and the East is well
known. Stanisloski has suggested that the grid pattern form of town planning has its roots in the Indus valley. Parallel developments in Nepal, Sri
Lanka (formerly Ceylon), Burma, Korea, Vietnam, and China also indicate
how widespread the influence of the Indus river valleys communities
were. It is suggested that this form of town planning was taken up by the
Greeks, Romans, and other Western Europeans and eventually became
a standard form of urban organisation in Europe and the New World.
Excavations at and along the Indus river valley reveal cities strikingly
similar in topography to contemporary Western European and North
American cities. While some may suggest that the grid pattern evolved
in a happenstance fashion without benefit of central planning or administration, substantial evidence exists to support the opposite point of
view. First, the grid pattern can be seen in a variety of towns all along
the Indus river which existed and flourished over a several thousand
year period. Second, the similarity between these towns and the general
division between a lower city area suggests the development of town
planning conventions as early as 2500 BCE. Third, there is a remarkable
mathematical symmetry in Kalabangan where lanes and streets (which
range from 1.8 to 7.2 m in width) all occur in multiples of 1.8 m.
The contribution of this historic period to the development of Western cities should not be underestimated. Much of what we take to be
enlightened urban planning was considered over four thousand years
ago by planners in south-eastern Asia.
Paul Gregory

Colonialism and Science

Colonialism and Science
Colonisation was not merely a political phenomenon; it had far-reaching
economic and cultural ramifications. It was an exercise in power, control,
and domination. Scientific and technological changes greatly facilitated
this progress. Techno-science and colonialism are closely linked and to
some extent share a cause and effect relationship. In recent years a good
deal of work has been done on the nature, course, and consequence
of this relationship in different geographical and culture areas. Some
scholars see in it utilitarian and developmental images; many others find
it utterly exploitative, while some prefer to opt for a middle path and
emphasise both the regenerative and retrogressive aspects of the science
and colonisation nexus. So the debate continues, and several works have
appeared with case studies on Africa, Latin America, and Asia. India, being
a prime example of classic colonisation, has also received considerable
attention.
The fact that India has a very long techno-scientific tradition and a
rich cultural heritage is fairly well known. It was, however, during the
seventeenth to eighteenth centuries, the post-Renaissance epoch (that
of Descartes and Newton) that Europe began to outdistance India in
scientific and material advancement. The rise of modern science in Europe profoundly disturbed the balance of scientific development among
traditional societies. It is also possible that the various sciences and technologies were on a decline in India around 1790. There was definitely
no "conscious" spirit of technological innovation and scientific enquiry
to match the spirit of Europe. The result was colonisation.
The advancing European trading companies became deeply involved
in political and military rivalries, culminating in the establishment of the
British paramountcy over the Indian subcontinent. A new empire was
in the making. The colonisers were out to collect the maximum possible
information about India, its people and resources. They reported what
was best in India's technological traditions, what was best in India's
natural resources, and what could be most advantageous for their employers. The English East India Company, for its part, was quick to realise
that the whole physical basis of its governance was dependent upon
the geographical, geological, and botanical knowledge of the areas being
conquered. The colonisers fully recognised the role and importance of
science in empire building.
The most interesting feature of this early phase of colonial science lies
in its highly individualistic character. State followed the trade, and certain
individuals on the spot would largely determine what was advantageous
for both. These colonial scientists would try their hands at several fields
simultaneously, and were in fact botanist, geologist, zoologist, physicist,
chemist, geographer, and educator - all rolled into one. As data gatherers
they had no peers, but for analysis and recognition, they had to depend
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upon the metropolitan scientific culture whose offshoots they were and
from which they drew sustenance. The colonial government quickly
patronised geographical, geological, and botanical surveys; after all these
were of direct and substantial economic and military advantage. Medical
or zoological research did not hold such promises. Research in physics and
chemistry was simply out of the question, for there were no laboratories,
equipment, or specialised training. The reigning spirit remained that of
exploration. Systematisation or analysis of its results had to wait for some
time, but then, even disjointed and often haphazard studies served some
purpose.
Other positive achievements were the establishment of scientific bodies
and museums. Pre-British India never had anything like a scientific society, not to say a journal, which could provide some sort of a platform for
scientific workers. William Jones was the first to realise this and founded
the Asiatic Society in Calcutta in 1784. This society soon became the focal
point of all scientific activities in India. It was followed by the Madras
Literary and Scientific Society (1805), the Agricultural and Horticultural
Society of India (1817), Calcutta Medical and Physical Society (1823), and
the Bombay Branch of the Royal Asiatic Society (1829). Trigonometrical
and topographical surveys were organised under the Great Trigonometrical Survey of India (1818), and a Geological Survey was established
in 1851. Scientific research thus for a long time remained an exclusive
governmental exercise, and this largely determined the nature and scope
of scientific research in India. Colonial science primarily implied "natural
history" and its star (if not sole) attraction was the exploitation of natural
resources. It was basically plantation research with emphasis on experimental farms, the introduction of new varieties, and the various problems
of cash crops. Next came surveys in geology and meteorology. Another
major area of concern was health. The survival of the army, the planters,
and other colonisers was at stake. The importance of medical research
was always recognised, but the quantum of emphasis varied from time
to time. In any case, however, research was not to be a curiosity-oriented
affair. Financial considerations were invariably there. The colonial administrators consistently held that scientists in India should leave pure science
to Britain and apply themselves only to the applications of science. They
would goad the various organisations to work along only economically
beneficial lines. Colonial researchers often found themselves unable to
distinguish between basic and applied research. This was particularly
true of the geologists and the botanists. Their problem was how to discover "the profitable mean course" in which scientific research, having
a general bearing, would at the same time solve the local problems of
immediate economic value. The dilemma was fairly acute.
In the field of education, science was unfortunately never given a
high priority. In 1835 Thomas Macaulay not only succeeded in making
a foreign language, English, the medium of instruction, but his personal
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distaste for science led to a curriculum which was purely literary. A few
medical and engineering colleges were opened, but they were meant
largely to supply assistant surgeons, hospital assistants, overseers, etc.
What India got was some sort of a hybrid emerging out of a careless
fusion between literary and technical education. What is more, adoption
of English as the sole medium of instruction in science rather hampered
its percolation to the lower classes. Colonial education widened the social
gulf and accentuated the age-old divide. Even in government institutions,
growth was kept under a self-regulatory check. The Tokyo Engineering
College was established in 1873, much later than the Engineering College
at Roorkee, and by 1903 it had a staff of 24 professors, 24 assistant
professors, and 22 lecturers. The Massachusetts Institute of Technology
was established in 1865 and by 1908 it had 306 teachers. And Roorkee,
even after 100 years of its existence (i.e. in 1947), had only three professors,
six assistant professors, and twelve lecturers.
Colonialism involved not only exploration and classification but also
coding and decoding cultures. Its cultural projects showed deeper penetration and greater resilience than its economic forays. With the help of
schools, universities, textbooks, museums, exhibitions, newspapers, etc.
local discourse was influenced and colonised. Modernity was presented
as a colonial import and not something intrinsic to humanity's rational
nature. Colonial rule, with its sharp tools, dissected and bared differences and was not inclined to synthesise. Colonialism usually stalls the
possibilities of exchange and prefers one-way traffic. One may talk of
transfer - transfer of knowledge, systems, or technologies - but it was a
transfer restricted or guided to achieve certain determined objectives. As
education and awareness grew, several Indians participated in the official
scientific associations and institutions, but very often they searched for
a distinct identity and established institutions, scholarships, and facilities
of their own.
In the first half of the nineteenth century, Bal Gangadhar Shastri and
Pathare in Bombay, Master Ramchandra in Delhi, Shamhaji
Hari ~eshavji'
Bapu and Onkar Bhatt Joshi in Central Provinces, and Aukhoy Kumar
Dutt in Calcutta worked for the popularisation of modern science in
Indian languages. In 1864 Syed Ahmed founded the Aligarh Scientific
Society and called for the introduction of technology to industrial and
agricultural production. Four years later Syed Imdad Ali founded the
Bihar Scientific Society. These societies did not live long. In 1870 Mahendra La1 Sarkar established the Indian Association for Cultivation of
Science. This was completely under Indian management and without
any government aid or patronage. Sarkar's scheme was very ambitious.
It aimed not only at original investigations but at science popularisation
as well. It gradually developed into an important centre for research in
optics, acoustics, scattering of light, magnetism, etc. In Bombay, Jamshedji
Tata drew up a similar scheme for higher scientific education and re-
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search. This was opposed by the then Governer-General, Lord Curzon.
Yet it finally led to the establishment of the Indian Institute of Science
at Bangalore in 1909. There was thus greater awareness by the turn of
the century.
In the first quarter of the twentieth century, those who put India on
the scientific map of the world were J.C. Bose, who studied the molecular
phenomenon produced by electricity on living and non-living substances,
Ramanujan, a mathematical genius, and I? C. Ray who analysed a number
of rare Indiari minerals to discover in them some of the missing elements
in -Mendeleefls Periodic Table. C.V. Raman's research on the scattering
of light later won him the Nobel Prize in 1930 and gave the name to
Raman spectroscopy. Meghnad Saha pioneered the field of astrophysics,
while S.N. Bose's collaboration with Einstein led to what is known as
the Bose-Einstein equation. These were great sparks, individual and
sometimes lonely, yet imbued with both scientific and national spirit. They
thought over what role science and technology would play in building
modern India, and they dreamt of freedom. The colonial government
was aware of its limitations and discomfiture, and gradually permitted
greater indigenisation of its scientific institutions and cadre. In the wake
of the First World War the government realised that India must become
more self-reliant scientifically and industrially. It appointed an industrial
commission in 1916 to examine steps that might be taken to lessen India's
scientific and industrial dependence on Britain. However, few of the
Commission's recommendations were actually implemented. Discontent
continued to, grow. India's national leaders appreciated the importance
of science and technology in national reconstruction and worked closely
with the scientific talent of the time. A National Planning Committee
was formed in 1937 for this purpose, in which several leading Indian
scientists and technologists participated. In 1942, the Council for Scientific
and Industrial Research was established. The end of colonial science was
pretty near. With the A.V. Hill Report in 1944 on Scientific Research in
India, the curtain dropped.
The foregoing analysis illustrates that in a colonial situation field
sciences may have been developed through imported scientists as an
economic necessity, but little fundamental research was possible. A few
colonial scientists made important contributions that no doubt enriched
science in general, but their activities hardly succeeded in introducing
science to the Indian people or in ameliorating their condition. Colonial
science did, on the whole, support and help sustain exploitation and
underdevelopment.
Deepak Kumar
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Combinatorics in Indian Mathematics

Combinatorics in Indian ,Mathematics
Having prescribed the rule

for the number of combinations of r things taken at a time from n things,
Bhaskara I1 (CE 1150) remarked: "This [rule] has been handed down [to us]
as a general [method], being employed [for their own purposes] by the
experts [of specific fields of study], namely, for the tabular presentation of
possible meters in metrics, for the number of ways of opening ventilating
holes, etc., and the diagram called Partial Meru in arts and crafts, and
for the varieties of tastes in medicine. [But], for fear of prolixity, they are
not explained here" [Lildvati 113-1141. It is impossible to tell exactly when
and by whom this rule was formulated, but from ancient times Indian
peoples have had a keen interest in arranging things in order in various
aspects of human life, and in theorising in various areas of study.
The Bhagavati, one of the twelve canonical books of the Jainas, counts
by enumeration the number of all the possible cases when one person,
two persons, three persons, etc. are distributed in the seven nether
worlds.
Most books of Sanskrit and Prakrit prosody, such as the ChandahsCtra
of Pingala (ca. CE 200?), Vrftajdtisarnuccaya of Virahanka (between the sixth
and the eighth centuries), Jayadevacchandah of Jayadeva (before CE 900),
Chando 'nuSgsana of Jayakirti (ca. CE 1000), Vrttaratndkara of Ked2ra (before
CE 1000), Chando'nuSfisana of Hemacandra (ca. CE 1150), etc., devote one
of their chapters (usually the last one) to "six kinds of ascertainment"
(sarpratyaya), namely:
(1) spread (prastdra), to spread a list of all the possible variations of a
given type of meter consisting of short and long syllables according
to a certain method;

(2) lost (nasra), to find out a lost variation when its serial number in
the list is given;

(3) mentioned (uddi~tzg),to calculate the serial number in the list when
a particular variation is mentioned;
(4) short- (and-long-) calculation (laghukriyd/galakriyd), to calculate the
number of the variations in the list that have a given number of
short or long syllables (for this purpose, a diagram called the Mount
Meru-like spread (meruprastdra), equivalent to the so-called Pascal's
triangle, is constructed);

(5) number (samkhyd), to calculate the number of all the variations in
the list; and
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(6) way (adhvan/adhvayoga), to calculate the space of writing materials
required for writing down the list.

A chapter on prosody in the NdtyaSdstra of Bharata (before CE 600), a
dramaturgical work, and one in the Agnipurdna (ca. CE 800), a work on
sacred traditions, also contains a section on these topics.
Four out of the six kinds of ascertainment, namely, spread, lost, mentioned, and number, were applied to the melody (combinations of seven
notes) and the rhythm (combinations of a half, one, two, and three
Sarigitarafndkara, ca. CE 12501, for
beats) in Indian music [~arfi~adeva's
which a diagram called Partial Meru (khandameru) was employed. This
was also the case with the combinations of five sub-categories taken severally from five categories of "carelessness" (pramdda) when they contain
different numbers of sub-categories, in Jaina philosophy [Nemicandra's
Gommafasdra, ca. CE 9801.
Medical treatises such as the Carakasamhifd (ca. CE 100) and
SuSrutasamhifd (ca. CE 200) treated combinations of the six basic tastes
(rasa), and of the three humours (dosa) of the body. Varahamihira dealt
with the problem of combinations of nine and sixteen basic perfumes in
the Brhafsamhitd (ca. CE 550).
Indian mathematicians prior to Bhaskara, too, are known to have been
interested in these problems of combinatorics. Brahmagupta devoted one
whole chapter consisting of nineteen (or twenty) stanzas of his astronomical work, BrBhmasphutasiddhdnfa (CE 628), for combinatorics related
to Sanskrit prosody. The problem of tastes was taken up by the mathematician ~ridharain his Pdtfganita (ca. CE 750). Mahavira treated the
six kinds of ascertainment of Sanskrit prosody as well as tastes in his
mathematical treatise, Ganitasdrasamgraha (ca. CE 850).
In addition to the traditional rule for combination mentioned above,
Bhaskara gave six rules for permutations concerning sequences of numerical figures in a chapter called "nets of numbers" (arikapdSa) of his
famous Lildvati. However, it is Ngrayana who for the first time treated
various problems of permutation and combination, including the system of "spread-lost-mentioned", of different areas systematically from the
viewpoint of mathematics with the help of variously defined sequences
of numerals. Chapter 13 entitled "nets of numbers" of his mathematical
treatise, Ganitakaumudi (CE1356), consists of about one hundred stanzas
for rules of combinatorics and forty-five for examples.
Takao Hayashi
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Decimal Notation
Decimal notation is a system which imparts to nine figures (digits) an
absolute numerical value and also a positional value which latter increases
their value ten times by being shifted by one place to the left. Thus,
the digits: 1, 2, 3, 4, 5, 6, 7, 8, and 9, coupled with the figure " 0 which
stands for zero or Szinya (nothing, empty), while expressing just their
individual values when standing alone, can express also any quantity of
any magnitude by their repeated use in the same number, and shifting
of places, as needed. The importance of this contrivance is apparent
from the words of the great French mathematician ES. Laplace, when
he says: "The idea of expressing all quantities by nine figures whereby
both an absolute value and one by position is imparted to them is so
simple that this very simplicity is the reason for our not being sufficiently
aware how much admiration it deserves" (Srinivasiengar, 1967). Halstead
observes: "The importance of the creation of the zero mark can never be
exaggerated. This giving to airy nothing, not merely a local habitation
and a name, a picture, a symbol, but helpful power, is the characteristic
of the Hindu race from whence it sprang. It is like coining the Nirvana
into dynamos. No single mathematical creation has been more potent
for the general on-go of intelligence and power".
In Indian tradition, the need for enumeration and decimal notation
stemmed from the adoration of gods and for ritualistic purposes. From
Vedic times, the Hindus used the decimal notation for numeration. The
Rgoeda (ca. 2000 B C E ) groups gods into three (1.105.5); there are three
dawns (8.41.3); there were seven rays of the Sun-god (1.105.9); there were
seven sages (4.42.8), and seven seas (8.40.5). There were 180 Marut-gods,
or three times sixty (8.96.8); the God sy5v%gave as gifts cows numbering
210 or three times seventy (8.19.37). There were 21 followers of Indra,
or three times seven (1.133.6), and the number of horses prayed for was
thrice seven times seventy or 3 x 7 x 70(8.46.26). In Vedic literature, besides
the primary numbers, one to nine, expressed by the terms, eka, dvi, tri,
catur, pafica, sat, sapta, asfa and naaa, the decuple terms from ten to ninety,
expressed by daia, vimSati, trimgat, catvfirimSat, paricaiat, sasti, saptati, aSiti
and navati are found. These are then sequentially multiplied by ten,
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taking terms from 100 to 10 to the power of 12, the terms being Sata,
sahasra, ayuta, niyuta, prayuta, koti, arbuda, nyarbuda, samudra, madhya, anta,
and parlrdha . In the matter of the arrangement of decuples in compound
number-names, the practice generally followed in Vedic literature was
to put the term of higher denomination first, except in the case of the
two lowest denominations, where the reverse method was followed. See,
for example, sapta Sat2ni vimSatih (seven hundreds and twenty, R p e d a
1.164.11), sahasrlni Sata daSa (thousands hundred, and ten, R p e d a 2.1.8)
and sasti, sahasra nauatim nava (sixty thousands, ninety and nine, 60,099
R p e d a 1.53.9).
With respect to written symbols for numbers, since no palaeographic
records of the Vedic age have been preserved, little can be said. However, a few Vedic passages occur where written numerical symbols are
mentioned. In the R p e d a (10.62.7) certain cows with the mark of "8" (astakarni) are referred to, and Yajurveda-Kithaka Samhitl makes mention of
pieces of gold with the mark "8" imprinted on them (asta-pruddhiranyam,
astl-mydamhiranyam, 13.10). Inscriptions and manuscripts, of later ages,
all over India, use numerical symbols profusely. The tendency had been,
from early ages, to spell out the numbers or make use of things permanently associated with a number to represent that number. For instance,
eyes, hands, etc. were used for 2; Moon, sky, etc. were used for 1, seasons
for 6, and week for 7. Another method was to attribute specific numerical
values for the letters of the alphabet and use those letters to indicate
the specified numbers, a method which was mentioned by the Sanskrit
grammarian P2nini of the fourth century BCE. These methods were very
popular in the classical age in India, especially with mathematicians and
astronomers.
K. V. Sarma
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Desantara
In Indian astronomy, the DeSdntara of a place is its terrestrial longitude,
i.e. the "distance of the place" from a universally accepted zero meridian.
In modern times, the meridian at Greenwich in England is accepted as
the zero meridian, and the longitude is expressed in terms of the angle
subtended, at the pole, by the Greenwich meridian and the meridian
of the place in question. Indian astronomy had, from early times, taken
as the zero meridian the meridian passing through the ancient city of
Ujjain in Central India, cutting the equator at an imaginary city called
Lank2 and passing through the south and north poles. Again, in order to
facilitate the conversion of the local time to that of the zero meridian and
vice versa, the DeSdntara was expressed in terms of time-measures like
nddi (or ghati), equal to 24 minutes, as converted from the corresponding
degrees. Since the earth completes one eastward rotation of 360" in 24
hours, it is 15" an hour or 1 degree in 4 minutes. In terms of Indian
measures, since 60 nddis are equal to 24 hours or two and half nddis make
one hour, the rotation of 15" corresponds to a period of two and a half
nddis. Since 1 nddi= 60 vinddis, and 1 vinddi= 6 prdnas, the rotation will
be 1 degree in 10 vinddis, or 1 minute in 10 prdnas. The deSdntara which is
expressed in terms of time-measure is done through either nddis, vinddis
or prdnas.
Since the planetary positions derived by Indian astronomical computation are all related to the mean sunrise at the zero meridian, viz., the
Ujjain meridian, to arrive at the positions at local places, a longitude correction or deSdntara-samshra is called for. It is calculated in time-measures,
as above, and is subtracted if the place in question is east of Ujjain and
added if it is west of Ujjain.
The deidntara-samskdra is expressed also in terms of the distance, i.e.
in yojanas, of the desired place from the Ujjain meridian in the same
latitude, at the rate of 55 yojanas for 10 vinddis or 1 minute.
K. V. Sarma
See also: Astronomy

Devacarya

Devacarya
Devacarya, son of Gojanma and author of the astronomical manual
Karanaratna (lit. Gem of a Manual), hailed from Kerala in South India. The
epoch of Karanaratna, i.e. the date from which planetary computations
were instructed to be commenced in that work, is the first day of the
year 611 in the aka era, which corresponds to February 26 of CE 689.
This places DevZcarya in the latter half of the seventh century. We know
he came from Kerala because he used the Kafapayidi system of letter
numerals and 'the ~akibdasa~skiira,
which is a correction applied to the
mean longitudes of the planets from the aka year 444 or CE 521, and a
unique method of computing the solar eclipse, all of which are peculiar
to Kerala, and because his work is popular in that part of the land.
Devacarya uses the elements of the ~ r ~ a b h a t aschool
n
of astronomy
as the basis of his work, as he himself states towards the commencement
of Karanaratna. His work is based both on the ~ryabhafiyaand on the
second work of ~ r ~ a b h a t the
a , tiryabhata-siddhdnta, as abridged in the
Khan&khidyaka of Brahmagupta. The influence of the SziryasiddhHnta and
of Varahamihira are also apparent. It is also noteworthy that Devacarya
himself innovated several thitherto unknown methodologies and techniques.
In eight chapters, the Karanaratna encompasses almost all the generally
accepted aspects of Hindu astronomical manuals. Chapter I of the work
is concerned with the computation of the longitudes of the Sun and
Moon, and also the five basic elements of the Hindu calendar (paficdnga).
Computation and graphical representation of the lunar and solar eclipses
are the subjects of Chapters I1 and 111. Chapter IV deals with problems
related to the gnomonic shadow and Chapter V with the calculation of
the time of the moonrise and allied matters. In Chapter VI, heliacal rising
of the Moon and elevation of the Moon's horns are dealt with. The last
two chapters are concerned with the derivation of the longitudes of the
planets, planetary motion, and planetary conjunctions.
Several peculiarities characterise DevZciirya's work. Among these are
the computation of the Sun, Moon, Moon's apogee, and Moon's ascending
node using the "omitted lunar days, the ~akibdacorrection, and the
application of a third visibility correction for the Moon. However, what
is most significant in the work is the recognition of the precession of
the equinoxes and the rule that he gives for its determination on any
date. DeviicZrya's measure of the rate of precession is 47 seconds per
importance lies
annum, its modern value being 50 seconds. Dev%c&rya1s
in the fact that his work formed a record of the astronomical practices
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and methodologies for the quick derivation of astronomical data that
prevailed in India during the seventh century CE.

K. V. Sarma
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Dyes
The human urge to paint the body with symbolic, warlike, or identifying
colours may have been among the earliest impulses which led to the
discovery of colour-yielding clays and plants. The dyeing of human
clothing followed. Encounters, both warlike and peaceful, between groups
then led to the identification of certain colours with specific regions or
groups of producers, and exchanges began. This specialisation and trade
eliminated many of the poorer dyes of prehistoric times, which may have
numbered many hundreds, and by the time recorded history took note
of dyes only a relative few still saw widespread use.
Dye exchanges at first were very local. The major ones in ancient times
were usually confined to the great areas of early culture and urbanisation
such as China, northern India, and the eastern Mediterranean. Later, trade
in dyestuffs became more long distance, and, with European intrusions
into Asia and invasion of the Americas, transoceanic and worldwide. This
huge trade in natural dyes was destroyed and again reduced to a local
level by the invention of coal tar or aniline dyes and other chemical
dyes, in the mid-nineteenth century.
The production and exchange of colourants was always associated with
certain other industries. Cloth manufacture and weaving were certainly
the main ones. Others arose out of the limitations of some natural dyes.
Many were not "fast"; that is they tended to fade or discolour when
exposed to light, frequent washing, or wear and tear. Accordingly, much
effort was historically expended in the search for mordants (dye fixers).
Many of these were readily available, such as blood, dung, or urine.
Various acids, alkalis, and wetting agents were widely used. Alum, an
astringent, was probably the most common, and large cargoes were
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mined and shipped to dye factories and market towns. Minerals such
as copper, tin, and iron also came to be used for mordanting, and thus
added to the importance of mining for these minerals. Tree-borne dyes
led to forest cultivation and above all, to extensive and destructive logging
industries. The dye-yielding attributes of plants such as indigo stimulated
the creation of plantation complexes.
The production of natural dyes and their use in dyeing textiles were
often complicated skills requiring apprenticeships and years of training.
Certain towns became known as dye centres or markets, such as ancient
Tyre or medieval Venice in the Mediterranean, or Oaxaca in colonial
Mexico. Guilds of dyers and castes devoted to weaving and dyeing
were of considerable importance in European and Indian societies from
medieval times.
Before European intrusion reached sub-Saharan Africa, Asia, Australia,
and the Americas, there were several dyes which were produced and
distributed over large areas. Perhaps the best known of the early root
dyes was madder (from the Rubiaceae, of which there are over thirty
species). Rubia tinctorum roots were used to obtain red dye in India,
and were also known to the ancient Persians, Egyptians, Greeks, and
Romans. For centuries Baghdad was the centre of the madder trade, and
it was cultivated extensively - rather than gathered as elsewhere - in
Mesopotamia. After its use spread to Western Europe, the Dutch became
the most systematic and scientific madder growers, combining it with
their leading role in cloth making (wool) and cloth importing (silks and
linens). The French began to compete in the eighteenth century, but the
French revolution damaged the industry and it never revived.
Before the European expansion, the most widely used dye made
from plant leaves was woad (Isatis tinctoria of the Cruciferae family).
It yielded various blues and greys. Although easy to produce in the
temperate areas of Europe and Asia, it was not a very brilliant or fast
dye. Woad in medieval and early modern Europe was manufactured
and marketed by powerful guilds which, by monopolies, boycotts, and
powerful legislation, managed to prevent largescale intrusions of other
blues, especially indigos, from America and South-east Asia, until the
seventeenth century.
The leading dye made from woad has always come from brazilwood
(Caesalpinia echinata), although many other trees such as lima, sapan, and
peachwood, all soluble redwoods, are often lumped together as brazilwoods. These medium-sized trees have been widely used for dyestuffs in
many parts of the world. They are cut into small logs, ground to powder,
then soaked and fermented, often with an aluminium or other metal
ore mordant. They yield reds and browns, except on silks. Before the
sixteenth century, India, Sumatra, and Ceylon (Sri Lanka) were the main
producers. Other woods, such as camwood from India, which imparted
a rough feeling to cloth because of its resins, were also traded. Cutch
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or kutch, a brown dye, has been manufactured in India for over two
thousand years and comes from the leaves and twigs of various acacia
and mimosa trees.
Humans have elaborated dyes from the bodies of insects and animals
for millennia. The most expensive, prestigious dye of ancient times was
Tyrian purple. It was manufactured in Crete by 1600 BCE,but is usually
associated with the Phoenicians. Tyre became the great market centre
for this dye until captured by the Arabs in CE 638. Phoenician traders
had spread its use all over the Mediterranean. It was so rare and costly
that in many areas this fast, blue to purple dye was restricted to the
clothing of high ecclesiastics, the aristocracy, or simply the ruling family.
This colourant is extracted from a gland found in several shellfish, most
notably Murex trunculus. A few similar dyes were used in the Americas
before and after the European invasions, especially in Nicoya (Costa Rica)
and on the Peruvian coast, but the American sources never produced
enough dye to be of importance beyond local markets.
Insects have also been significant to the natural dye industry. Kermes is
the oldest and most widespread of these dyestuffs. The insects harvested,
Coccus arborum and Coccus ilicis, live on the holm oak (Quercus ilex), the
shrub oak (Quercus coccifera) and a few other trees. Kermes is Armenian
for "little worm" and is a scarlet dye. It is mentioned in the Old Testament
and in the writings of ancient Greece, but its origins are probably Asiatic
and it was much used in India.
The European invasions of South and South-east Asia and of the Americas greatly changed dye usage by bringing new and better colourants
into the international markets. Indigo, which produces a range of blues,
became for about two centuries the most important of all dyestuffs. It is
a vegetable dye of considerable fastness, and has been known in parts
of Asia for over four thousand years. Indigofera tinctoria, of which only
the leaves bear dye, is of the order leguminosae, and belongs to the pea
family. It was found in India, South-east Asia, Africa and America. It has
been discovered in both Egyptian and Inca tombs, and its continent of
origin is obscure.
Dutch ships carried indigo throughout the Indian Ocean, and then,
in the seventeenth century, to Europe, where, despite a struggle, it
eventually displaced woad. Bengal supplied large quantities in the late
eighteenth century to the British textile industry. When American indigo,
mostly produced in Central America, the Carolinas, and Georgia, began to
flood the market in the eighteenth century, the woad industry collapsed
in the face of this cheaper and better dyestuff.
Cochineal, a scarcer and more expensive dye, had a similar history.
It is made from an American insect, Coccus cacti, which feeds on a
cactus (Nopalia or Opuntia cochinellifera), and was used in Mesoamerica,
especially in the Oaxaca region, long before the Europeans arrived. While
its production is elaborate and costly, the result is a superior scarlet or
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crimson dye, and it soon replaced kermes in Asian and European markets
and dyeworks. After bullion it was the most expensive item carried by
the Spanish treasure fleets.
The brazilwood industry grew after the products of the American continents began to enter world commerce. Vast new stands were found in
Brazil - hence the name - and to this was added logwood or campeachy
wood, a large, tropical American tree (Haematoxylon campeacheanum) found
especially in Campeche, Tabasco, and Belize. It yields black or blue dyes,
plus edible seeds called allspice. By the seventeenth century it was in
use in Africa and Europe.
One crop from America moved to Asia. Annato (Bixa orellana) was
used by Mesoamerican peoples largely as a food additive and colourant,
but when taken to South-east Asia and India this dye, which is a poor,
fugitive yellow to red, was used for cloth, especially monks' robes. It is
so culturally accepted in these regions today that many writers describe
it as indigenous.
The new dominance achieved by Asian and above all American dyes
such as indigo and cochineal, both of which were spread by European
expansion, lasted less than two centuries. They, in their turn, were
overwhelmed by the new coal tar or aniline dyes invented in the midnineteenth century. Many of the natural dyes, however, remain in use
in local and peasant economies.
Murdo J. Macleod
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East and West
As traditionally used in the West, the terms East and West imply that the
two are somehow of equal importance. While that might be arguable in
the nineteenth and twentieth centuries it was certainly not true during
the long reaches of human history prior to the nineteenth century. By 500
BCE the globe supported four major centres of civilisation: the Chinese,
the Indian, the Near Eastern, and the Western, considering Greek culture
antecedent to what eventually became the West. Of the four the West
was probably the least impressive in terms of territory, military power,
wealth, and perhaps even traditional culture. Certainly this was the case
after the fall of the Roman Empire in the fifth century CE. From that time
until'about CE 1500 the West probably should be regarded as a frontier
regon compared to the other centres of civilisation.
From roughly 500 BCE to CE 1500 a cultural balance was obtained
between the four major centres of civilisation. During these millennia
each centre continued to develop its peculiar style of civilised life, and
each continued to spread its culture and often its control to peoples
and lands on the periphery. While the inhabitants of each centre of
civilisation were aware of the other centres, sometimes traded with them,
and occasionally borrowed from them, the contacts were sufficiently thin
so that no one centre threatened - commercially, militarily, politically,
or culturally - the existence of the others. During this long period, that
is through much of civilised human history, there was no question of
Western superiority or hegemony. No visitor from Mars would likely
have predicted that the West would eventually dominate the globe.
Obviously the Greeks and Romans knew quite a bit about the NearEastern world, especially about the Persian empire, that of Alexander
the Great, and the successor states formed after its collapse. About India
and China they knew much less, and what they knew was much less
accurate. Although Herodotus (ca. 484425 BCE) reported some things
about India, most of the information available to the Greeks came from
the writers who described Alexander's campaigns in the Indus Valley
(326-234 BCE) and from Megasthenes. They described India as fabulously
rich, the source of much gold and precious stones. It was hot; the Sun
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stood directly over-head at midday and cast shadows toward the south
in summer and toward the north in winter. They described huge rivers,
monsoons, tame peacocks and pheasants, polygamy, and the practice of
suttee (widow burning). However, they also reported fantastic things such
as gold-digging ants, cannibals, dog-headed people, and people with
feet so large that they served as sun shades when sitting. The Romans
knew that India was the source of spices and that China, which they
called Serica and well as Sinae, was the source of silk. There are even
possible traces of Asian influence in some Roman silver and ivory work
and perhaps even some influence of Buddhism on Neo-Platonism and
Manichaeanism.
From about the fourth century, even before the fall of the Roman
empire, until the return of Marco Polo from China in the late thirteenth
century, Europe or the West added little factual information to its understanding of India and China. After the fall of the Roman empire
there was no direct trade between Europe and Asia, and thus there were
no opportunities to test the stories by observation. The rise of Islam in
the seventh and eighth centuries completed Europe's isolation. During
these centuries the old stories inherited from the Greeks were retold
and embellished with little effort to distinguish fact from myth. To these
were added three legends of more recent origin: the stories celebrating
the heroic exploits of the mythical Alexander; those rehearsing Saint
Thomas the Apostle's missionary journey to India and his subsequent
martyrdom; and those describing the rich, powerfal, Christian kingdom
of Prester John somewhere to the east of the Islamic world with which
European rulers dreamed of allying against the Muslims. Even the trickle
of precious Asian products brought to Europe by intermediaries seemed
only to confirm the image of Asia as an exotic and mysterious world,
exceedingly rich and exceedingly distant.
The rise of the Mongol empire in Asia during the thirteenth century
resulted in direct overland travel between Europe or the West, and China.
The Mongols' success also revived hopes among European rulers of
finding a powerful ally to the east of the Muslims. Even the devastating
Mango1 incursions into Poland and Hungary in 1240 and 1241 scarcely
dampened their enthusiasm. Already in 1245 the pope sent an embassy
led by John of Plano Carpini to the Mongol headquarters near Karakorum.
He was followed during the ensuing century by a fairly large number
of envoys, missionaries, and merchants, several of who wrote reports
of what they saw and did in Eastern Asia. Marco Polo's was the most
comprehensive and reliable, and the most widely distributed of the
medieval reports. By the time the Polos first arrived at Kublai Khan's
court in 1264 it was newly established at Cambaluc (Beijing), from which
the khan ruled the newly conquered Cathay (China). Like many other
foreigners during the Mongol period (the Yuan Dynasty in China, 12601368) the Polos were taken into the khan's service. They were employed
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in the Mongol administration for seventeen years during which time
Marco travelled extensively throughout China. On his return to Europe
he produced the first detailed description of China in the West based
primarily on first-hand observation and experience. No better account of
China appeared in Europe before the middle of the sixteenth century.
Marco Polo described China as the wealthiest, largest, and most populous
land in the thirteenth-century world. While his understanding of Chinese
culture was minimal he accurately and admiringly described cities, canals,
ships, crafts, industries, and products. He noted the routes, topography,
and people encountered in his travels, including his voyage home through
South-east Asia to Sumatra, Ceylon and along the west coast of India.
The decline of the Mongol empire and the establishment of the Ming
Dynasty in China in 1368 severed the direct connection between Europe
and China. The fall of Constantinople in 1454 and establishment of the
Turkish empire in the Near East disrupted the older connections between
Europe and the near East and India. Europe's isolation from the outside
world was complete, not to be restored until the opening of the sea route
around the tip of Africa in the waning years of the fifteenth century.
During this period no European appears to have travelled to China.
Some few travel reports refer to India and South-east Asia. Of them
only that written by the humanist Poggio Bracciolini in 1441 and based
on Nicol6 de' Conti's travels added to the West's store of knowledge
about India and confirmed some of the more accurate of the ancient
Greek reports. In fact amid the Renaissance humanists' enthusiasm for
the rediscovery of ancient Greek literature, the Greek reports of India
received new respect and attention.
During the long era of cultural balance before CE 1500 many important
technological and scientific inventions and innovations appear to have
migrated to the West from the other centres of civilisation, more often
from China than from the others. The migration of technology was
usually gradual, involving one or more intermediaries, the inventions
usually being established in the West without any clear ideas about
their origins. Much of the basic technology that enabled the Europeans
to sail directly to Asia in 1500 and later to begin their march towards
global domination was known earlier in the Asian centres and only later
adopted or separately invented in Europe.
Among the more important technological borrowings were gunpowder,
the magnetic compass, printing, and paper, all apparently originating in
China. For none of them is the path of migration entirely clear, and thus
for none of them can the possibility of independent invention be entirely
ruled out. Gunpowder, for example, was known in China by 1040 and
did not appear in Europe until the middle of the thirteenth century. The
magnetic compass was fully described i c an eleventh-century Chinese
book, Meng Qi Bi Tan (Dream Pool Essays), written by Shen Gua in 1088.
It began to be used in Europe during the late twelfth or early thirteenth
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century. Most likely Europeans learned about it from the Arabs. The case
for moveable-type printing having been borrowed from the Chinese is
more hotly debated than that for gunpowder or the compass. Woodblock printing was used in China by the seventh century, and paper
was invented much earlier; the first printed books appeared there during
the ninth century, six centuries before the invention of printing in the
West by Johannes Gutenberg in 1445. Block printing probably became
known in Europe through the introduction of printed playing cards and
paper money during the Mongol period; medieval travellers frequently
mentioned these. Because of the large number of Chinese characters the
Chinese continued to prefer printing from page-sized blocks of wood
carved as a single unit; European printing almost immediately employed
moveable type, thus convincing some scholars that it was a separate
invention. However, while they may have preferred block printing the
Chinese also developed moveable type as early as the eleventh century.
For none of these basic inventions taken separately - gunpowder, the
compass, and printing - is the case for its diffusion from China to Europe
indisputably demonstrated. Taken together, however, along with a rather
large number of other technological and scientific innovations such as
paper, the stern-post rudder, the segmented-arch bridge, canal lock-gates,
and the wheelbarrow, which all appear to have migrated from China
to the West, it becomes apparent that the general flow of technology
and science in pre-modern times was from East to West. This would
seem to increase the likelihood that these basic innovations also migrated
to Europe from Asia. Those who used the technological innovations
probably cared little abowt their ultimate origin and apparently did not
seek it out. Nevertheless European mariners after 1500, confronted first
hand with evidence that printing, gunpowder, the mariner's compass,
and the like had been in use much longer in Asia than in Europe,
frequently suggested that they had been borrowed from the Asians.
Even before gunpowder a group of military innovations found their
way to Europe from China and India, again through intermediaries
and apparently without Europeans being aware of their origins. The
Chinese form of the Indic stirrup was the most important of these and
may have been as important to military development in the eighth
century as gunpowder was later. The Javan fiddle bow and the Indian
Buddhist pointed arch and vault were acclimated in Europe before 1100.
The traction trebuchet along with the compass and paper appeared
in the twelfth century. Still more important for subsequent Western
scientific achievements was the adoption of Hindu-Arabic mathematics
in the twelfth and thirteenth centuries: the Indian system of arithmetical
notation, trigonometry, and the system of calculating with nine Arabic
numbers and a zero were all practiced in India as early as CE 270. Some
components of Indian mathematics may have come from Babylonia or
China. They came to Europe, however, through the translation of Arabic
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writings, and the European borrowers usually credited India rather than
China, Babylonia, or the Arabic intermediaries as the source of the new
mathematics. Along with Indian mathematics, Europeans learned some
elements of Indian astronomy and also became fascinated with the Indian
idea of perpetual motion.
Also before 1500, Europeans sometimes attempted to imitate desirable
Asian products, not always successfully. Already in the sixth century the
Byzantine emperor Justinian monopolised the silk trade in his realm and
expressed his determination to learn the secret of its manufacture. In 553
a monk supposedly smuggled some silkworm eggs into Constantinople
carrying them in a hollow stick, perhaps of bamboo. Nothing is said
in the story about the importation of silk technology, but less than a
century later sericulture had obviously taken root in Syria. From there
it spread to Greece, Sicily, Spain, Italy, and France. In Italy during the
fourteenth century, water power was used in silk spinning, as it had
been used in China much earlier. Attempts to imitate Chinese porcelain,
however, were unsuccessful. The best attempts to do so were made
in northern Italian cities during the fifteenth century. None, however,
approached Chinese porcelain in composition, colour, or texture. Nor
did the Dutch Delftware of the seventeenth century, another attempt
to imitate the Chinese product. Not until the eighteenth century were
European craftsmen able to produce a hard-paste porcelain to rival that of
China. Also appearing in Europe before 1500 were less important devices
or techniques such as the Malay blowgun, playing cards, the Chinese
helicopter top, the Chinese water-powered trip-hammer, the ball and
chain governor, and maybe Chinese techniques of anatomical dissection.
While impressive, the West's importation of Asian science and technology before 1500 in no way deflected Western culture from its traditional
paths. Seldom was the provenance of the new inventions or techniques
known, and they could all rather easily be incorporated into the traditional Christian European world-view. They did not provoke any serious
questions about the European way of life, its religious basis, its artistic
and cultural traditions, or even its traditional scientific views. This is
also true for the artistic and cultural borrowings from Asia prior to 1500.
They too were often unconscious, and even when they were not, they
were regarded as embellishments or decoration, rather than in any way
a challenge to traditional themes. For example, the incorporation into the
Christian calendar of Saints Baarlam and Josephat, derived as they were
from stories of the life of Buddha, resulted not in a Buddhist challenge
to the Christian faith but simply in the addition of two new saints to
the growing Christian pantheon.
Nevertheless, the borrowing and adaptation of Asian science and
technology by the West before 1500 was indispensable in making the
long overseas voyages to Asia and the protection of the ships and shore
installations possible. Without gunpowder, cannons, the compass, the
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stern-post rudder, etc. there would have been no European expansion.
While they had lagged well behind the other centres of civilisation
through most of civilised history, by 1500, European marine and military
technology were beginning to equal that of the Near East, India, and
China, and were obviously superior to that of the peripheral areas of
Africa, South-east Asia, and the Americas. The Portuguese voyages down
the coast of Africa and Columbus' voyage across the Atlantic attest to
Europe's rapidly improving technology.
A small Portuguese fleet under Vasco da Gama reached Calicut on
the Malabar Coast of India in 1498, thus establishing direct contact
between Europe and Asia by sea and also inaugurating a new era in the
relationships between the four major centres of civilisation on the globe.
Soon after 1500 the Europeans began to dominate the seas of Asia, the
Portuguese in the Indian Ocean being the first. The Portuguese, and later
the Dutch and the English, moved along sea lanes, visited seaports, and
fitted into a trading world which had been developed earlier by Muslim
traders and which stretched from eastern Africa to the Philippines. As
the Europeans at first tried to compete in that world and later tried to
dominate and even to monopolise it, they found Muslim merchants and
merchant-princes to be their most formidable opposition. That they were
able to move so rapidly and effectively into that international trading
system was due not so much to their superior technology and fire-power
as to the fact that the great Muslim empires of the sixteenth century - the
Ottoman Turkish, the Safavid Persian, and the Mughul in northern India
- seem to have been too busy consolidating their newly won empires
to contest the European intrusion. These Muslim empires, as well as the
South-east and East Asian empires of Siam, Vietnam, China, and Japan
had all as a matter of governmental policy turned away from the sea and
looked inward to the control of their land empires and to land taxes as
the source of their wealth and power. Had any or all of these major Asian
and Near-Eastern states seriously resisted the western incursion the story
might have had a different conclusion. Apart from Muslim traders in the
Indian Ocean those who formidably opposed European power in the
sixteenth and seventeenth centuries were small Muslim commercial portcity states like Makassar on Celebes and Aceh on Sumatra. The Mughul
emperors in northern India usually allowed the Europeans to trade freely
in their ports, often exempting them from customs duties. Apart from the
illegal but locally tolerated Portuguese settlement in Macao the Europeans
were not permitted to trade in China at all. China briefly contested Dutch
maritime power only in 1624 after the Dutch had spent two years raiding
the coast of Fukien Province, burning villages, seizing junks, enslaving
their crews, and constructing a fort on one of the Pescadores Islands; all
in an effort to force the Chinese to allow them to trade freely at some port
along the Chinese coast. Confronted with a full scale Chinese war fleet
the Dutch commander hastily sued for peace and gratefully accepted the
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Chinese admiral's offer to let the Dutch trade on Formosa, which was
not yet considered Chinese territory. From 1500 until about the middle
of the eighteenth century the Europeans were able to carve out empires
in the Americas, insular South-east Asia, and the Pacific Islands, but they
did not threaten the major centres of civilisation in Asia.
During the first three centuries of direct maritime contact between
Europe and Asia (1500-1800) the Westerners showed little sense of cultural
superiority toward the high cultures of Asia. If anything they tended to
exaggerate the wealth, power, and sophistication of the other centres of
civilisation. Most Europeans were confident that Christianity was indeed
the true religion, and they quickly began to send missionaries to convert
Asian peoples. By 1600, if not earlier, they were also justifiably confident
that European mathematics, science, and technology were superior to
that of the Asians. Those areas aside, however, Europeans were endlessly
fascinated with what they discovered beyond the line and realised that
they still had much to learn from the high cultures of Asia. Between
1500 and 1800 the currents of cultural influence continued to flow mainly
from east to west, but during this era the impact of Asia on the West
was usually more conscious and deliberate than previously, and it was
primarily in areas other than science and technology.
The new seaborne commerce with Asia almost immediately brought
greatly increased quantities and varieties of Asian products into Europe.
Pepper and fine spices were the first to appear on the docks in European
ports, but they were soon followed by such goods as Chinese porcelain
and lacquerware, tea, silks, Indian cotton cloth, and cinnamon. Following
these staples of the trade came also more exotic products: Japanese
swords, Sumatran or Javanese hisses, jewellery, camphor, rhubarb, and
the like; the list is very long. Some of these products, such as tea,
provoked strilung social changes in Europe. Attempts to imitate others
resulted in new industries and in new manufacturing techniques, Delft
pottery in imitation of Ming porcelain, for example. Attempts to compete
with cheap Indian cotton cloth seem to have touched off a technical
revolution in the British textile industry which we customarily regard as
the beginning of the industrial revolution.
Along with the Asian products came descriptions of the places and
peoples who had produced the products. The earliest sixteenth-century
descriptions usually seem designed to inform other Asia-bound fleets
about the conditions of trade. After Christian missions were established
they were often intended to elicit support for the missionaries. However,
before long the travel tales and descriptions became popular in their own
right and profitable to publish. During the seventeenth century what
had been a sizeable stream of literature about Asia became a veritable
torrent. Hundreds of books about the various parts of Asia, written by
missionaries, merchants, mariners, physicians, soldiers, and independent
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travellers were published during the period. For example, during the
seventeenth century alone there appeared at least twenty-five major
descriptions of South Asia, another fifteen devoted to mainland Southeast Asia, about twenty to the South-east Asian archipelagos, and sixty or
more to East Asia. Alongside these major independent contributions stood
scores of Jesuit letterbooks, derivative accounts, travel accounts with brief
descriptions of many Asian places, pamphlets, news sheets, and the like.
Many of the accounts were collected into the several large multivolume
compilations of travel literature published during the period. In addition
to the missionaries accounts, travel tales, and composite encyclopaedic
descriptions, several important scholarly studies pertaining to Asia were
published during the seventeenth century: studies of Asian medicine,
botany, religion, and history; and translations of important Chinese and
Sanskrit literature.
The published accounts range in size from small pamphlets to lavishly
illustrated folio volumes. They were published in Latin and in almost
all of the vernaculars, and what was published in one language was
soon translated into several others, so that a determined enthusiast could
probably have read most of them in his own language. They were
frequently reprinted in press runs which ranged from 250 to 1000 copies.
Five to ten editions were not at all uncommon, and some of the more
popular accounts would rival modern "best sellers". In short the EarlyModern image of Asia was channelled to Europe in a huge corpus of
publications which was widely distributed in all European lands and
languages. Few literate Europeans could have been completely untouched
by it, and it would be surprising if its effects could not have been seen
in contemporary European literature, art learning, and culture.
From this literature European readers could have learned a great deal
about Asia and its various parts. Perhaps most obviously their geographic
horizons would have been continually expanded. Gradually Europeans
gained accurate knowledge about the size and shape of India, China, and
South-east Asia. During the seventeenth century, for example, several
puzzles which had plagued earlier geographers were solved: for example,
the identification of China with Marco Polo's Cathay, the discovery that
Korea was a peninsula and Hokkaido an island. By the end of the century
Europeans had charted most of the coasts of a real Australia to replace
the imagined antipodes as well as those of New Guinea, the Papuas,
numerous Pacific islands, and parts of New Zealand. Interior Ceylon and
Java, as well as Tibet were visited and accurately described by Europeans before the end of the century. By 1700 only areas of continental
Asia north of India and China, the interior of Australia, New Zealand,
and New Guinea and parts of their coastlines remained unknown to
the Europeans. Most of these lacunae were filled during the eighteenth
century. Even more impressive than the greatly expanded geographic
knowledge available to European readers in early modern times was
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the rapidly increasing and increasingly detailed information about the
interiors, societies, cultures, and even histories of Asia's high cultures.
Already during the seventeenth century European readers could have
read detailed descriptions and even viewed printed cityscapes and street
scenes of scores of Asian cities, interior provincial cities as well as capitals and seaports, and they could have learned countless details about
Asia's various peoples, their occupations, appearance, social customs, class
structures, education, ways of rearing children, religious beliefs, and the
like. Details regarding Asia's abundant natural resources, crafts, and arts
were described as well as its commercial practices and patterns of trade.
Asian governments were described in exceedingly close detail, especially
for major powerful states such as China, the Mughul Empire, Siam, and
Japan. Jesuit missionaries in China, for example, described the awesome
power of the emperor, his elaborate court, the complex imperial bureaucracy and its selection through competitive written examinations, and
the Confucian moral philosophy on which it was all based. They also
described the frequently less orderly and less savoury practice of Chinese government, complete with detailed examples of officials' abuse of
power and competing factions within the administration. Similar details
were reported for the governments of all the major states as well as for
countless smaller states. By the end of the seventeenth century European
observers had published many sophisticated accounts of Asian religions
and philosophies; not only the frequently deplored Hindu "idolatry" and
widow burning, but also the Hindu world view which lay beneath the
panoply of deities and temples, the various schools and sects of Hinduism, and thg ancient texts of Hindu religion. Similarly sophisticated
and detailed accounts of Confucianism and Buddhism were available, as
well as descriptions of the beliefs of peoples like the Formosan aborigines,
the Ainu of Hokkaido, and the inner Asian and Manchurian tribes. Seventeenth and eighteenth-century readers could also have learned much
about Asian history; especially, but not exclusively, that of Asia's high
cultures. By the mid-seventeenth century, for example, a very detailed
sketch of China's long dynastic history culled from official Confucian histories by Jesuit missionaries had been published. Martino Martini wrote
the Sinicae historiae decas prima, which was published in Munich in 1658.
During the eighteenth century an important Chinese history, the Tongjian
Gangmu (Outline and Details of the Comprehensive Mirror [for aid in
government]) by Zhu Xi, was translated into French in its entirety by
Joseph-Anne-Marie de Mailla and published in Paris (Histoire ge'ne'rale de
la Chine, 1777). Not only history, however, but also news was reported
to Early-Modern readers. Their image of Asia was surely not that of a
static world far away. Among thc more important events reported in
almost newspaper-like detail during the seventeenth century alone were
the Mughul emperor's successful campaigns in the south of India, the
Maratha challenge to Mughul supremacy, the fall of the Indian states
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of Golconda and Vijayanagar, the Manchu Conquest of China in 1644,
the feudal wars and the establishment of the Tokugawa shogunate in
Japan (1600), and the internal rivalries and wars in Siam and Vietnam.
Natural disasters such as earthquakes, fires, volcanic eruptions, and the
appearance of comets were also regularly reported. Readers of this richly
detailed, voluminous, and widely distributed literature may well have
known relatively more about Asia and its various parts than do most
educated westerners today.
The post-1500 literature on Asia also contains a great many descriptions of Asian science, technology, and crafts: such things as weaving,
printing, papermaking, binding, measuring devices, porcelain manufacture, pumps, water-mills, hammocks, palanquins, speaking tubes, sailing
chariots, timekeepers, astronomical instruments, agriculture techniques
and tools, bamboo and other reeds for carrying water, as well as products such as musical instruments, wax, resin, caullung, tung-oil varnish,
elephant hooks and bells, folding screens, and parasols. Some, such as
Chinese-style ship's caulking, leeboards, and strake layers on hulls, lug
sails, mat and batten sails, chain pumps for emptying bilges, paddlewheel boats, wheelchairs, and sulphur matches were quickly employed
or imitated by Europeans. Some provoked documented experimentation
and invention: Della Porta's kite in 1589, and Simon Stevin's sailing
chariot in 1600. The effects of the new information on the sciences of
cartography and geography are obvious and profound. Simon Stevin,
whose sailing chariot was inspired by descriptions of similar Chinese
devices, also introduced decimal fractions and a method of calculating
an equally-tempered musical scale: both of which might also have been
inspired by Chinese examples. The sixteenth-century mariners' cross staff
may have been inspired by the Arab navigators' kamals. The Western
science of botany was profoundly influenced by the descriptions of Asian
flora and by the specimens taken back to Europe and successfully grown
in European experimental gardens; rice, oranges, lemons, limes, ginger,
pepper, and rhubarb were among the most useful. More important for
botany, however, the Asian plants provoked comparisons with familidr
plants, the development of comprehensive classification schemes, and
thus the beginnings of modern plant taxonomy. Some Asian cures (herbs
and drugs) were borrowed, especially for tropical medicine. Chinese
acupuncture, moxibustion, and methods of diagnosis by taking the pulse
were minutely described and much admired by European scholars, but
it is not yet clear to what extent they were actually used in Europe.
The flow of cultural influence was not exclusively from East to West
between 1500 and 1800. Many Asians became Christian. Able Jesuit missionaries translated scriptures and wrote theological works in Chinese
and other Asian languages; they also translated European mathematical
and scientific treatises into Chinese. The Kangxi emperor himself studied
Euclidian geometry, Western astronomy, geography, the harpsichord, and
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painting under Jesuit guidance. Like many Chinese he was fascinated by
European clocks. Many Asians, including the Chinese, learned how to use
western firearms and cast western-style cannon. However, the cultural
consequences of these efforts were disappointingly small and of short
duration. Before the end of the eighteenth century they seem largely to
have disappeared along with the Christian mission. The Japanese, however, even during the closed-country period after 1640, were far more
curious about Western science. Samurai scholars, for example, studied
Dutch medicine and science and in the eighteenth century repeated
Benjamin Franklin's kite-flying experiment. Nevertheless through most
of the early modern period the Europeans were far more curious about
and more open to influence from Asia than were any of the high cultures
of Asia to influence from the West.
During the seventeenth and eighteenth centuries the new information about Asia influenced Western culture primarily in areas other than
science and technology. The extent of this impact remains to be comprehensively studied, and even of that which is known only a few examples
can be mentioned here. Asian events and themes entered European
literature in scores of instances from Lope de Vega, Ariosto, Rabelais,
and More in the sixteenth century to the several Dutch, German, and
English plays and novels depicting the fall of the Ming Dynasty and
the triumph of the Manchus in the seventeenth century, to Voltaire's
literary and philosophical works in the eighteenth. Even popular literature, seventeenth-century Dutch plays and pious tracts, for examples,
show surprising familiarity with the new information about Asia. Asian
influences in European art, architecture, garden architecture and the decorative arts also began in the sixteenth century and culminated in the
chinoiserie of the eighteenth century. Confrontation with China's ancient
history challenged the traditional European Four-Monarchies framework
of universal history and touched off a controversy among European
scholars which by the mid-eighteenth century resulted in an entirely new
conception of ancient world history. Some scholars, beginning with Pierre
Bayle in the late seventeenth century, have detected a Neo-Confucian
influence in the thought of Spinoza and in some aspects of Leibniz's
philosophy. Chinese government and especially the examination system
were frequently held up for emulation by European states during the
seventeenth and eighteenth centuries. It might well be that the institution of written civil-service exams in Western states, begnning with
eighteenth-century Prussia, was inspired by the Chinese example. Of
more general importance that any single instance of influence, however, was the challenge presented by long-enduring, sophisticated, and
successful Asian cultures to traditional European assumptions about the
universality of their own. Perhaps here can be found the beginnings of
cultural relativism in the West.
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By 1600 European science and technology generally and especially
marine and military technology outstripped that of any Asian society,
whatever had been borrowed earlier from them. Also, while the fascination with and appreciation of the high cultures of Asia continued
through most of the eighteenth century, the West between 1600 and 1800
experienced the radical transmutation of its traditional culture which resulted in the development of a rational, scientific approach to the use of
nature, and society - to agriculture, business, industry, politics, and above
all warfare - which we have traditionally associated with the Scientific
Revolution, Enlightenment, and Industrial Revolution. This transmutation has enabled Western nation-states during the past two centuries to
establish the world-wide competitive empires which came to dominate all
the other centres of civilisation and has resulted in the global dominance
of Western culture. The triumph of this transmuted Western culture has
reversed the centuries-long East-to-West flow of cultural influence and
threatens all of the world's traditional cultures. It should be remembered
however, that this rational, scientific, industrialised Western culture was
not an obviously natural outgrowth of traditional Western culture, that
in its early development it received important basic components from
Asia, and that its triumph threatens traditional Christian Western culture
almost as seriously as it threatens those of Asia.
Edwin J. Van Kley
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East and West : India in the Trasmission of Knowledge
from East to West
The exhange of ideas was more balanced in the time before the European
Scientific Revolution, after which the rapid growth of knowledge in the
West dwarfed the interregional traffic that had taken place earlier. The
Western tradition of the last few centuries has become the only system
studied in universities and practiced in centres of science and technology
worldwide. Quite often there is no interaction between this new tradition
and the earlier knowledge from regions such as South Asia, even though
there are many areas of learning that could enrich the Western tradition.
A
, study of the growth of the European and the South Asian scientific
traditions shows considerable areas of overlap and mutual influence from
very early times. When Europeans in the Renaissance looked back to
Greek sources for new inspiration, they were in fact looking to Greek
sources partly influenced by the South Asians.
Generally speaking, India was outside the world of shared ideas and
values of pre-classical Greece. After the wars with the Persian empire
the myth of a division into East and West was born, as was the concept
of Europe. The conditions for a large-scale traffic of culture and ideas
between Greece and Asia were created when the Persian Empire became
a bridge from the Mediterranean to the Indus. One sees South Asian
concepts that arose between 700 BCE and 500 BCE in the later Vedic
hymns, the Upanisads, and among the Buddhists and the Jains, being
echoed in Greek thought.
There are striking parallels between the two traditions. The Upanisads
seek one reality; this has its echoes in Xenophanes, Parmenides, and
Zeno. Pythagoras is thought to have been influenced by the Egyptians,
Assyrians, and Indians. He believed in the possibility of recalling previous lives, which is also typical of South Asian philosophy. Pythagoreans
abstained from destroying life and eating meat, as do Jains and Buddhists. They expounded many theories in the religious, philosophical,
and mathematical sphere that were known in sixth century BCE India.
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In Plato's philosophy, the 'cycle of necessity', a concept similar to
Karma, was central. Humans were reborn as animals or other humans.
The Indian elements prthvi (earth), ap (water), tejas (fire or heat), vgyu
(air), and BESa (ether, or a non-material substance) have their counterpart
in Empedocles, who belived that matter had four elements: earth, water,
air, and fire.
After Alexander's encounter there was explicit dialogue with India.
Several who travelled with Alexander are said to have met with Indian
sages. In late antiquity India was seen in some debates as the origin of
philosophy and religion. In the second century CE Lucianus stated that
before philosophy came to the Greeks, Indians had developed it. It has
also been suggested that Gnostic thought was influenced by Buddhist
literature. Gnostic Carpocratians strongly supported the idea of transmigration. At least one Gnostic philosopher, Bardesanes of Edessa (ca. CE
200) had travelled extensively in India. Mani, the Persian Gnostic of the
third century CE,incorporated several Buddhist ideas into Manichaeism.
By the second century CE India had almost replaced Egypt as the presumed origin of Greek thought and learning.
At a later period, Plotinus, the father of the Neoplatonic school, took
part in the military campaign against the King of Persia. Neoplatonism
recommended abstention from sacrifice and meat eating. Neoplatonism,
vedgnta, yoga systems, and Buddhism all have strong similarities. In the
second century CE,Clement of Alexandria spoke often about the existence
in Alexandria of Buddhists, being the first Greek to refer to the Buddha by
name. He was aware of the belief in transmigration and the worshipping
of stupas.
During the Roman Empire, contacts between the two places continued.
There was heavy trade in luxuries with South India and Sri Lanka by
the Romans, and ambassadors were sent to Rome. An Indian delegation
visited Europe in Emperor Antoninus Pius' reign. In the reverse direction, Apollonius of Tyana travelled to India. These repeated interactions
between the two regions probably resulted in the exchange of ideas from
South Asia to Greece. The Buddhists had sophisticated discussions prior
to Heraclitus around the concept of being in a state of flux. Buddhists
and ~jivakasadded joy and sorrow to the five elements, which precedes
Empedocles's views that love and hate acted mechanically on the elements. The Buddhists and others taught a doctrine of the mean several
centuries earlier than Aristotle (340 BCE).In medicine, the Hippocratic
treatise On Breath deals in much the same way with the pneumatic system as we find in the Indian concept of vlyu or prgna. In his Timaeus,
Plato discussed pathology in a similar way to the doctrine of tridosa.
The above examples should not suggest that there were no transmissions in the opposite direction. The ancient world had much cross flow
of intellectual traffic. A well known example from Greece to South Asia
concerns ideas on geometry and astronomy.
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When the Classical age collapsed, European and South Asian contacts
continued in the Middle Ages through Arab intermediaries. The Arabs
performed the functions earlier performed by the Persian, Alexandrian,
and Greek empires which brought together the ideas of East and West.
It is useful to trace the transmission of Indian sciences to Europe as well
as trace those that were not transmitted but remained in the region only
to be rediscovered much later. This is done to some extent in the article
on Indian mathematics in this Encyclopaedia.
The European Renaissance and Scientific Revolution brought about
many changes that have been considered unique. However, the evidence
indicates that many of the results were known, some albeit in an incipient
form, in South Asia.
Alchemy was an important precursor to the development of chemistry.
Greek alchemical texts do not show an interest in pharmaceutical chemistry, a marked contrast with China and India. In the Atharva Veda (eighth
century BCE) there are references to the use of gold for preserving life.
The transmutation to gold of base metals is discussed in the Buddhist
texts of the second to fifth centuries CE by concoctions using vegetables
and minerals.
In the West, iatrochemists, especially Paracelsus, were of the view that
the human body consisted of a chemical system of mercury, sulphur,
and salt. Sulphur and mercury were already known to the alchemists;
salt was introduced by Paracelsus. This theory differed from the four
humours theory of the Greeks advocated by Galen (CE 129-200). An
Indian alchemist by the name of Ramadevar taught a salt-based alchemy
in Saudi Arabia in the twelfth century.
In medicine, the work of SuSruta laid the foundations for the art of
surgery. SuSruta emphasised observation and dissection, and described
many instruments like those used in modern surgery, listed several
kinds of sutures and needles, and classified operations into types. The
operations described included those for hydrocele, dropsy, fistula, abscess,
tooth extraction, and the removal of stones and foreign matter. The ancient
Indian surgeons practiced laparotomy and lithotomy, plastic surgery,
and perineal extraction of stones from the bladder. The region had
considerable knowledge in dentistry including artificial teeth making. In
CE 1194 the king Jai Chandra when beaten in battle was recognised by
his false teeth. SuSruta describes details of operations for the conditions
of obstructions in the rectum and for removal of a dead fetus without
killing the mother, considered a very difficult procedure. He describes
plastic surgery of the nose and cataract operations on the eye.
At the end of the eighteenth century the British studied Indian surgical procedures for skin grafting to correct for deformities of the face,
which became the starting point for the modern specialty of plastic
surgery. Dharmapal collected several illuminating accounts by Britons on
Indian medical practices in the eighteenth century. This included one by
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J.Z. Holwell, who gave a detailed report on the practice of inoculation
against the smallpox. The smallpox epidemics in the nineteenth and early
twentieth centuries have been attributed to the cessation of this practice
before the vaccination system could become widespread.
In the West after Democritus, atomic theories were further expanded
by Lucretius in the first century BCE but then virtually vanished from
intellectual view for 1600 years. In the seventeenth century Gassendi,
Boyle, Newton, and Huygens revived the atomic perspective. Atomic
views of several schools such as the Buddhists, the Jains, and the Vaiiesika
persisted. The Vaiiesika's theory of atomism considered atoms as eternal and spherical in form. The disintegration of a body results in its
breaking down to constituent atoms. A solid block like ice or butter
melts, and this is explained as a loosening of the atoms, giving rise to
fluidity.
Evolution is one other element in the modern phalanx of scientific
ideas. Evolutionary ideas had existed among pre-Socratic Greek and
Indian thinkers. However, evolutionary thinking in Greek tradition was
brought to a sudden end by the ideas of Plato and Aristotle. Plato viewed
the real world as consisting of unchanging forms or archetypes; Aristotle
viewed the physical world as a hierarchy consisting of k n d s of things. For
Aristotle the universe was unchanging and eternal. The idea of evolution
is found in the Upanisads, the writings of the Buddhists, and others.
The Encyclopaedia Britannica lists three major innovative transformations in British agriculture in the Era of Improvement in the eighteenth century. They were the invention by Jethro Tull in 1731 of
the drill plough, "whereby the turnips could be sown in rows and
kept free from weeds by hoeing thus much increasing their yields";
the introduction of rotation of crops in 1730-38 by Lord Townshend,
and the selective breeding of cattle introduced by Robert Bakewell
(172595). There is evidence that all three were in existence in India,
as reported by British scientists working there.
Roxburgh, generally recognised to be the "father of Indian botany" in
the contemporary tradition, put this as follows: "the Western World is
to be indebted to India for this system of sowing", meaning the implicit
rotation of crops in the Vedic period where rice was sown in summer
and pulses in winter in the same held. Other British works have attested
to the use of "careful breeding of cattle", various kinds of drill ploughs,
and rotation of crops and mixed cropping.
The Scientific Revolution had a deep impact on the philosophical
underpinnings of Europe. There was for example the dethroning of
human exclusivity as the special creation of God, as exemplified by the
trials of Copernicus or the criticisms of Darwin's evolutionary theory. The
discovery of the unconscious by Freud and others is also in this class.
None of these events would have had the same impact on South Asia,
whose cosmology allowed for a large number of worlds, for evolution
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and change, for humans as part of a larger living world, and for a
subconscious.
Aside from these historical examples, are there innovations occurring
even now which are drawing sustenance from the earlier South Asian
tradition?
Helmut von Glasenapp observed that ancient South Asian ideas on
fundamental issues had several parallels with those in modern science.
Some of these concepts were: (1) an infinite number of worlds exists
apart from our own; (2) worlds exist even in an atom; (3) the universe
is enormously old; (4) there are infinitely small living beings parallel to
bacteria; (5) the subconscious is important in psychology; (6) doctrines of
matter in both Sfimkhya and Buddhism are similar to modern systems;
(7) the world that presents itself to the senses is not the most real; and (8)
truth manifests itself differently in different minds giving the possibilty
of a multiplicity of valid truths.
Following are examples of innovations based on the past taken from
a few disciplines. The first is medicine. A recent study has documented
the use of honey and sugar as treatment for wounds and ulcers in both
~ ~ u r v e d and
i c contemporary biomedicine. The tranquiliser Reserpine
was based on an ancient fiyurvedic medicine. Hoechst, the West German
pharmaceutical company, used ~ ~ u r v e dliterature
ic
to help identify useful
medicinal plants. By the early 1980s, over two hundred Indian medicinal
plants were being tested every year in this program.
A recent study has evaluated the effect of Rasrfyana therapy which
aims at promotiong strength and vitality. The study covered six drugs
ic
The clinical studies indicated that the
from classical ~ ~ u r v e dliterature.
drugs toned up the cardiovascular and respiratory systems and improved
physical stamina. On the biochemical side, a significant drop in lipids
was noticed.
References to curative plants in the Indian tradition go back to the
Rgvedic period (3500-1800 BCE). The SuSrutasamhitrf and Carakasamhitrf,
two compendia which are summaries of earlier works, dealt with about
seven hundred drugs, some of them outside the subcontinental region.
Clearly, a vast reservoir of explorable scientific knowledge exists.
One of the areas of study with a very long tradition in South Asia is
psychology. There is also a very long tradition of sophisticated discussions
on epistemology. There is potential for a fruitful interaction between
these and the contemporary study of the mind, including the philosophy
of language, methodology, ontology, and metaphysics.
Memory, motivation, and the unconscious are shown to have parallels in the theories of Freud and Jung, as well as in Patafijali. Similar
parallels have been noted between the psychoanalytical theorists Heinz
Hartmann and Erik Erikson, and the Hindu theory on the stages of
life, as well as between Buddhism and early twentieth century analytical
thought. Strong parallels between the concept of self-realisation used
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in subcontinental traditions such as Vedantic Hinduism, Theravada, and
Mahayha Buddhism and the concept of self-actualisation as developed
in humanistic psychology by Arthur Maslow and Carl Rogers have been
demonstrated.
Francisco Varela, a theoretical biologist and student of cognitive science
and artificial intelligence, and co-workers have used Buddhist insights in
extending the limitations of both the neo-Darwinian adaptation in biological evolution and of the current paradigm in cognitive sciences. Having
noted that in Buddhist discourse, classical Western dichotomies like subject and object, mind and body, organism and environment vanish, Varela
applies these discmrses to several areas where these dichotomies had
traditionally appeared. These include cognitive psychology, evolutionary
theory, linguistics, neuroscience, artificial intelligence, and immunology.
Their position is that if cognitive science is to incorporate human
experience, then it must have a means of exploring the dimension which
is provided by Buddhist practice. Buddhist experiences of observing the
mind are in the tradition of scientific observation. They can lead to
discoveries about the behaviour and nature of the mind, a bridge between
human experience and cognitive science.
Another area of interest is that of adaptation in evolutionary biology. In
the conventional view it is assumed that the environment exists prior to
the organism, into which the latter fits. This is not so. Living beings and
the environment are linked together in a process of codetermination or
mutual specification. In this light, environmental features are not simply
external features that have to be internalised by the organism; they are
themselves results of a long history of codetermination. The organism is
both the subject and object of evolution. The processes of coevolution
result in the environment's being brought to life through a process of
coupling. Taking the world as pre-given and the organism as adapting
can be categorised as dualism. Buddhism transcends this duality in its
codeterminative perspective.
The standard arithmetic that we use today, based on the decimal place
system and the use of zero, was transmitted through the Arabs from
South Asia. It entails certain standard procedures, algorithms, to perform
various operations. But are these the only such operations that exist and
are these the ones that are computationally the most efficient? Could
there be algorithms that did not get transmitted from India through the
Arabs, or those that were developed after the transmission?
Indeed there are many such, as Ashok Jhunjhunwala, a professor of
electrical engineering in the Institute of Technology, Madras, has discovered recently. He has examined everyday practices in arithmetic in areas
not yet influenced by European techniques such as those used by artisans and businessmen in the non-Europeanised sector. He came across
simple but fast methods of calculation. He described eight of these methods which are faster than conventional methods. These included means
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of finding area, multiplication, squaring, division, evaluation of powers,
square roots of numbers, divisibility of numbers, and factorisation. They
also included methods to catch errors. Jhunjhunwala has compared the
speed of some of these old approaches with contemporary ones and
found that some are faster. He is now applying these general methods
to speed up calculations in computers.
Jhunjhunwala's collection of mathematics at the local level shows the
proliferation of methods possible once the decimal system is understood.
Local groups discovered new tricks, a process of grass roots creativity very
much like the different responses to changing agroclimatic conditions
across the world and the resultant variations in agricultural practices.
Time is yet another area to explore. There are many different philosophical discussions on Sanisira concerning what could be termed the
nature of long duration processes. According to some Jain views, time
was one of the causal factors in the evolution of nature; and Buddhism
alone has a very large tapestry of conceptions of time.
One of these approaches developed an elaborate theory not only of
atoms but also of moments, with some schools recognising four types
of moments and others three. Other theories were also proposed by
different schools to relate the theory of moments to the fact of continuity
of temporal events.
Virtual Reality brings into question the constructor and the constructed.
.These types of questions are regularly dealt with in Buddhist and other
South Asian philosophies. In the virtual realities that use visual representations, parallels also exist with visualisation techniques in certain
branches of Buddhism. The author of a text on the topic, Howard Rheinhold, says that the Virtual Reality "experience is destined to transform us
because it's an external mirror of something that Buddhists have always
said, which is that the world we think we see 'out there' is an illusion."
The ethical and conceptual questions of the future brought about by
modern science and technology could have many uses for South Asian
perspectives.
There are many stores of valid information still to draw from. One
authoritative estimate of manuscripts, roughly covering the areas of
mathematics and astronomy, is about 100,000. Yet the recently published
book Source Book of Indian Astronomy lists only 285. Of these only very few
have been studied. They are mines of mathematical ideas and applications
that have hardly been touched.
A passage from SuSruta stimulated the growth of modern plastic
surgery in the nineteenth century in Europe. However, as Krishnamurty points out, that was only a stray reference in the many procedures described. It had the fortune of catching the imagination of
a western expert. There could very well be many other descriptions
that could be rediscovered for modern medicine. Under treatment for
mental diseases SuSruta gives a very large list of plants. It is possible
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that screening of these plants could give rise to a much larger set of useful
remedies.
Varela stated that the infusion of Eastern ideas into the sciences of the
West would have as much an impact as did the Renaissance rediscovery
of Greek thought. How far this may be true is for the future to decide.
However, this would help make the present Western knowledge system
more universal while still maintaining the rigour developed in the last
few centuries. It would help both to enlarge the knowledge terrain
covered by the present system as well as retrieve what is relevant from
other traditions.
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Eclipses
Eclipses of both the Moon and Sun are frequently recorded in the history
of non-western cultures throughout ancient and medieval times. These
records originate almost exclusively from Babylonia and China in ancient
times, and from East Asia (China, Korea, and Japan) and the Islamic world
in the medieval period. As yet, virtually no eclipse observations have
been uncovered from other major civilisations such as ancient Egypt,
India, and Central America.
Eclipses were often noted on account of their spectacular nature, or
because they were regarded as omens. However, early records provide
many examples of a more scientific attitude, resulting in the careful
measurement of times and other details. Ancient references to eclipses
often prove of value in dating historical events, while the more careful
observations have played a major role in present-day knowledge of
variations in the rate of rotation of the Earth. Eclipses are thus among
the most interesting of all celestial phenomena mentioned in history.
The oldest known allusions to eclipses in any civilisation are recorded
on a series of astrological tablets (known as Enuma Anu Enlil) from the city
of Ur, in southern Iraq. The earliest of these accounts may be translated
as follows:
"If in the month Simanu an eclipse occurs on day 14, the [Moon-] god
in his eclipse is obscured on the east side above and clears on the west
side below, the north wind blows, [the eclipse] commences in the first
watch of the night and it touches the middle watch ... The king of Ur
will be wronged by his son, the Sun-god will catch him and he will die
at the death of his father...".

Professor EJ. Huber of the University of Bayreuth, who provided the
above translation, regards the historical details as relating to the murder
of King Shulgi of the third dynasty of Ur by his son. Huber calculates
the date of the eclipse as April 2 in 2094 BCE (Julian Calendar).
One of the earliest surviving reports of a solar eclipse is from Assyria.
This is found in the Eponym Canon, which lists the names of the annual
magistrates (limmu) who gave their names to individual years (similar to
the Athenian archons or Roman consuls) under a year which is equivalent
to 763-762 BCE.
Revolt in the citadel. In (the month) Sivan the Sun was eclipsed.

Sivan corresponded to May-June. The only large eclipse visible in
Assyria for many years occurred on June 13 in 763 BCE.
Between about 750 and 50 BCE (or possibly down to the first century CE), Babylonian astronomers systematically maintained a watch for
eclipses (as well as other celestial phenomena) and carefully estimated the
time of occurrence and magnitude (the maximum degree of obscuration
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of the Moon or Sun). Their aim was to use these observations to enable
better predictions of future eclipses to be made, although the ultimate
goal was astrological. Both genuine observations and failed predictions
(the latter which were often described as eclipses which "passed by")
are recorded on the late Babylonian astronomical texts which were recovered from the site of Babylon rather more than a century ago. Most
of these clay tablets, many of which are badly damaged, are now in the
British Museum. Dates are expressed in terms of a luni-solar calendar.
Although earlier years were counted from the accession of each king,
they began to be continuously numbered from the Seleucid Era (311 BCE)
onwards.
Among Babylonian records of eclipses, the best known is the solar
obscuration of April 15 in 136 BCE.This is reported on two separate British
Museum tablets, which give overlapping details. A composite translation
- based on work by Prof. H. Hunger of the University of Vienna - is
as follows:
"Year 175 (Seleucid), intercalary 12th month, day 29. At 24 degrees
after Sunrise, solar eclipse. When it began on the south-west side, in 18
degrees of day in the morning it became entirely total. Venus, Mercury
and the Normal Stars were visible. Jupiter and Mars, which were in
their period of disappearance, became visible in its eclipse [...I It threw
off [the shadow] from south-east to north-west. [Time-interval of] 35
degrees for onset, maximal phase and clearing".

Jupiter and Mars were too close to the Sun to be seen under normal
circumstances. The unit of time here translated as "degree" (i.e. us) was
equivalent to 4 minutes. Measurements were presumably made with a
water clock, although direct evidence is lacking. The "Normal Stars" were
certain reference stars in the zodiac belt. Many other detailed descriptions
of both lunar and solar eclipses are preserved on the Late Babylonian
astronomical texts.
Occasional allusions to eclipses are found in the Old Testament, notably
in the Book of Joel (11, 31). However, the most direct reference to an
eclipse in the history of ancient Palestine is recorded by Flavius Josephus,
a Jewish historian of the first century CE.This event occurred only a few
days before the death of Herod the Great and is thus of importance in
dating the birth of Jesus Christ. Josephus gives the following account:
"As for the other Matthias who had stirred up the sedition, he [Herod]
had him burnt alive along with some of his companions. And on the
same night there was an eclipse of the Moon. But Herod's illness
became more and more severe..."

The events described occurred shortly before the Passover. Calculation
shows that between 17 BCE and CE 3, the only springtime eclipses visible
in Palestine occurred on March 25 in 5 BC (a total obscuration) and March
13 in the following year (a partial obscuration). The latter date is usually
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preferred by historians, although the two dates are conveniently close
together.
For several centuries after this period, scarcely any eclipses are recorded
outside East Asia. However, in the ninth century both Muslim astronomers
and chroniclers began independently to note the occurrence of eclipses
of both Moon and Sun. Between CE 830 and 1020, Muslim astronomers,
largely based in either Baghdad or Cairo, regularly made careful observations of both local times and magnitudes. The intention was to test the
reliability of contemporary eclipse tables and sometimes also to determine
the difference in longitude between selected cities. Astronomers would
first roughly predict when an eclipse was to occur and then assemble one
or more parties of observers. Our principal source for such measurements
is the handbook by the Cairo astronomer Ibn Yfinus, who died in CE
1009. This work, dedicated to Caliph al-Hakim, is entitled al-Zij al-Kabir
al-Hakimi.
The following account of the lunar eclipse of CE 927 by Ibn Amajfir
of Baghdad is fairly typical. As is customary, years are counted from the
Hijra, which occurred in CE 622.
(315 AH, a Friday - month and day of month not stated). "This eclipse
was observed by my son Abii al-Hasan. Altitude of the star al-Shi'ra a1
YamHniya [i.e. Sirius] at the start, 31 deg in the east; revolution of the
sphere between sunset and the start of the eclipse, approximately 148
degrees or 9 hours and 52 minutes equal hours, which is 10 unequal
hours. ~ s t i m a t e dmagnitude of the eclipse, more than one-quarter and
less than a third, approximately 3; digits".

The only feasible date for the eclipse was CE 927 September 14, which
was indeed a Friday in the year 315 AH. Medieval Muslim astronomers
were in the habit of measuring eclipse times indirectly by determining
the altitude of the Sun, Moon or a bright star (probably with a sextant or
astrolabe) and then converting to local time with the aid of an astrolabe
or tables. In estimating magnitude, they followed the practice of the
ancient Babylonians and Greeks of using digits, each equal to one-twelfth
of the diameter of the luminary.
After CE 1020, virtually no eclipse observations made by Muslim
astronomers have survived. However, chroniclers continued to report
eclipses - largely on account of their spectacular nature - for many
centuries. An appealing eyewitness account of the total solar eclipse of
CE 1176 Apr 11 was penned by Ibn al-Athir, who was aged 16 when it
occurred:
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(571 AH). "In this year the Sun was eclipsed totally and the Earth was
in darkness so that it was like a dark night and the stars appeared. That
was the forenoon of Friday, the 29th of the month Ramadan at Ibn
'Umar's island, when I was young and in the company of my Arithmetic
teacher. When I saw it, I was much afraid; I held onto him and my
heart was strengthened. My teacher was learned about the stars and
told me, 'Now you will see all this go away', and it went quickly".

The island mentioned, now named Cizre, lies on the frontier between
Turkey and Syria. This same eclipse also alarmed Saladin's army as the
soldiers were crossing the Orontes River in Syria.
The very earliest observations of eclipses from China are recorded
on inscribed bones dating from some time between 1350 and 1050 BCE.
These are known as "oracle bones" since they are mainly concerned with
divination. The following example provides a useful illustration:
"The divination on day guiwei was performed by Zheng: 'Will there
be no disaster in the next ten days?' On the third day yiyu an eclipse
of the Moon was reported". (These events occurred) in the 8th month".
Guiwei and yiyu are the 20th and 22nd days of a 60-day cycle.

Since the year is missing, the date of this event is uncertain; few bone
inscriptions are intact, leading to considerable difficulties in dating.
Over the next 1500 years, little interest was shown in lunar eclipses in
China, since they were regarded as of minor astrological consequence. By
contrast, solar obscurations were considered to be unfavourable omens,
especially for the ruler, and thus the records are much more complete.
As many as thirty-six eclipses of the Sun are reported in a single ancient
work, the Chunqiu - a chronicle covering the period from 722 to 481
BCE.This reports total eclipses in 709, 601 and 549 BCE, but without any
descriptive details. Three further accounts (from 669, 664 and 612 BCE)
which describe eclipse ceremonies in which drums were beaten and oxen
were sacrificed underline the importance attached to .solar obscurations
at this early period.
Ancient records contain few mentions of eclipse times but from the
fifth century CE,eclipses of both the Moon and Sun began to be carefully
timed using water clocks. The main purpose was to verify the accuracy
of astronomical tables. Solar eclipses were usually timed to the nearest
ke (mark) - 11100 of a day and night - roughly equal to 15 minutes.
For lunar eclipses the time was often expressed to the nearest fifth of a
night watch instead. The period from dusk to dawn was divided into
five equal geng (night watches), each of which was in turn divided into
five equal intervals, often termed "calls". Hence the night watches and
their subdivisions varied in length with the seasons.
The earliest eclipse whose time is carefully recorded is noted in the
Songshu, the official history of the Liu-Song Dynasty (CE 420479); its
date corresponds to CE 434 September 5:
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"Yuanjia reign period, 11th year, 7th month, 16th day, at full Moon ...
The Moon began to be eclipsed at the 2nd call of the 4th watch, in the
initial half of the hour of chou. The eclipse was total at the 4th call".

The initial half of the chou hour was between 1 and 2 a.m. Many
similar accounts are to be found elsewhere in the Songshu and in later
official histories.
A few total solar eclipses are reported in vivid detail in Chinese history,
and the onset of darkness and appearance of stars is described. Examples
are found in CE 120, 454, 761 and 1275.
The very earliest Korean records of eclipses appear to be merely copied
from Chinese history and probably do not become independent until
around CE 700. Later accounts tend to be very brief, seldom giving more
than the day of occurrence. These are mainly found in the Koryo-sa, the
official history of Korea from CE 936 to 1392, and in later chronicles. The
Chinese luni-solar calendar was closely followed in Korea, although years
were numbered from the accession of Korean monarchs. Around CE 1200
there are occasional references to the king, dressed in white robes and
accompanied by his closest ministers, attempting to rescue the Moon
from its eclipse, but these may have been no more than ceremonies.
Japanese descriptions of eclipses tend to be more detailed than those of
other East Asian countries and historical sources are much more diverse.
The following account of the total solar eclipse of CE 975 August 9 is
found in a privately compiled history known as the Nihon Kiryaku:
"Ten-en reign period, 7th month, day xinwei, the first day of the month.
The Sun was eclipsed. Some people say that it was entirely total. During
the hours mao and chen (between 5 and 9 a.m.) it was all gone. It was
the colour of ink and without light. All the birds flew about in confusion
and the various stars were all visible. There was a general amnesty (on
account of the eclipse)".

In this brief article it has only been possible to cite a minute proportion
of the available records of eclipses from the non-Western world. However,
it should be clear from the selection offered here that many detailed and
important descriptions are available. Ancient and medieval observations
often reveal a high level of sophistication, particularly in techniques
of measurement. In particular, medieval Arab astronomers consistently
determined the times of eclipses to within about five minutes while
contemporary Chinese measurements were only a little inferior.
F. Richard Stephenson
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Environment and Nature
The philosophical and scientific ideas developed in India over the centuries are, on analysis, found to be deeply related to ecological issues,
both generally and specifically. Like the ancient ideas of China and of
the Hellenic world, the ancient Indian ideas of the comparable period
are cosmological and comprehensive in character. The ideas presented
in the Vedas and Upanisads, or in Laozi's Duo or in Parmenides' Nature of
Being all were engaged in search of the first principle, One. They were
all obliged to relate it to Many - many individual objects of knowledge. The One-Many relationship is pregnant with both cosmological
and ecological implications.
Broadly speaking, the objects we know around us are biotic (living) or
abiotic. However, to many thinkers, especially to the pluralists and evolutionists, this two-fold classification is simplistic and inadequate. They try
to draw our attention to different grades of being or Reality - physical,
chemical, paleontological, botanical, biological, psychological, and spiritual. The scientific philosophers of the Vedic insights, of the Slmkhya
persuasion, and also of latter times could discern different subgrades
within each of these grades. These graded characteristics of different
living and non-living Beings have to be recognised if we are to understand the complex and the interactive character of our environment. This
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insightful approach to ecology as an integral part of cosmology is evident
in the tradition of Indian thought. It is very clearly available, for example
in Caraka-Sanihita.
In ancient India the good of human life used to be thought of in the
context of life's environment. The right relation between the individual
and his environment received serious attention even at the levels of primary and secondary education. The aim was to impart basic knowledge
of personal hygiene and medicine. This education was meant for all. In
a way medical education was universal. It is interesting to note the five
compulsory subjects for all high school students: Grammar (~abdavid~d),
Art (~il~asfhdnavid~li),
Medicine (Cikitsdvidya)d, Logic (Hefuvidyfi), and Science of Spiritual philosophy (Adhydfmavidyd).
Both abstract and concrete areas of knowledge, understood in their
interconnection, are all relevant to the exercise of adjusting to our environment. Linguistic communication, artistic articulation, logical ratiocination,
and medication are in different ways intended to awaken the best in
us and to strike a balance with the large world around us. From the
strength of body to the span of life, from good health to peace of mind,
all are a unified function of food, personal hygiene, right actions, and
character.
Life has a rhythm of its own, which is not necessarily manifest. The
Dharmaiiistra are full of injunctions on how to attain that rhythm in terms
of purity, diet, regulation, ablutions, behaviour, and physical and mental
disciplines. These have to be followed as part of daily (dinacaryi) as well
as seasonal routines (rtucaryg). Food and drink habits and fulfilment of
natural urges, avoidance and indulgence in sexual acts, and eating some
ordinary things like curds, buttermilk, and honey are all necessary to
define our correct relation with the environment. However, this normative
rhythm can hardly be generalised, for it is integrally related to the
individual constitution (prakrfi and svgsthya-vyffi).
The traditional Indian medical system (Ayurveda) takes a comprehensive view of a person. It neither encourages asceticism and mortification of
flesh nor promotes unregulated sensualism. It highlights the importance
of a "sound mind in a sound body". It points out that svZsthya-vytfa or
philosophy of hygiene is to be supplemented by sadvrtta or the right life.
Rightly understood, the philosophy of hygiene is a way of life containing
in it the principles of eugenics, ethics, and healing.
In ancient Indian thought the basic principles of ecology are ontologically oriented and cosmological in implication. The three main concepts
of the Vedas which are evident in Ayurveda are satya (truth, right, reality,
or being), svadha (self-position, self-power, or spontaneity) and rta (proper,
suitable, and settled order). The basic point which is being emphasised
here is that the true nature of reality cannot be changed by human will
which is not informed of that reality. No technological skill, no arbitrary
will of this or that person, can go indefinitely against the true nature of
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reality without causing harm to those who try to follow this wrong path.
Even the most sophistical biotechnology cannot tamper with the essential
nature of reality, the true Nature or Prakrfi. This role of the concept
of truth has both ontological and axiological implications. Humans are
required both to know reality in its true nature and to live and shape
their lives accordingly.
Humans are also aided by the principle of becoming or the dynamic
nature of reality in shaping their best possible life. This possibility is
contained in the concept of svadhd. Reality has within itself the impetus
or power for self-unfolding or gradual disclosure. It is not static, futed,
or self-enclosed. The world as reality and as a whole is perpetually
expanding. This macrocosmic truth of svadhd is at work also in human
nature. Consequently, human freedom knows no bounds. Nature and
its laws are not antagonistic to the human will to be free. When we
can discover the laws governing the true nature of the relation between
individuals and the world, our knowledge of the world helps us to live in
harmony with it. That harmony creates a favourable environment which
not only nourishes our bodies but also enables us to be free from social
conflict and tension. When we are free from ill health, we are better
placed in our relation to nature. When we fail to strike the balance with
nature, we are not only likely to be poorer in health but also less capable
of getting the best out of our environment.
Finally, besides the true nature of reality (satya) and the power of
self-disclosure (svadhd) what helps us to have a right environment is
suggested by the concept of ?fa. It is orderliness or the law-governed
character of reality or nature. From the change of seasons to the changing
periods of life, rta is clearly perceptible. Even human cultures are found
to exhibit certain rhythms. Cultures are characterised simultaneously by
fragle and stable features. The rhythm of nature is not antagonistic to
the spirit of human freedom. Our lives, both individual and collective,
are marked by a sort of dynamic equilibrium.
The above three concepts embodying certain abstract principles may
appear irrelevant to our actual lives. However, to the thinkers of Ayurveda
the principles of philosophy and ethics, or those of good living, are
inseparable from the basic characteristics of reality.
The same principle is illustrated in defining the ideal principles of
town-planning and village-planning. Asoka, the Buddhist emperor of
ancient India, said that trees, plants, and shrubs of medicinal value
had to be planted around every village and along the roadsides. The
people were allowed to use the leaves, fruits, and bark of the trees. This
practice survives today. Like geography, history, science, and arithmetic,
the general principles of hygiene and physiology and simple methods
of curing cuts, wounds, and everyday ailments were prescribed for
everyone's general education. The underlying belief was that individuals
had to be able to take care of their elementary medical needs.
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The Indians believed that every village should be so constructed that
its population must have the professional service of a medical practitioner
(vaidya). People were advised to reside in a place with plenty of water,
herbs, sacrificial sticks, flowers, grass, and firewood, and which yielded
abundant food. They were also advised to live where there was safety
of property and person, where the outskirts were beautiful and pleasing,
and where there was a strong presence of learned people.
Ancient Indian thinkers paid attention to the development and preservation of the right type of environment for human life. The state was
assigned a very important role for the purpose. It was expected to lay
down rules and regulations for rubbish disposal and drainage systems.
The state also determined where and how the quality of food and drink
should be preserved. Those who violated these rules and thereby polluted
the environment were punished. Equally conscious were the decisionmakers in charge of public health. The state had a very important role to
perform for preservation and promotion of a healthy' environment. Various types of punishment were prescribed for cutting the tender sprouts
of trees.
Kautilya mentioned elaborate laws for the promotion of agricultural
activities. For example, he prohibited high agricultural taxes and bonded
agricultural labour and attached much importance to animal husbandry
and soil preservation.
D.P. Chattopadhyaya

Kautilya. Kaufilya's Arthaiistra. Trans. R. Shamasastry. Mysore: Mysore Print and
Publishing House. 1961.
See also: Medicine in India: ~ ~ u r v e i l a

Epilepsy
Ayurveda is the ancient Indian medical system (4500-1500 BCE). Its name
is derived from the Sanskrit Ayu, meaning life-combined state of body,
senses, mind and soul, and veda, meaning science. Ayurveda is therefore
the science of life. It is considered by many to be the oldest system of
medicine in the world. Epilepsy was referred to as Apasmara in ~ ~ u r v e d a .
The prefix Apa means negation or loss of, and smara means consciousness
or memory. Epilepsy was considered to be caused by both endogenous
and exogenous factors. Among the exogenous factors were internal haemorrhage, high fever, excessive sexual intercourse, disturbances of the body
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due to fast running, swimming, jumping, or leaping, eating of foods that
are contaminated, nonhygienic practices, and extreme mental agitation
caused by anger, fear, lust, or anxiety. An endogenous disturbance refers
to a metabolic derangement in the form of a disturbance of dosas (humours) which are aggravated and lodged in the channels of hyt (brain). It
was also recognised that epilepsy could arise secondary to other diseases.
Aura was recognised and was called Apasmara Parva Rapa. An actual
attack of seizures was said to occur when the patient saw non-existent
objects (visual hallucinations), fell down, and had twitching in the tongue,
eyes, and eyebrows with jerky movements in the hands and feet. In
addition, there was excessive salivation. After the paroxysm was over,
the patient awakened as if from sleep.
Apasmara was classified into four types. The Vatika type was characterised by frequent fits with uncontrollable crying, unconsciousness,
trembling, teeth gnashing, and rapid breathing. Upon regaining consciousness, the patient had a headache. In the Pattika type, the patient
became agitated, had sensations of heat and extreme thirst and an aura of
the environment being on fire followed by frequent fits accompanied by
groaning and frothing at the mouth and finally falling on the ground. In
the Kaphaja type the onset of convulsions was delayed and was preceded
by an aura during which the patient felt cold and heavy and saw objects
as white. The seizure was accompanied by falling and frothing at the
mouth. The fourth type, Sannipatika, was due to a combination of all of
the above. This type was considered incurable, occurred in older people,
and resulted in emaciation.
The first step in the treatment was the "awakening of the heart" (meaning to wake the patient from unconsciousness) by using drastic measures
to clear those dosas that block the channels of the mind. After the patient
was awake, drug formulations to alleviate epilepsy were administered.
The ingredients of these preparations included sulphur, aged ghee (butter
fat), and many herbs such as Achyranthes aspena, Holanthena antidysenterica, Alstonia scholaris, and Ficus carica. Blends of herbal formulations
such as Pancamula and Triphala were also used. Bhagwan Dash describes
pharmaceutical processes and preparations which involved fermenting,
extracting, preparing inhalable substances, filtrating, heating in a closed
cavity, purifying, and pill-making. General measures to torrect exogenous
factors, such as proper hygiene and a balanced diet were recommended.
Epileptics like the insane were kept away from dangerous situations,
namely, water, fire, treetops, and hills.

Bala V. Manyam
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Ethnobotany
Ethnobotany deals with the relationship between humans and plants.
Archaeological or paleobotanical evidence about the use and cultivation of plants for food, medicine, housebuilding, etc. suggests
a long history, yet the word 'ethnobotany' was coined by J. W.
Harshberger only in 1895. Human-plant relationships can be classified into two topics, material and abstract. Material relationships include use in food, medicine, building, painting and sculpture, and
in acts of domestication, conservation, and improvement or destruction of plants. Abstract relationships include faith in the good or
evil powers of plants, sacred plants, worship, taboos, and folklore.
Ethnobotanical enquiry extends beyond botany, and has significant
input of other branches of science such as archaeology or medicine.
The tribal people of India mostly live in forests, hills, and relatively
isolated regions. They are variously termed Adivisi (original settlers), Adim
NiwGsi (oldest ethnological sector of the population), Adimjiti (primitive
caste), Aboriginal (indigenous), Girijan (hillsmen), Vanyajiti (forest caste),
Vanavasi (forest inhabitants), Janajiti (folk communities), Anuszichit Janajiti
(scheduled tribes), and other such names signifying their ecological,
historical, or cultural characteristics. While the constitutional term is
Anuszichit JanajGti (Scheduled Tribes), the most popular term is Adivisi.
Certain characteristics make India ethnobotanically rich. The region
supports very varied and rich flora, from desert to tropical rain forests.
Of deeper significance is the tradition of the Vedas and other ancient
literature, an ethnobotanical continuum that enables contemporary investigators to delve into the distant past and often to link modern folklore
with that of ancient cultures.
Ethnobotanical work in India can be broadly classified. First there is the
ethnobotany of distinct ethnic groups such as the Mikir of Assam, Bhils
of Rajasthan, and Th2riis of Uttar Pradesh. Next there is the ethnobotany
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of a specific region. Most ethnobotanical research is aimed at one utility
group, e.g. the study of famine foods, special diets for festivals, beverages,
spices, medicines in general, medicines for particular diseases, perfumes,
oils, dyes, narcotics, and plants for tools, worship, ceremonies, or personal
adornment.
People in remote areas cultivate numerous vegetables representing distinct genetic stocks adapted to local conditions. Some examples are Piper
peepuloides (a condiment in the Khasi hills), Digifaria cruciafa var esculenfa,
(a minor millet of Khasi Hills), and species of Alocasia, Amorphophalus,
Colocasia and Dioscorea (cultivated by tribes in the north-east). In remote
mountains or desert regions, wild plants (tubers, leaves, flowers, fruits,
seeds, and grains) still provide considerable quantities of food. Examples
of notable and less known plants in ethnomedicine are Yarrow (Achillaea
millefoliurn), an anthelmintic; Cutch (Acacia catechu), and Indian Stinging Nettle (Tragia involucrafa) for intestinal diseases; and Prickly Chaff
Flower (Achyranfhes porphyrisfachya) and Nutgrass (Cyperus rofundus) for
liver complaints.
Many ethnobotanists have given attention to the diversity of traditional
tools, gadgets, and articles of personal adornment. Good examples are the
single-pan balance among the Mikirs of Assam, the variety of cattle-traps
among the Gonds and Bhils, and containers, utensils, bridegroom's hats,
and other articles of personal adornment and agricultural or other tools.
Researchers have found much ingenuity in the choice of raw materials
and in the design or art of decorating these articles.
Vegetable dyes for colouring hair, teeth, palms, and other parts of
the body have been used since ancient times. Hair, palms, and feet
are usually dyed with Henna (Lawsonia inermis). Teeth are blackened
by chewing walnut bark. The Mikirs of Assam burn green stems of
Murraya koenigii and certain other plants and apply the gum exudates to
their teeth. Tattooing on arms, legs, chest, cheeks, etc. is still popular in
some societies; common designs include figures of gods and goddesses,
flowers, or animals. Mikir women (Assam) make a dye from the juice
of Baphiacanfhus cusia with which they draw a perpendicular line from
their foreheads, down over their noses to their chins. The aboriginals
make indigenous musical instruments from naturally available materials.
The Santals in Bihar and the Gonds in central India make drums from
the wood of mango, Toddy Fish-tail Palm (Caryofa urens), Bengal Padauk
(Pterocarpus marsupium), Malay Bushbeech (Gmelina arborea), and Little
Flower Crepe Myrtle (Lagerstroemia parviflora) trees. Stringed instruments
are common. Flutes are made from bamboo, and are played singly or in
accompaniment with drums.
The role of ethnobotany in conserving plant resources has been studied
in sacred groves and traditional agriculture.
Many cultivators have not taken to using improved varieties of crops;
they continue to use traditional land races or wild relatives of crops,
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thereby maintaining their genetic material. Some characteristics such as
hardiness, disease resistance, and adaptability to waterlogging, drought,
or cold in land races have been utilised by breeders; these have averted
famines.
The study of mythological associations with plants like tree worship,
plants in offerings, carvings in temples, and plants in Indian epics has
been fascinating. Work has been done on plants associated with deities,
sages, origins from the bodies of gods, and planets; with taboos on sowing,
plucking flowers or fruits, and eating wild fruits in certain seasons; with
woods suitable (or unsuitable) for making idols of gods, and with driving
away the evil eye.
Detailed interdisciplinary studies on the ethnobotany of any particular
plant include people's first association with that plant, the impact of
selective use on the biology of the plant or on the ecosystem, and the
implications of usage on the life and culture of people. Studies have been
done on Bauhinia, Coix, Coptis, Ficus, Saussurea, and Selaginella.
Among the chief tools of research in ethnobotany in India, mention
may be made of the following:

Liferafure.Ancient or unnoticed, published or unpublished literature
is an important source of information. Though the identity of a
number of plants referred to in ancient works has sometimes been
in doubt, Vedic literature has been a valuable resource.
Field work. Information is collected from local informants on the
local name, parts used, processing, and dosage of the drug. Voucher
specimens are collected for recording in an herbarium.
Herbaria and Museums. Notes on herbarium and museum specimens
are a good source of data. They are attached to an actual specimen,
and identification of the plant is precise.
Archaeological remains. Sometimes, archaeological remains provide
useful data. In India, an attempt was made to describe plants
from reliefs on the Great Stupa of Sanchi, and the Stupa of the
first and second centuries BCE respectively. Plant remains from the
neolithic period apparently used as food, fodder, and shelter, were
also studied.
Ethnobotany has been recognised as a priority area of research by the
government.
S . K. Jain
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Forestry
The history of forestry in India is related to the history of civilisation.
If we look at the development of human kind we find that with the
evolution of the human race various concepts evolved, such as those of
family, tribe, etc. as well as developmental sciences like forestry.
One of the earliest civilisations of the Indian subcontinent was that of
the Indus Valley (third or fourth millennium BCE). It was here that cedar
(Cedrus deodara) and rosewood (Dalbergia latifolia) used for coffins was
found. A wooden mortar of ber (Zizyphus mauritiana) for pounding grain
and charred timber of Acacia spp., Albizzia spp., teak (Tectona grandis),
haldu (Adina cardifolia), and Soyamida febrifuge were also found. This
shows that neolithic people not only made extensive use of wood but
also understood its particular characteristics for different purposes. This
concept today is known as forest utilisation.
Evidence of tree worship during the Indus Valley civilisation is exhibited by various seals of the Harappan culture which depict the pipal
(Ficus) and weeping willow (Salix) trees. Trees were an essential and
integral part of the life support system and considered existing agencies
of the creator or God.
Just as forests played an important part in Vedic India, tree worship was
also practiced by the Aryans. Because of the human dependence on trees,
they were venerated and protected by religious injunctions; their planting
was encouraged by a promise of eternal bliss in future life. ~ @ e d aand
Atharva5eda, basic texts of the Vedic period, contain several hymns praising
and endowing trees, plants, and vegetation with various divine qualities, highlighting their medicinal significance, and enunciating the policy
of conservation or sustainable management. Various Upanisads, a later
group of philosophical treatises that explain the theology of Hinduism,
like Blhaddranyaka, Chdndogya, Chulih, and Mundakopanisad, conclude that
trees had life akin to human life. Mattsyapurdna and Varrihapurdna describe the benevolence of trees along with the rituals of tree planting.
Skanddapurdna contains a long list of trees which should not be cut except
for the purpose of yajEas (holy rituals). Whereas planting of trees led to
heavenly comforts (Agnipurrina) indiscreet felling of trees meant torture
in hell.
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Vedas also contain valuable information about various species of birds.
In Rpeda for instance there is a mention of Garuda (eagle), MayGra (pea
fowl) along with various Himalayan pheasants, partridges, and other
species of birds. Surprisingly Rpeda also mentions not only anatomical
details of some common birds but details about their staple food too.
For example Vartika (partridges) are said to have well developed bills,
legs, and rounded wings; their food consisted of grain, grass, weed, seed,
tender shoots, insects, and even white ants. These kindled the sparks of
wildlife management during the later period of civilisation.
Great saints and sages who understood these texts, passed on their
knowledge and wisdom to their disciples. Such education was given in
the Gurukuls (schools) which were located in the forests. The students
lived in the forests and continued their studies. Thus a sense of tolerance
and coexistence with various forms of plant and animal life was infused
in early childhood. This Aranya (forest) culture provided early exposure to
nature study and ecology, as well as the policy of development without
destruction in current parlance. Forest and environment consciousness
was thus ingrained into the educational system from the very onset.
Even epics and religious texts written later on describe the protective role of trees and their unlimited usefulness. The Rdmayana and
Mahdbhdrata describe the rich biodiversity and multiplicity of flora and
fauna. In the Bhagavadgitd Lord Krishna compared himself to the ASvattha
(ficus) tree in order to emphasise the importance of trees.
Other religions of that time also mentioned the importance of forests
and forestry. According to Lord Buddha it was the obligation of every
good Buddhist to plant and nurture at least one tree every five years.
Moving along chronologically we find that forest management practices were well documented during the reign of Chandra Gupta Maurya
(321-296 BCE). Reliable historical documents, such as the Indika of the
Greek ambassador Magasthenese, the ArthaSdstra of Kaufilya and the
Mudrdrdksasa of ViSgkhadatta vividly depict various aspects of forestry
and wildlife. Kautilya's Arthaidstra, recognised as the pioneer work in
economics in India, indicates the existence of a regular Forest Department headed by Kupddhyaksa with definite duties and responsibilities
for various officers of the department. Some of the important duties of
KGpidhyaksa were to increase the productivity of forests, classification,
price fixation, and disposal of various types of forest produce, raising
block plantations of important species (e.g. sandalwood), pasture development in saline-alkaline waste lands, and joint management of forests
with people dependent on forests.
Forests were legally classified into three main classes: reserved forests,
forests donated to eminent Brahmans, and forests for public use. They
were classified into six categories on the basis of crown density, luxuriance,
growth, and origin. Planted forests were called Upavana.
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Forest and game laws were stringent and draconian, containing corporal punishment. The death sentence was envisaged for poaching of
elephants. Awards were provided to a person who collected elephant
tusks from dead elephants and deposited them with government officials.
Kautilya's treatise also dealt at great length not only with the use of
various trees and shrubs but also with the specific use of various parts.
For example it indicated that flowers of PaliS, Kusuma, and saffron are
used as dyes; Munja and Love grass are used for making ropes, and fruits
of Aonla, Harara, and Bahera are used as medicines.
Emperor ASoka adopted and improved these practices. Plantation of
fruit-bearing shade trees for the benefit of travellers and common people
was started on an ambitious scale. ASoka was the Abhayiranya, the sanctum
sanctorum of wildlife, now known as National Parks and sanctuaries.
ASoka's edicts at Sarnath Varanasi bear ample testimony to the above.
Forestry flourished during the Gupta period (320-800). ~ukraniti,a well
known work of that time, throws light on the improvements in forest
management practices. Seeds of "Social Forestry" were sown during this
era. ~ukranitidwells on the concept of village forests, choice of species,
afforestation and maintenance techniques, fertilisation procedures, irrigation schedules, and measures to increase flowering and fruiting in
trees. Names of various multipurpose trees such as Kadamba, SiSama,
Peepal, Mango, Nim, Coconut, and Imli are listed in this policy document
for planting near villages. Incidentally many of these are also listed in
the latest ICRAF (International Council for Research in Agroforestry, in
Kenya) booklets. This shows the worth of these ancient publications.
It is thus clear that in ancient India trees were the best friend of
people in a hostile environment. They were held sacred, worshipped, and
studied in great detail for service to humanity. Forestry practices evolved
gradually, in a scientific and rational manner, and are important even
today, although in the modern parlance new names have been coined
for them. As a matter of fact some of the knowledge which originated
in India on various aspects of forestry later spread to various parts of
the world.
Deepa Pande
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Geography
The study of geography (Bhiigol) as a systematic literature was not in use
in ancient India. But various names, such as BhuvanakoSa (Terrestrial Treasure), Trilokya Darpana (World's Mirror) and Ksetrasamisa (Combination
of Countries), were used to denote geographic phenomena. Beginning
with the Rpeda (1500 BCE),tribes, rivers, and mountains of India were
mentioned. As the Aryans, who brought the Rpeda with them, first settled in north-western India (Punjab and the Indus plain) only the related
regional rivers like Sarasvati (extinct), Sarayii (Sutlej) and Sindhu (Indus)
were mentioned. Later, by the beginning of the Christian era when the
three other Vedas were developed and the Purdnas were written, a more
extensive description of Indian geography evolved. The Aryan settlements
advanced not only eastward to Bengal and Assam, but also to South
India, which though Dravidian in terms of linguistic and physiognomic
characteristics, became Hinduised. Kauf.ilyafsArthadisfra, written around
300. BCE, prescribed a state-planned colonisation policy for undeveloped
(primarily natural vegetation covered) areas with people from foreign
lands and kingdoms' surplus labour. Each village was to have five hundred families, mostly Siidra cultivators or labourers; villages were to be
grouped in a hierarchy of settlements of eight hundred, four hundred,
two hundred, and ten units with a large town (sthdniya), small town
(dronamukha), smaller town (kirvatika), and large village (samgrihara) to
serve each group respectively.
The river Ganges (Garigi) is mentioned in Viyupurina as a purifier of
sinners, passing through thousands of mountains and irrigating hundreds
of valleys. It was in Kausifaki that the southern mountain - Vindhyas
- was first mentioned, while both Visisfha Dharmasiitra and the Code
of Manu refer to Vindhyas by name. The two great epics - Rimiyana
and Mahibhirafa - give extensive descriptions of geographic features of
both North and South India. When the king DaSaratha, father of Rgma,
performed As'vamedhayajfia (Horse Sacrifice), to establish his supremacy
over the world, both North and South Indian kings were referred to. In
the Bhismaparva section of Mahibhirata, Safijaya, the chariot driver of the
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blind king Dhytiirasfra, identified the nations, mountains, and rivers of
India.
Beginning with the Rpeda through the Purlinas, cosmological and
cosmogonic interpretations of causes of wind, precipitation, day and
night, seasons, and planetary movement have been made. Explanation
of artistic, mechanical, instrumental, and philosophical origins of the
universe has also been given. The artistic origin refers to god as an
artist who skilfully constructed the universe. The mechanical origin is
conceived as a sacrifice of the primeval body (Adipurusa) who not only
had the soul and the nucleus of the universe, but also embodied the
Supreme Spirit, resulting in the formation of the Earth, sky, wind, the
Moon, the Sun, and other terrestrial elements. The philosophical concept
considered the beginning as an empty space with no atmosphere or
sky, and the universe was born out of its own nature, possibly by its
own inherent heat. Mlikpurina, composed by a Jain teacher in the ninth
century CE, further crystallises this idea that the world endures under its
own nature and is divided into hell, earth, and heaven. The instrumental
origin idea is reflected in the union of heaven and earth caused by the
action of different gods, such as Agni (fire), Szirya (sun), and Indra. "The
central idea of various cosmogonic theories of the Vedic and post-Vedic
period appears to be (1)the existence of water in the beginning, and (2)
the creation of a cosmic nucleus - Prajlipati" (Ali, 1966). Prajlipati is an
embodiment of propagation and hence maker of the universe.
Ancient literature described a cyclical human development on the
Earth. The Hindu view, expressed in the Code of Manu, speaks of four
ages: Krta, Tretii, Dvapara, and Kali, with a sharp break at the end of
each age; physical and spiritual deterioration occurs at the completion
of the four-age period with the universe coming to an end and then
beginning a new cycle. The Jains also believed in the cosmic cycles,
but unlike Hindus they did not foresee any sharp break at the ends of
the periods (ages). The Jains divided a full cycle into six periods, each
with ascending and descending halves. At the end of the sixth period,
designated as "very wretched" (Duhsama-Duhsama), human deterioration
reaches its peak with a fierce storm wiping out almost all inhabitants.
After this a new six-period cycle starts again.
In a general view of explaining the distribution of continents and
oceans the world was divided into seven regions or islands (dvipas). S.M.
Ali identifies those dvipas as ~iilmali(East Africa), KuSa (Middle East),
Polaksa (Mediterranean), Krauficha (Europe), Puskara (East Asia), Saka
(South-east Asia), and Jambii (Northern, Central, and Southern Asia). The
southern part of the Jambudvipa was inhabited by Hindus in the land
called Bhiirata. At the centre of the Jambfidvipa was the Meru identified
with Pamir knots, and at the northern extremity adjoining the Arctic
ocean was the Uttarakuru. Jambudvipa was surrounded by an "ocean",
meaning a physical barrier. Yet another Puranic conception compares the
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earth with a lotus. The pericap of the earth-lotus was the Meru; each
petal represented a continent of the Mahidvipa (great island), situated
equidistant from each other and surrounded by oceans. Jambudvipa was
the largest of the continents.
Bharatavarsa (India) has been described in the Purinas as having various shapes: a half moon, a triangle, etc. It was given the shape of a
rhomboid by Eratosthenes in BCE 320 and that of four equal triangles in
the Mahibhirata composed around BCE 100. Ptolemy (CE 100-170) in mapping India ignored the peninsula and drew an almost straight line from
the Gangetic delta to the Makran coast in Baluchistan. Varahamihira (CE
550) identified seven divisions of India surrounding the central division
of Pafichala (Punjab/Haryana area); they were Magadha (east), Kalinga
(south-east), Avanta (south), Sindhu-Sauvira (west), ~ n a r t a(south-west),
Madra (north), and Kaunda (north-east).
Though only the southern part of Jambudvipa was considered Bharatavarsa, the Indians referred to the latter as the whole Earth because the
landmass of South Asia surrounded by mountains in the north and seas
in the south was not only a physical-cultural cul-de-sac, secluded from
other peoples but was so productive and large that to the people of India
it constituted the world. Puranic legends claim that the king Bharata,
whose name was identified with the country, ruled the entire earth,
meaning all of India. Such was the case with the emperor ASoka (272-232
BCE)as inscribed in his Fifth Rock Edict.
Geopolitics took a special form in ancient India. The Code of Manu
and the ArthaS&tra developed a set of stratagems and practices based
on the position of states which were parts of a circle (Mandala). A kingdom was considered to be surrounded by four circles of states. The first
circle consisted of friends and friends' friends. The three outer circles
represented the states that belonged to the enemy, the middle king, and
the neutral king. A sixfold interstate policy - peace, war, marking time,
attack, seeking refuge, and duplicity - was evolved to maintain a balance of power among the circle of states. Policies related to extension or
defence of a state depended on one's power in relation to the nearness
and distance from other states. As in the Puranic Bharatavarsa, ArthaSistra
defined the sphere of influence of an imperial ruler (Cakravartin) by the
conquest of all land between the Himalayas and the southern sea, meaning Cape Cornorin. Bana's Kadambari and Harsacharita while conforming
with ArthaSistra's boundary specified the eastern limit as the mythical
sunrise or Udaya mountains (possibly the Blue Mountains or Pawnpuri
of Mizoram) and the western limit by another mythical mountain-sunset
or Mandara (possibly the Western Ghats or Sahayadri).
Ashok K. Dutt
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Geometry
An examination of the earliest known geometry in India, Vedic geometry,
involves a study of the ~ulbaszitras, conservatively dated as recorded
between 800 and 500 BCE,though they contain knowledge from earlier
times. Before what is conventionally known as the Vedic period (ca.
1500-500 BCE),there was the Harappan civilisation dating back to the
beginning of the third millennium BCE.Even a superficial study of the
Harappan cities show its builders as extremely capable town planners
and engneers requiring a fairly sophisticated knowledge of practical
geometry. An interesting conjecture has been suggested by a drawing on
a seal found from Harappa (ca. 2500 BCE):was there an awareness then
that the area of a polygon inscribed in a circle approaches the area of the
circle as the number of sides of the polygon keeps increasing? This is the
basic idea behind techniques that were developed for the mensuration
of the circle in a number of mathematical traditions including Indian.
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The ~ulbasiitrasare instructions for the construction of sacrificial altars
(vedi) and the location of sacred fires (agni) which had to conform to
clearly laid down instructions about their shapes and areas if they were
to be effective instruments of sacrifice. There were two main types of
ritual, one for worship at home and the other for communal worship.
Square and circular altars were sufficient for household rituals, while
more elaborate altars whose shapes were combinations of rectangles,
triangles, and trapezia were required for public worship. One of the most
elaborate of the public altars was shaped like a giant falcon just about to
take (Vakrapaksa-Syena). It was believed that offering a sacrifice on such
an altar would enable the soul of the supplicant to be conveyed by a
falcon straight to heaven.
It is clear that if in the construction of larger altars they had to
conform to certain basic shapes and prescribed areas or perimeters, two
geometrical problems would soon arise. One is the problem of finding
a square equal in area to two or more given squares; the other is the
problem of converting other shapes (for example, a circle or a trapezium
or a rectangle) into a square of equal area or vice versa. The constructions
were achieved through a judicious combination of concrete geometry (in
particular what would be known today as the principle of dissection and
re-assembly), ingenious algorithms, and the application of the so-called
Pythagorean theorem. The essence of the dissection and re-assembly
method involves two commonsense assumptions.The first is that both the
area of a plane figure and the volume of a solid remain the same under
rigid translation to another place. The second says that if a plane figure
or solid is cut into several sections, the sum of the areas or volumes of
the sections is equal to the area or volume of the original figure or solid.
The reasoning behind this approach was very different from that behind
Euclidean geometry, but the method was often just as effective, as shown
in the Indian (and Chinese) "proofs" of the Pythagorean theorem.
In the Kdtydyana ~ulbasiitra (named after one of the authors) the
following proposition appears: "The rope (stretched along the length) of
the diagonal of a rectangle makes an (area) which the vertical and horizontal sides make together." (2.11). Using this version of the Pythagorean
theorem, the ~ulbasiitras show how to construct both a square equal to
the sum of two given squares and a square equal to the difference of
two given squares. Further constructions include the transformation of
a rectangle (square) to a square (rectangle) of equal area and of square
(circle) to a circle (square) of approximately equal area. The constructions
"doubling the square" and "squaring the circle" lead naturally to devising
algorithms for the square root of 2 and other numbers, for implicit estimates of ./r, and for constructing similar figures in required proportions
of a given figure.
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Figure 1 The first layer of a Vakraprak.~a-jyenaalta. The wings are made from 60
bricks of type 'a: and the body, head and tail ffom 50 type '6: 6 of type 'c' and 24 type
'd' bricks. Each subsequent layer was laid aut using different patterns of bricks with the
totai number of bricks equalling 200.

The composers of the sulbaszifras made it clear that their work was not
orignal but could be traced to earlier texts, notably the Samhit~sand the
BrEhmanas of which the most relevant text, ~ a t a ~ a f hBrEhma~,
a
is at least
three thousand years old. In spite of its obscurities and archaic character
the text is valuable for an early discussion of the technical aspects of altar
construction. The instructions given in satapatha Brrihrnana (X.2.3.11-14)
for constructing a falcon-shaped altar consisting of 95 layers of bricks are
as follows (Figure 1):
Area of the body (Atman) = 56 $Area of two wings = 2 (14)
Area of tail = 14

+

?a;
+ ( i )( f ) (3) (a)
;

+ $a
+($)(+)(3)(a).

The total area is about 116 square purushas, which is an over-estimate
of the required 101.5 square purushas, arising in part from a rounding off
error involved in taking 14 rather than 13 + 8/15.
A major strand running through the history of Indian geometry and
also providing the main motivation for the development of the subject
was a recognition of the impossibility of arriving at an exact value for the
circumference of a circle given the diameter (i.e. the incommensurability
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of n). A passage in Aryabhafals Aryabhafiya (CE499) - Verse 10 of the
section on Ganita - reads:
Add 4 to 100, multiply by 8, and add 62,000. The result is approximately
the circumference of a circle whose diameter is 20,000. (Giving an
implicit value of 3.1416 for T. This was the most accurate estimate for
T known a t that time. About six hundred years earlier (ca. 150 BCE),
there was an implicit estimate of .x as the square root of 10 in a Jaina
text called Anuyoga Dw8ra Sctra.)

It was the word "approximately" that gave food for thought to commentators of Aryabhafals work from Bhaskara I (ca. CE 600) to Nilakanfha
(b. CE 1445). The first formal proof of the transcendental nature of T
was given by the Swiss mathematician Lambert in a paper to the Berlin
Academy in 1671. However, about one hundred and fifty years earlier, Nilakanfha's commentary on Aryabhafiya contained the following
statement:
Why is only the approximate value (of circumference) given here? Let
me explain. Because the real value cannot be obtained. If the diameter
can be measured without a remainder, the circumference measured by
the same unit (of measurement) will leave a remainder. Similarly the
unit which measures the circumference without a remainder will leave
a remainder when used for measuring the diameter. Hence the two
measured by the same unit will never b e without a remainder. Though
we try very hard we can reduce the remainder to a small quantity
but never achieve the state of 'remainderlessness'. This is the problem.
(Adapted from Sarasvati Amma, 1979)

Once the incommensurability of T was accepted, the approach of the
Indian mathematician was to obtain as accurate a value of this quantity as
possible, and the strategy to be followed was expressed thus by ~alikara
Variyar and Narayana Kriyakramakari (ca. 1550)l:
Thus even by computing the results progressively, it is impossible theoretically to come to a final value. So, one has to stop computation at
that stage of accuracy that one wants and take the final result arrived
at ignoring the previous results. (Adapted from Sarma, 1975)

The major breakthrough came from the revolutionary idea, most probably
that of Miidhava (ca. 1340-1425), that it was possible to obtain an infinite
series whose sum would be exactly equal to .x and that an increasingly
close rational approximation of the quantity could be obtained by taking
partial sums successively of higher order. While the question of the slow
convergence of this series was not explicitly discussed, the need for
increasing rapidity of convergence was recognised and some remarkable
corrections to be applied to truncated series were deduced. The work on
infinite series for circular functions provided an impetus to derivation of
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other infinite series for trigonometric functions, namely arc tangent, sine,
and cosine series. Often inductive reasoning (and intuition) built upon
geometrical representation helped them to discover these results, but the
proof of these results can withstand any rigorous criterion applied to it
today. An implicit estimate for T based on infinite series expansion given
by Madhava around 1400 is correct to eleven decimal places.
Another area of geometry in which the Indian contribution was significant was in the study of the properties of a cyclic quadrilateral. In
the Brdhma Sphufa Siddhdnta, Brahmagupta (b. CE 598) gives these results:
(1) The area of a cyclic quadrilateral is gven by the product of half the
sums of the opposite sides, or by the square root of the product of
four sets of half the sum of the sides (respectively), diminished by
the sides.

(2) The sums of the products of the sides about the diagonal should be
divided by each other and multiplied by the sum of the opposite
sides. The square roots of the quotients give the diagonals of a
cyclical quadrilateral.
The derivations of these results are first referred to in a tenth-century
commentary on Brahmagupta's work, but find their full expression in the
sixteenth century Kerala text Yuktibhdsd by JyeSihadeva. This makes use of
Ptolemy's theorem that in a cyclic quadrilateral the product of the diagonals is equal to the sum of the products of two pairs of opposite sides.
Notable extensions in this area are contained in Narayana Pandita's
Ganita Kaumudi in the fourteenth century and Paramegvara's Lildvati
Bhdsya, a detailed commentary on Bh2skaracharyafs Lildvati. In the latter
is found a new rule for obtaining the radius of the circle in which a cyclic
quadrilateral is inscribed. The great interest in the cyclic quadrilateral in
Indian mathematics arose from the fact that it was an important device
for deriving a number of important trigonometric results which were in
almost all cases used in astronomy.
In India geometry never became idealised in the way it did in Greece.
Geometry was largely concrete and empirical in character. It did, however, have an algebraic character which is best seen in the genesis of
trigonometry there. Because of their geometric emphasis, the Greeks used
chords in their astronomical calculations, whereas the Indians developed
the notion of sines and versines (i.e. 1-cosine of an angle) as early as CE
500. ~ r ~ a b h awas
t a perhaps the first Indian astronomer to give a special
name to these functions and draw up a table of sines for each degree.
Approximation formulae were developed for these functions, culminating
in the construction of sine tables in Kerala during the fifteenth century
where the values in almost all cases are correct to the eight or ninth
decimal place, a remarkable degree of accuracy.
George Gheverghese Joseph
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Gnomon
The gnomon is an instrument used widely in early astronomy. The
shadow of a vertical rod on a horizontal plane determines the cardinal
directions, the latitude of the place of observation, the celestial coordinates
of the Sun, and the time of the observation.
A fairly complete account of its use in India was given by Varahamihira
in the Paricasiddhdnfikd. This was written in CE 505 and summarised the
astronomical information current in India at that time. The ~ r ~ a b h a t i yofa
~ r ~ a b h aalso
f a provides the main results of the theory of the gnomon,
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and these features appear again in the works of BhBskara, Brahmagupta,
and many later astronomers.

Figure 1

Finding the cardinal direction (Neugebaue4 1971).

he procedure is illustrated in Figure 1. G is the foot of the gnomon.
The path of the end of the shadow enters and leaves a circle, centre G,
at W' and El. Then the line E'W' is in the east-west direction. With E',
W' as centre, circular arcs are drawn intersecting at N', S'. Then N'S',
the perpendicular bisector of E'W1,is in the north-south direction and
intersects the circle at N and S, the north and south points. The east and
west points, E and W, can be found by the same procedure since they
are on the perpendicular bisector of NS.
This method depends on the symmetry of the shadow path about
the north-south line. It does not take into account the small change in
the declination of the Sun during the day. Brahmagupta prescribed a
correction for this error in the Mahdbhdskariya. This method of finding
the cardinal directions, dqscribed in the Paricasiddhdntikd, is found in a
much earlier treatise, the Sulbaszitra, which contains mathematical topics
related to the construction of sacrificial altars.
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Trigonometric formulas enable us to find the latitude of the observer and
the Sun's declination from the shadow of the gnomon at noon, when the
Sun is on the local meridian. In Figure 2, g is the height of the gnomon,
s the length of the shadow, Z the zenith, S the Sun, and z the zenith
distance of the sun. On any day, the zenith distance at noon is z = q5
f 6, where q5 is the observer's latitude and 6 the declination of the Sun.
The Indian formula is

where the Sine of an angle is defined as R times the modern sine function,
R bein.g a constant angle, taken to be 120 minutes in the Paficasiddhdntih.
When the Sun is on the equator, 6 = 0, and the formula above gives us
the latitude in terms of the length of the noon shadow. On other days,
the formula yields the change k6, in the zenith distance, as a function
of the noon shadow. On the days of the solstices, the declination has the
maximum value E , the obliquity of the ecliptic (the band of the zodiac
through which the Sun apparently moves in its yearly course).

Figure 2

The noon shadow.

When the Sun is on the prime vertical (the great circle on the celestial
sphere through the east and west points and the zenith), let zl be the
zenith distance, and a1 = 90 - zl,the altitude of the Sun, and A, the
Sun's longitude. Then the Paficasiddhdntikd formulae are
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With these two formulae, we can find the declination and longitude of
the Sun from the shadow length, when the sun is on the prime vertical.
With the gnomon, it was also possible to find the time after sunrise,
from the length of the shadow, using formulae which are equivalent to
those used in modern spherical astronomy.
The second formula above gives the sun's longitude X and declination
6, when it is on the prime vertical. X and b can be determined at any time,
from the length of the gnomon's shadow and the distance of its endpoint
from the east-west line. The Paficasiddhfintikd also gives an approximate
empirical algebraic formula which would have been useful in very early
astronomy:

This gives t, the time after sunrise in the morning or the time before
sunset in the afternoon. so is the noon shadow and d the length of
daylight. This formula is derived from the following considerations:
(a) there is a linear relation between s and llt,

(b) at noon 2t = dl
(c) s - so = g at 4t = d.

Figure 3

Determining the altitude of the Moon orplanets.

The Yavanajfitaka of Sphujidhvaja also has this formula. Chapter 20 of
Kautila's ArthaSfistra gives the relation between the time after sunrise and
the gnomon shadow. The Arthaifistra also gives the rule for the uniform
variation of the noon shadow from zero at the summer solstice to g, the
gnomon height, at the winter solstice, a reasonable approximation for an
observer on or near the Tropic of Cancer, for example at Ujjain. However,
the rule for the uniform variation of the length of daylight from 12 to 18
muhurtas, also found in the two books above, implies a latitude of about
35 degrees, which suggests a Babylonian origin.

170

Encyclopaedia of Classical Indian Sciences

The theory of the gnomon presented above can be applied to the.
Moon and planets also. The altitude of the Moon or planet is determined
in the following manner, illustrated in Figure 3.
The moon or planet (P) is seen reflected in a mirror M in the same
horizontal plane as the foot G of the gnomon of height g at a distance
d from the gnomon. Then the altitude, a, is given by the formula

d is called the reversed shadow and takes the place of the shadow
length s in the case of the Sun.
The eleventh-century Arabic scholar al-Biruni wrote Kitbb f i i'Gd almaqbl fi umr al-zilb (The Exhaustive Treatise on Shadows), which contains
a comprehensive account of the theory and applications of the gnomon
shadow. Al-Birfini refers to many Indian sources, for example:

(a) the method described above for finding the cardinal directions. He
calls it the method of "the Indian circle";
(b) the algebraic formula; and
(c) the time from the shadow. Al-Biruni follows the procedure of
Brahmagupta.
George Abraham
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Haridatta
Haridatta was the promulgator of the Parahita system of astronomical
computation widely used in Kerala in South India, from where it spread
to the neighbouring state of Tamilnadu. There are two basic texts of the
system, the Grahaclranibandhana and the Mahlrndrganibandhana, the latter
of which is no longer extant. Haridatta inaugurated the system, as the
legend goes, on the occasion of the 12-yearly religious festival held at
the temple town of Tirungvriy on the banks of the Bharatappuzha River
in CE 683. The system was called Parahifa (suitable to the common man),
because it simplified astronomical computation and made it accessible
for practice even by ordinary people.
f a 476),
Haridatta based his system on the Aryabhatiya of ~ r ~ a b h a (b.
but made it simpler in several ways. First, he dispensed with the rather
cumbersome and terse numerical symbolism used by ~ r ~ a b h a tand
a
substituted the facile, easily manipulated ka-!a-pa-ya-di system of notation.
In this system, specific letters were used for representing digits, which
could be arranged to form meaningful words and even sentences, which
could be remembered with much less possibility of error.
Computations in Indian astronomy involved long numbers for planetary revolutions and other parameters for the aeon. To avoid these long
numbers in multiplication and division, Haridatta ingeniously introduced
a sub-aeon of 576 years or 210,389 days, and accurately determined the
zero-correction for this sub-aeon for the mean motion of the several
planets. In actual practice, Haridatta directed the aeonary days for any
current day being divided by the sub-aeonary days. The quotient would
then give the number of completed sub-aeons, and the remainder the
days in the current sub-aeon. The above quotient multiplied by the subaeonary zero-corrections of the several planets would give the mean
planets at the commencement of the current sub-aeon. In order to make
calculation easier, when a large number of years passed, Haridatta gave
these zero-corrections for chunks of six sub-aeons. To find the mean
motion of the several planets for the completed days in the current subaeon, Haridatta gave certain sets of simple multipliers and divisors. The
mean motion arrived at using these, when added to the mean position
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at the commencement of the current sub-aeon, would give the mean
planet for the current date. In order to obviate the large numbers that
would accumulate to mean planets when the ~ r ~ a b h a f aparameters
n
were used, Haridatta prescribed a corrective called V8gbhdva (Corrections
to be Applied to the Different Planets from CE 523).
The Parahita system promulgated by Haridatta has- been extremely
popular in Kerala, and a very large number of texts and tracts based on
the system have been produced in that part of India, both in Sanskrit
and in the local language Malayalam. The system has also been regularly
used for the computation of the daily almanac.
K. V. Sarma
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Irrigation in India and Sri Lanka
Assessments by historians of Asia's irrigation systems and irrigationrelated civil engineering techniques have been based on the scantiest of
historical or empirical data. Naturally, they have ranged from one extreme
to the other. Of these, the one most easily recognised and debated was
provided by Karl Wittfogel whose theories led to the idea of "hydraulic
civilisations".
A diametrically opposite assessment has been provided by some Indian
historians who have concluded that there was no significant irrigation
technology in use at all. Symbolic of this view is R. Majumdar and H.C.
Raychaudhuri's An Advanced History of India, in which the authors make a
categorical statement on the "comparative absence of artificial irrigation"
in eighteenth century India.
However both views-fairly representative of the historiographical
terrain- have had to be revised considerably because of the emergence of
new historical materials and investigations during the last two decades.
These are reflected in new literature specifically devoted to the subject.
Illustrative of these materials is the report of Alexander Walker, an English
specialist who toured India in the eighteenth century. Walker produced
an elaborate treatise on Indian agriculture in which he drew the conclusion that "the practice of watering and irrigation is not peculiar to the
husbandry of India, but it has probably been carried there to a greater
extent, and more laborious ingenuity displayed in it than in any other
country".
This display of ingenuity, however, is not restricted to eighteenth
century India and has indeed found expression in a plethora of irrigation
systems in Asia each designed to appropriate its own specific ecosystem
potential. There is evidence of large-scale irrigation works in several Asian
countries including China and Sri Lanka. The systems studied on the
subcontinent include gigantic artificial lakes, large-scale and small-scale
embankments, and diversion channels. They include schemes for taking
water up a hill against gravity, elaborate canal distribution networks,
innovations like the khazans on the west coast of India, where unmanned
wooden sluice gates control the sway of salt and sweet water in low
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lying paddy fields adjoining the coastal or tidal rivers, and storage tanks
with a bewildering variety of names.
"The irrigation history of Indian has been studied only in fragments"
(Sengupta, 1993). But even this admittedly fragmentary picture that is
emerging is far more fascinating than the simplistic or impressionistic scenarios of Wittfogel or later historians like Raychaudhuri and Majumdar.
The most fundamental aspect of irrigation technology and civil engineering works to be noted is that almost all of them are related to monsoon
precipitation in one way or another. Over ninety per cent of the annual
run-off in the peninsular rivers and eighty per cent in the Himalayan
rivers occurs during the four months of the monsoon. Thus, unlike the
case of temperate ecosystems, irrigation becomes extremely crucial: in
the wet season which stretches approximately four months, in several
places less, there can be too much precipitation over intense bursts. This
is followed by a dry season during which there is no precipitation at all.
The result is predictable: periods of excess water followed by drought.
In this context, the basic design of irrigation technology is intimately
related to precipitation: how to save it, store it, and divert it, so that
spatially it reaches areas where there is no water (diversion techniques)
or temporally makes it available during the dry months (storage techniques). Thus, rain-fed rivers are diverted into channels, or river basins
are interconnected. Or the rainfall is directly collected in huge storage
facilities on the land.
If this is the scenario, (and it is as valid today as it was in 3000 BCE), one
would normally expect a much richer history of irrigation techniques in
Asian conditions- where rice is a basic crop adapted to growing largely
in water- than in any other part of the planet, particularly the temperate
zones. It would also follow that the irrigation designs evolved for coping
with such situations would not readily be available in other ecosystems.
For this reason, it has taken some time for engineers and historians
trained in other culture areas to appreciate their worth and function.
The irrigation experience of China is documented in Joseph Needham's
magnum opus, Science and Civilisation in China, and will not concern us here.
We shall restrict ourselves in this essay to a consideration of the irrigation
and civil engineering techniques that arose in the Indian subcontinent
including Sri Lanka and which were the result of a close interaction
and adaptation between overall environmental situations and human
ingenuity.

In the circumstances related above, it stands to reason that the primary
design objective of irrigation engineers would be predominantly in the
direction of a water storage system. The following listing is given by
Shankari and Shah.
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There were storage systems designed purely for drinking water: nadi,
tanks, bowari, jhalara, and pokhar. Some were reserved only for human
beings; others were for human beings and animals. These w e shall ignore
here.
The second category of storage technologies relates to irrigation, and
there is considerable evidence of the spread of such technologies through
the length and breadth of the subcontinent. Though the structures here
were all designed for irrigation, they also provided other useful functions
of soil conservation and ground water percolation and recharge.
Irrigation water stored in such storages was conveyed through two
methods: first, under the force of gravity, or gravity irrigation, and second,
through extractive or lift techniques or devices of some kind, including
for instance the Persian wheel.
There were three main classes of such irrigation-related storage systems. The first comprised tank and pond irrigation systems. These in
turn were of two types: above surface storage works, where a reservoir
was created above the ground through a fairly long embankment. The
corresponding structures were called Keri, Eri, Cheruvu, Kalvai and Kunta
in South India and Ahar in Bihar (northern areas). The second category
involved below surface storage works, which included dug ponds from
which water was lifted by some means, manual or mechanical: pokhar,
talab, jhil, beel, and sugar.
The second class of irrigation systems comprised land inundation
systems: the land was flooded and saturated before cultivation and then
drained off prior to planting (another term used is flood irrigation).
These were primarily above surface types or referred to (in India) as
submergence tanks. Important variations of these are the khadin and the
johad in Rajasthan and the bundhies of Madhya Pradesh.
The bundhies were built generally in a series and therefore captured
every possible drop of rainwater that fell. If there were a surplus, a waste
weir was provided. There was generally a sluice at the deepest part of
the storage reservoir. A stambh or pillar would indicate the location of the
sluice. Sluices could be of different types: pipe sluices or sluices made of
masonry for the larger tanks. (Some sluices open, as in the khazans, with
the pressure of the incoming tides and discharge water automatically
when the tide has fallen; these are made from wood.) The crop which
was grown in the bundhies after the water was drained did not require
any irrigation until harvest.
The third class comprised in situ techniques through which storage
facilities were created to retain precipitation and ground water infiltration.
The difference between class two and three was that in the former,
cultivation followed drainage; in the latter it occurred simultaneously.
The sizes of these storage tanks varied and the tanks themselves were
generally known from the command areas they irrigated: the smallest
ones irrigated around fifty acres, the medium ones, about a hundred
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and the major ones five hundred and above. The large tanks were
clearly impressive in scale. The Veeranam Tank in Tamilnadu has a bund
(embankment) 16 km in length. The Gangaikonda Cholapuram Tank, also
in Tamilnadu, was constructed by a Chola king from CE 1012 to 1044
and survives even today with a 25 km embankment.
The construction of tanks was a widely dispersed skill. To create a
tank reservoir, an earthen embankment, usually curved, was erected in
a concave form across the flow of water. The water was retained in
the belly of the curve from where it was drawn and directed through
channels to irrigate plots at lower levels through gravity irrigation. After
the tank was emptied, the tank bed itself could be used temporarily for
raising a crop utilising residual moisture. Many of the tanks in an area
were interlinked and functioned as parts of an integrated system. The
tank at the higher level released its surplus water as run-off to tanks
at a lower level and the next in turn. These were called chain tanks.
There were also tanks which were fed by canals from a river. Chain
tanks were generally created in the upper reaches of the river basin
and river-fed tanks in the lower reaches. Their construction would have
required detailed cooperation among several communities in the region.
In Mysore in 1966 Major R.H. Sankey, Chief Engineer, wrote, "Of the
27,269 square miles covered by Mysore, nearly 60% has, by the patient
industry of its inhabitants been brought under the tank system. Unless
under exceptional circumstances, none of the drainage of these 16,287
square miles is allowed to escape. To such an extent the principle of
storage has been followed, that it would now require some ingenuity
to discover a site within this great area suitable for a new tank." The
profusion of such tanks was not a feature of Karnataka alone. Experience
was similar in Tamilnadu, Goa, or Bihar. The area north of the Vindhya
mountain range in middle India for instance had more than eight thousand submergence tanks. In one district of Rajasthan alone, there were
more than five hundred khadi~s.
In Sri Lanka, dry areas were populated with what are known as "tank
villages". "The one-mile to an inch topographical maps of the island,
writes D.L.0 Mendis, "show nearly 15,000 of these, of which over 8000
are in working condition today. Tradition has it that some 30,000 of these
small tanks had been constructed down the ages and there is a reference
in the chronicles to 20,000 in the ancient province alone in the 12th
century."

Apart from the storage works, the subcontinent witnessed the emergence of competent and impressive water conveyance systems designed
to divert waters of rivers and flowing streams. Some diversions were
accomplished without a check or embankment across the river; in such
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instances, the flood waters of the river were drained through a natural
diversion. The Kukls or Guls in the Himalayan areas, the dongs of the
North-eastern states, and the pynes of Bihar all reflect this feature.
The second category involved check dams as a basic feature: the river
bed was first raised and the resulting raised water diverted into a channel
as was the case with the bandkaras. Some of these schemes were fairly
small, like those in the hilly areas. Others could be extremely large scale
and it is reports of the latter that probably gave Wittfogel material for his
speculations. According to Major T. Greenway, these were works of "truly
gigantic magnitude, vast embankments and drainage channels equal to
ordinary English rivers in capacity."

The interesting question that is now being asked is whether one can talk
in terms of an evolution of irrigation technologies and civil engineering
techniques from the earliest times to the present? The question is important in view of the fact that many of these storage systems, diversion
channels, and embankments are largely intact and still in use. There are
still parts of the country where Persian wheels are operated. Tanks and
storage vessels are once again being made functional and weirs continue
to be constructed.
The answer seems obvious: while more complex technological mechanisms did emerge as time passed, the earlier and the later techniques
have continued to co-exist. The only major new innovation seems to be
the idea of dams; these are new in terms of function, since the generation
of hydropower was not intended in earlier times. The idea of large dams,
once considered the temples of modern India, has taken a severe beating
in recent years. They are now considered unsuited to tropical ecosystems,
since the reservoirs invariably lead to displacement of large numbers of
people, submergence of forests, and destruction of wildlife, and in places
like Sri Lanka, submergence of smaller functioning reservoirs.
This being said, it is still possible to identify certain periods as distinct
historical events in a possible history of irrigation and civil engineering on
the subcontinent. There is archaeological evidence of artificial irrigation
from pre-Harappan and Harappan times (ca. 5500-3500 BCE):this took
the form of a large number of wells. One well found had a brick lining
going down twelve metres. Post-Harappa, the major irrigation find is
Inamgaon on the west coast of India where under the influence of the
Jorwa culture (ca. 3400-3000 BCE),one finds evidence of a major diversion
scheme reflected in a massive embankment 240 metres by 2.2 metres
wide to divert the river into a channel. The channel itself was 200 metres
long and 4 metres wide.
The first storage tanks in their rudimentary form appear around 2500
BCE - also in Sri Lanka -with the invention of iron tools. Hereafter, there

'
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are increasing references in literary works of both Sanskrit and Tamil
up to the Gupta (CE 350) period. There are tank related inscriptions
which give details of tank construction, maintenance, sources of funds
for maintenance, and so on. The word eri also comes into circulation by
the seventh century as a term for tanks.
The anicuf (weir) technique is probably older than the eri or tank. The
most famous of the anicuts, the Kaveri Anicut on the River Kaveri, is
linked to a Chola king of the second century CE. It involved a dam on the
River Kaveri 300 metres long and 12-18 metres wide and 5 metres deep.
There is a dispute about the age of the anicuf, since the anicuf technique
itself bears a strong resemblance to the Sri Lankan technique of massive
stone dams and sluices, a technique which developed, according to Sri
Lankan historian R.A.L.H. Gunawardene, only in the seventh century
CE.

Sir Arthur Cotton paid eloquent testimony to the engineering talent
involved in the large-scale irrigation works. He wrote: "There are a
multitude of old native works in various parts of India ... These are noble
works, and show both boldness and engineering talent. They have stood
for hundreds of years ... it was from them that we learnt how to secure
a foundation in loose sand of unmeasured depth. In fact, what we learnt
from them made the difference between financial success and failure,
for the Madras river irrigations executed by our engineers have been
from the first the greatest financial successes of any engineering works
in the world, solely because we learnt from them ... With this lesson
about foundations, we built bridges, weirs, aqueducts; and every kind of
hydraulic work ... we are thus deeply indebted to the native engineers...".

A significant feature of these irrigation wcrks related to the:lr construction and maintenance. Since water availability could be problematic with
monsoon failure, those associated with the emergence of these works
could gain religious merit for their deed. Though large systems were
often sponsored by the state- to include kings, queens, local chieftains,
zaminhrs (landowners)-village communities, temples, and even individuals are associated with their construction. Thus a public park in
Pondicherry bears an inscription recording a tank built by a dasi- a temple dancer/courtesan, while another inscription in Karnataka (CE 1100)
records a tank and shrine constructed by a village watchman.
All the major dynasties including the Mauryas (Sudarshan Lake near
Kathiawar), the Cholas, the Hoysalas and the Vijayanagar kings and
Muslim sultans were associated with irrigation works. Of these, the most
impressive schemes are associated with the Cholas. However, these kings
depended upon a cadre of skilled hydraulic engineers. Dikshit records
the performance of one such engineer in the fourteenth century:
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"The Kalludi (Gauribidanur taluk) inscription of 1388 CE is well known.
According to it, when Vira Harihara Raya's son Sri Pratapa Bukkaraya was
in Penugonda city in order that all the subjects might be in happinesswater being the life of the living beings-Bukkaraya in open court
gave an order to the master of ten sciences, the hydraulic engineer
Ualasutra) Singayya Bhatta that he must bring the Henne (Pennar) river
to Penugonda. Accordingly Singayya Bhatta conducted a channel to
the Siruvara tank and gave the channel the name Pratapa Bukka Raya
Mandalanda Kaluve".
The day-to-day operation and maintenance of both large and small
works were mostly in the hands of local communities and of special
professionals like the nirkattis of Tamilnadu. In many areas, produce from
certain lands was set aside specifically to meet the maintenance costs of
tanks. During the installation of the colonial regime, these revenues were
appropriated by the colonial power and consequently the maintenance of
such irrigation works fell into bad times leading to declines in efficiency.
Claude Alvares
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Jagannatha Samraf
P a ~ d i t aJagannatha (1652-1744), who bore the title "Samrrif", writer on
astronomy and mathematics, and designer of astronomical instruments,
was the religious preceptor and collaborator in astronomical pursuits of
Jai Singh Sawai (1688-1744), the astronomer-prince of Jaipur in Rajasthan.
Born into a Vedic family, the son of GaneSa, Jagannatha was attached to
the court of Jai Singh from an early age and assisted his patron in all
his social, religious, and scientific activities.
At Jai Singh's behest, Jagannatha mastered Arabic and Persian, the two
foreign languages prevalent in the Mughal court, which he utilised in
the study of Islamic astronomy and put to beneficial use translating into
Sanskrit texts in those languages for his patron. In this way, Jagannritha
produced his Rekh2ganita and Siddhdntasirakaustubha, which are translations of Euclid's Elements of Geometry and Ptolemy's Almagest, respectively,
from their Arabic versions by Nasir al-Din al-Tusi. It is interesting that in
the case of Rekhdganita, Jagannatha himself coined more than a hundred
Sanskrit equivalents of technical terms.
In his original work Siddhinta-sumrat, composed at the behest of Jai
Singh, Jagannatha described the construction and application of a number
of astronomical instruments. He also mentioned the reasons that his
patron, who was obsessed with metallic instruments like the astrolabe
for malung celestial observations and reading out the results, later opted
for huge outdoor observatories with stone and mortar. The reason was
that Jai Singh found that the metallic instruments did not give minute
readings, and were also susceptible to wear and tear, and to climatic
conditions, which brick observatories were not. His Yanfraprakira is a
more elaborate work on the subject of astronomical instruments, which
includes descriptions of some more instruments, computations, a number
of tables, and allied data.
Jagannatha's Siddhinta-samr2t and Yantraprahra carry a number of
recordings of celestial observations of different types, for periods short or
long, which demonstrate how the instruments designed, and observatories constructed, as above, had been put to use for correcting parameters,
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preparing almanacs and the like. The part played by Jagannatha in these
endeavours was considerable and significant.
K. V. Sarma
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Jai Singh
Jai Singh, or Jai Singh Sawai (Jaya Simha Sava'i), the eighteenth century
statesman-astronomer of India, was born on November 3, 1688 to the
royal house of Amber, in the present state of Rajasthan, India. His
ancestors were semi-autonomous rulers of their princely state under the
Mughals and occupied important posts at the Mughal court. Jai Singh
lived his life during one of the most troubled, uncertain, and critical
periods of Indian history, and he was involved directly or indirectly in just
about every political or military conflict of his time. With his diplomacy
and political maneuverings, he acquired a great deal of authority and
influence throughout the Mughal empire. Making full use of his prestige

and power, Jai Singh embarked upon a program of reviving astronomy
in his country.
Jai Singh displayed an early inclination towards astronomy and mathematics and soon acquired mastery over these two subjects. He realised
that the astronomical predictions based on the Hindu, Islamic, or European books (which were available to him) did not- agree with actual
observations. He reasoned that the disagreements between predictions
and observations were primarily due to the outdated parameters found
in the astronomical books, and would not be alleviated until new parameters based on careful observations were made available. Consequently,
he decided to obtain new parameters.
With the blessings of the reigning emperor, Muhammad Shah, Jai Singh
initiated a multifaceted program in astronomy. He designed instruments,
built observatories, compiled an excellent library, assembled competent
astronomers of different scientific backgrounds, and sent a fact-finding
scientific mission to Europe. His scientific career lasted for more than 20
years. He died in 1743, at the age of 54.
Jai Singh started out first with traditional instruments of brass built
according to the designs given in the texts of the Islamic school of
astronomy. However, the metal instruments did not measure up to his
expectations; he discovered with disappointment that the instruments
gave inaccurate results once their axes wore down, displacing their
centres. The instruments were also unsteady during observing because of
their portable nature. He discarded these instruments, therefore, in favour
of the instruments of masonry and stone of his own design and tried to
achieve the desired precision from their large sizes and steadiness from
relatively inflexible structures. His instruments range anywhere from 1
m to 25 m in height.
Jai Singh built five observatories in cities of North India, at Delhi, Jaipur,
Varanasi, Ujjain, and Mathura and equipped them with instruments of
his own design. His observatory in Delhi was completed in 1724 and
the others within a decade. His observatories, all except that of Mathura,
are still extant in good to fair states of preservation. His observatory at
Jaipur has the largest number of instruments and is in the best preserved
state. The observatories of Delhi and Jaipur are big tourist attractions
these days and visited by hundreds of thousands of people each year.
An inventory of Jai Singh's major instruments of stone and masonry
is presented in Table 1.
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Table 1
1

2
3

4
5
6

7

8
9
10

Major instruments of masonry and stone of Jai Singh

Jaya PraklSa
(hemispherical dial I)
Samriif yantra
(equinoctial sundial)
Riima yantra
(cylindrical dial)
RlSi valaya
(ecliptic dial)
SasfhlmSa yantra
(sixty-degree instrument)
Daksinottara Bhitti
(meridian dial)
DigamSa yantra
(azimuth circles)
Nldiivalaya
(equinoctial dial)
Kap5la A
(hemispherical dial 11)
Kapda B
(hemispherical dial 111)

2

Delhi, Jaipur

6

Delhi, Jaipur, Ujjain, Varanasi

2

Delhi, Jaipur

12

Jaipur

5

Delhi, Jaipur

6

Delhi, Jaipur, Ujjain, Varanasi, Mathura

3

Jaipur, Ujjain, Varanasi

5

Jaipur, Ujjain, Varanasi, Mathura

1

Jaipur

1

Jaipur

The Samraf, Sasth5mS.a and Daksinottara Bhitti are Jai Singh's high precision instruments. With these instruments, he extended precision to the
very limit of naked eye observing, i.e. l'of arc.
Although the telescope had become common with European astronomers and had acquired refinements such as the micrometer and
cross-hair, there is no evidence that Jai Singh benefited from it. His
instruments do not use a telescopic sight, and with all their ingenuity
of concept and design are no more than what may be called "naked
eye tools" somewhat in the tradition of the medieval astronomers such
as Ulugh Beg of Samarkand. It is reasonable to believe that the invention of the telescopic sight which had come into vogue with European
astronomers only a few decades earlier did not come to his attention
early enough. It should be pointed out, however, that Jai Singh was
familiar with the telescope and had observed with it. His personal library
inventory lists a telescope bought for him at a cost of 100 rupees.
Jai Singh's early training as an astronomer had been under Hindu
pundits, and they remained the mainstay of his program until the very
end. At one time there were at least twenty-two astronomers working at the observatory of Jaipur alone. Jagannatha SamrBf, KevalarSma,
and Nayanasukhopadhyaya were his principal astronomers. These astronomers constructed instruments, collected data, translated books and
compiled original works in astronomy. The translated works included

Jai Singh

Ptolemy's Almagest, Euclid's Elements, and De La Hire's Tabulae Astronornicae.

Figure 1 SawaiJai Singh (1688-1 743). Courtesy of the Sawai Man Singh IZMuseum,
Jaipur (used with permission of the author).

Jai Singh was equally interested in the Islamic and the European traditions of astronomy. He collected astronomical works in Persian and
Arabic and patronised Muslim astronomers of the Persian-Arabic school.
The Muslim astronomers included Muhammad Abid, Sheikh Asad Ullah,
Sheikh Muhammad Shafi, and Dayanat Khan. These astronomers procured astronomical books for the royal library, constructed instruments,
helped with the translations, collected data at the observatories of Delhi
and Jaipur, and travelled to distant lands at the command of their patron.
By 1725, the involvement of the Muslim nujumzis or astronomers in
Jai Singh's astronomical program began to taper off and, in its place, the
involvement of Europeans, primarily Jesuit priests, increased. The European astronomers included De Bois, Figuerado, Boudier, Gabelsberger,
and Strobl. The Europeans played the role of conveyors of European
knowledge to the Raja. Accordingly, they led a delegation to Europe, procured texts and instruments, translated De La Hire's tables, and carried
out mathematical computations. However, the knowledge these Eu~o:
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peans brought to Jai Singh and his astronomers had already become
outdated in Europe, for it did not include the theories of Galileo, Kepler,
or Newton; nor did it include observational techniques such as those
employed by Flamsteed in England.
In 1727, Jai Singh dispatched a scientific delegation to Europe after
learning that "the business of the observatory was being carried out
there." The delegation, first of its kind from the East, was led by Figuerado,
and it reached Portugal in January 1729. The delegation stayed on in
Portugal for over a year. It did not travel to Paris or London, however,
where the most advanced work in astronomy was being done. In 1730,
the delegation returned to Jaipur, the capital of Jai Singh'state at the time,
with some instruments, books on mathematics, and the tables of De La
Hire. The delegation did not bring any books elaborating the heliocentric
world view, such as proposed by Newton, Kepler or Copernicus, since
these publications were prohibited by the Catholic Church.
After collecting data for nearly a decade, Jai Singh succeeded in obtaining new astronomical parameters. With these parameters, he prepared a
set of astronomical tables called a Zq. The Zij, completed sometime between 1731 and 1732, was dedicated to the reigning monarch, Muhammad
Shah and is, therefore, called Zrlj-i Muhammad Shlihi. Zij--i Muhammad
Shihi is a 400-page long traditional work of astronomy similar to the
Zq-i Sultfini of Ulugh Beg. ZV-i Muhammad Shfihi may be considered Jai
Singh's most important contribution to the astronomy of India. The Zl;j
remained a valuable resource for traditional astronomers of the country
for nearly 150 years.
For the sake of rejuvenating astronomy in his country, Jai Singh
expended a great deal of energy as well as his personal fortune, but he
failed to initiate the new age of astronomy in India. He himself remained
unaware of the Copernican revolution that had swept the intellectual
circles of Europe. Lack of good communication systems, and a complex
interaction of intellectual stagnation, religious taboos, theological beliefs,
national rivalries, and the simple human failings of his associates share
the blame for it. Jai Singh's scientific accomplishments were medieval in
retrospect, but his scientific outlook was quite modern.
Virendranat h Sharma
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Jayadeva
Acarya Jayadeva is an early Indian mathematician, known only through
a long aphoristic (Siitra) quotation in twenty verses from an unknown
work of his. In this passage, Jayadeva sets out, step by step, an ingenious
method for solving the indeterminate equation of the form Nx2 * C = y2.
This quotation was extracted by Udayadivakara, an astronomer of Kerala,
in his commentary called Sundari on the Laghu-bkskariya of Bhaskara I (b.
629). Udayadivakara flourished about CE 1073. This means that Jayadeva
lived before that date.
The above extract was made in the context of an astronomical problem
involving two simultaneous equations: (1)7y2+1 = z2, and (2) 8x+1 = y2.
Here, Udayadivakara states that the value of y in the first equation can be
found by an ingenious method called varga-prakrti (lit. "square-nature")
enunciated by Acarya Jayadeva, and the value of a: in the second equation
by the method of inversion.
The extract from Jayadeva forms an account of varga-prakyfi as he
conceives it and solves problems through it. First he defines the term:
"When (in an equation of the type Ax2 f C = y2) the square of an
optional number is multiplied by a given number and then the product
is increased or decreased by another number, and the result is in the
nature of a square, such an equation is called varga-praklfi." He then
goes on to explain the technical terms which would be used in the
course of his exposition, such as Kanistha-rniilam (lesser root), jyesfharniilarn (greater root), k~epa(interpolator), bhdvand (visualisation), and its
two forms, Sarndsa-bfivand, and viSesa-bhdvani or tulya-bhdvand and ~tultyabhdvani, all of which form the step by step processes for the solution of
the indeterminate equation envisaged. Working through these processes
is termed the cakravila (cyclic method) through which any number of
solutions can be found. The actual method of solving the equation is given
in the last five verses, towards the close of which Jayadeva quips, "Thus
have we identified a very ingenious method for solving the problem
which is as difficult as it is for a flea to fly against the wind". Jayadeva
is perhaps justified in making such a comparison, for his cyclic method
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was set out later by other authors like Bhaskara I1 (b. 1114) and Narayana
(1356). The historian of mathematics Hermann Hankel has remarked: "It
is above all praise; it is certainly the finest thing which was achieved in
the theory of numbers before Lagrange."
K. V. Sarma
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Kamalakara
Kamaliikara was one of the most erudite and forward-looking Indian
astronomers who flourished in Varanasi during the seventeenth century.
Belonging to Maharashtrian stock, and born in about 1610, Kamaliikara
came from a long unbroken line of astronomers, originally settled at the
village of God2 on the northern banks of the river Godiivari. Towards
CE 1500, the family migrated to Varanasi and came to be regarded
as reputed astronomers and astrologers. Kamalgkara studied traditional
Hindu astronomy under his elder brother Divakara, but extended the
range of his studies to Islamic astronomy, particularly to the school of
Ulugh Beg of Samarkand. He also studied Greek astronomy in Arabic and
Persian translations, particularly with reference to the elements of physics
from Aristotle, geometry from Euclid, and astronomy from Ptolemy. He
wrote both original treatises and commentaries on his own works and
those of others.
Kamaliikara's most important work is the Siddhdnta-Tattvaviveka, written
in CE 1658. The work which is divided into fifteen chapters and contains
over 3000 verses, faithfully follows the Sfiryasiddhdnta in the matter of
parameters, general theories, and astronomical computation. However, in
certain matters Kamalakara made original contributions and offered new
ideas. Though he accepted the planetary parameters of Sfiryasiddhdnta,
he agreed with Ptolemaic notions in the matter of the planetary system.
He presented geometrical optics, and was perhaps the only traditional
author to do so. He described the quadrant and its application. He
proposed a new Prime Meridian, which is the longitude passing through
an imaginary city called Khaladatta, and provided a table of latitudes
and longitudes for twenty important cities, in and outside India, on
this basis. Kamalgkara was an ardent advocate of the precession of the
equinoxes and argued that the pole star also does not remain fixed,
on account of precession. Kamalakara wrote two other works related to
the Siddhdnta-Tattvaviveka, one a regular commentary on the work, called
Tattvavivekoddharana, and the other a supplement to that work, called
Sesdvasand, in which he supplied elucidations and new material for a
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proper understanding of his main work. He held the Sz2ryasiddhdnta in
great esteem and also wrote a commentary on that work.
Kamalakara was a critic of Bhaskara and his SiddhBntaSiromani, and an
arch-rival of MuniSvara, a close follower of BhBskara. This rivalry erupted
into bitter critiques on the astronomical front. Thus Ranganatha, younger
brother of Kamalakara, wrote, at the insistence of the latter, a critique on
MuniSvara's Bhangi method (Winding method) of true planets, entitled
Bharigi-vibhangi (Defacement of the BhaM), to which MuniSvara replied
with a Khandana (Counter). Muniivara attacked the theory of precession
advocated by Kamalakaa, and Ranganstha refuted the criticisms of his
brother in his Loha-gola-khandana (Counter to the Iron Sphere). That in
turn was refuted by MuniSvara's cousin Gadadhara in his Loha-golasamarthana (Justification of the Iron Sphere). These kinds of astronomical
and inteIlectual battles were typical of the philosophical and religious
disputes which were common in ancient India.

K. V. Sarma
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Knowledge System: Local Knowledge
The concept of local knowledge has recently come to the fore in the
field of the sociology of scientific knowledge, where it is a common empirical finding that knowledge production is an essentially local process.
Knowledge claims are not adjudicated by absolute standards; rather their
authority is established through the workings of local negotiations and
judgments in particular contexts. This focus on the localness of knowledge
production provides the condition for the possibility for a fully-fledged
comparison between the ways in which understandings of the natural
world have been produced by different cultures and at different times.
Such cross-cultural comparisons of knowledge production systems have
hitherto been largely absent from the sociology of science. A necessary
condition for fully equitable comparisons is that Western contemporary
technosciences, rather than being taken as definitional of knowledge, rationality, or objectivity, should be treated as varieties of such knowledge
systems. Though knowledge systems may differ in their epistemologies,
methodologies, logics, cognitive structures, or in their socio-economic
contexts, a characteristic that they all share is their localness. Hence, in
so far as they are collective bodies of knowledge, many of their small but
significant differences lie in the work involved in creating assemblages
from the "motley" of differing practices, instrumentation, theories, and
people (Hacking, 1992). Much of that work can be seen as strategies
and techniques for creating the equivalences and connections whereby
otherwise heterogeneous and isolated knowledges are enabled to move
in space and time from the local site and moment of their production
and application to other places and times.
In this view, all knowledge systems from whatever culture or time, including the contemporary technosciences, are based on local knowledge.
However within the master narrative of modernism, local knowledge is
an oxymoron. Exploring this contradiction and the manifold meanings
of local requires a brief excursion into postmodernism as well as some
of the arguments underpinning the sociology of scientific knowledge.
Though postmodernism eludes definition and is more likely a stage of
modernism than a marked epistemological break, there has been a recent
coalescence of strands of thought in a wide variety of areas that have
questioned the assumptions underlying modernism. Postmodernism is
most frequently equated with the collapse of the concepts of rationality
and progress held to accompany the emergence of the post-industrial
society and is consequently concerned with the rejection of universal
explanations and totalising theories. But perhaps the strand that is most
truly pervasive in the constellation of reformulated approaches to understanding the human condition is the emphasis on the local.
In physics, ecology, history, feminist theory, literary theory, anthropology, geography, economics, politics, and sociology of science, the focus
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of attention has become the specific, the contingent, the particular. This
is the case whether it is a text, a reading, a culture, a population, a site,
a region, an electron, or a laboratory. Within this diversity of uses of
local there seem to be two broad and rather different senses being used.
On the one hand there is the notion of a voice or a reading. The voice
may be purely individual and subjective or may be a collection of voices
belonging to a group, class, gender, or culture, but in all cases the notion captures one of the basic characteristic elements of postmodernism,
courtesy of deconstruction, that all texts or cultures are multivocal and
polysemous. That is they have a multiplicity of meanings, readings and
voices and are hence subject to "interpretive flexibility" (Collins, 1985).
On the other hand, local is used both in the more explicitly geopolitical
sense of place and in the experiential sense of contextual, embodied, partial, or individual. A range of disciplines from meteorology to medicine
now recognise the necessity of focusing on the particular conditions at
specific sites and times rather than losing that specificity in unlocalised
generalisations.
The sociology of scientific knowledge is one of the most classically
post of all modernisms and is therefore an area in which the local is
also a thematic presence which is only now coming into focus. Some
philosophers of science have come to re-evaluate the role of theory
and argue that scientists practicing in the real world do not deduce
their explanations from universal laws but rather make do with rules
of thumb derived from the way the phenomena prese-nt themselves in
the operation of instruments and devices. Similarly philosophers and
sociologists of science alike have recognised for some time the lack of
absolute standards and the role of tacit knowledge in technoscientific
practice, and have sought to display the context in which the practice
of science is manifested as craft skills and collective work. However the
recognition of the social and material embodiment of skills and work in
the cultural practice of individuals and groups has only recently coalesced
into the general claim that all knowledge is local. Knowledge, from this
constructivist perspective can be local in a range of different senses. "It is
knowledge produced and reproduced in mutual interaction that relies on
the presence of other human beings on a direct, face-to-face basis. "(Thrift,
1985). It is knowledge that is produced in contingent, site, discipline or
culture-specific circumstances (Rouse, 1987). It is the product of open
systems with heterogeneous and asynchronous inputs "that stand in no
necessary relationship to one another" (Pickering, 1992). In sum scientific
knowledge is "situated knowledge" (Haraway, 1991).
Perhaps the most important consequence of the recognition of the
localness of scientific knowledge is that it permits parity in the comparison of the production of contemporary technoscientific knowledge with
knowledge production in other cultures. Previously the possibility of a
truly equitable comparison was negated by the assumption that indige-
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nous knowledge systems were merely local and were to be evaluated for
the extent to which they had scientific characteristics.Localness essentially
subsumes many of the supposed limitations of other knowledge systems
compared with western science. So-called traditional knowledge systems
have frequently been portrayed as closed, pragmatic, utilitarian, value
laden, indexical, context dependent, and so on. All of which was held to
imply that they cannot have the same authority and credibility as science
because their localness restricts them to the social and cultural circumstances of their production. Science by contrast was held to be universal,
non-indexical and value free, and as a consequence floating, in some
mysterious way, above culture. Treating science as local simultaneously
puts all knowledge systems on a par and renders vacuous discussion of
their degree of fit with transcendental criteria of scientificity, rationality,
and logicality. Now the multidisciplinary approaches to understanding
the technosciences which together constitute the sociology of scientific
knowledge can be made more fully anthropological by the addition of a
new sub-discipline called comparative technoscientific traditions.
Emphasising the local in this way necessitates a re-evaluation of the
role of theory which is typically held by philosophers and physicists to
provide the main dynamic and rationale of science as well as being the
source of its universality. Karl Popper claims that all science is cosmology
and Gerald Holton sees physics as "a quest for the Holy Grail", which is
no less than the "mastery of the whole world of experience, by subsuming
it under one unified theoretical structure" (Allport, 1991). It is this claim
to be able to produce universal theory that Western culture has used
simultaneously to promote and reinforce its own stability and to justify
the dispossession of other peoples. It constitutes part of the ideological
justification of scientific objectivity, the "god-trick as Donna Haraway
calls it; the illusion that there can be a positionless vision of everything.
The allegiance to mimesis has been severely undermined by analysts like
Richard Rorty, but theory has also been found wanting at the level of
practice, where analytical and empirical studies have shown it cannot
provide the sole guide to experimental research and on occasion has
little or no role at all. The conception of grand unified theories guiding
research is also incompatible with a key finding in the sociology of
science: "consensus is not necessary for cooperation or for the successful
conduct of work. This sociological perspective is succinctly captured in
Leigh Star's description:
Scientific theory building is deeply heterogeneous: different viewpoints
are constantly being adduced and reconciled ... Each actor, site, or node
of a scientific community has a viewpoint, a partial truth consisting
of local beliefs, local practices, local constants, and resources, none
of which are fully verifiable across all sites. The aggregation of all
viewpoints is the source of the robustness of science (Star, 1989, 46).
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Theories from this perspective have the characteristics of what Star
calls "boundary objects"; that is they are "objects which are both plastic
enough to adapt to local needs and constraints of the several parties
employing them, yet robust enough to maintain a common identity
across sites". Thus theorising is itself an assemblage of heterogeneous
local practices.
If knowledge is local we are faced with a problem: how are the
universality and connectedness that typify technoscientific knowledges
achieved? Given all these discrete knowledge/practices, imbued with
their concrete specificities, how can they be assembled into fields or
knowledge systems; or in Star's terms "how is the robustness of findings
and decision making achieved?" Ophir and Shapin ask, "How is it, if
knowledge is indeed local, that certain forms of it appear global in domain
of application?" The answers, considered here, lie in a variety of social
strategies and technical devices that provide for treating instances of
knowledge/practice as similar or equivalent and for making connections,
that is in enabling local knowledge/practices to move and to be assembled.
Research fields or bodies of technoscientific knowledge/practice are assemblages whose otherwise disparate elements are rendered equivalent,
general, and cohesive through processes that have been called "heterogeneous engineering" (Law, 1987). Among the many social strategies that
enable the possibility of equivalence are processes of standardisation and
collective work to produce agreements about what counts as an appropriate form of ordering, what counts as evidence, etc. Technical devices
that provide for connections and mobility are also essential. Such devices
may be material or conceptual and may include maps, calendars, theories,
books, lists, and systems of recursion, but their common function is to
enable otherwise incommensurable and isolated knowledges to move in
space and time from the local site and moment of their production to
other places and times.
Some of these devices have been revealed relatively un-problematically
through direct observation. Others are less susceptible to investigation
and analysis, being embodied in our forms of life. One way to catch a
glimpse of these hidden presuppositions and taken for granted ways of
thinking, seeing, and acting, is to misperceive, to be jolted out of our
habitual modes of understanding through allowing a process of interrogation between our knowledge system and others. Such an interrogative
process of mutual inter-translation can enable us to catch sight of the
cultural glasses we wear instead of looking through them as if they were
transparent.
This challenging of the totalising discourses of science by other knowledge systems is what Foucault had in mind when he claimed that we are
"witnessing an insurrection of subjugated knowledges" and corresponds
to an emphasis on the local that has emerged in anthropology at least
since Clifford Geertz's Interpretation of Cultures. In his critique of global
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theories and in his emphasis on "thick description" Geertz pointed out
that cultural meanings cannot be understood at the general level because
they result from complex organisations of signs in a particular local context and that the way to reveal the structures of power attached to the
global discourse is to set the local knowledge in contrast with it.
Equally there is the pervasive recognition characterised as postcolonialism that the West has structured the intellectual agenda and has hidden
its own presuppositions from view through the construction of the other.
Nowhere is this more acute than in the assumption of science as a
foil against which all other knowledge should be contrasted. In the
view of Marcus and Fischer we are at an experimental moment where
totalising styles of knowledge have been suspended "in favour of a close
consideration of such issues as contextuality, the meaning of social life to
those who enact it and the explanation of exceptions and indeterminants".
In this emphasis on the local we are postparadigm.
However we should not be too easily seduced by the apparently
liberating effects of celebrating the local since it is all too easy to allow
the local to become a "new kind of globalizing imperative" (Hayles, 1990).
In order for all knowledge systems to have a voice and in order to allow
for the possibility of inter-cultural comparison and critique, we have to
be able to maintain the local and the global in dialectical opposition to
one another. This dilemma is the most profound difficulty facing liberal
democracies now that they have lost the convenient foil of communism
and the world has Balkanised into special interest groups by genders,
race, nationality, or whatever. By moving into a comparatist mode there
is a grave danger of the subsumption of the other into the hegemony
of western rationality, but conversely unbridled cultural relativism can
only lead to the proliferation of ghettos and dogmatic nationalisms. We
cannot abandon the strength of generalisations and theories, particularly
their capacity for making connections and for providing the possibility of
criticism. At the same time we need to recognise reflexively that theory
and practice are not distinct. Theorising is also a local practice. If we
do not recognise this joint dialectic of theory and practice, the local
and the global, we will not be able to understand and establish the
conditions for the possibility of directing the circulation and structure of
power in knowledge systems. It is in the light of this recognition that I
want to consider the ways in which the movement of local knowledge
is accomplished in different knowledge systems and their consequent
effects on the ways in which people and objects are constituted and
linked together; that is their effects on power. The essential strength of
the sociology of scientific knowledge is its claim to show that what we
accept as science and technology could be other than it is. The great
weakness of the sociology of scientific knowledge is the general failure
to grasp the political nature of the enterprise and to work towards
change. With some exceptions it has had a quietist tendency to adopt
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the neutral analyst's stance that it devotes so much time to criticising in
scientists. One way of capitalising on the sociology of science's strength
and avoiding the reflexive dilemma is to devise ways in which alternative
knowledge systems can be made to interrogate each other.
Considerable advances in understanding the movement of local knowledge have been made possible through Bruno Latour's insightful analysis.
For Latour the most successful devices in the agonistic struggle are those
which are mobile and also "immutable, presentable, readable and combinable with one another". These immutable mobiles are the kinds of
texts and images that the printing press and distant point perspective
have made possible. These small and unexpected differences in the technology of representation are on his account the causes of the large and
powerful effects of science. That which was previously completely indexical, having meaning only in the context of the site of production,
and having no means of moving beyond that site, is standardised and
made commensurable and re-presentable within the common framework
provided by distant point perspective. Hence that which has been observed, created, or recorded at one site can be moved without distortion
to another site. At centres of calculation such mobile representations
can be accumulated, analysed, and iterated in a cascade of subsequent
calculations and analyses.
Latour's account has been augmented by the work of Steven Shapin
and Simon Schaffer in the Leviathan and The Air Pump (1985). They have
shown that experimental practice in science is sustained by a range of
social, literary, and technical devices and spaces that we take for granted
but which had to be created deliberately to overcome the fundamentally
local and hence defensible character of experimentally derived knowledge
claims. In the seventeenth century, the problem for Robert Boyle, one
of the earliest experimentalists, was to counter the arguments of his
opponent Thomas Hobbes about the grounding of true and certain
knowledge which they both agreed was essential in a country riven by
dissent and conflicting opinion. Reliable knowledge of the world, for
Hobbes, was to be derived from self-evident first principles, and anything
that was produced experimentally was inevitably doomed to reflect its
artifactual nature and the contingencies of its production; its localness
would deny it the status of fact or law. Boyle recognised the cogency
of these arguments and set out to create the forms of life within which
the knowledge created at one site could be relayed to and replicated at
other sites. In order for an empirical fact to be accepted as such it had to
be witnessable by all, but the very nature of an experimental laboratory
restricted the audience of witnesses to a very few. Boyle, therefore,
had to create the technology of what Shapin calls virtual witnessing.
For this to be possible three general sorts of devices or technologies
had to be developed. Socially groups of reliable witnesses had to be
formed. Naturally in the seventeenth century they were gentlemen. These
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gentlemen witnesses had to be able to communicate their observations to
other groups of gentlemen so that they too might witness the phenomena.
This required the establishment of journals using clear and unadorned
prose that could carry the immutable mobiles, experimental accounts,
and diagrams. The apparatus had to be made technically reliable and
reproducible, but perhaps most importantly the physical space for such
empirical knowledge had to be created.
Hobbes, of course, was right: experimental knowledge is artifactual. It is
the product of human labour, of craft and skill, and necessarily reflects the
contingencies of the circumstances. It is because craft or tacit knowledge
is such a fundamental component of knowledge production that accounts
of its generation, transmission, acceptance, and application cannot be
given solely in terms of texts and inscriptions. A vital component of local
knowledge is moved by people in their heads and hands. Harry Collins,
a sociologist of science, has argued that this ineradicable craft component
in science is ultimately what makes science a social practice. Because
knowledge claims about the world are based on the skilled performance of
experiments their acceptance is a judgment of competence not of truth. An
example of the centrality of craft slull is the TEA laser, invented in Canada
by Bob Harrison in the late sixties, which British scientists attempted
to replicate in the early seventies. "No scientist succeeded in building a
laser using only information found in published or other written sources"
and furthermore the people who did succeed in building one were only
able to do so after extended personal contact with somebody who had
himself built one. Now TEA lasers are blackboxed and their production
is routine and algorithmic. But in order to become routinised, Harrison's
local knowledge had to be moved literally by hand.
Joseph Rouse (1987, 72) in considering the contemporary production
process of scientific knowledge has summarised the implications of this
understanding of science:.
Science is first and foremost knowing one's way about in the laboratory
(ar clinic, field site, etc.). Such knowledge is of course transferable
outside the laboratory site into a variety of other situations. But the
transfer is not to be understood in terms of the instantiation of universally applied knowledge claims in different particular settings by
applying bridge principles and plugging in particular local values for
theoretical variables. It must be understood in terms of the adaptation
of one local knowledge to create another. We go from one local knowledge to another rather than from universal theories to their particular
instantiations.

According to the historian of science Thomas Kuhn the way a scientist
learns to solve problems is not by applying theory deductively but by
learning to apply theory through recognising situations as similar. Hence
theories are models or tools whose application results from situations
being conceived as or actually being made equivalent. This point is
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implicit in the recognition that knowledge produced in a laboratory does
not simply reflect nature because nature as such is seldom available in
a form that can be considered directly in the lab. Specially simplified
and purified artefacts are the typical subjects of instrumental analysis
in scientific laboratories. For the results of such an artificial process to
have any efficacy in the world beyond the lab, the world itself has to be
modified to conform to the rigors of science. A wide variety of institutional
structures have to be put in place to achieve the equivalences needed
between the microworld created inside the lab and the macroworld
outside in order for the knowledge to be transmittable. The largest and
most expensive example of this is the Bureau of Standards, a massive
bureaucracy costing six times the R&D budget. Without such social
institutions the results of scientific research are mere artefacts. They gain
their truth, efficacy, and accuracy not through a passive mirroring of
reality but through an active social process that brings our understandings
and reality into conformity with each other.
The result of the work of Latour, Collins, Shapin, Star, Hacking, Rouse,
and others has been to show that the lund of knowledge system we call
Western science depends on a variety of social, technical, and literary
devices and strategies for moving and applying local knowledge. It
is having the capacity for movement that enables local knowledge to
constitute part of a knowledge system. This mobility requires devices and
strategies that enable connectivity and equivalence, that is the linking of
disparate or new knowledge and the rendering of knowledge and context
sufficiently similar as to make the knowledge applicable. Connectivity
and equivalence are prerequisites of a knowledge system but they are not
characteristics of knowledge itself. They are produced by collective work
and are facilitated by technical devices and social strategies. Differing
devices and strateges produce differing assemblages and are the source
of the differences in power between knowledge systems.
In conclusion, it has been argued that Western science, like all knowledge in all societies, is inherently local, and furthermore other nonWestern societies have developed a variety of social and technical devices
for coping with that localness and enabling it to move. Some of them are
technical devices of representation like the mason's templates, and the
Incan ceques and quipus. Some of them are abstract cognitive constructs,
like the Anasazi and Incan calendars, and the Micronesian navigation
system. All of them also require social organisation, rituals, and ceremonies. All of them have proved capable of producing complex bodies
of knowledge and in laany cases have been accompanied by substantial
transformations of the environment. The major difference between Western science and other knowledge systems lies in the question of power.
Western science has succeeded in transforming the world and our lives
in ways that no other system has. The source of the power of science
on this account lies not in the nature of scientific knowledge but in its
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greater ability to move and apply the knowledge it produces beyond the
site of its production. However at the end of the twentieth century we
can now perceive that there is a high cost to pay for science's hegemony.
Much of that cost in terms of environmental degradation and ethnocide
is due not so much to the totalising nature of scientific theories but
to the social strategies and technical devices science has developed in
eliminating the local.
The task of resisting and criticising science may now be addressed
by reconsidering the causes of its dominating effects. Without the kinds
of connections and patterns that theories make possible we will never
be able to perceive the interconnectedness of all things. Without the
awareness of local differences we will lose the diversity and particularity
of the things themselves. Thus, rather than rejecting universalising explanations what is needed is a new understanding of the dialectical tension
between the local and the global. We need to focus on the ways in which
science creates and solves problems through its treatment of the local.
Science gains its truthlike character through suppressing or denying the
circumstances of its production and through the social mechanisms for
the transmission and authorisation of the knowledge by the scientific
community. Both of these devices have the effect of rendering scientific knowledge autonomous, above culture, and hence beyond criticism.
Equally problematic is the establishment of the standardisation and equivalences required in order that the knowledge produced in the lab works
in the world. The joint processes of malung the world fit the knowledge
instead of the other way round and immunising scientific knowledge
from criticism are best resisted by developing forms of understanding in
which the local, the particular, the specific, and the individual are not
homogenised but are enabled to talk back.
David Turnbull
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Knowledge Systems
Traditionally all knowledge i n India h a s b e e n traced to t h e Vedas. T h e
Vedas a r e considered to b e divine revelation. They w e r e organised into
four major branches: R p e d a , Yajurveda, Simaveda, a n d t h e Atharvaveda.
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Various other branches of knowledge grew up as auxiliaries that were to
be developed in order to interpret and put to practical use the material
of the Vedas.
There were a total of fourteen Sdsfras or branches of knowledge: the
four Vedas, the four Upavedas (auxiliary Vedas), and the six Vediingas
(parts of the Vedas). The four Upavedas were (1)~ ~ u r v e dliterally
a,
"The
Science of Life", which constituted the medical system; (2) ArthaSdstra,
which constituted state craft and political theory; (3) Dhanurvedc, literally,
archery, but practically constituting the art of warfare in its varied aspects,
and (4) Gdndharvaveda , constituting music, drama, and the fine arts.
Similarly, the knowledge systems required for understanding, interpreting, and applying the Vedas were organised into six branches called
Veddrigds, literally " the limbs of the Vedas", with the Vedas personified in
a human form. The six Veddrigas are Vydlcarana (Grammar), Chandas (Metric~),Siksd (Phonetics), Nirukfa (Etymology), Kalpa (Ritual), and Jyotisa
(Astronomy and Mathematics).
These Veddrigds were essential, since the Vedas had to be understood
correctly (needing etymology and grammar), pronounced and chanted
accurately (needing metrics and phonetics), and used properly in various
contexts (needing ritual), and the times for these performances had
to be computed correctly, requiring the knowledge of computation of
the flow of time and of planetary movements (needing astronomy and
mathematics). Even though the ~dsfrasoriginally evolved in the context
of the Vedas, they also developed an independent identity and their
own corpus of literature and applications that extended well outside the
originally formulated requirements .of the Vedic context.
In later periods the list of Sdsfras became much larger and the area
covered was much wider. For example, in his famous text Ka'rnasCtra,
the author Vatsyayana provides a list of sixty-four arts with which any
scholar should be familiar.
Since the various branches of Indian knowledge systems are extremely
diverse, we will focus upon a few that can best illustrate some characteristic different features. These are: (1) the fact that linguistics occupied a
seminal place even for exact sciences (unlike Western knowledge systems);
(2) the nature of theorisation and theory building in Indian tradition;
(3) the algorithmic nature of Indian computation, and (4) the sociology
of organisation of knowledge- the "classical" and the "folk" streams and
their interrelation.
In any scientific discourse it is essential to achieve precision and
rigour. In the Western tradition, the geometry of Euclid is considered the
paradigm of an ideal theory, and various other branches of knowledge
tried to emulate Euclid by setting out their knowledge on the basis of a
formal axiomatic system. In contrast, in Indian tradition, an attempt was
made to use natural language and to refine and sharpen its potential
by technical operations so that precise discourse was possible even in
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natural language. This is so, particularly in Sanskrit, where we find that
even the most abstract and metaphysical discussions regarding grammar,
mathematics, or logic are still written in natural language. In Indian
knowledge systems, it is the science of linguistics that occupied the
central place which, in the West, was occupied by mathematics.

Linguistics is the earliest of Indian sciences to have been rigorously
systematised. This set an example for all the other Indian sciences.
Linguistics is systematised in Asfidhyiyi- the text of Sanskrit grammar
by Panini. The date of this text is yet to be settled with any certainty.
However, it is not later than 500 BCE. (The dates mentioned here are
those based on Western scholarship. An indigenous Indian dating and
chronology in this matter have yet to be established.) In the Astfidhyfiyi,
PBnini achieves a complete characterisation of the Sanskrit language as
spoken at his time, and also manages to specify the way it deviated from
the Sanskrit of the Vedas. Given a list of the root words of the Sanskrit
language (dhitupatha) and using the aphorisms of PZnini, it is possible
to generate all the possible correct utterances in Sanskrit. This is the
main thrust of the generative grammars of today that seek to achieve a
purely grammatical description of language through a formalised set of
derivational strings. It is understandable that until such attempts were
made in the West in the recent past, to the Western scholars the Paninian
aphorisms (szifras) looked like nothing but some artificial and abstruse
formulations with little content.
Science in India seems to start with the assumption that truth resides
in the real world with all of its diversity and complexity. Thus for
the linguist what is ultimately true is the language as spoken by the
people. As Patafijali, a famous grammarian who wrote a commentary on
Panini's Grammar emphasises, valid utterances are not manufactured by
the linguist, but are already established by practice in the world. Nobody
goes to a linguist asking for valid utterances, the way one goes to a
potter asking for pots. Linguists do make generalisations about language
as spoken in the world, but these are not the truth behind or above
the reality. They are not the idealisation according to which reality is
tailored. On the other hand, what is ideal is real, and some part of
the real always escapes our idealisation of it. It is the business of the
scientist to formulate these generalisations, but also at the same time to
be attuned to the reality, to be conscious of the exceptional nature of
each specific instance. This attitude seems to permeate all Indian science
and makes it an exercise quite different from the scientific enterprise of
the West.

Knowledge Systems

ASTRONOMYAND MATHEMATICS

Indian mathematics finds its beginning in the Sulbasiitras of the Vedic
times. Purportedly written to facilitate the accurate construction of various
types of sacrificial altars of the Vedic ritual, these siitras lay down the basic
geometrical properties of plane figures like the triangle, the rectangle,
the rhombus, and the circle. Basic categories of the Indian astronomical
tradition were also established in the various Vediriga Jyotisa texts.
fa
Rigorous systemisation of Indian astronomy begins with ~ r ~ a b h a(b.
CE 476). His work Aryabhatiya is a concise text of 121 aphoristic verses
containing separate sections on basic astronomical definitions and parameters; basic mathematical procedures in arithmetic, geometry, algebra,
and trigonometry; methods of determining the mean and true positions
of the planets at any given time; and descriptions of the motions of the
Sun, Moon, and planets along with computation of the solar and lunar
eclipses. After ~ r ~ a b h a there
f a followed a long series of illustrious astronomers with their equally illustrious texts, many of which gave rise to
a host of commentaries and refinements by later astronomers and became
the cornerstones for flourishing schools of astronomy and mathematics.
Some of the well known names belonging to the Indian tradition are:
Varahamihira (d. CE 578), Brahmagupta (b. CE 598), Bhaskara I (b. CE 629),
Lalla (eighth century CE),Mufijala (CE932), sripati (CE 1039), Bhaskara
I1 (b. CE 1115), Madhava (fourteenth century CE), Paramegvara (ca. CE
1380),Nilakanfa (ca. CE 1444),Jye~thadeva(sixteenth century CE),GaneSa,
and Daivajfia (sixteenth century CE).The tradition continued right up
to the late eighteenth century, and in regions like Kerala, original work
continued to appear until much later.
The most striking feature of this tradition is the efficacy with which
the Indians handled and solved rather complicated problems. Thus the
~ulbasiitras contain all the basic theorems of plane geometry. Around
this time Indians also developed a sophisticated theory of numbers
including the concepts of zero and negative numbers. They also arrived
at simple algorithms for basic arithmetical operations by using the placevalue notation. The reason for the success of the Indian mathematician
lies perhaps in the explicitly algorithmic and computational nature of
Indian mathematics. The objective of the Indian mathematician was not
to find "ultimate axiomatic truths" in mathematics, but to find methods
of solving specific problems that might arise in astronomical or other
contexts. The Indian mathematicians were prepared to set up algorithms
that might give only approximate solutions to the problems at hand,
and to evolve theories of error and recursive procedures so that the
approximations might be kept in check. This algorithmic methodology
persisted in the Indian mathematical consciousness until recently, so
that Ramanujan in the 20th century might have made his impressive
mathematical discoveries through its use.
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The third major science of the classical tradition is ~ ~ u r v e dthe
a , science
of life. Like linguistics and astronomy this finds its early expression in
the Vedas, especially the Atharvaveda, in which a large amount of early
medicinal lore is collected. Systemisation of Ayurveda takes place during
the period from the fifth century BCE to the fifth century CE in the
Caraka Samhiti, SuSruta Samhiti and the Asfiriga Sarigraha, the so-called
Brhaf-trayee texts which are still popular today. This is followed by a long
period of intense activity during which attempts are made to refine the
theory and practice of medicine. This process of accretion of information
and refinement of practice continued right up to the beginning of the
nineteenth century.

FOLKAND CLASSICAL
~AD~T~ONS

There exists a vast amount of knowledge which represents the wisdom
of thousands of years of observation and experience. While in any gven
area (such as medicine) there may be a body of experts or learned
professionals, knowledge also prevails in more diffuse or scattered forms.
In Indian tradition, it seems to be a general principle running through all
types of learning that knowledge can and does prevail in various forms
and also gets communicated in many ways.
The general picture that emerges seems to be that the "classical texts"
in any area of learning may set out broad general principles as well
as their application in a given context, say a particular region of the
country. But in various different contexts or regions, knowledge gets
expressed based on the given situation, and the generalities get adopted,
modified, or even overridden sometimes based on the specificity. This
can perhaps best be illustrated in the case of medicine, where classical
medical texts themselves deal with this issue. A classical text of ~ ~ u r v e d a
such as Caraka Samhiti expounds general principles of drug action on
the six factors: Dravya, Guna, Rasa, Virya, Vipika, and Prabhava. It also
discusses remedies for several diseases and lists specific drugs. These
may get modified to suit local conditions. In any recipe for a drug, one
can substitute a non-principal component with an equivalent, which may
be listed in the text or selected on the basis of the principle of Rasa,
Virya, etc. From time to time traditional physicians produce texts and
manuals which set out prescriptions for drugs in any given area based
on what is available and suitable to the requirements of that area. For
example, the text Rijarnrgarika lists 129 recipes, and in his foreword the
editor states that it is a compilation that must have been made by a
vaidya (physician) from Tamil Nadu, since it contains recipes based on
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herbs readily available in Tamil Nadu. Such recipes are not only easier
to formulate, but they are also more suited to the area, in accordance
with Caraka's dictum "For a person who belongs to a particular country
or a region, herbs from the same region are most wholesome".
The fact that it is the particularity of the context that is the overriding
consideration and that Sastric (i.e. scientific) principles are to be considered as precepts and guidelines and not applied in a mechanical or
legalistic manner is clearly stated in many classical texts. "A Vaidya who
comprehends the principles of Rasa , etc. would discard treatment if not
wholesome to the patient in a given situation, even if it is prescribed in
the texts; on the contrary he would adopt treatments that are helpful to
the patient, even if they do not find a mention in the texts".
It is also interesting to note what the texts of ~ y u r v e d a say about folk
knowledge. The Caraka Samhitd states that "the goatherds, shepherds,
cowherds and other forest dwellers know the drugs by name and form."
Similarly, the SuSruta Samhitd states "one can know about the drugs from
the cowherds, tapasvis, hunters, those who live in the forest and those
who live by eating roots and tubers".
This is an overview of Indian knowledge systems and does not go
into the details of achievement in a variety of areas, particularly those
pertaining to material sciences. Our attempt is to highlight basic characteristics of these knowledge systems, particularly in those respects where
they differ from their modern counterparts.
A. V. Balasubramanian

Balasubramanian, A.V. and M. Radhika. Local Health Traditions: An Introduction.
Madras: Lok Swasthya Parampara Samvardhan Samithi. 1989.
Cardona, G. Pdnini: A Survey of Research. The Hague: Mouton. 1976.
Srinivas, M.D. "The Methodology of Indian Mathematics and its Contemporary
Relevance." PPST Bulletin-S 12: 1-35. 1987.

See also: Medicine: ~ ~ u r v e d aMathematics - Astronomy

Lalla
Lalla, an eighth century Indian astronomer, was an exponent of the
school of astronomy founded by Aryabha!a (b. CE 476). He was the son
of Taladhvaja and grandson of Samba alias Trivikrama, and hailed from
DaSapura in MBlava in Western India.
Lalla was a popular astronomer who wrote both on astronomy and
(Treatise Which
astrology. His most important work is the ~i~~adhivrddhida
Expands the Intellect of Students), which, as he says, was composed to
a . uses the parameters
expatiate astronomy as set out by ~ r ~ a b h a t He
enunciated in the Aryabhatiya, but propounds corrections to them every
250 years commencing from CE 498, the time of ~ r ~ a b h a fThe
a . first
such correction falls in CE 748, which gives an indication of Lalla's date.
is in two sections, entitled Grahidhyiya, dealing with
The ~i~~adhiv~ddhida
planetary computations, and Golidhyiya, dealing with spherics, and theoretical and cosmological material. The first section, which is comprised of
chapters I-XIII, treats of the mean and true planets, the three problems
relating to diurnal motion, eclipses, rising and setting of the planets,
the moon's cusps, planetary and astral conjunctions, and complementary situations of the Sun and the Moon. The second section (chapters
XIV-XXII), deals with the graphical representation of the motion of the
planets, the rationale of the rules enunciated earlier, rejection of popular false notions on astronomy, and astronomical instruments. Another
work of Lalla, known from quotations by later authors on astronomy, is
Siddhintatilaka.
Lalla wrote a work on natural astrology, entitled RatnakoSa which is still
in manuscript form. Lalla's verses on mathematical topics are frequently
quoted by later writers, but the complete text from which these verses
are taken has yet to be found. This provides the justification for Lalla's
being referred to in later works as Tri-skandhavidyikuSalaikarnalla,"the one
stalwart versed in all three branches", that is, mathematics, astronomy,
and astrology.
t a certain aspects, he follows BrahThough Lalla follows ~ r ~ a b h a in
magupta (b. CE 598), and Bhaskara I (fl. CE 629), in certain others. It is also
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interesting that some of his innovations are followed by later astronomers
like sripati (tenth century), Vateivara (ca. CE 900), and Bhaskara I1 @.
CE 1114). This makes Lalla an important link in Indian astronomical
tradition.

K. V. Sarma

Chatterji, Bina. ~ i ~ a d h i ~ d d hTantra
i d a of Lalla with the cornrnenta~of MallikG@na.
2 vols. New Delhi: Indian National Science Academy. 1981.

See also: Astronomy - ~ r ~ a b h a t aBrahmagupta - Bhaskara - Astronomical
Instruments - sripati

Lunar Mansions in Indian Astronomy
In Indian astronomy the 27 or 28 naksatras (constellations) with their
yogatlrls (junction stars), all situated in the zodiac, correspond to the
lunar mansions called xius in the East Asian, and manlzil in the Islamic
tradition. Naksatra (lit. nu-ksatra, non-moving, fixed; nakta-tra, 'guardian
of the night'), meaning 'star', refers to the 27 asterisms or star groups
that occur on or on the sides of the zodiac. It refers also to the 27 equal
spaces into which the zodiac can be divided, each space being equal
to: 360°/27 = 13'20' or 800', commencing from the First point of Mesa,
which is the starting point of the zodiac in Indian astronomy. Now, the
zodiac is divided into 12 equal parts, each being 30°, called 'sign' or rls'i,
to accommodate the 12 solar months. Hence, each rlii holds, inside it,
two and a quarter naksatra-spaces, each distinguished by a prominent
star which is called yoga-tlrl.
Since the performance of rituals and sacrifices at specified times, days,
seasons, and years was obligatory for the Vedic Indians, they were
interested in the preparation of a workable calendar to be able to ascertain
the specified times. This required the study of the motions of the Sun and
the Moon, which moved along or near the zodiac. The fixed stars and
constel~ationsprovided the astronomers with a stellar frame of reference
against which they could follow and measure the movements of the
Sun, the Moon, and the planets. Hence Indian astronomy identified and
concentrated on the study, from very early times, of these stars only, to
the exclusion of the general array of stars that stud the heavens. Thus
the naksatra system of the Hindus came into being.
The naksatras had been identified even during the time of the R p e d a ,
though only those which were relevant to specific Vedic prayers were
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mentioned therein. In the Yajurveda and the Atharvaveda, however, all
the naksatra were mentioned in the order in which they appear on the
zodiac, since in those texts contexts required their mention in a row.
In the Yajurveda literature, the several naksatras were assigned presiding
deities, pictured as male or female or neuter, and the plurality specified.
Legends have also been narrated to explain some of the characteristics of
the naksatras, besides specifying'them as benefic or malefic, which aspect
was elaborated in later astrological literature.
Yogatara (Junction star) is the cardinal star in a naksatra which is made
up of several stars. Normally, the YogatdriT would be the brightest star
in the group, and the zodiacal signs would mostly be named after that
star. The several constellations of Hindu astronomy, the details regarding
them, and their yogatEris are listed in Table 1.
Table I

Constellations of Hindu astronomy

No. Naksatra

Presiding
deity
QttikZ
Agni
Rohini
Prajapati
MrgaSiras
Soma
Ardra
Rudra
Punarvasu
Aditi
Pusya
B~haspati
~Slesa
Sarpa
Magha
Pitr
Piirvaphalguni
Aryamg
Uttaraphalguni
Bhaga
Hasta
Savita
Citra
Indra
Svati
~ayu
ViSakha
Indragni
Anuradha
Mitra
Jyestha
Indra
Mula
Nirrti
Purvasadha
Apah
Uttargsiidha
Visvedevfih
~rona
Visnu
~ravisfha
Vasu
~atabhi~aj
Indra
PiirvaPro~fhapadaAjekapad
UttaraProsfhapada Ahirbudhriya
~ i i g
Revati
ASvini
ASvin
Bharani
Yama

Gender

Plurality Yogatdrd

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Feminine Plural
Feminine Singular
Neuter
Singular
Feminine Singular
Masculine Dual
Masculine Singular
Feminine Plural
Feminine Plural
Feminine Dual
Feminine Dual
Masculine Singular
Feminine Singular
Feminine Singular
Feminine Dual
Feminine Plural
Feminine Singular
Feminine Singular
Feminine Plural
Feminine Plural
Feminine Singular
Feminine Plural
Masculine Singular
Masculine Plural
Masculine Plural
Feminine Singular
Feminine Dual
Feminine Plural

r]

Tauri

a Tauri
X Orionis
a Orionis

P Geminorum
S Caneri
a Caneri
a Leonis
S Leonis
0 Leonis
S Corvi
a Virginis
a Bootis
a Librae
S Scorpii
a Scorpii
X Scorpii
S Sagittarii
a Sagittarii
a Aquilae
P Delphini
X Aquarii
a Pegasi
y Pegasi
Piscium
p Arietis
41 Arietis

<
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It is interesting that besides t h e above details, t h e work Naksatra-kalpa,
a n ancillary text of t h e Atharvaveda, also provides, a m o n g other things,
t h e n u m b e r of stars making up each constellation.

K. V. Sarma
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Chakravarty, S.K. "The Asterisms." In History of OrientalAstronomy, IA U Colloquium,
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(History of Indian Astronomy) Trans. R.V. Vaidya.
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Research Institute. 1964. pp. 119-122.
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of Scientific and Industrial Research. 1955.
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Madhava of Sangamagrama
During the Muslim rule in north India, there was a decline in Hindu
culture. This adversely affected the creative spirit in indigenous art,
literature, and science. Southern India was comparatively less affected,
and traditional culture and the sciences flourished there. The followers
of ~ r ~ a b h a It amade enormous contributions to the development of
mathematical sciences. It was a golden age of Indian mathematics.
MBdhava of Sangamagrama, who flourished about CE 1400, was the
ta
first great astronomer and mathematician of the Late ~ r ~ a b h a school,
which he in fact founded. SangamagrBma has been identified as the
modern Irinjalakkuda, a town near Cochin in Kerala State. Madhava
belonged to the Emprantiri subcaste group of Kerala Brahmins. We have
no knowledge about his parents and teachers, or of the exact dates of
his birth and death. Various dates ranging from CE 1336 to 1418 are used
in his works. Hence the period of activity of his life has been roughly
fixed from CE 1340 to 1425.
There is no doubt that Miidhava was an extraordinarily brilliant man.
He used his talent and sharp intelligence to acquire knowledge by private
study, and could thus overcome the difficulty of finding a good Guru
because of his inferior status in the dominant Nampiitiri Brahminic
community. He was a self-taught genius and not a gifted pupil. He
was generally referred to as Golavid (Master of Spherics) by subsequent
scholars and followers of his School, such as Nilakanta Somayaji (CE
1444-1545) and Acyuta Pisarafi (CE 1550-1631).
Madhava wrote all his works in Sanskrit, the classical language of India.
One of his earliest works is the Candra-Vfikyini (Moon Sentences). This
was composed as a revision of Kerala's ancient traditional astronomical
work attributed to Vararuci, who lived a thousand years earlier. The
Candra-VfikyBni gives 248 mnemonic phrases regarding the longitudinal .
position of the moon for each of the 248 days which comprise a period
of nine anomalistic months.
The Sphutacandrfipti (Computation of True Moon) contains 51 verses
and is a work of the Karana category. A Karana is a handbook on practical
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astronomy. In this one, he provides an ingenious method for finding the
true position of the moon.
Madhava's Venvdroha (Bamboo Climbing) is an elaboration of his
Sphutacandrdpti and consists of 74 verses. In this work the author created
a facile procedure to find the true lunar positions at intervals of about
half an hour. It is dated as CE 1403, and is the most popular astronomical
work of Madhava. Acyuta Pisarati wrote a Malayalam commentary on it.
A recently identified astronomical work of Madhava is Aganitagrahaczra. It is an extensive work on planetary computations using somewhat novel methodologies. It is a treatise of the Karana category and
must have been composed just after CE 1418 which is the latest date
mentioned.
Among other unpublished works of Mgdhava there are two short
astronomical tracts. One is the Madhyamdnayanaprakdra (Method for Computing Mean Positions) which is extant in a unique manuscript at the
India Office Library. The other is Lagnaprakarana, of which at least three
manuscripts exist in South India. This work deals with computations of
ascendants.
It is possible that Madhava composed a work on Golavdda (Spherics)
which earned him the appellation Golavid. But the reported manuscript
from a private collection has been eaten by white ants. Madhava was
also the author of a number of stray or free verses which have been
cited by later authors and commentators.

The traditional "moon sentences" of Vararuci (fourth century), used in
Kerala, gave daily longitudes of the moon only up to minutes of the
arc or angle. MBdhava computed more sophisticated moon sentences
which expressed the longitudes correctly up to seconds. By making use of
the popular system of alphabetic numerals, called the Katapayddi Nydya,
these mnemonic phrases were made short and aphoristic. Mgdhava also
provided a value of T using a system of word numerals (bhuta-sanikhyzs).
The knowledge of an accurate value of T enabled Madhava to obtain a
better value of the traditional Sinus Totus (Total Sine, or radius). Madhava's
sine table is quite precise and accurate. He may have used traditional
methods for getting the table or the newly discovered power-series
expansion of sine (see below). For computing sine for the argument
intermediary between any two tabulated angles, he knew a formula
which is equivalent to the modern Taylor series approximation up to
the second order. Higher interpolation based on second order finite
differences had been known in India since the time of Brahmagupta
(seventh century CE).
For computing T to any desired degree of accuracy, Madhava discovered a number of series including the one 2 = 1 - + - $ . . . , often
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called the Leibniz series after the German mathematician G.W. Leibniz,
who rediscovered it in 1673 or so.
Another formula perhaps known to Madhava is now called the Gregory
Series, after the Scottish mathematician James Gregory (1638-1675). The
Indian proof is found in the Yuktibhasd (CE sixteenth century) and other
works.
One of Madhava's major achievements was the discovery of the powerseries expansions of sine and cosine, which were rediscovered in Europe
at the time of Newton, and which are equivalent to

The two Sanskrit verses which embody the method of computing sine
x are quoted by Nilakantha in his combased on power series up to '
mentary on the Aryabhafiya (11, 17%).
In this connection it is relevant to discuss a small tract called
Mahijyinayana-prakara (Method for the Computation of the Great Sines).
It gives the power-series methods for computing Mahijyis (Great Sines).
Unfortunately there is no mention of an author's name in it, although
Miidhava's rule for computing sines up to xl' is mentioned. K.V. Sarma
attributed the tract to Madhava, but Gold and Pingree consider it to
be the work of his follower(s). Perhaps Madhava explained his theory
during lectures to his pupils, whose lecture notes may be the basis of
the above tract.
R.C. Gupta

Primary sources
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Magic and Science
The concepts "magic" and "science" are products of Euro-American history; thus their use in other regions of the globe, from the colonial era to
modern anthropological studies, is intertwined with Western intellectual
history. Consequently, understanding the meaning of, and relationship
between, magic and science in the context of western notions of rationality is essential when examining phenomena in non-Western societies
placed in these categories. Magic and science are, in essence, labels used
to exclude and include according to an intellectual value system rooted
in European history. They are part of the cultural baggage taken abroad
by Euro-American travellers, and used to identify "otherness" in foreign
cujtures. In non-Western cultures, similar practices of "magic" were not
necessarily excluded or marginalised by the growth of science as they
were in the West.
The European evolution of these two words from the classical (GrecoRoman) era to the twentieth century shows a growing gap between
magic as occult or hidden knowledge on the one hand, and science and
religion as public knowledge on the other. Increasingly in the European
intellectual tradition, science was defined in narrower ways while pushing
magic out of the realm of knowledge. This contributed to an evolutionary
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paradigm applied by Westerners to non-Western societies, of progress
from magic to religion to science, a model now called into question
by modern anthropologists. Because of this conceptual evolutiol~in the
intellectual history of Europe, "magic" and "science" can be used in
a number of senses in modern English usage (see the Oxford English
Dictionary). The gradual transformation of the word science as a distinctive
rationality valued above and against magic is part of a uniquely European
duality not generally found in non-Western societies, where magic can
exist side-by-side with science and religion.
HISTORY
OF THE TERMS
IN THE WESTERN~NTELLECTUALTRADITION

European intellectual history is full of self-imposed oppositions:
temporal-spiritual, natural-supernatural, pagan-Christian, devil-God,
magic-religion, magic-science. All of these are subject to a moral scale of
Good versus Evil, a distinction in Western thought that has its roots in
the Judeo-Christian monotheistic system positing a single, omnipotent,
all-good Deity. This way of thinking is very different from, for example,
the Chinese world view embodied in Yin and Yang, opposites that create
balance (positive-negative, active-passive forces) without the identification of Evil versus Good. Thus, the Western dualities are not, as some
westerners visiting other cultures have assumed, universals found in all
cultures; rather they are a particular product of the belief systems and
intellectual history of Europe.
None the less, despite these polar oppositions in European thought,
changes in definitions over time caused overlaps and grey areas. Thus
magic, as the opposite of religion or science, has a history that complicates the way the word is used at different times and places by different
classes of people. The self-defined shape of European history is one of
progress from magic to religion to science: from root definitions in classical culture (Greco-Roman),through the medieval magical and religious
mentality, through major religious and intellectual changes (renaissances)
in the medieval and early modern world, to the development of science
as a separate discipline in the modern world. At the same time, this
chronological picture is muddied by the slippery definition of magic as
it changes in relation to the growth- of religion and science. Throughout the development of these distinctions, from the fourteenth through
the nineteenth and twentieth centuries, Europeans and Americans went
abroad and applied these differing notions to the peoples they met.
The root meaning of magic contains a sense of exclusion found
throughout the history of the term: in the Roman world, the Latin magia,
derived from magi (Persian astrologers like the Magi of the Christmas
story), implied a foreigner, even when the practitioner was a Roman.
This was someone who possessed secret and powerful knowledge both
feared and' respected, displayed in the ability to manipulate unseen or
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spiritual agencies, in such arts as divination, astrology, curses, oracles,
and amulets to ward off evil (Luck, 1985). Thus the word magic has at
its root a sense of marginality in its otherness and its paranormal, unknown, and supernatural associations, but also a strong sense of power
held exclusively and secretly by the magus. The root word for science,
on the other hand, is more normative: sczenfia includes knowledge, art,
or skill. It derives from the Greek heritage a strong sense of human
rationality, but comes to include divinely-revealed knowledge as well in
the Christian era (from ca. 200).
In the progress model, the magic of the European past is associated
with the medieval period (ca. 500-1350), in contrast to the rationality of
the Renaissance (fourteenth and fifteenth centuries) and Enlightenment
(eighteenth century) intellectual revolutions. "Medieval" thinking has
earned the label "magic" from later generations on several grounds. The
medieval otherworldly emphasis and reliance on divine revelation led to
a lack of distinction between natural and supernatural and contributed
to an allegorical way of thinking about nature, so that objects such as
a flower and events such as storms or illnesses were read as divine
messages. Medieval thinking rested on a belief in a wonder-working,
ever-present God and also a magic-working evil presence in the devil;
sometimes the miracles of God's saints and the tricks of the devil appear
similar in method in the eyes of later thinkers (Flint, 1991; Thomas,
1971). Specifically, the belief in supernatural powers in words is found
in both Germanic animism (worship of nature spirits) and the Christian
tradition: in Germanic animism charms (ritual words and actions) invoke
the inherent virtues of a plant. In the Christian eucharist, bread and
wine are changed into flesh and blood through prayer. The two were
joined in Christianised folk medicine in the production of charms using
Christian prayers as the powerful words oolly in Neusner et al., 1989).
To Protestants (after the sixteenth century) and anthropologists (late
nineteenth century), these practices are all magical in their manipulation
of nature through word-magic (as opposed to true religious prayer as
supplicatory). Yet to the medieval mind, magic was defined by who God or the Devil - not by how - supplication versus manipulation.
Thus medieval thinking was rejected as backward by later rationalists
and was used to describe cultures that had not advanced out of magical
or superstitious thinking.
Religion, in the history of European "progress", moves away from
rnagcal thinking and opens the door for rationalism. The tradition of
logc and deductive reasoning dates back to the Greeks and partially
survived into the Middle Ages through Roman-Christian church leaders
and thinkers; the recovery of Aristotle through Arab sources in the
twelfth century helped spur a renaissance in learning among medieval
scholars so that human reason was placed alongside divine revelation as
a way of knowing truth, This interest in the potential of human reason
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to understand things in conjunction with divinely-revealed knowledge
cleared a space for reason to function independently over the succeeding
centuries. The separation of natural from supernatural, and reason from
revelation, allowed thinkers to focus on the human study of natural
phenomena. Magic in this context became things not in the category of
the divine (miracles) and not subject to human reason either: black magic
associated with the devil and witches, such as curses and evil spells,
or the low magic of ignorant persons based on false reasoning, such
as herbal charms and love potions. High, white magic was associated
with the intelligentsia of the high Middle Ages and Renaissance (twelfth
through fifteenth centuries). These early scientists dabbled in the occult,
a grey area in between divine knowledge and human reason: occult
phenomena were insensible (not subject to human sense perception), such
as magnetism, gravity, or the pull of the stars, but might be intelligible
(something to be reasoned about); these occult phenomena, classified as
"natural magic", became the sciences of astrology, astral medicine, and
alchemy, for example.
In the Scientific Revolution, science became a separate, and increasingly
higher, discipline from religon; it came to mean exclusively the human
(versus divine) study of natural (versus supernatural) phenomena. This
secularisation of knowledge was the product of the Italian Renaissance
of the fourteenth and fifteenth centuries and the Enlightenment of the
seventeenth and eighteenth centuries. Simultaneously, Protestant ethical
values contributed to this process a utilitarian view of the created order
that effectively circumscribed religion into a rational system: God made
the world to work by certain laws that humans could understand and
systematise (Tambiah, 1990). Human study could produce a true understanding of reality independent of divine insight. Magic was now clearly
marked as something not rational: it could be proven to be a hoax (prestidigitation or sleight-of-hand), and was relegated to the entertainment
industry where it could be enjoyed as an illusion, a deception that could
be scientifically explained. As science became the religion of the modern west, magic was being exorcised from modern consciousness not as
demonic but as irrational and backwards.
This simple pattern of progress from magic to religion to science is
misleading in two ways: it is anachronistic in applying later definitions
of magic back on to earlier periods where the word had different meanings, and it does not take into account the overlaps and continuities
whereby magic survives alongside religion and well into science. For
example, the Scientific Revolution is compromised by intellectual dabbling in the occult: the great shift from a geocentric worldview (earth
at the centre) to heliocentric (Sun at the centre) was founded not just
on forward-looking developments in mathematics and astronomy but
was motivated by a backward-loolung interest in a supposedly Egyptian
magical tradition, Hermeticism (Tambiah, 1990). Differences of class in
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relation to conceptions of magic further complicate this picture of EuroAmerican intellectual history: the older ways of folk belief, in medicine
for example, as a viable, not magical, method of manipulating nature
or spiritual agencies was retained among many classes long after the
religious authorities or the intellectual elite had dispensed with it, and
in some cases had begun investigating it as witchcraft (anti-religion) or
fraud (unscientific). All of these divergent attitudes toward magic were
carried abroad by Europeans and Americans: magic as demonic, evil, and
fearful; magic as medieval or backward; magic as unscientific, irrational
or uncivilised; but always as something "other."
Modern ethnography, the study of cultures, is a product of this western
history and its intellectual legacy of magic versus religon or science.
The earliest ethnographers were explorers and missionaries, some of
whom made an effort to observe and document these "new" peoples.
The paradigm of progress some missionaries used in meeting non-urban,
preliterate peoples was to categorise them as children needing to be
fostered into adulthood; other colonisers used a model to exploit the
"Indians" as sub-human slaves. For the missionaries, conversion was one
step in the maturing process necessary for the native peoples to reach
the "level" of civilisation mastered by the Europeans.
Modern anthropology attempted to break with the religiously-biased
view of these missionaries and take an objective observer stance which
was, none the less, still coloured by an evolutionary model of progress
from magic to religion to science (Herbert, 1991). This model is clearly
evident in the works of early nineteenth-century founders Edward Tylor
and Sir James Frazer and into the twentieth century in Jacob Bronowski
and Bronislaw Malinowski (Tambiah, 1990). The anthropological definition focused on magic as unscientific manipulations of nature or supernatural forces and classified it according to its false premises (imitative
magic, contagious magic, sympathetic magic). These notions of magic
were assumed as a universally valid construct applicable cross-culturally.
Consequently, observed peoples were placed into the spectrum of development from magic to science. This model is the subject of debate
in late twentieth-century anthropological scholarship, by such authors as
Francis Hsu and Stanley Tambiah, who question whether the European
concept of magic can be used accurately to classify a set of phenomena
in a non-European culture.

In Western thought, then, magic has become something marginal, separate from or opposite to a mainstream tradition of religion or science.
Non-Western practices of magic seen in their own cultural context are not
the opposite of religion or science, but are complementary to their political, social, religious orders; magic is not the "other" in their worldview,
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but is part of the norm. Magical practices in non-Western societies can
function as part of their cultural identity, alongside scientific development
or as a sub-group of religion. In many parts of the world, syncretism
is more prominent as a response to alternate worldviews, resulting in
co-existing modes of rationality rather than competing ones.
The ancient civilisations of Asia offer examples of traditions developing their own modes of rationality with different dynamics than the
European model, between the spheres of religion, science, and magic.
In China, the traditions are as complex and overlapping as they are
in Europe: ancestor-worship, Confucianism, Daoism, and Buddhism as
belief-systems evolved and interacted amid the simultaneous development of science and technology. These belief-systems cannot be easily
categorised as religion, philosophy, or magic along Western lines. The
Buddhist emphasis on the world as illusory and the Daoist focus on
metaphysics lent themselves more readily to practices resembling magic
in a Western sense (appeals to supernatural aid, fortune-telling), as did
ancestor worship. Confucianism, on the other hand, has both religous
and philosophical elements; its concern with the social and political
world resembles more the secular humanism of the western tradition.
All of these co-exist as alternate, and sometimes complementary, modes
of rationality in China.
Similarly in the Chinese world, science and technology do not necessarily replace magico-religious belief: villagers' responses to crisis (for
example, a plague) incorporate both medicinal remedies such as serums
proven through experimentation in the Western scientific tradition, and
rituals seeking to appease the gods. While Westerners would be under
some pressure to justify such magical practices with some rational or
pseudo-scientific explanation, the Chinese do not feel compelled to argue about where or how the practice fits into some duality of true or
false, natural or supernatural, orthodox or heretical, scientific or magical.
Ancestor worship and recourse to geomancers (practitioners of feng shui,
the art of finding spiritually-correct locations for buildings) and fortune
tellers (Daoist priests or other spiritualists) continue in twentieth-century
China and in Chinese communities in the West without shame or apology
(Hsu, 1983).
Elsewhere in Asia, "magic" continues as part of mainstream culture
because it is closely linked with cultural identity. In Korea, female shamans
perform ritual cures and exorcisms (kut) as part of the uniquely Korean
fabric of life, alongside imported traditions from China and the West; in
this way shaman practice is part of a unique Korean identity (Kendall,
1985). Shintoism in Japan, like ancestor-worship in China, is part of the
Japanese cultural heritage embedded in everyday life, so much so that it
easily accommodated an incoming religious system such as Buddhism or
the development of science and technology, with which it has no reason
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to quarrel. Thus, syncretism, rather than opposing dualities, is a common
pattern in the dynamics of magic, science, and religion in Asian cultures.
In many of the ancient near eastern and south Asian cultures, practices
resembling magic (fortune-telling, amulets, sorcery) form a sub-group
of either religion or science/medicine. Magicians in India, for example,
are closely linked with the religious traditions of Hinduism, Buddhism,
and Islam. Indian thought emphasises the illusory nature of the physical
world; religious masters (gurus, yogi, and other mendicants) are able
to manipulate the natural world precisely because they have reached
a state of enlightenment where the world is truly an illusion to them.
Likewise street magicians and stage entertainers practice "deceptions"
(sawing people, producing trees from a basket, pulling an egg or a bird
out of a bag, making ropes rise) that echo Hindu or Islamic stories and
thus embody certain truths about the world as a wondrous, deceptive,
and illusory p!ace that one looks through to find meaning. Although such
street magicians are a separate, low (Muslim) caste in India, they are a
prominent part of India's cultural landscape, popular as reflections of
Indian values (Seigel, 1991).
The interconnection of belief, science, and magic is also seen in Islamic
culture. Medieval Islam fostered scientific, technological, and medical research because of their belief in a monotheistic Deity who made all things
rational for humans to study (a view that eventually sparked medieval
European science). Yet Islam also has magical-mystical sub-groups, some
of whom were condemned by Islamic law: their explorations of astronomy
have astrological connections, as in Europe; their mathematical concepts
have occult meaning to some; Sufi mystics distanced themselves from the
Islamic intellectual heritage and sought knowledge through other, spiritual or interior, means. While these branches of Hinduism, Buddhism,
or Islam may be minority groups, they are not marginal to their own
cultures. Rather, they form an important extension of mainstream ideas
that influences the whole culture, although not without conflict.
Societies in Africa, the Pacific, and South-east Asia that did not have
the urban, literate characteristics of these older civilisations provide clear
examples of how poorly the conceptual dichotomy of magic versus
science works as a model for understanding cultures where so-called
magical practices are part of the norm. In Mali (Africa), the Sundiafa, a
twentieth-century version of an oral tradition dating back to the thirteenth
century, speaks of the war magic used by Malian sorcerers to make a
tribe successful so that others feared them; their magic oracles dispensed
wisdom for successful living, a combination of prophecy and character
insight. Likewise, many Pacific island cultures practiced a kind of potent
magic in love, war, and healing that relied on a sorcerer's ability to
conjure nature and spirits.
These practices encompass both white and black magic in the European
paradigm, to both heal and curse; such mastery is always dangerous to
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the practitioner because of the power of the sources he or she is using.
In New Caledonia (Melanesia), sorcerers concoct love potions; in Samoa
(Polynesia), chants ward off a headache caused by a god. In Pohnpei
(Micronesia), tribal groups employ sorcery to win a war, calling on ghosts
or natural forces such as tides; during the Spanish occupation, they used
both the borrowed technology of guns and their own tradition of sorcery
to hold off attacks (Hanlon, 1992). Marquesans (in French Polynesia) also
practiced a kind of war "magic" closely linked to their tribal identity:
chants of power specific to their people and location used words ritually
to invoke naturavsupernatural forces to aid them in battle. The concept of
mana in Polynesian cultures embodies this sense of powerful forces that
can be channelled through words and actions, and is a more authentic
construct for understanding their practices than is "magic".
Such beliefs and practices, prior to European contact, were part of
political and social value systems; the practitioners were feared for their
power, but were not marginal to an intellectual belief system, as they
became in European culture. The retention of these beliefs in the power
of the old ways after contact, sometimes in defiance of, and sometimes
integrated with, Western beliefs, is a form of cultural resistance and
identity.
Many non-Western cultures, confronted with the European intruder,
perceived the actions of the newcomer in terms of their own construct
of supernatural or occult power. For example, in the Americas, Native
American Indians identified literate Europeans (mostly missionaries) as
shamans, and their books as tools for manipulating naturavsupernatural
forces. Literacy was a powerful form of knowledge to acquire, and therefore was classified with other powerful forms of knowledge in their
culture held by their shamans (magic and magicians to the Europeans).
Thus literacy, and the Christian religion wound around it, was incorporated into the native belief system (Axtell, 1988). Indeed, in the same way
that the taking of photographs was feared by some groups as a type of
sorcery for capturing their souls, so too the writing down of history and
ethnographic observations (by Westerners) is sometimes perceived as a
kind of sorcery: the power of shaping and defining cultural identity past
and present.
Just as the magic-religion divide is indistinct, so too the magic-science
line is easily crossed. Westerners cast doubt on the ancient Polynesians'
ability to navigate the Pacific to reach new islands such as the Hawaii
chain without the technological tools used by Europeans to accomplish
such tasks. New research and recreated voyages, however, confirm the
knowledge of wind, sky, and water, and the skills of navigation contained
in the remnants of Polynesian chants and other oral traditions, usually categorised as magico-religious rituals. This ambiguous line between
magic and science is also visible in modern globalised medical practices that incorporate both Western medical techniques and traditional
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medicine from non-Western societies. The Chinese practice of acupuncture, once viewed in the United States as magic or pseudo-science, is
now being mainstreamed into American medicine in lieu of drugs. In
Java, a doctor claims the ability to produce heat and electricity from
his own body for healing purposes and he documents this ability using the Western scientific mode of proof (experimentation, repeatability),
performing spontaneous combustion on video (Ring of Fire). Such global
syncretism is increasing rather than decreasing, blurring the distinctions
between magic and science as defined in European intellectual history.
Traditionally, then, magic has been defined in opposition to science or
religion in Western intellectual development. However, such practices in
non-Western cultures that appear to resemble this category or are similar
to practices Westerners label magic, may not in those cultures have been
defined as a class in opposition to some concept of religion or science.
The realisation that "one man's religion (or science) is another man's
magic" is leading to redefinitions of these terms and the development of
meanings and categories unique to each cultural context.
Karen Louise Jolly
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Magic Squares in Indian Mathematics
The oldest datable magic square in India occurs in Varahamihira's encyclopaedic work on divination, Brkafsamkif~(ca. CE 550). He utilised a
modified magic square of order four in order to prescribe combinations
and quantities of ingredients of perfume. It consists of two sets of the
natural numbers 1 to 8, and its constant sum (p) is 18. It is, so to speak,
pan-diagonal, that is, not only the two main diagonals but also all "broken" diagonals have the same constant sum. Utpala, the commentator (CE
967), also points out many other quadruplets that have the same sum.
One of the four candidates for Varahamihira's original square (Figures
1 and 2), with a rotation of 90°, coincides with the famous Islamic square
(Figure 3), which al-BirCini and al-Zinjani frequently used as a basic
pattern for talismans.
Varahamihira called his square kacckaputa (the carapace of a turtle?),
which reminds one of the title of a book on magic, Kaksaputa (date
unknown). The book contains a method for constructing a magic square
of order four (Figure 4) when a constant sum (p) is given. It also contains
a square having the sum 100, which is attributed to Nag2rjuna (Figure 5).
In his medical work, Siddkayoga (ca. CE 900), Vrnda prescribed a
magic square of order three (Figure 6) to be employed by a woman in
labour in order to have an easy delivery. Its sum is thirty. This is the
first datable instance of a magic square of order three in India, although
there is a legend that a Garga, who may or may not be the author of the
Gargasamhifa (ca. first century BCE or CE),recommended magic squares
of order three in order to pacify the navagraha (nine planets).
The famous Jaina magic square (Figure 7), which is incised on the
entrance of a Jaina temple, Jinanatha, in Khajuraho, is assignable to the
twelfth or the thirteenth century on a palaeographical basis. It is pandiagonal. Several Jaina hymns that teach how to make magic squares
have been handed down, but their dates are uncertain.
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As far as is known, Thakkura Pherii, a Jaina scholar, is the first in India
who treated magic squares in a mathematical work. His Ganitas#ra (ca.
CE 1315) contains a small section on magic squares that consists of nine
verses. He gives a square of order four, and alludes to its rearrangement
(Figure 8); classifies magic squares (jamta = Sanskrit yanfra) into three
(odd, even, and evenly odd) according to the order (n), i.e. the number
of cells (kuttha = Sanskrit kosfha ) on a side of the square, gives a square
of order six (Figure 9) and prescribes one method each for constructing
even and odd squares.
The method for even squares (Figure 10) divides the square into component squares of order four, and puts the numbers into cells according
to the pattern of a standard sqaure of order four. That for odd squares
(Figure 11) first places in the central column the arithmetical progression
whose first term and common difference are unity and (n + 1) respectively; and then, starting from the numbers in the central column and
proceeding by knight move, successively increases the number by n. The
square thus obtained is the same as the one obtained by the so-called
diagonal method (cf. Figure 21).
NZriiyana wrote a comprehensive work on mathematics entitled Ganita
kaumudi (CE 1356). Its last chapter, called bhadra-ganita (Mathematics of
Magic Squares), comprises fifty-five verses for rules and seventeen verses
for examples, and is devoted exclusively to magic squares and derivative
magic figures (upabhadra ) of various shapes.

Figure 1

(4
Figure 2

I/arrfhamihira'smagic square (p =18).

(d)
Magic squares reconstructed from Varcihamihira's square (p =34).
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Figure 3

The Islamic square of order four (p =34).

(a) a = P
- (p: even)
2

p+l
2

p-1
2

(b)a = -,b = - (p: odd)

Figure 4

Patterns for magic squares of order four given in the Kakaputa.

Figure 5

Ndgdjuna S magic square (p =loo).

Figure 6

Vmda's magic square of order three (p =30).

Figure 7

Jaina magic square of Bajuraho (p=34).

(a) Original square
Figure 8

(b) Rearranged

Pheni's square of four and its rearrangement (p =34).
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Figure 9

Pherci's square of order six @=Ill).

(a) Standard square

(b) First stage

(c) Magic square obtained @ = 260)
Figure 10

Pheni construction method for 'even1-ordermagic squares.

(a) Central column
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@) Square of order nine obtained @ =369)
Figure 11

Pheru's construction method for 'odd'-ordermagic squares.

The topics treated are: definitions of technical terms; determination of
the mathematical progressions to be used in magic squares by means of
kuttaka, i.e. indeterminate equations of the first degree; how to make a
square of order four by turagagati (horse move)(Figure 12); the number of
pan-diagonal magic squares of order four, 384, including every variation
made by rotation and inversion.

Figure 12

Ncirciyana 's square of four made by 'horse-move' (p =34).

Then NBrByana gives three general methods for constructing a square
having any optional order (n) and constant sum (p) when a standard
square of the same order is known - (1) by means of an arithmetical
progression having an appropriate first term (a) and common difference
(d)(Figure 13), (2) by means of n sets of arithmetical progressions whose
common differences are all unity (Figure 14), and (3) by adding an
appropriate number (t) to every term of the standard square (Figure 15).

(a) a = -5,d = 2 , p = 40
Figure 13

a = -14, d = 4, p = 64

Nrfrciyanas' square of four made by an arithmetical progression.
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(a) p = 64
Figure 14

Cf. Fig. 12a

(b) p = 90

Cf. Fig.21

Narayana's square of four made by n sets of arithmeticalprogressions.

Based on Fig. 12a
Figure 15

Narriyana's square of four made by addition of a number (t).

Ngrayana next explains two methods each for constructing sama-garbha
(even-womb) or evenly even, visarna (odd-womb) or evenly odd, and
odd squares when the sum is given. The two methods for the first kind
are: (1) by folding two preliminary squares karasamputa-vat (just like the
folding of two hands) (Figure 16), and (2) by arranging numbers in the
component squares of order four according to the pattern of a standard
square (Figure 17). For the second kind they are: (1) by putting numbers
zigzag in the square (Figure 18), and (2) by tranposing certain numbers
in the natural square (Figure 19). These two methods are not completely
mechanical, and require mati (intelligence). The methods for the third
kind are: (1) by folding two preliminary squares just as in the case of
the first kind (Figure 20), and (2) by starting from the central cell of any
side of the square and proceeding diagonally (Figure 21).
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(a) Prelim-A

(b) Prelim-B

(c) B over A

(d) A over B
p = 40

p = 40
Figure 16

Narciyana 's method for 'even-womb' squares (I): folding method.

(a) First stage

(b) Magic square obtained (p = 260)

Figure 17 NGrriyana 's method for 'even-womb'squares (11): according to the pattern
of standard square (Fig 12a).

In the last section NirByana gives a number of examples for two kinds of
derivative magic figures, samkirna (miscellaneous) and mandala (circular).
Both kinds are made by rearranging ordinary magic squares (Figures 22
and 23).
In his encyclopaedic work on Hindu Law, Smrtitattva (ca. CE
1500), Laghunandana gives a method for making squares of order
four having any optional sum that is determined according to the
purpose (see Table 1).
Significant scholarly work has been done on the importance of magic
squares both mathematically and philosophically. Cammann and Rosu
both discuss the significance of magic squares in Indian thought and
compare Indian, Islamic, and Chinese magic squares. Kusuba provides an
English translation with mathematical commentary, as well as an edition
of the Sanskrit text, of Niriyana's work on magic squares.
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n = 14,p = 1379
Figure 18

Nrlrfiyana's method for 'odd-womb' squares (I): zigzag method.

Figure 19 Nfirfiyana'smethod for 'odd-womb' squares (11): transposing method
(conjectural reconstruction).

(a) Prelim-A
Figure 20

(b) Prelim-B

(c) B over A: p = 90

Nariyana 's method for odd squares (I) :folding method
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n = 7 , p = 175
Figure 21

NrIrrIyana's method for odd squares (I& diagonal method.

(a) Preliminary magic oblong

(b) Magic lotus: p = 294
Figure 22 (a) N6r6yanaS magic lotus with six petals: preliminary magic
oblong. (b) NLirEyanaS magic lotus with six petals (p=294)

Magic Squares in Indian Mathematics

(a) Preliminary magic oblong

@) Magic circle: p = 360
Figure 23 (a) NcirGyana 's magic circle: preliminary magic oblong. (b) Nrirriyana 's
magic circle (p =360).

Figure 24

Pattern for magic square of four by Laghunandana.
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Table 1
Sum (t7)

20
28
32

34
50
64

72
84

Puiposes of magic squares of order four
Pur~ose
To neutralise poison
To protect crops from insects
To accelerate delivew
To protect travellers
To exorcise evil spirits
To protect warriors
For women havine no children
To soothe crying children

Takao Hayashi

Cammann, S. "Islamic and Indian Magic Squares." History of Religions 8: 181-209
and 271-299. 1968 and 1969. ,
Datta, B. and A:N. Singh. "Magic Squares in India." Indian Journal of History of
Science 27:51-120. 1992. '
Goonetilleke, W. "The American Puzzle." The Indian Antiquary 11: 83-83. 1882.
Grierson, G.A. 'An American Puzzle." The Indian Antiquary 10: 89-90. 1881.
Hayashi, T "Hdjinzan (A ~ a ~ a n e stranslation
e
with mathematical commentary
of Niriyana's 'Mathematics of Magic Squares')." EpistEmd (Tokyo: Asahi Press),
Series 11, 3: i-xxxiv. 1986.
Hayashi, T "VarShamihira's Pandiagonal Magic Square of the Order Four." Historia
Mathematica 14: 159-166. 1987.
Kapadia, H.R. "A Note on Jaina Hymns and Magic Squares." Indian Historical
Quarterly 10: 148-153. 1934.
Kusuba, T "Combinatorics and Magic Squares in India. A Study of NrfrrfyanaPandita s'
Ganitakaumud& Chaps. 13-14." Ph.D. Dissertation, Brown University. 1993.
Ojha, G.K. Ankavidya. Delhi: Motilal Banarsidass. 1982.
Rosu, A. " ~ t u d e sayurvediques 1II:Les carrCs magiques dans la medicine indienne." In Studies on Indian Medical History. Ed. G.J. Meulenbeld and D. Wujastyk.
Groningen: Egbert Forsten. 1987. pp. 103-112
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See also: Varahamihira - Narayana

Mahadeva
Mahadeva (ca. 1275-1350) composed the extensive set of planetary tables,
Mahddevi, named after him and dated 28th March, 1316. He belonged to a
family of astronomers and in his work Grahasiddhi describes himself as the
son of the astrologer ParaSurama, son of Padmanabha, son of Madhava,
son of Bhogadeva of the Gautamagotra, a follower of Simaveda and a
performer of sacrifices. The planetary tables contained in the Mahddevi,
prepared for facilitating the computation of the daily almanac, were
extremely popular in the Gujarat and Rajasthan regions, and numerous
manuscripts of the work have been located in these places. While the
basic text was restricted to 43 verses, the author himself wrote a set
of instructions for using the tables, called Grahasiddhi, which also were
extensively used. The popularity of Mahddevi is also attested to by the
several commentaries that were written on the work, including that of
Nrsimha (1528),Dhanaraja (1635) and Madhava, and a host of anonymous
commentators.
Mahadeva is a synonym of Siva, one of the trinities of Hinduism,
and so formed one of the words commonly used to name Hindus.
There are several astronomers of medieval India who bore the name
Mahadeva. Among these are: Mahadeva, younger brother of Vifihala,
from Gujarat, author of Tithicakranirnaya, also called Tithinirnaya, Tithiratna,
and Mahddevasiddhinta; Mahadeva, author of Jitakdpaddhati, called also
Mahddevapaddhati after his name; Mahadeva, son of Luniga and author
of commentaries on the Cintdmanisfanihi of DaSabala and the Jyotisaratnamild of Sripati; Mahadeva of the Kau~dinyagotra,son of Bopadeva,
and author of Kimadhenu called also Tithihimadhenu; Mahadeva, son of
Kahnaji Vaidya, author of Muhiirtadipaka in 57 verses, written in 1640,
Prainapradipa called also Prainaratna (1647), Bhdveiaphalapradipa (1647),
Kdlanirnayasiddhdnta (1652), and a commentary on his own Muhiirtadipaka
(1661); Mahadeva Pafhaka (18421899), son of RevZSankara, and author
of Varsadipaka, called also Varsadipika (1861), Jatakatattva, written in 1872,
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Pitrrndrgapradipa in 57 verses (1874), Var~apaddhati,a compilation (1874),
and ~~ubodhajyotisa.
K.V. Sarma

Dvivedi, Sudhakara. Ganaka Tarangini or Lives of Hindu Astronomers: Ed. Padmakara Dvivedi. Benares: Jyotish Prakash Press. 1933.
Pingree, David. "Sanskrit Astronomical Tables in the United States." Transactions
of the American Philosophical Society 58 (3): 1-77. 1968.
Pingree, David. Census of the Exact Sciences in Sanskrit, Ser: A, Vol, 4. Philadelphia:
American Philosophical Society. 1981.

Mahavira
The R5strakGf.a dynasty of the medieval period was founded in the
Deccan, South India, by Dantidurga about the middle of the eighth
century CE. A king of this dynasty named Amoghavar~aruled from
CE 815 to 877. The long period of his rule is known for its material
prosperity, political stability and academic fertility. He was rich, powerful,
and peace-loving, and he patronised art and learning.
In the later part of Amoghavarsa's reign there lived a great mathematician named Mahiviracarya. Mahavira was a Digambara Jaina and wrote
an extensive Sanskrit treatise called Ganitasdra sarigraha (Compendium of
the Essence of Mathematics) about CE 850. It is devoted to elementary
topics in arithmetic, algebra, geometry, mensuration, etc. The work is
important because it is a collection summarising elementary mathematics
of his time and providing a rich source of information on ancient Indian
mathematics. It is written in the style of a textbook and was used as one
for centuries in all of South India. Its importance is greater still because
the Pdtiganita of sridhara (ca. CE 750), written in the same style as the
Ganitasdra sarigraha, is not extant in full.
Mahivira shows sufficient originality not only in presenting older material lucidly, but also in introducing several new topics. A commentary
called Bdlabodha in Kannada was written by Daivajiia Vallabha. A Sanskrit
commentary was composed by Varadarija. Dates for these two commentators are not known, nor are their works available in print. There were
other translations in the eleventh century and in 1842.
The nine chapters of the Ganitasdra sarigraha are as follows:
(1). Terminology (70 verses);

Mahavira

(2). Arithmetical operations (115 verses);
(3). Operations involving fractions (140 verses);
(4). Miscellaneous operations (72 verses);
(5). Rule of three (43 verses);

(6). Mixed operations (337iverses);
(7). Geometry and mensuration (232iverses);
(8). Excavations (68iverses);

(9). Shadows (52iverses);
The total number of verses, 1131, shows that the book is quite comprehensive. Another noteworthy feature is that the Jaina tradition of Indian
mathematics is also preserved within the scope of the Ganitasdra sarigraha.
The authorship of the astronomical work Jyotisapatala is also ascribed
to Mahiivira. Some manuscripts of this title are mentioned in the Jinarafna-koda and the New Catalogus Cafalogorurn, but no author is mentioned.
Another work attributed to him is Chattisu, but this is also a sort of
elaboration of part of the Ganitasdra sarigraha made by Miidhavacandra
Traividya (about CE 1000). Whatever the case, the reputation of Mahiivira
relies solely on his magnum opus.
During ancient times, unit fractions were considered quite important.
There are some interesting results in the Ganifasara sarigraha on this topic.
One rule gives a practical method for expressing any given fraction as a
sum of unit fractions. Let plq be the given fraction ( p being less than q).
We add a suitable integer x to q such that (q+x) become exactly divisible
by p, say, r times. Then Mahavira's rule is.

Mahavira made a very significant remark in connection with the squareroot of a negative number. He said "A negative number is non-square by
its nature, whence there is no (real) square-root from it."
This remark is the first clear recognition of the imaginary quantities
in mathematics which had to wait for several more centuries for their
formal definition.
MahSvira was one of the earliest Indian mathematicians to deal with
the lowest common multiple which he calls niruddha. It was evolved to
simplify operations with fractions.
Arithmetical and geometrical progressions were already handled earlier.
An extensive treatment is available in the Ganitasdra sarigfaha. In the
absence of modern theories of logarithms and equations, problems were
solved by methods of trial and repetition.
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Mahgvira seemed to be expert in handling all sorts of equations
reducible to quadratic forms and gave a variety of examples of them.
In mensurational problems in geometry, Mahavira usually gave two
rules: one for rough and the other for better or accurate results. He
dealt with all the usual plane figures. For .rr, he conformed to the Jaina
values 3 (rough), and A 0 (better). He was the first Indian to deal with
mensuration related to an ellipse which he calls fiyafa-vyfta (elongated
circle), but his rules are approximate.
For an ellipse of semi major and minor axes a and b his "accurate"
results are:
Area =

bd-);

Perimeter = J(16a2

+ 24b2).

For the exact rectification of the ellipse, one had to wait for about eight
hundred years to acquire the powerful tool of calculus. In this situation
Mahavira's first attempt is to be appreciated.
Regarding the volume of a sphere of radius r, Mah2vira gave the
formula:

which was the practical rule of Jaina tradition. He gave another rule for
the purpose, but it gives a better result only with an amendment of the
text. For the curved surface of a spherical segment, his rule has been
newly interpreted to yield the formula

where 6' is the semi-angle subtended by a diameter of the base of the
segment at the centre of the sphere. This peculiar formula gves quite
a good result in all practical cases (i.e. for 6' up to 60'). The modern
exact formula is 2 .rrr2(1- cos 6'). For the volume of frustum-like solids,
Mahavira gave a generalisation of Brahmagupta's rule based on the
theory of averages.
In the end we mention Mahavira's extensive contribution to the formation of rational figures. He calls a triangle or quadrilateral janya (generated) when its sides, altitudes, and other important measures can be
expressed in terms of rational numbers.
R.C. Gupta

Datta, B. "On MahBvira's Solution of Rational Triangles and Quadrilaterals."
Bulletin of the Calcutta Mathematical Society 20:267-294. 1928-29.
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See also: ~ridhara

Mahendra Suri
Mahendra Siiri, Jain astronomer, and pupil of Madana Siiri, was a protege
of the progressive minded Sultan Firiiz Shah Tuglaq, who ruled in
Delhi from CE 1351 to 1388. The Sultan was one of the pioneers of
the cultural exchange between Hindus and Muslims and was much
interested in astronomy. His most important contribution in this field
was the introduction of the astrolabe into India from the Islamic world.
He induced Mahendra Suri to study the astrolabe and familiarise Indian
astronomers with the instrument through the Sanskrit language. This
persuasion resulted in Mahendra Sfiri's writing the Yantrarija (King of
Instruments), in 1370, the first work written in Sanskrit on the astrolabe.
The Yantrarija sets out in five chapters the theory of the astrolabe,
the construction of the instrument with its several planes and designs,
and lines, circles, and other markings to be made on the planes while
making the instrument and graduating it for making observations and
recordings. It is to be noted that Mahendra Siiri first describes the
ordinary astrolabe, which he calls saumya-yantra (northern instrument),
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wherein the astrolabe is projected from the South Pole, and then the
ydmya-yanfra (southern instrument), where the instrument is projected
from the North Pole. He then introduces a miSra (mixed) instrument,
which he calls phanindra-yantra (the serpentine instrument), wherein the
two types are combined.
The commentary on the Yantrardja by the author's pupil, Malayendu
Siiri (fl. 1377) explains the practical application of the instrument for
taking readings. He also provides tables of the latitudes of about 75 cities
in and outside India, and also one for 32 fixed stars. In this connection the
commentator says that the Muslims have recorded more than 1022 stars,
but that he selected only 32, those that were required for practical use
in Indian astronomy and astrology. There is still another commentary on
the work, which is more elaborate than that of Malayendu Siiri, written
by Gopirija about CE 1540, which is still in manuscript form.

K.V. Sarma

Dvivedi, Sudhakara. Ganaka Tarangint or Lives of Hindu Astronomers. Ed. Padmakara Dvivedi. Benares: Jyotish Prakash Press. 1933.
Pingree, David. Census of the Exact Sciences in Sanskrit..SeriesA, vol. 4. Philadelphia:'
American Philosophical Society. 1981.
Yantrarcfja of Mahendra-guru with the commentary of Malayendu Suri, along
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Yantrarija of Mahendra Suri, with the commentary of Malayendu Suri. Jodhpur:
Rajasthan Prachyavidya Shodh Samsthan. 1936.
See also: Astronomy - Astronomical Instruments

Makaranda
Makaranda was a resident of KgBi (or Benares, Varanasi). In CE 1478 he
wrote an extensive astronomical manual with the title Makaranda. This was
doubly significant, first because the title was reminiscent of his own name,
and, second because it called the computed result obtained makaranda
(honey), and gave the several astronomical terms names of parts of
plants, such as guccha (flower cluster), kanda (bulb), valli and latd (creeper),
and the like. Makaranda based his work on the parameters of and practices prescribed by the modern Suryasiddhdnta, to which he added certain
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corrections to insure greater accuracy, and provided a number of astronomical tables for ease in computing the daily almanac.
Makaranda's tables, which are often long and extend to several centuries, involved much labour and ingenuity in their preparation. They
cover such subjects as tithi (lunar day, 5 tables), naksatras (asterisms, 4
tables), yogas (complementary positions of the Sun and the Moon, 3 tables), sankrdntis (entry of the Sun into the zodiacal signs, 3 tables), mean
motion of planets and their anomalies (11 tables), length of daylight
on different days (1 table), weekdays (2 tables), and eclipses and allied
matter (10 tables).
In order to render the work of the user easier, Makaranda provides,
in certain cases, two sets of tables, one for single years and the other for
groups of years, all from the epoch date of the commencement of aka
year 1400 (CE 1478). Thus, when calculations are made for a date which
is several years after the epoch, multiples of the group-years can be
skipped, just taking note of the readings for the number of group-years
skipped and applying the same to the relevant year of the current group.
In the case of tithis the group is taken as 16 years; for naksatms and yogas,
it is nearly 600 years, from CE 1478 to 2054, in 24-year periods. For the
precession of the equinoxes, it is nearly 100 years, from CE 1758 to 1838,
in 20-year periods, and for sankrdntis for 400 years, from CE 1478 to 1877,
in 57-year periods.
Makaranda's tables were widely used in the entire northern belt of
India, comprised of Gujarat, Rajasthan, Uttar Pradesh, Bihar, and Bengal,
as attested by the profusion of manuscripts of the work found in this
region. The work has also been commented on by several authors, from
Dhundiriija (fl. 1590), through Purusottama Bhatfa (fl. 1610), Diviikara
(fl. 1606), and Qpakara MiSra (fl. 1815), to Niliimbara Jha (b. 1823).
The Siddhdntasudhd of Paramiinanda Thakkura is based on the work of
Makaranda.

K.V. Sarma
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See also: SL2ryasiddhanta - Lunar Mansions - Astronomy

Maps and Mapmaking
In comparison to Europe, the Islamic world, and East Asia, the cartographic achievements of South Asia appear modest and until the 1980s
were scarcely recognised by historians of science. In recent years, new
archaeological evidence, surviving sacred and secular texts, and other
evidence have led to a change in scholarly opinion. We now believe that
some form of mapping was practiced in what is now India as early as the
Mesolithic period, that surveying dates as far back as the Indus Civilisation
(ca. 2500-1900 BCE), and that the construction of large-scale plans, cosmographic maps, and other cartographic works has occurred continuously
at least since the late Vedic age (first millennium BCE). Because of the ravages of climate and vermin, surviving maps from prior to the eighteenth
century are rare and are largely in stone, metal, or ceramic. However,
cosmographies painted on cloth date back at least to the fifteenth century,
while palm leaf architectural plans from seventeenth-century Orissa are
believed to be copies of manuscripts originally prepared as early as the
twelfth century. Few surviving maps on paper predate the eighteenth
century.
Though not numerous, a number of map-like graffiti appear among the
thousands of Stone Age Indian cave paintings; and at least one complex
Mesolithic diagram is believed to be a representation of the cosmos.
Other map-like grafitti continued to be produced by tribal Indians over
most of the historic period. The principal reason for supposing that
surveying was a feature of the Indus civilisation is that the regularity of
its planned grid-pattern urban settlements could not easily be achieved
without it. Moreover, excavations have uncovered several objects that
appear to have been simple surveying instruments and measuring rods.
The uniformity and modular dimensions of the bricks for so much of
the architecture over the vast extent of the Indus civilisation are also
noteworthy. During the ensuing period of the Vedic Aryans, the building
of enormous sacrificial altars was an important religious activity. Texts
known as ~ulbast7trasset forth in great detail how these altars were to
be constructed and called for drawing on the ground a plan prefiguring
each altar. Again, a system of modular measures was employed. The
ancient practice of building gghntic altars, once widespread, has died
out over most of India, but survived into the latter half of the twentieth
century in the Indian state of Kerala. Hindu temples were also built
according to ancient detailed textual prescriptions, known as ~ i l ~ a i ~ s f r a s ,
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which also specified drawing on the ground, at full scale, the outline of
the structure to be. That practice is still followed. Comparable, though
simpler, rules applied, at least in theory, to the building of houses. The
~ i l ~ a ~ i s t also
r a s contained a variety of models for laying out towns and
cities; relatively few present-day settlements in India suggest that such
models were actually followed.
For the historic period, one of the earliest surviving artifacts that
clearly embodies recognisable map symbolisations is an allegorical wall
sculpture from Udayagiri in Madhya Pradesh, ca. CE 400, which shows the
confluence of the Ganges and Yamuna Rivers in Madhyadesa (the sacred
Central Region of India) over which the then Gupta Empire held sway.
Other early datable works are sculpted bas relief cosmographies, some of
which were quite elaborate. The earliest of these, depicting Nandiivardvipa,
the eighth continent of the Jain cosmos, was carved in aka 1256 (CE 11991200). It may safely be assumed that cosmographic paintings adorned
the walls and portals of many ancient temples and monasteries of India's
main religious groups - Hindus, Jains and Buddhists - just as they
still do in Jain religioas edifices and in Buddhist establishments in other
parts of the world. However, largely because of the ravages of time and
partially because of the iconoclasm of Muslim invaders, virtually none of
these survive from prior to the twelfth century, apart from fragmentary
remains in the Buddhist caves at Ajanta.
Astronomy and its handmaiden astrology were well developed sciences in ancient India. The major texts provided detailed observations
that enabled latter-day scholars to prepare elaborate celestial diagrams.
Despite these, there is no unequivocal evidence that astronomical charts
accompanied those early works or were otherwise drawn. Horoscopes
were prepared to show the positions of major heavenly bodies at particular times (especially at times of birth), and iconic representations of
those bodies as deities often appeared in sculpture and paintings, as
did the signs of the zodiac. But none of these were formed into assemblages that one would readily designate as maps. During the Mughal
period (1526-1857), however, planar astrolabes and celestial globes were
manufactured in north-western India. One Muslim family practiced the
trade in Lahore over a period of several generations. Though some of
these works used Sanskrit, rather than Persian, as was the norm, in
naming various heavenly bodies, the tradition in which all were made
has been dubbed "Islamicate". A variety of related objects in the form of
giant masonry instruments appeared in the astronomical observatories
constructed during the period ca. 1722-39 by the Rajput king, Sawai Jai
Singh, in his capital at Jaipur and in Delhi, Varanasi, Ujjain, and Mathura.
Many of these are still usable.
At least five Hindu cosmographic globes are known, all based largely
on Purinic texts from the mid-first millennium BCE to the mid-first millennium CE. The oldest of these is a brass globe, probably from Gujarat,
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dated aka 1493 (CE 1571). The largest (diameter ca. 45 cm) and most
elaborate, and the only one to contain a substantial component of geographic information along with its mainly mythic elements, is a papiermach6 globe, probably from eastern India, that appears to date from the
mid-eighteenth century. One of the other globes is a painted wooden
production, also thought to be from eastern India, probably from the
mid-nineteenth century. Two are late nineteenth century bronze creations
of unknown provenance. Unlike most Western globes, none of these was
constructed with the use of gores, the triangular or moon-shaped pieces
that form the surface of modern globes.
A number of planispheric world maps also survive. All but one of
these, a crude Marathi map on paper, probably from the mid-eighteenth
century, are essentially Islamicate productions, in which mythic elements
(e.g. the Land of Gog and Magog) coexist with known geographic places.
The largest and most ornate of the world maps is a richly illuminated
eclectic painting on cloth, with text in Arabic, Hindustani, and Persian;
it probably dates from the eighteenth century and may be of either
Rajasthani or Deccani provenance. Additionally, a 32-sheet atlas of the
"Inhabited Quarter" (i.e. the part of the world suitable for human life),
forms part of a 1647 encyclopedic work by Sadiq Isfahani of Jaunpur in
what is now Uttar Pradesh. The orientation on maps made by Muslims
is typically toward the south.
Indigenous regional maps, mostly from the eighteenth and early nineteenth centuries, derive mainly from Rajasthan, Kashmir, Maharashtra,
and Gujarat, probably in that order of frequency. These range in size
from very large (several metres on a side) to page-size productions, the
larger works being almost always painted on cloth. No clear schools of
cartography emerge, though one can usually distinguish among regions
of origin. Map symbols and orientation vary markedly, though some
regional tendencies may be noted. No map has a consistent scale, though
some contain textual notes on distances between places.
Route maps most commonly appear in strip form, occasionally as
lengthy scrolls, and typically show the places and physical and manmade features encountered between two given points. Some route maps,
largely relating to pilgrimages, which frequently take the form of circuits,
are likely to be more complex. Surviving navigational charts are few in
number, entirely from Gujarat, and in a tradition presumably derived
from the Middle East. The oldest such known work is dated CE 1710.
The most common genre of maps are those that relate to relatively
small localities, especially individual towns, as well as plans of specific
forts, palaces, temples, gardens, and tombs. Such maps served many
purposes: guides to pilgrims, aids for engineering projects, plans or
documents for military activities, commemorations of historical events,
text illustrations, interior adornments, and so forth. Locality maps typically
combine a largely pictorial rendition of specific structures, drawn in,
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either an oblique perspective or in frontal elevation, with an essentially
planimetric rendition of the encompassing space. Hill features on such
maps (as well as on regional maps) are characteristically shown in frontal
perspective. Colours for rendering hills, water features, and vegetation
are naturalistic and not very different from what one would encounter
on Western maps. The largest known Indian map, depicting the former
Rajput capital at Amber in remarkable house-by-house detail, measures
661 x 645 cm. (260 x 254 inches, or approximately 20 x 21 feet).
Although hundreds of Indian maps have now been studied and described, hundreds of additional recently discovered works await analysis;
and it may be safely predicted in light of the interest aroused by recent
research that many more maps will soon come to light.
Joseph E. Schwartzberg
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Mathematics
A widely held view is that Indian mathematics originated in the service
of religion. Support for this view is sought in the complexity of motives
behind the recording of the ~ulbasiitras,the first written mathematical
source dated around 800-500 BCE,dealing with the measurement and
construction of sacrificial altars. This view ignores the skills in mensuration
and practical arithmetic that existed in the Harappan (or Indus Valley)
culture which dates back to 3000 BCE.Archaeological remains indicate a
long established centralised system of weights and measures. A number
of different plumb-bobs of uniform size and weights have been found
that could be classified as decimal, i.e. if we take a plumb-bob weighing
approximately 27.534 grams as a standard representing 1 unit, the other
weights form a series with values of 0.05, 0.1, 0.2, 0.5, 2, 5, 10, 20, 50,
100, 200 and 500 units. Also, scales and instruments for measuring length
have been discovered, including one from Mohenjodaro, one of the two
largest urban centres, consisting of a fragment of shell 66.2 mm long,
with nine carefully sawn, equally spaced parallel lines, on average 6.7056
mm apart. The accuracy of the graduation is remarkably high, with a
mean error of only 0.075 mm.
A notable feature of the Harappan culture was its extensive use of
kiln-fired bricks and the advanced level of its brick-making technology.
While fifteen different sizes of Harappan bricks have been identified,
the standard ratio of the three dimensions - the length, breadth and
thickness - is always 4:2:1, considered even today as the optimal ratio for
efficient bonding. A close correspondence exists between the standard
unit of measurement (the "Indus inch" (33.5 mm) and brick sizes, in
that the latter are integral multiples of the former.. (An Indus inch is
exactly twice a Sumerian unit of length (sushi). 25 Indus inches make a
Megalithic yard, a measure probably in use in North-west Europe around
2000 BCE. These links have led to the conjecture that a decimal scale of
measurement originated somewhere in western Asia and then spread as
far as Britain, Egypt, Mesopotamia and the Indus Valley.)
This relationship between brick-making technology and metrology was
to reappear 1500 years later during the Vedic period in the construction
of sacrificial altars of bricks. However, a most intriguing suggestion of B.V.
Subbarayappa is that the Harappan numeration system contains certain
similarities with the Kharostih and the 'Asokan' variant of the Brihrni
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numeration systems which emerged in India about two thousand years
later. He notes the following similarities:
There are identical symbols for the numbers one to four and for a
hundred in all three numeration systems, and
All three were ciphered systems employing a decimal base.
He suggests that deciphering the inscriptions on the large number
of excavated seals and other artefacts require that they be recognised
as numerical records rather than as literary passages. Given the failure
so far to decipher the Harappan script, this approach is certainly worth
further examination.
The earliest written evidence in India of a recognisable antecedent
of our numeral system is found in an inscription from Gwalior dated
'Samvat 933' (CE 876) where the numbers 50 and 270 are given as 4
'
and Tqo.Notice the close similarity with our notation for 270 showing in
both an understanding of the place value principle as well as the use of
zero. There is earlier evidence of the use of Indian system of numeration
in South-east Asia in areas covered by present-day countries such as
Malaysia, Cambodia and Indonesia, all of which were under the cultural
influence of India. Also, as early as CE 662, a Syrian bishop, Severus
Sebokt, comments on the Indians carrying out computations by means
of nine signs by methods which "surpass description" (Joseph, 1993).
The spread of these numerals westwards is a fascinating story. The
Arabs were the leading actors in this drama. Indian numerals probably
arrived at Baghdad in 773 CE with the diplomatic mission from Sind
to the court of Caliph al-Mansfir. In about 820, al-Khwarizmi wrote his
famous Kitlb hisdb al-adad al-hinds (Book of Addition and Subtraction
According to the Hindu Calculation, also called just Arithmetic), the first
Arab text to deal with the new numerals. The text contains a detailed
exposition of both the representation of numbers and operations using
Indian numerals. Al-Khwarizmi was at pains to point out the usefulness
of a place value system incorporating zero, particularly for writing large
numbers. Texts on Indian reckoning continued to be written, and by
the end of the eleventh century this method of representation and
computation was widespread from the borders of Central Asia to the
southern reaches of the Islamic world in North Africa and Egypt.
In the transmission of Indian numerals to Europe, as with almost
all knowledge from the Islamic world, Spain and (to a lesser extent)
Sicily played the role of intermediaries, being the areas in Europe which
had been under Muslim rule for many years. Documents from Spain
and coins from Sicily show the spread and the slow evolution of the
numerals, with a landmark for its spread being its appearance in an
influential mathematical text of medieval Europe, Liber Abaci (Book of
Computation), written by Fibonacci (1170-1250), who learnt to work with
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Indian numerals during his extensive travels in North Africa, Egypt, Syria,
and Sicily. The spread westwards continued slowly, displacing Roman
numerals, and eventually, once the contest between the abacists (those in
favour of the use of the abacus or some mechanical device for calculation)
and the algorists (those who favoured the use of the new numerals)
had been won by the latter, it was only a matter of time before the
final triumph of the new numerals occurred, with bankers, traders, and
merchants adopting the system for their daily calculations.
The beginnings of Indian algebra may be traced to the ~ulbasz2trasand
later Bakhshali Manuscript, for both contain simple examples involving
the solution of linear, simultaneous and even indeterminate equations.
An example of an indeterminate equation in two unknowns (x and Y)is
32 + 4y = 50, which has a number of positive whole number (or integer)
solutions for (x, y). For example, x = 14, y = 12 satisfies the equation as
do the solution sets (10, 5), (6, 8) and (2, 11).
a CE 476) that algebra
But it was only from the time of ~ r ~ a b h aIf @.
grew into a distinct branch of mathematics. Brahmagupta (b. CE 598)
called it kuttaka ganiti, or simply kuftaka, which later came to refer to a
particular branch of algebra dealing with methods of solving indeterminate equations to which the Indians made significant contributions.
An important feature of early Indian algebra which distinguishes it
from other mathematical traditions was the use of symbols such as the
letters of the alphabet to denote unknown quantities. It is this very feature
of algebra that one immediately associates with the subject today. The
Indians were probably the first to make systematic use of this method of
representing unknown quantities. A general term for the unknown was
yivat tavat, shortened to the algebraic symbol y i . In Brahmagupta's work
Sanskrit letters appear, which are the abbreviations of names of different
colours, which he used to represent several unknown quantities. The
letter k i stood for kdlaka, meaning 'black', and the letter n i for nilaka
meaning 'blue'. With an efficient numeral system and the begnnings
of symbolic algebra, the Indians solved determinate and indeterminate
equations of first and second degrees and involving in certain cases
more than one unknown. It is likely that a number of these methods
reached the Islamic world before being transmitted further westwards
by a similar process and often involving the same actors as the ones that
we discussed earlier in the spread of Indian numerals.
The beginnings of a systematic study of trigonometry are found in the
works of the Alexandrians, Hipparchus (ca. 150 BCE),Menelaus (ca. CE
100) and Ptolemy (ca. CE 150).However, from about the time of ~ r ~ a b h a t a
I, the character of the subject changed to resemble its modern form. Later,
it was transmitted to the Arabs who introduced further refinements. The
knowledge then spread to Europe, where the first detailed account of
trigonometry is contained in a book entitled De triangulis omni modis (On
All Classes of Triangles), by Regiomontanus (1464).
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In early Indian mathematics, trigonometry formed an integral part of
astronomy. References to trigonometric concepts and relations are found
in astronomical texts such as Sziryasiddhaiita (ca. CE 400)) Variihamihira's
Paecha Siddhdnta ( c a . 500),
~ ~ Brahmagupta's Brdhma Sputa Siddhdnta (CE
628) and the great work of Bhijaskara I1 called Siddhdnta Siromani (CE1150).
Infinite expansion of trigonometric functions, building on Bhiiskara's
work, formed the basis of the development of mathematical analysis - a
precursor to modern calculus to be discussed later.
Basic to modern trigonometry is the sine function. It was introduced
into the Islamic world from India, probably through the astronomical text,
SziryasiddEnta, brought to Baghdad during the eighth century. There were
two types of trigonometry available then: one based on the geometry of
chords and best exemplified in Ptolemy's Almagest, and the other based
on the geometry of semi-chords which was an Indian invention. The
Arabs chose the Indian version which prevailed in the development of
the subject. It is quite likely that two other trigonometric functions - the
cosine and versine functions - were also obtained from the Indians.
One of the most important problems of ancient astronomy was the
accurate prediction of eclipses. In India, as in many other countries,
the occasion of an eclipse had great religious significance, and rites and
sacrifices were performed. It was a matter of considerable prestige for an
astronomer to demonstrate his skills dramatically by predicting precisely
when the eclipse would occur.
In order to find the precise time at which a lunar eclipse occurs, it is
necessary first to determine the true instantaneous motion of the moon at
a particular point in time. The concept of instantaneous motion and the
method of measuring that quantity is found in the works of ~ r ~ a b h a t a
I, Brahmagupta and Muiijijala (ca. CE 930). However, it was in Bhiiskara
II's attempt to work out the position angle of the ecliptic, a quantity
required for predicting the time of an eclipse, that we have early notions
of differential calculus. He mentions the concept of an "infinitesimal" unit
of time, an awareness that when a variable attains the maximum value
its differential vanishes, and also traces of the "mean value theorem" of
differential calculus, the last of which was explicitly stated by ParameSvara
(1360-1455) in his commentary on Bhiiskara's Lildvati. Others from Kerala
(South India) continued this work with Nilakantha (1443-1543) deriving
an expression for the differential of an inverse sine function and Acyuta
Pisiirati (ca. 1550-1621) giving the rule for finding the differential of the
ratio of two cosine functions.
However, the main contribution of the Kerala school of mathematicianastronomers was in the study of infinite series expansions of trigonometric
and circular functions and finite approximations for some of these functions. The motivation for this work was the necessity for accuracy in
astronomical calculations. The Kerala discoveries include the Gregory and
Leibniz series for the inverse tangent, the Liebniz power series for n, the
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Newton power series for the sine and cosine, as well as certain remarkable
rational approximations of trigonometric functions, including the wellknown Taylor series approximations for the sine and cosine functions.
And these results had been obtained about three hundred years earlier
than the mathematicians after whom they are now named. Referring to
the most notable mathematician of this group, Miidhava (ca. 1340-1425);
Rajagopal and Rangachari (1978) wrote: "(It was Miidhava who) took the
decisive step onwards from the finite procedures of ancient mathematics
to treat their limit-passage to infinity, which is the kernel of modern
classical analysis". The growing volume of research into medieval Indian
mathematics, particularly from Kerala, has refuted a,common perception
that mathematics in India after Bhaskara I1 made "only spotty progress
until modern times" (Eves, 1983).
George Gheverghese Joseph
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Medical Ethics
The origins of medicine in India stretch back to antiquity. The Harrapan
city culture flourished in and around the Indus Valley ca. 2500 BCE;it is
known for its elaborate bathhouses and drains and sewers built under
the streets leading to soak pits. In the second millennium BCE,the northwestern parts of India were host to a series of Indo-European immigrants
and invaders from Central Asia. With them began the classical culture
of India. Vedas, the sacred lore of the Indo-Europeans, celebrate the
Bhesaj, one knowledgeable in medicinal herbs. One of the four Vedas,
the Atharvaveda contains many chants, mantras, and herbal preparations
to ward off evil, enemies, and diseases. The priest-physicians prescribed
preparations of plants and herbs, and prayers and fasts for their patients.
The Indian medical tradition, Ayurveda, meaning the science of vitality
and long life, is considered a limb of the Atharvaveda.
A more formal system of medicine evolved from around the time of
the Buddha (ca. 500 BCE).It became organised in textual form in the
first century CE, and reposes in a vast body of literature redacted and
updated from that time to the present. There are six principal texts of
a . older three are the two compendia, Carakasamhiti
the ~ ~ u r v e d The
and Suirutasamhiti, named after the two legendary physicians, Caraka
and SuSruta, and the Astirigahrdaya, the eightfold essence attributed to
an eighth century physician named Vagbhafa. The younger three are
(thirteenth or early
the Midhavanidina (ninth century), ~irri~adharasa~hiti
fourteenth century), and Bhivaprakii BhavamiSra (sixteenth century). The
word caraka also means one who moves about, and may have referred to
the itinerant Buddhist and Jain monks who played a pioneering role in
the evolution of the Indian medical tradition. In the realm of King Aioka
(273-232 BCE),who embraced Buddhist ideals, Buddhist monasteries
served as institutions, like hospitals and hospices, for the care of the sick
and the dying.
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The earliest medical writings known as the Bower manuscripts, discovered in a Buddhist Stupa in Kashgar (modern China), and translated
by Rudolph Hoernle, are considered to have been written by Buddhist
authors around CE 450. These texts contain medical treatises which describe the virtues of garlic in curing diseases and extending the life span,
elixirs for a long life, ways of preparing medical mixtures, eye lotions,
oils, enemas, aphrodisiacs, and procedures for the care of children. Early
Indian medicine was carried to Tibet along with Buddhism and was
best preserved there, as well as in China. Travellers to and from China,
Greece, Persia, and Arabia contributed to the spread of Indian medicine
outside India.
The basic assumptions of Indian medicine are rooted in the religious
and philosophical traditions of India. Early developments exhibited great
diversity in opinion and formulation in keeping with the diversity in
Indian thought, tied to Hindu, Buddhist, or Jaina philosophies in various
measures. Similarly the system allowed for significant geographic variation as knowledge spread through the subcontinent over a long period
of time.
The medical ethics which are closely linked to these religious and
philosophical perspectives (darSanas) reveal variable, shifting, and accommodating attitudes.
~ ~ u r v e dconstructs
ic
of the body and the self, central to the medical
enterprise, grew in tandem with the faith traditions. The primary vehicles
of ayurvedic pathophysiology are the dosas (humours): vdyu or vdta
(wind), piffa bile), and kapha (phlegm), and the dhitus (body substances).
The three humours represent movement, heat, and moisture respectively
in the body. The primary body substance, rasa, organic sap, is derived
from food, moves throughout the body, is stored in various reservoirs,
and is finally excreted as waste products. In processes of sequential
transformation, the dhatus, flesh, fat, bone, marrow, and semen, are
derived, semen being the purest and most vital product of this process.
The Indian system of medicine views health as a state of balance
of body substances, dhdtusdmya, and illness as a state of disequilibrium.
The body responds to many hnds of inputs: physical, as in food and
drink, psychological, as in emotions of anger or jealousy, and social, as
in affection, praise, or scorn. Each input is a potential source of a disease
or a cure.
The theory of gunas (lit. strands or qualities) introduces the notion of
ethics as a material basis in the ayurvedic pathophysiology. Inherent and
substantial, sattva (goodness), rajas (vitality or activity), and tamas (inertia)
are qualities or traits found in all substances in various combinations. The
balance determines the overall dispositions of persons, foods, activities,
bodily substances, and so forth. Sattva, which is cool and light, produces
calmness, purity, or virtue; rajas, which is hot and active, produces passion,
happiness, or sorrow; and tamas, which is dark, heavy, and dull, produces
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sloth, stupidity, and evil. Contemplation, meditation, silence, devotion,
and fasting promote goodness; love, battle, attachment, pleasure seeking,
and emotionality enhance vitality. Sleep and idleness increase inertia. In
a hierarchy of values, the sattva categories reign supreme and become
less material, closer to the idea of sat (truth or essence), and often the
same as the mind or self. The object of the therapeutic is to transform a
person from lower to higher strands or qualities, which is accomplished
through the prescription of foods and activities which build goodness.
Thus the therapeutic and the ethical become coterminus.
In the Indian view life is not the opposite of death; birth is the
opposite of death. Life begins when an embryo is formed out of the
union of male and female germinal substances. Defining when human
life begins was neither easy nor uniform and straightforward. Some texts
maintained that life began with the aforesaid union, and others at the
moment of quickening or the descent of the foetus into the pelvis; the
latter was more frequently understood as a point of viability. Abnormal
pregnancies, congenital deformities, multiple pregnancies, and infertility
were explained in terms of defective germinal substances, unnatural
coitus, failure in nourishment, or disturbances in humours in the mother
or the foetus.
Among the religious obligations, having male progeny was imperative
in order to secure a passage to the land of forefathers through the
performance of funerary rites. In situations in which a woman failed to
have a son, the man was to take another wife, or otherwise adopt a son.
If the problem appeared to be male impotence or infertility, the husband's
younger brother or another suitable man was to impregnate the wife
(a custom called niyoga). Early medical texts elaborate on the ways of
enhancing conception, and later texts discuss problems of contraception.
Mythology also testifies to in vitro fertilization and embryo transfer.
The SuSrufasamhita describes various forms of arrested foetal development or obstructed deliveries and describes ways of inducing labour
and/or destroying the foetus, especially in the case of danger to the
mother's life. A seventeenth century text also describes ways of inducing labour for purposes of abortion in cases of women in poor health,
widows, and women of liberal morals.
In contemporary problems of medical ethics, no problem has caused
as much furore as has amniocentesis. Preference for a male child, with an
easily available technology to determine gender prenatally, has resulted in
inordinate and indiscriminate use of abortions. Some states in India have
enacted laws to restrict the scope of indications and use of amniocentesis.
There are three categories for the etiology of diseases in ~ ~ u r v e d a .
External or invasive diseases are caused by foreign bodies, injuries, infestations, and possession by evil spirits. Internal diseases are disturbances of
humours, in part caused by lapses in discretion, as in faulty or unseasonable diets, overexertion, sloth, sexual indulgence, or mental disturbances.
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In either case, the final pathway for the pathology of a disease is an
imbalance of humours. The third category contains the diseases which
are the fruits of karma, the operative principle of Hindu ethics. A very
simple explanation might be "every action has a reaction" or "as you
sow, so shall you reap", but the logic extends beyond one life. In karma
theory, when a person dies his self moves to the other world, enveloped
in the part material and part ethereal covering which carries the traces
of all actions performed, and comes to determine its condition in the
next life. Thus some diseases are the fruits of actions from past lives. The
unseen hand of karma is invoked to explain the not so easily explicable.
Events like epidemics and disasters are a result of bad actions of a whole
community or the actions of a king.
Mental illnesses also arise from these etiologies: possession states,
disturbances in humours, and lapses in discretion. Some disease states
are also seen as the workings of time, as in aging.
Physicians in ancient India did consider karma in etiology, but they
agreed that the passivity that results from assumptions of predetermination made the whole medical enterprise meaningless. Human effort
was always a factor in the workings of karma, and caring and healing
must be actively pursued by the physician. There was also a recognition of incurable diseases, in the face of which human effort was futile.
The physician was prudent if he avoided heroic efforts to prevent the
inevitable, which not only led to loss of income but also loss of prestige.
If the case was hopeless, the physician was to do no more than attend
to the nutrition of the dying patient, and even that might be withdrawn
at the request of the family.
A category of "willed d e a t h was also recognised in the various religious traditions and was understood to be different from suicide. Suicide
was regarded as an act of desperation and willed death an act of determination. It involved permission of the religious order and was resorted
to only when the quality of remaining life was likely to be poor.
The ayurvedic physician, called a vaidya, was esteemed for his powers
but also shunned because of his contact with impurities such as body
products, suppurative lesions, and corpses, and his mingling with common people. Taboos around touching ultimately resulted in palpation
falling into disuse.
The physician was enjoined to strive constantly to acquire new knowledge, advance through practical experience, and enter into learned dialogues with practitioners from other places. His education began as
an apprentice, with the teacher and pupil choosing each other. A good
teacher was free of conceit, greed, and envy, and a student had to be
calm, friendly, and without physical defects. Later on the vaidya became a
sub-caste or occupational division, and the profession passed from father
to son.
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The Caraksamhit~contains an extensive list of ethical directives in the
form of an oath to be taken by one entering medical practice. Among
these were injunctions never to abandon a patient even if that interfered
with one's livelihood, to be modest in dress and conduct, gentle, worthy,
and wholesome. A physician must not enter a patient's house without
permission, and be mindful of the peculiar customs of a household. He
was to avoid women who belonged to others and maintain confidentiality.
Quacks and charlatans were known by their pretense and arrogance,
boastfulness and superficial knowledge. The fate of their patients was
worse than death. The Caraksamhifd says that one can survive a thunderbolt but not the medicine prescribed by quacks.
Medical ethics was an integral part of ancient Indian medicine. The
texts addressed ethical issues that arose at both ends of life, birth and
death. Their approach was pragmatic and flexible, and the purpose of
alleviating an illness was always considered in the context of geographic
locale, time (the era and the stages of a patient's life), and the particularities of a person. The physician's conduct was also to be always above
reproach both in his professional and personal conduct.
Prakash N. Desai
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Medicine: ~ y u r v e d a
The science and art of ~ ~ u r v e are
d a integral parts of the cultural heritage
which is preserved, fostered, and promoted in India and its neighbouring
countries for the preservation and promotion of positive health and the
prevention and cure of disease. As a science, it is based on sound and
rational principles of physiology, pathology, pharmacology, diagnostics,
and therapeutics which have been critiqued, systematised, and generalised on the rigid principles of logic. Even today it is followed as a
healing art, not only by rural and poor people but also by well-placed
persons of learning in all walks of life, including affluent intellectuals
who could otherwise easily afford to obtain the services of top-ranking
physicians of modern Western medicine.
Literally meaning the "science of life", ~ ~ u r v e disaoften used in a
narrow sense as a "system of medicine", which considerably dilutes and
d anot
distorts its real scope and objective. Health according to ~ ~ u r v e is
only freedom from disease. According to SuSruta, one of the great early
practitioners, it is a state of the individual where, in addition to harmony
among the functional units (dosas), digestive and metabolic mechanisms
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(agnis), structural elements (dhdtus), and waste products (malas), a person
should also be in an excellent state (prasanna) of the spirit (itman), senses
(indriyas), and mind (manas).
The history of Ayurveda is as old as that of the Vedas, as the former
is considered to be one of the limbs (arigas) of the latter. It has eight
specialised branches:

(1) Kdya-cikitsd (internal medicine),
(2) salya-tantra (surgery),
(3) sdldkya-tantra (treatment of diseases of the eyes, ears, nose, and throat),

(4) Agada-tanfra (toxicology),

(5) Bhzita-vidyd (treatment of seizures by evil spirits and other mental
disorders),

(6) Bdla-tantra (pediatrics),
(7) Rasdyana-tantra (geriatrics, including rejuvenation therapy), and

(8) Vdjikarana-tantra (sexology and the use of aphrodisiacs).
Several classics were composed for each of these branches, and each was
widely practiced.
Ayurveda is a holistic science of life. Each part of the physique is
interrelated with other parts for their proper functioning. The functions
of the body are closely related to the mind and soul (spirit) of the
individual. To maintain health, the body should be free from disease, the
mind should be happy, and the person should be spiritually elevated.
To cure diseases, the physician examines and treats the whole body
and the mind as well as the spirit. Therefore, for the preservation of
positive health and prevention as well as cure of diseases, several codes
of conduct and religious rituals are prescribed, along with medicines
and food. Thus, Ayurveda advocates the psychosomatic interrelation of
health and disease.
Several categories of germs and organisms are said in Ayurveda to
cause diseases like kustha (obstinate skin diseases, including leprosy). But
these organisms are considered causative factors of a secondary nature,
the primary cause being the disturbance in the equilibrium of the dosas
(three factors regulating the functioning of the body). As seeds germinate
only when sown over fertile land, and decay if the land is barren, similarly
germs, however virulent they may be, will not be able to multiply and
cause a disease if the constituents of the body are in a state of equilibrium.
~ ~ u r v e d therapies
ic
are prescribed not to destroy the invading germs
(seeds), but to bring about equilibrium of the constituents by which these
germs, finding the atmosphere hostile (barren field) for their survival,
get destroyed.
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In ~ ~ u r v e d drugs
a,
of vegetable origin, animal products, and metals, minerals, gems, and semi-precious stones are used for therapeutic
purposes. These are used in their natural form and processed in order
to obtain their whole extract or to make them non-toxic, palatable, and
therapeutically more potent. Different parts of these drugs, like alkaloids,
glucosides, and other active principles are not extracted for therapeutic
use. According to ~ ~ u r v e devery
a,
drug has therapeutically useful parts
that may produce toxic effects if used alone. The same drug, however,
contains other parts that counteract these adverse effects. Therefore, the
use of the whole drug is emphasised, and no isolated section or synthetic
chemicals are used. Some ingredients used in recipes are no doubt toxic
in their raw form. But these are processed and detoxified according to
prescribed methods before being added to recipes. These recipes have
been in constant and regular use for thousands of years, which testifies
to the absence of any acute, sub-acute, or chronic toxicity and teratogenic
effects. These recipes are equally useful for patients and healthy persons.
In the former, while curing the disease, they produce immunity against
future attacks, and therefore, instead of giving toxic side effects, they
produce side benefits. In healthy individuals, they revitalise the body
cells and stimulate the immune system as well as fortify the body's
resistance against disease.
Considerable emphasis is laid upon proper diet in Ayurveda for the
prevention and cure of disease. If a person consumes a proper diet,
medicines are superfluous for him because he will not fall victim to
diseases, and if he does, the ailment will get corrected easily. If, however,
he does not follow a proper diet, he will not get cured in spite of the best
ic
describe in detail the properties
medicines. Therefore, ~ ~ u r v e dworks
of various ingredients of diet and beverages.
According to ~ ~ u r v e d the
a , individual (microcosm) is a replica of
the universe (macrocosm). Virtually every phenomenon of the universe
or brahmdnda can be found to take place in the individual or pinda,
albeit in a subtle form. Therefore, every action of the individual in its
turn has an impact on the environment as well as the universe. This
intracosmic relationship which is the very foundation of Ayurveda is
further elaborated in Tantra and Yoga.
The scope and utility of Ayurveda are not confined to any particular community or any political, geographical, economic, or sociocultural
group. The principles of Ayurveda are equally useful for and applicable
to all the people in different parts of the world. According to .Caraka, an
early physician (before 600 BCE), the "science of life" has no limitations.
Therefore, humility and relentless industry should characterise every endeavour of the physician to acquire knowledge. The entire world consists
of teachers for the wise, and only a fool finds enemies in it. Therefore, according to him, the knowledge conducive to health, longevity,
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fame, and excellence coming even from an unfamiliar source (lit. enemy) should be received, assimilated, and utilised with earnestness. This
approach of Ayurveda is evident from the descriptions in the classics.
Several plants, animal products, and minerals which are not available in
India are described in detail with reference to their therapeutic properties. The properties of several ingredients of food and beverages which
are normally not used in India, such as meat, especially beef, are also
described. The fundamental principles of ~ ~ u r v e dare
a also described.
These principles are applicable in any part of the world, and its practice
can be modified according to regional requirements.

The body and the universe, according to ~ ~ u r v e d are
a , composed of
five mahdbhzitas (basic elements), namely, prthvi, up, tejas, vdyu, and dkESa.
These terms are often mistranslated as earth, water, fire, and ether,
which are misleading even for well-meaning critics of ~ ~ u r v e dThese
a.
five categories of matter correspond to five senses, namely smell, taste,
vision, touch, and hearing. The objective matters of the universe are
subjectively comprehended by means of these five senses. These five
states of matter (subjective series) and the five senses (objective series)
are both the evolutive products of prakrti (primordial-matter-stuff). These
five mahdbhzitas do not stand for the elements of the present day physical
sciences as the mistranslation of these terms would have them, but the
five classes of objects of our material universe correlated to the five senses
by means of which one subjectively contacts the objective universe.
The body, as well as food and drugs, are all composed of these five
mahfibhzitas. It is disturbances in the equilibrium of these which cause
disease. To correct the ailments so caused, appropriate mahdbhzitas in the
form of drugs and food must be used. Though the characteristic features
of these mahdbhzitas are described in detail in ~ ~ u r v e dtexts,
i c in practice
it is extremely difficult to ascertain the precise requirements. Hence, their
presence in the body is described in terms of dosas (functional units of
which there are three types), dhdtus (tissue elements of which there are
seven categories), and malas (waste products). Similarly, the mahabhautic
composition of drugs, diet, and beverages is described in terms of rasa
(taste), guna (attribute), virya (potency), vipfika (aftertaste), and prabhdva
(specific action).
The dosas, vdyu, pitta, and kapha are the three elementary functional
units or principles on which the building and sustenance of the body
depends. The individual remains healthy as long as these three elements
remain in a state of equilibrium. But if this is disturbed beyond certain
limits, the individual succumbs to disease and decay. The dosas remain
in two different forms in the body, namely, sthtila or gross, and sziksma
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or subtle. In their subtle state, they are atindriya or beyond the normal
cognition of the senses. Their normal and abnormal states are ascertained
by the manifestation of their respective actions. These three dosas control
all the physical and psychic functions of an individual. Each one of these
is further subdivided into five categories on the basis of their actions on
different parts of the body.
,
The physical structure of the body, according to ~ ~ u r v e disa composed
of seven categories of dhatus or tissue elements:
rasa (plasma, including chyle),
rakta (blood, particularly the haemoglobin fraction of it),
mamsa (muscle tissue),
medas (fat),
asthi (bone tissue),
majja (bone marrow), and
Sukra (generative fluid, including sperm and ovum).
There are two categories of tissue elements, posaka (nutrients of tissues)
and posya (stable tissues). The former moves through different channels to
provide nourishment to the latter. The circulation of these nutrient tissue
elements is controlled by viyu, their metabolism including assimilation is
controlled by pitta, and kapha helps in the maintenance of their cohesion
and compactness. During the metabolic transformation of these tissue
elements, a substance called ojas is produced as their essence. This ojas
provides immunity or the power of resistance to attacks of disease. It
is said that the diminution of this ojas (ojasksaya) is responsible for the
disease called AIDS.
During the process of digestion and metabolism, several waste products
are formed. Some of these serve a useful purpose, but ultimately they
are eliminated from the body through faeces, urine, sweat, and so on.
Their regular elimination from the body is essential for the maintenance
ic
attention is always paid to
of good health. In ~ ~ u r v e d therapeutics,
the elimination of these wastes.
Ayurveda classifies individuals broadly into seven categories called
prakytis. These are defined by the predominance of vdyu, pitta, and kapha,
or their combinations, or by the state of equilibrium of them all. This
trait of the individual is developed at the time of birth and continues
throughout one's life. Individuals are also classified into sixteen categories,
on the basis of their psychic disposition. The former seven categories are
called deha prakrti or physical constitution, and the latter sixteen categories
are called rndnasa prakrti or psychic temperament. Knowledge of these
prakytis is essential for selecting the appropriate food, drink, and other
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regimens for different categories of healthy individuals, and likewise for
the treatment of their ailments.
As has been explained earlier, the ingredients of drugs, diet, and drinks
are composed of five mahcibhiitas. In order to facilitate examining the
exact nature of these mahibhutas, easy practical methods are described in
Ayurveda in terms of rasas (tastes), of which there are six, twenty gunas
(attributes), vir,yas
(potencies)
of which there are broadly two, and three
vipcikas (aftertastes). ~ ~ u r v e dtexts
i c also describe the specific and general
actions of drugs.
There are several other unique concepts of Ayurveda, understanding
of which is essential before appreciating
- - the merits of this health science. Ayurveda is a repository of therapeutically useful and time-tested
recipes for curing several obstinate and otherwise incurable ailments. But
its prescriptions for the preservation and promotion of positive health
and prevention of disease is what is especially useful to relieve human
suffering.
Bhagwan Dash
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Medieval Science and Technology
This article deals not with the ancient period of Indian history, but
with the time after the conquest of northern India by the Turko-Afghans
between CE 1192 and 1206. Its focus is on Medieval India.
India had already had commercial and cultural relations with Greece,
Afghanistan, and Central Asia since prehistoric times. When the Muslims
arrived in India a cross fertilisation of scientific and intellectual ideas
began. Muslims migrated to India after CE 1258 because of the Mongol
invasion of Iran, Iraq, and Central Asia; some of them were astronomers,
mathematicians, and physicians.
"With the establishment of the Ghaznavid and Mughal rule in India the
Greek or rather more advanced Ptolemaic astronomy in an Arabic version
reached India and began to be studied and taught among the Muslim
and Hindu astronomers who appreciated its merit." (Sen, 1971).Al-Birfini
(d. CE 1050) claims that he translated Euclid's Elements and Ptolemy's
Almagest into Sanskrit, but these translations are not available. In any
case, the Arabic versions of these two books were introduced by the
Muslims, and towards the close of the twelfth century CE mathematical
books in Arabic also began to trickle into India.
Some of the Muslim mathematicians and astronomers who settled in
India knew these Arabic translations and translated them into Persian.
Thus Greco-Arab astronomy and mathematics were introduced. Some of
this material was incorporated into textbooks used in the educational
institutions. Akbar (d. CE 1605) made those subjects compulsory.
Both mathematics and astronomy were used by the Hindus and Muslims for religious purposes. Mathematics was also studied for its practical
utility, as in the construction of buildings and monuments. Later, geometry was further developed for this purpose.
The outstanding mathematician-astronomers of this period were
~ r i d h a r a c ~ (ca.
r ~ aCE 991), Sripati (CE 1039-1056), ~atananda(fl. CE 1099),
and Bhaskaracharya I1 (CE 1150).
Al-Birfini studied the Indian sciences in the original Sanskrit texts and
translated some of them into Arabic. His book KifBb al-Hind (Book on
India) gives valuable information about astronomical methods and Indian
astronomers, some of whom were personally known to him. His RasGil
(Treatise), the al-Qinan al-Masctldi (Masudic Canon) contains useful source
material for the history of science in India in the first half of the eleventh
century.
A new development in astronomy was the introduction of AraboPersian-Greek Zij literature (astronomical tables). 'Abu.1-Fad1 mentions
eighty-six Zijes in his in-i Akbari. There were several Zijes prepared in
pre-Mughal India.
Astrolabes were used in India after the Muslims arrived. In 1370,
during the reign of Sultan Firdze Shaha Tughluq, an astrolabe was con-
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structed and named Asfurlib-i Fir6ze Shhhi. This testifies to the fact that
Indians possessed adequate knowledge of applied technology during the
fourteenth century.
Diya.ad-Din Barani records the names of the astronomers and astrologers who flourished during this period, and adds that other sciences
such as ramal (geomancy) and al-Kimyi (alchemy) also flourished.
Another fact worth mentioning is that the first substantial contact
c
and ~ n i i n i(Greco-Arab) systems of
between the ~ ~ u r v e d i(Indian)
medicine began during this period, which resulted in mutual enrichment in therapeutics, materia medica, and pharmacology. There were
seventy hospitals in Delhi alone under Sultan Muhammad ibn Tughluq
(CE1297-1348) having 12,000 Vaidyas (Hindu physicians) and Tab& (Arab
physicians) paid by the state.
Medicinal herbs and plants were widely cultivated. Al-Birfini's Kitib alSaydanah pf-Tibb (Book on Pharmacy and Materia Medica) contains useful
information for the pharmacographia Indica. Compiled in the middle of
the eleventh century, it is an encyclopedia of simple drugs containing
i
arranged in
medicinal herbs and minerals used in the ~ n a n system,
alphabetical order. There are names of hundreds of Indian medicinal
herbs and plants.
The arrival of the Turko-Afghans in India also brought some changes
in the area of technology. In the field of metallurgy, iron, copper, brass,
gold, silver, and other minerals were extracted from the mines in different
parts of India by a simple technology with the help of a clay furnace
in which wood and charcoal were burnt. As the army was important,
iron was much in use for the manufacture of arms and armour. For the
minting of coins, mostly gold, silver, lead, bronze, brass, and copper were
used.
The premier industry in India was cotton textile; the dyeing, printing,
and painting of clothes had been done since ancient times. In connection
with the innovation in textile technology, the general use of the spinning
wheel should be mentioned. There is a lack of positive evidence ascribing
its origin to India. Moreover, the word for it is charkha which is Persian. In
the absence of better evidence, literary ones from Indo-Persian works can
be put forward to show that the spinning wheel in which the belt-drive
technique was employed was in use at the end of the twelfth century.
Another piece of equipment which was much used in this period was
the bow-string (Tant and Kamin) for cleaning the cotton and separating
the seeds (ginning). This technique is still used in India today.
Al-Biruni gives evidence that around CE 1030 the materials used for
writing in India were mainly black tablets, palm leaves, the bark of the
Tiiz tree called BhtZrja, and silk. The manufacture of white paper started
in India in the thirteenth century. Amir Khosraw mentions paper (Kighaz)
several times in his work. He states that paper was made with cotton,
linen, silk (Qash, Harir), and reed (Kilk). They were soaked in water, then
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pounded and turned into pulp, and dried. After that, they were cut with
sharp scissors. He adds that this light paper was quite costly. As regards
the preparation of ink, the earliest recipes for hair dye in India are found
in the Navanifaka (ca. second century CE).From this Nityanath Siddha
(CE1200) derived his recipes for ink as recorded in his Rasaratnikara. The
ingredients used were metallic or herbal substances such as lamp-black
charcoal, gum, burnt almond husk, or gold and silver powder.
In the field of irrigation, the large Perumamilla tank bears an inscription
dated CE 1291. There is a difference of opinion about the device for
water raising used in ancient India called Araghata or Ghati-Yantra which
are Sanskrit words. Several scholars have argued that it was the same
as the Persian wheel or sqiyah and it was not introduced into India by
the Turko-Afghans. But these two words are not clearly mentioned in
any early source. It was actually the simple noria, a wheel carrying pots
and buckets on its rim which did not involve gearing. One view is that
the Persian wheel was introduced by the Turko-Afghans in India in the
thirteenth century. It was used to raise well water with the help of a
chain of buckets driven by animal power using pin-drum gearing.
The planks of the hulls of Indian ships were sewn together by coir and
generally not nailed. G.F. Hourani says that al-Ma>sudistates "...in ships
of the Indian Ocean iron nails do not last because the sea-water corrodes
the iron and the nails grow soft and weak in the sea and therefore the
people on its shores have taken to threading cords of fibre instead and
these are coated with grease and tar". Ibn Baffufa,who arrived in India
in September 1333, gave a detailed account of the technique used in the
ships' manufacture.
Indian builders were employed by the Muslim rulers for the construction of monuments, and several expert masons and craftsmen were
also brought from Persia and Afghanistan, introducing the Arabo-Persian
architectural and decorative traditions. They used the lettering of the
Quranic verses as well as leaves, flowers, buds, and geometrical designs
(arabesque). This brought about great changes in Indian architectural style.
The imported style consisted of domes, portals, minarets (minir), and
pendentive and squinch arches. In so far as building materials are concerned, stones and bricks were used, and lime-mortar was employed
perhaps for the first time in India.
So many articles made of glass have been discovered, especially at
Kopia in Uttar Pradesh, and the Taxila and Satavahana sites, that it cannot
be argued that all of them were imported goods. Most of the articles
are beads, bangles, bowls, slags, small vessels, tiles, and flasks. But very
little information is available concerning the technique of glass-making,
including the raw materials, furnaces, or tools used.
In the field of military technology, it is generally asserted that the
stirrup was used in ancient India, and some evidence shows that the flat
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iron stirrup was introduced by Turkish conquerors in the early thirteenth
century. Nailed horseshoes were used after the Turko-Afghan conquest.
To manufacture a sword the two ingots were covered with soft earth
in order to prevent carbon loss; then both the ingots were forge-welded
by hammering when the steel was softened. The process of hardening
steel by quenching the red hot metal into water or oil is still employed
today. The first hammering was for preparing a blank, while the second
was to give it shape. The blunt sword was sharpened on an abrasive
wheel and polished later with oxymel.
The question arises whether artillery and gunpowder were used before
Babar's time (CE1530) or not. This is a controversial issue. Some historians
state that mechanical artillery was in use in India as early as the first
quarter of the thirteenth century; others are of the view that it was not
used until CE 1365-1366 (Makhdoomee, 1936). Naptha or Greek fire was
used by the Turko-Afghan invaders, but this also may mean gunpowder.
One of the difficulties in writing this history is that the source materials,
especially the manuscripts in Sanskrit, Arabic, and Persian, have not
been edited and published. Some of them are uncatalogued so that they
are unknown even to those who do research on the history of science
in India. Therefore, it is evident that a thorough assessment of India's
contributions to scientific and technological development is not possible
now, and the history of science and technology in late ancient and early
medieval India presented here is neither thorough nor complete.
M.S. Khan
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Metallurgy: Bronzes of South India
The discovery and use of metals revolutionised the history of mankind
a n d accelerated human evolution. The first metal to be discovered and
used was copper in its native form, found along riverbeds. The period
when man used both stone and copper is the 'Chalcolithic' period ( 5000
BCE), chalkas means copper and lithos means stone. All other ages, such as
the Brass and Bronze Age that followed, were based on the foundations
laid by the Chalcolithic Age. The present article describes the evolution of
the Bronze Age with an emphasis on the marvels of South India. South
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Indian bronzes are best appreciated if we know the global background
of the growth of the Bronze Age.

Native copper, i.e., copper metal collected from riverbanks, is thought to
have been one of the first metals used for practical applications, around
5000 BCE.The word copper came from cuprum, the Roman name for
Cyprian metal. Later, around 4500 BCE,extraction of copper from its ore
began in civilisations in the Middle East. The Chaldeans used objects of
beaten copper about 4500 BCE. Copper weapons and ornaments from
about the same time have been found in the ruins of Susa, an ancient
civilisation located in the area of the nation that is now Iran. Clear early
evidence for smelting copper comes from the Middle East from about
the fourth to third millennium BCE onwards, from parts of Israel, Jordan
and Egypt. Early copper artifacts of about the sixth millennium BCE are
also reported from the pre-Indus Valley sites of Baluchistan in the northwestern part of the Indian subcontinent close to the Iranian border. There
is fairly extensive evidence for the ancient mining of copper ores from
the Khetri region of Rajasthan in North-western India dating to about
the 3rd-2nd millennium BCE.The craftsmen of Ganeshwar in Rajasthan
were making copper items from about 3000 BCE,from a time even before
the cities of the Harappan civilisation emerged. The copper artefacts from
Ganeshwar found their way to Harappan sites and to many other places
in North and Central India.
Brass, referred to in ancient literature as pittala or arakuta, was not
known in the Chalcolithic Age of India, but came into usage only in the
Iron Age (1000 BCE to 300 CE), during the second urbanisation. By the
sixth or seventh century, it became popular, along with bronze.
The most important metallurgical develcpment was the discovery that
adding tin to copper produced a far superior metal, eventually known
as bronze (called "Vengalam" in Tamil- a South Indian Language). Thus
the civilisation transitioned from the Copper Age to the Bronze. The Age
of Bronze constitutes an important epoch in the history of culture. At
first, bronze was only used decoratively, because many civilisations did
not have the copper ore to produce large quantities of it. Gradually, as
copper ore became more plentiful, bronze replaced stone as the material
of choice for weapons, tools, and the like. Civilisations began their bronze
ages at different times, with some as early as 2500 BCE and others not
until 1000 CE. The use of bronze started a little later (2100 BCE)in the
Harappan culture of India; it had already started in Iran (3900 BCE),
Iraq (2800 BCE),Egypt (2600 BCE)and Turkey (2500 BCE).India was
overtaken by the Iron Age before it achieved a fully-developed Bronze
Age. On the technological side, nowhere in the world was icon making
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in bronze mastered as it was in India. Tin mines are known from ancient
Turkey dating to the 3rd millennium BCE.The Sumerians were the first
civilization to use bronze in commerce. Bronze artifacts dated 3600 BCE
have been found in Thailand. The Shang dynasty's capital of Anyang
in Northern China had a bronze-casting industry in 1400 BCE.Amongst
the earliest bronze castings in the world are the famous cat from ancient
Egypt, the very impressive ceremonial vessels of China and the Greek
bronze figurines.
Indian artisans and craftsmen have long been masters at extracting
and shaping metals and alloys, as proven by archaeological finds from
the 2nd-3rd millennia BCE.A few traces of a bronze industry from before
2000 BCE are found in India. However, the great use of bronze in India
came during the Indus Valley civilisation, when it became a medium for
religious sculpture. In the Harappan culture, metal workers knew the
technique of using copper, bronze and lead, apart from silver and gold.
Lost wax casting was not only known but was practised with great zeal.
The statue of a dancing girl from Mohenjodaro is a classical example
of the excellence achieved in bronze casting using the lost wax process
(Figure 1).

Figure 1

Figure 2

The bronze sculptures of Gandhdra in the 1st century CE mark the
beginning of the history of Indian bronze. The recognition of the role
played by copper in the cultural development of Indian civilisation is
reflected in the label Copper-Bronze Age to a particular period of Indian
history.

Metallurgy: Bronzes of South India

The South Indian bronzes are some of the finest creations of Indian visual
art. Known for their aesthetic beauty, iconometry and casting quality,
these bronzes are excellent examples of the fusion of technology with
cultural traditions. These bronzes are considered global icons cherished
by national, international and private antiquarians around the world and
found in practically all the best museums in the world.
One of the most striking aspects of the ancient South Indian bronzes
is their authentic representation of human and animal anatomy. Other
items are also rendered in great detail. The reason for this detail was
the process by which they were made, namely the cire perdue or lost
wax process. In ancient Hindu scriptures, this process was referred to as
rnadiicchi~thavidhdnarn,rnadzlcchisfha meaning beeswax.
The lost wax process is divided into four distinct stages: 1) creation
of the wax model; 2) forming the mould (with clay) around the wax
model; 3) casting of the mould and 4) engraving and finishing the piece.
The subject is first modelled in wax, and then coated with clay. The wax
is then melted out, leaving a mould behind into which liquid metal is
poured to cast a solid image. Thus, the wax model which serves as the
core is lost or drained out before the actual casting takes place. After the
casting of an image, its mould is destroyed, with the result that no two
bronze icons are alike even if they are made by the same metalsmith or
craftsman (also called sfhapati, the local Tamil name given to a master
craftsman who is an expert in either stone sculpting or bronze casting).
A pictorial illustration of the process is given in Figures 1-7. The
process depicted is for producing solid castings. In the case of hollow
castings there is one additional step. The sfhapati models the object in
clay first. The clay core model is then coated with a layer of wax. All
the subsequent steps, such as forming the mould in clay over the wax
model etc., are the same as outlined above.

Figure 3

Figure 4
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Figure 6

The art and science of casting bronze icons is a skill passed on from
generation to generation and is still practised as a traditional village
vocation. Some of the rare bronzes at the Government Museum in
Chennai, India are shown in Figure 8.

Figure 7
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Figure 9

The excellence of the bronze icons that are cast by this method has
been compared with those produced in Europe. W.S. Hadaway (1913)
observed,
The cire perdue process which is commonly, it might be said almost universally,
used for either simple or intricate work, in India, usually produces, when
manipulated in Western countries, a spongy and unsound casting almost
impossible to work upon successfully and finish properly ... In the West, when
this process is used, the object is to obtain a casting, which requires as little
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finishing as possible, but it is always at the expense of the soundness of the
whole mass, for to obtain the delicacy of the original wax model so fine, an
earth must be used that it allows of no general ventilation of the mould ...
This finishing which the European hopes to avoid (but always at the expense
of the soundness of the casting) by the cire perdue process is, in India, taken
as a matter of course

From this account we understand that the European casters laid more
emphasis on not having to polish the icon after casting. In the process,
the cast icon itself was not sound enough.
An interesting aspect about the icons is that most of them were cast only
in bronze. There could be many reasons for this, the most important being
(a) castability, (b) workability after finishing the casting, (c) polishability,
(d) melting point of the alloy (requiring a large quantity of molten alloy)
and (e) availability of raw materials, ore, etc.
From the sthapati's point of view, castability, workability, polishability and
melting point would have been the overriding factors. The shine one
gets in bronze is generally not available in brass and other alloys that
were prevalent in those times. This also should have been a major reason
for choosing the alloying additions for obtaining desirable results. The
s,
other important reason is the scriptural command of the ~ ~ a r n athat
prescribe metal to be used for casting idols for worship. Later, icons were
also cast using paricaloha. This term is derived from Sanskrit, in which
parica means "five" and loha means "metal". Formerly, these five consisted
of the following metals which were considered to be auspicious - copper,
silver, gold, brass and lead. Brass is referred to as metal, as copper and
zinc were co-extracted as one entity. Gradually, however, gold and silver
were deleted for economic reasons, although even today a client may
commission an image to be cast in the original five metals for special
devotional purposes. The quantities of metal, wax and other raw materials
required for each icon depend on the size of the icon. According to the
empirical approaches developed by these sthapatis, for every gram of
various materials required to produce the wax model, 8 grams (gms) of
alloy were required (7.25 gm copper, 0.5 gm brass and 0.25 gm lead). The
bronze icons that are cast using the lost wax process can be classified
broadly into two categories: those that are used (to be used) for worship
andlor pcji and those that are cast mainly for ornamental purposes. The
composition of the latter category is roughly copper 82%, brass 15% and
lead 3%, whereas in the former category, gold and silver are added in
proportions that are dictated by the Vedas and the Agama Siitras. Table
1 gives the chemical compositions of typical icons (ancient to modern).
In North India, icons were cast using astaloha - asta in Sanskrit means
eight and is comprised of gold, silver, copper, iron, lead, mercury, zinc
and tin.

Metallurgy: Bronzes of South India
Table 1

Elemental composition of some South Indian icons

Elements
Copper (wt%)
Tin (wt%)
Lead (wt%)
Zinc (ppm)
Iron (wt%)
Antimony (ppm)
Silver (ppm)
Arsenic (ppm)
Nickel (ppm)
Bismuth (ppm)
Cobalt (ppm)
Manganese (ppm)
Total

9th century
98.60
0.88
.0.34
15.00
0.13
476.00
541.00
1295.00
436.00
85.00
45.30
5.80
100.20

13th century
94.50
1.10
1.00
40.00
0.05
1747.00
596.00
1785.00
415.00
164.00
135.00
<0.80
97.10

16th century
89.40
3.40
2.88
2646.00
0.52
3095.00
823.00
1394.00
636.00
351.00
114.00
1.80
97.10

21st century
82.96
3.58
9.7
2.5 (%)

1.26 (7%)
100

The casting quality of the bronzes was quite excellent. A number of
archaeo-metallurgical investigations using a variety of non-destructive
test (NDT) techniques have been undertaken worldwide on such bronzes.
NDT techniques, as the name implies, have been developed to determine quality and integrity without causing any harm or alteration
to the objects under investigation. Table 2 lists some of the major
NDT techniques used for investigations on objects of cultural heritage.
Use of NDT techniques for such archaeo-metallurgical investigations
also helps in the following ways.
Table 2

Major NDT techniques used for authentication of art objects

S1. No.

Techniaues

Ca~abilities

1.

Precision photography

2.
3.
4.

Holography
Moire fringes
Laser excited emission
spectrometry
Mass spectrometry
Activation analysis
X-ray energy spectrometry
In-situ metallography
Radiography~Tomography
Physical parameters:
thermal emf, electrical
conductivity, hardness

Dimensions, measurements and record of
intricate details
3-D characterisation
Contour mapping
Chemical assay

-

5.
6.
7.
8.
9.
10.

Chemical assay
Trace analysis of elements
Chemical composition
Microstructural characterisation
Internal defects, joints, repair regions
Characterisation of material and thermomechanical treatment
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Understanding the style, period, structure and metallurgy of these icons.

Studies by Srinivasan (1999) have revealed that lead isotope and trace
element analysis can be a powerful fingerprinting method for exploring
classifications in metal artefacts and can be used as pointers to the periods
in which such bronzes were cast.
Assessing the condition of the bronzes help in restoration and conservation.

Most bronzes have a well-developed patina which adds to their aesthetic beauty. Understanding the nature of the patina and the chemical
composition is quite important from a conservation point of view. Xray fluorescence techniques have been used to characterise the patina
and also the surface composition of the bronzes. Figure 9 is a typical XRF spectrum from the surface of an ancient South Indian bronze.
XRF investigations on more than 18 bronzes by Baldev Raj et al. (2000)
have indicated that the major constituent in all these is copper with the
additive elements being tin, lead and iron.
Authenticating and fingerprinting the bronzes.

These bronzes, famous for their beauty and excellent craftsmanship, are
prone to theft. These investigations help in scientific and comprehensive
fingerprinting of icons needed for documentation and authentic identification when they are retrieved. Icons are basically cast structures. During
the process of casting, discontinuities or flaws are likely to be created
for a variety of reasons. Radiography is the best technique to detect
internal features and flaws in the castings. Depending on the casting
process, the location of the defects if formed would be different in different icons. Thus, these defects can serve as authentic fingerprints of
an icon. Duplication of these defects is not possible, as the probability of
the defect occurring in the same location and with the same geometric
contours and area is extremely low. Apart from serving as fingerprints,
the radiographs also serve as indicators of the quality of the castings.
Figure 10 shows a typical digitised radiographic image of a portion of the
prabhavali of a dancing ~ i v acast by the traditional lost wax process. We
see only minor inclusions. Analysis of the radiographs of more than 200
rare South Indian bronzes by Baldev Raj et al. (2000) clearly indicates that
the main body of the icons have excellent casting quality with porosities
being the only major type of defect, especially in the thinner portions.
In the western world, objects of cultural heritage mainly comprise
stone sculptures, paintings, coins, silverware and pottery. There are fewer
bronze objects compared to what is available in India. Some of the
scientific investigations using NDT include: radiography of the famous
Liberty Bell to characterise the crack that had occurred in it before the
restoration of the bell could be undertaken, authentication of Roman
vessels and wares by radiography and digital radiography and computed
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tomography of ancient Chinese cast bronze at the Cincinnati Art Museum
in Ohio.
Bronzes were also cast using the lost wax process by artisans in North
India, especially at Bastar in Chattisgarh. The essential differences between the Bastar and the South Indian bronzes were the raw materials
and the methodology. While South Indian bronzes had rigorous rules
based on heuristics, Bastar bronzes were cast based totally on the imagination of the metalsmith and did not follow proportions as far as human
anatomy was concerned. Cooper (1996) has written an excellent treatise
on Bastar bronzes.
South Indian bronzes have been a point of attraction from ancient
times and will continue to be so in the years to come. What gives a
unique signature to these bronzes is the fact that each casting process
is non-repeatable, since both the wax model and the clay shell are lost
forever after each icon is cast. It is because of this that it is impossible
to find two identical icons cast in this process. Each icon thus becomes
a designer icon. Hence the lost wax method is also called the master
technique. The making of images in this process is indeed laborious.
But each item is characterised by a rare individuality and provides the
possibility of continuous improvement, aesthetics and technology - a
hallmark achieved by ancients as a matter of course.
Baldev Raj, B. Venkatraman and D. M. Vijayalakshmi

Raj, Raldev, C.Rajagopalan and C.VSundaram. Where Gods Come Alive: A Monog r q h on the Bronze Icons of South India. New Delhi: Vigyan Prasar. 2000.
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Srinivasan, Sharada. Archaeomet~y41 (1): 91-116.
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Metallurgy: Iron and Steel
The ability to make iron from its ore marked a milestone in the history
of civilisation. On the one hand, it required a degree of sophistication
in technology, because it involved working at the limits of temperatures
that could be achieved with simple implements. On the other hand, it
provided a material with wide ranging properties which offered a variety
of possibilities for tool malung. Until recent times therefore, the progress
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of a nation was often judged by the per capita consumption of iron and
its alloy, steel.
Iron and steel are of great importance for the following reasons.
Iron is the fourth most abundant element. Among metals only
aluminum is more abundant. Five per cent of the earth's crust is
made of iron. Iron ores are also widely distributed. In India large
and small deposits are distributed throughout the country, outside
the Gangetic plains.
Temperatures needed for iron smelting are easily attainable in a vigorously worked charcoal fire. They are, however, higher than those
required for smelting some of the non-ferrous materials like copper,
zinc, and tin, and therefore iron smelting needs great expertise.
Iron, when mixed with the inexpensive alloy element, carbon,
becomes steel. This alloying converts it into a material with a large
possible range of properties from low strength, highly ductile, low
carbon steels to high strength, but less ductile, high carbon steel. At
higher concentrations of carbon, iron forms an alloy with excellent
casting properties which melts at a low temperature. This alloy is
called cast iron.
Iron can be easily welded by forging. Before fusion welding came
into existence, this property was important.
The origin of the knowledge of iron and steel technology in India is still
a matter of debate. Recent archaeological evidence, however, is making
it increasingly apparent that iron making in India is of an independent
origin and may even predate the iron age in many other civilisations.
Chakrabarti and to some extent Hegde have presented extensive evidence
to support this view.
The iron age probably started in India not later than the second half
of the second millennium BCE.Archaeological evidence pertaining to
this period has come up in various places across the country, indicating
that the origin might have been earlier. Though literary evidence also
supports this hypothesis (e.g. the reference to a metal called ayas in the
Rpeda), it is not conclusive.
It is undisputed that well before the beginning of the Christian era,
artisans here had achieved a level of excellence, so that Indian steel was
famous for its quality throughout the old world. There was extensive
export trade even at that time. In the first millennium CE, the industry
probably grew to large proportions. The Delhi pillar near the Kutub
Minar, dated to the fourth to fifth centuries CE, is the classic example
cited as evidence of the level of the iron industry in India.
The pillar, which is about twenty-five feet high and weighs several
tons, has not rusted. Large iron objects of this age are found throughout
the country (Figure 1) - for example, there is the broken pillar at
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Dhar, Madhya Pradesh in Central India (thirteenth century CE) which
originally measured about fifteen meters high, and the ten metre pillar at
Kodachadri Hills in Karnataka State in South India. Dharampal estimates
that by the eighteenth century the iron and steel industry in India was
very extensive indeed. There are several reports of British observers in
Dharampal's compilation wherein the Indian product has been rated
"better than the steel produced anywhere else in the World.

Figure 1

Iron pillar at Mehrauli
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In the traditional iron making process, iron ore is reduced in a low shaft
furnace built of clay. Iron ore and charcoal form the top, and air is
blown by bellows from the bottom. Charcoal provides the fuel as well
as the reducing agent for smelting. Temperatures between 1000°C and
1475°C are generated in the reaction zone. The reduction takes place
as a gas-solid reaction. The reduced iron collects with some iron oxide
to form liquid slag. The slag is tapped periodically through slag holes
provided near the bottom of the furnace. At the end of a blowing cycle of
three to six hours, the sponge iron bloom weighing 3-10 kg is extracted
from the bottom of the furnace. It is then hammered to squeeze out any
entrapped slag and to consolidate the iron.
A process of making special steels of exceptionally good quality by
melting them into crucibles (Figure 2) is probably unique to India and
its vicinity. The special steels were traded extensively with other civilisations, especially for making swords and daggers and other implements
where exceptional hardness and toughness were necessary. These swords
became known as "Damascus swords" in Europe since they were obtained from the Middle East, and Damascus was the major trading centre.
Only later was it known that the Arabs bought the steel from India and
fashioned it into various implements. The wootz steel from which these
blades were made thus became famous. A very large industry of wootz
making is known to have existed in the southern parts of the country
until the beginning of the nineteenth century. This industry slowly died
down during the nineteenth century. The process is now extinct.

Figure 2

Fired clay crucibles.
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British and European interest in Indian iron and steel has a long
history. Several travellers' accounts such as one by Francis Buchanan
provided detailed information on the extensive iron and steel industry
around the seventeenth and eighteenth centuries. Crucible steel from
India was also noted and described. In fact, technical papers and studies
on various aspects of Indian iron and steel malung continued until the
turn of this century.
Starting from the turn of the eighteenth century, several efforts began
to be made in England and later on in France, Italy, and much later
in Russia to try to reproduce the Indian process of making steel. For
a number of years various British scientists such as Pearson, as well as
Stoddart and his student Faraday, tried to make wootz by the crucible
process. Their experiments continued in England and France well into
the 1850s and 1860s. They declined in importance in the 1860s, perhaps
because of the general decline of interest in swords with the emergence
of the gun. Also, by this time, the modern metallurgical processes for
large-scale production of steel, using the Bessemer converter etc., had
started to develop. In Russia these experiments continued well up to the
turn of the twentieth century.
Around the turn of the century, the indigenous process had ceased to
have any larger interest and the few observations and studies regarding it
were by anthropologists and others concerned with exotic 'arts'. Ananda
Coomara Swamy recorded the steel making process in Sri Lanka around
1908. In 1963 the National Metallurgical Laboratory at Jamshedpur hosted
a symposium on the Delhi Iron Pillar. An interesting fact that then
emerged was that the iron made by tribals in the early 1960s appeared
to be comparable to the iron of the ancient Delhi Pillar from the point
of view of corrosion resistance.
Beginning from the late 1950s a series of studies has been undertaken
in England to characterise the various features of the bloomery process
for producing wrought iron. The models taken up for reconstruction
were from Africa or the earlier pre-medieval European designs. From
the mid-1970s onwards there has also been a fresh spurt of interest in
studying the traditional Indian process of making steel. Reacting to the
discovery of a type of ultra-high carbon steel that was showing super
plastic behaviour, the historian Cyril Stanley Smith felt that in these new
alloys one might have only "rediscovered some properties of traditional
Indian steel. The crucible process of reduction is perhaps much more
complex than was initially thought and needs to be understood and
characterised afresh.
A.V. Balasubramanian
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Metallurgy: Zinc and !ts Alloys:
Ancient Smelting Technology
The United Nations University says that "Traditional knowledge - technological, social, organisational or cultural - is a result of the great h u m a n
experiment of survival a n d development".
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One such experiment has to do with metals. This journey dates to
around 5000 BCE,with the dawn of the Chalcolithic age. Copper was
the first metal to be discovered and exploited by mankind, because of
its abundant availability in its native form. This was followed by the
Bronze Age (2100 BCE)and Iron Age (ca. 1200 BCE).Though zinc has
not been one of the dominant metals like copper or iron, it played a
crucial role in the ancient brass industry, even before the discovery of
zinc. The present article describes the development of zinc and its alloys
in its global perspective, with an emphasis on the contributions from the
ancient Indians - who discovered the metal and invented its smelting
technology.
It is impossible to conceive of modern life without zinc, the bluishgrey metal and the fourth-most used element after iron, aluminium and
copper. Zinc - as "steel protector" - consumes more than 50% of today's
market. Its second-most important application is that it is the major alloying element in "gold-like" brass, which probably paved the way for
the discovery of zinc by natural evolution since the Chalcolithic age.
Zinc is also used in die castings, batteries, purifying water, in power
electric vehicles and as compounds by the rubber, chemical, paint, agricultural, pharmaceutical and cosmetics industries. Zinc is also an essential
micronutrient in organisms.
Zinc exists naturally in air, water and soil. Zinc is the twenty-third
most abundant element in the earth's crust ( 150 ppm). The major types
of zinc ore deposits are the volcanic and sediment-hosted sulphides,
Mississippi Valley-type carbonates, intrusion-related and broken hill-type
ore deposits. Typically zinc ores contain only 3 to 10 % zinc, making
it necessary, before smelting, to concentrate it up to about 55%. Zinc is
completely recyclable without loss of its physical or chemical properties.
Today, zinc is mined in more than fifty countries, with China, Canada,
Russia and Australia being the largest producers.

The historic evolution of zinc and its alloys can broadly be classified into
two time zones-prior to the discovery of metallic zinc (200-300 BCE)and
after the invention of the downward distillation process to extract zinc.
The first era was marked by the prevalent use of zinc ore to make shiny,
artistic brass. Neither brass nor bronze was known in the Chalcolithic
period of India at all. India experienced the Iron Age (1000 BCE to 300
CE) before reaching a fully developed Bronze Age, despite the famous
cire perdue (lost wax) technique of Harappan metalsmiths (2100 BCE)who
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mastered icon making in bronze. The famous 'dancing girl' (Figure 1) is
an example.

Figure 1

Dancing girl: A bronze figurine excavated from Mohenjodaro

The first era in the history of zinc and its alloys marks a period of
using zinc ore, sphalerite its sulphide - for many medicinal and industrial
purposes, without identifying metallic zinc as being responsible for the
associated advantages. The earliest use of zinc is the gold-like brass a copper-zinc alloy. Evidence suggests the use of copper alloys in the
Sumerian civilisation of Mesopotamia around 3000 BCE and in China
near the Hwang-Ho River. Archaeological remains of the Harappan (2000
BCE)civilisation from Lothal, Nautiyal Atranjikhera (in the Ganga Valley)
and Rojdi in the Rajasthan-Gujarat area contained only 0.1 to 1%zinc.
Fusion of zinc ore with copper increases its strength. With increasing
amounts of zinc, the alloy developed a dazzling golden glitter which
made it useful for statuary, temple roofs and cookery items. The Romans
later identified the use of zinc ore for medicinal purposes. At the time
of Augustus (20 BCE to 14 CE)Romans were known to use zinc ore for
healing wounds and sore eyes.
Brass was made using a cementation process, in which finely divided
copper -particles were mixed with roasted zinc ore (oxide) and charcoal
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(reducing agent) and heated to 1000°C in sealed crucibles. This resulted
in poor quality brass. High quality brass had to wait for the discovery of
zinc. The temperature interval for reduction of zinc is a crucial stage in the
above process. Below 950°C, zinc is not produced; above 1080°C, copper
melted and flowed down with very little intake of zinc. The production of
zinc was difficult because the boiling point of the metal is lower than the
minimum temperature required for the conversion of its oxide to metal.
This was mainly responsible for the delayed discovery of zinc. A proper
reducing atmosphere is also essential for the extraction of zinc; otherwise
the zinc vapour formed gets oxidised to form 'philosopher's wool'. The
ancient Persians' attempt to reduce zinc oxide in an open furnace was not
successful. Later, it turned out that the downward distillation technique
used for zinc extraction was, indeed, an advanced technique and its
evolution probably heavily depended on the Ayurvedic and alchemical
expertise of ancient Indian artisans.

The second era of the discovery of zinc and the invention of its smelting
technology began roughly around the third to fourth centuries BCE and
gradually evolved to as late as the twelfth century CE. The production
of zinc could be achieved only by proper design of various components
like the furnaces, retorts and the arrangement for condensing vapours.
Sphalerite, zinc sulphide, with impure dolomite, was mined, crushed,
concentrated and roasted to get oxides. Small pellets containing the oxides
with carbonaceous material and salt were used as smelting charges. The
charge was loaded into small, thin-walled clay retorts. In order to retain
the charge in the retorts while inverting, cylindrical reeds were inserted
into charged retorts through funnel-like condenser tubes. When heated,
the reeds burnt away, providing clear flow channels for the zinc vapours
to flow out of the retorts. The cross-section of an ancient zinc distillation
furnace, as found in Zawar of Rajasthan is shown in Figure 2. There
is ample evidence, both archaeo-metallurgical and literary, to show that
India developed a procedure to extract zinc from its ore in large amounts.
Many other metals like gold, silver, tin and even deliberate production
of iron, were well mastered by the ancient Indian artisans.
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Schematic of a smeltingfumace for extraction of zinc in ancient India

The archaeo-metallurgical evidence confirms the prevalence of advanced
smelting practices of zinc in ancient India. The time of this technology has
been traced to the third and fourth centuries BCE,based on earliest C14
dating of mines in Rampura-Agucha (40 krn south of Ajmer), RajpuraDariba, and most crucially, the Zawar systems. Great heaps of small
retorts at Zawar, 40 km south of Udaipur in Rajasthan, tubular retorts, and
130,000 tonnes of residues bear testimony to extensive zinc production
from the twelfth to sixteenth centuries. A crude estimation from the
extracts suggests extraction of equivalent of 1,000,000 tonnes of metallic
zinc and its oxide.
There is evidence in a number of places for the use of zinc as a
metal, without which good quality, high zinc containing brass could not
have been made. At Prakasha, a Chalcolithic site in the Deccan plateau,
copper objects with 18-26% zinc have been found, belonging to the
second millennium BCE.Some Iron Age sites in the Ganga valley, such
as Artranjikhera, contained copper alloys with 6 1 6 % zinc. Taxila, 20
miles north of Rawalpindi, contained copper with 34% zinc and dated
from the third to the first century BCE.A large number of artefacts and
sites with copper alloys having high zinc content in the pre-Christian
era were identified in places like Dwaraka, Ayodhya, Manikyala (second
century CE) and Rajghat. There is evidence for the popular use of high
zinc containing brass much later in history, as in the Mauryan, Sunga,
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Kushana and Gupta eras. However, persistent efforts over centuries on a
large scale can be traced only to Rajasthan, starting around 200-300 BCE.
The use of brass and other alloys for religious and domestic purposes
reveals the tradition of arts and crafts in ancient India. Harappan culture is well known for its exquisite stone and metal sculptures. Another
medieval craft which developed based on zinc technology is called Bidriware, prevalent even today. The fine craftsmanship in Bidriware, with
its sleek and smooth dark-coloured metal work with intricate designs
on its glossy surface, is famous. An example of Bidriware is shown in
Figure 3. Basically, Bidri is a zinc-copper alloy, the opposite extreme
of brass. Its surface is temporarily darkened using copper sulphate for
engraving delicate designs into the metal. An inlay of either silver or
brass or gold is used. The decoration is burnished with certain chemicals,
which darken the body, producing a black patina without damaging the
inlay. Historical evidence shows that a large amount of Bidriware was
made for presentations to dignitaries, such as Alauddin Bahamani I1 in
1434 CE,Russian emperors (1470-74 CE) and the Prince of Wales in 1875.
In fact, the story goes that Alauddin Bahamani I1 was so impressed that
he invited his craftsmen in Bijapur to settle in Bidar itself.

Figure 3

An artistic design of 'Bidri boxes'from Bihar using the Bidri technology.

EVIDENCE
FROM ANCIENT LITERATURE

Most of the evidence from ancient literature for the production of metallic
zinc in India originated from a much later period in history, somewhere
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between the twelfth and fourteenth centuries CE.The ArthaSBstra is the
earliest literary evidence illustrating the production of metallic zinc on
a regular basis in India. In the ArthaSistra, brass is referred to as arkuta
and liquid ore. There is also reference to burning rasa (metal) to produce
an eye salve or zinc. The epics of India refer to brass as kamsya while
Grihyasutra refers to it as arakutah or riti or pitale. The more popular
name for brass was riti or ritika - a derivative of the word herita for
yellow - a synonym in Vedic literature. Many records from the preChristian era of Manu, Yajnavakya and Patanjali refer to brass as ritika.
The book Rasarnava described the production of metallic zinc in 1200 CE.
The Rasaratasamuccaya, a fourteenth century alchemical text, described
a wide range of practices. It also described a type of special furnace
for distillation, used by many alchemists such as Nagarjuna, who is
considered the best chemist of the ~itavihanaperiod of the fourth century
CE.However, Rasavidya (alchemy) was a closely guarded secret. The Aini-Akbari, a medieval text, refers to ruh-i-tutiya i.e., zinc found at Zawar.
The word ruh-i-tutiya is probably derived from tuttha; this word was used
in the Arthaiistra to refer to silver ore.
Apart from these demonstrations of India's zinc smelting technology,
there is some evidence showing ancient zinc in other countries. Excavations in the agora in Athens yielded a nearly pure zinc deposit dating
back to the third or second century BCE.These observations suggest that
its smelting was probably known both in India and Greece since the
middle of the first millennium BCE.This is surprising, since there is no
other evidence, neither archaeo-metallurgical nor literary, to confirm that
Greeks were producing zinc at that time. Perhaps the Greeks obtained
zinc from India. There are also occasional references to zinc coins of
200 BCE to 200 CE and brass objects of the Neolithic age in China. The
routes of these are not clear. There is some literary evidence showing
that the Chinese and Indians shared their alchemical knowledge. It has
been found that zinc technology migrated to China through Buddhist
scholars, where it developed into an industry to meet the needs of manufacturing brass. The Chinese apparently learned about zinc smelting
around 1600 CE.This is supported by the absence of references to zinc in
an encyclopaedia written in the latter half of the sixteenth century. The
procedure of zinc manufacture is described in detail in a book by Dian
Gong Gai (Tien-Kong- Kai) in the early seventeenth century. Zinc smelting in China seems to have begun in the Jiajing period (1552-1566 CE) of
the Ming dynasty, based on excavations at Guizhou. It was exported to
Europe by the end of the seventeenth century CE under the name totamu
or tutenag. The word tutenag is tutenagam in the South Indian language
Tamil, and in Persian tutiya is used for calamine and "tutty" is used in
English for zinc oxide.
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The story of zinc in Europe started around the thirteenth century CE,
again without recognising the individual property of zinc. It was found
that, to colour copper to look like gold, glass had to be sprinkled on top
of the crucible making copper. The glass acted as slag, preventing the
escape of zinc vapours and increasing the zinc content of copper. Further
refinement of this process was in progress throughout the sixteenth
century. In an attempt to extract lead and silver using ores from Harz
Mountain in Rammelsberg, a white metal was condensed and scraped
off the walls of the furnace. This unknown metal used to glitter like
gold, hence it was named.. "contrefey". It often contained zinc, which
was not then recognised. However, the similarity of this new metal with
those produced under similar circumstances in Silesia by the local people
was identified. The local people in Silesia called it "zincum". Later in
the sixteenth century, it was realised that "zincum" was a new metal
and its properties were distinct from other metals known at that time.
The knowledge of deliberate smelting of zinc in a retort was transferred
when William Champion visited China in 1740 CE. He established the
technology in Bristol, patented it, and commercialised the production
process to the tune of 200 tons per year by 1758 CE.
By the turn of the eighteenth century, the zinc mines in Rajasthan and
Gujarat had unfortunately to be closed down and the technology became
extinct. This is attributed to a number of reasons, such as the devastation
by the Maratha wars, the great famine of 1812 or the pollution due to
clouds of cadmium dust found in residues of zinc smelting sites. However,
none of the reasons can be verified. The persistent efforts of Indian metalsmiths, spanning many centuries, have made significant contributions
towards the smelting technology of a difficult and enigmatic metal.
Baldev Raj, M. Vijayalakshmi and B.Venkatraman
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Meteorology
The very first stage of civilisation was marked by peoples' efforts to
understand their surroundings and make use of their beneficial aspects.
Their first action in this direction was to produce food, making use of the
available water in the rivers and rainfall in the region. Though initially extreme phenomena like heavy rains, winds, cold and hot spells, droughts,
and floods, appeared incomprehensible and hostile, early humans gradually sorted out their seasonal character and planned their agricultural
operations accordingly. Thus began in a crude way the development of
weather science all over the world.
In India, the development of this science commenced in the early
Rgvedic period. That the heat of the Sun lifts the water to the atmosphere
which after some time comes down as rain was recognised by the Vedic
seers at a very early stage. In order to explain the occurrence of rain
during a restricted period of about two months in their region in extreme
North-west India, they imagined that water was absorbed by the Sun's
rays in the vast ocean areas in the south during the winter season and
the humid air carried northwards by the Sun's rays. When the Sun
attains its extreme northward position and starts retracing its path, the
humid air gets deflected near the foot of the Himalayas and brings rain
from the east to their region. These moist easterlies replace the westerlies
that were present in the region before the arrival of the monsoon rains.
Whenever there was drought, they performed rituals to invoke the rain
god. They believed that in Nature there is a feed of a substance called
soma from above into the atmosphere, which aids the occurrence of
rainfall. Therefore they fed into the ritual fire some substances like wild
dates and some special types of grass which produced smoke and were
believed to be effective in aiding rainfall.
The post-Vedic scholars developed the subject further, mainly working
on the pregnancy concept of rainfall. They looked fbr symptoms in the
winter season for the commencement of pregnancy and identified the
characteristics of winter disturbances in their region as indicating the
same. Working along these lines, they were able to observe weather very
carefully during the pre-monsoon months and were able to define the
course of events which go towards the nourishment of rain embryos and
the delivery of good summer rainfall at the right time after 195 days. Any
departure from the defined meteorological conditions during the growth
period, such as too much rainfall, or snowfall, unfavourable winds, and
temperature, was said to affect the quantity of rainfall delivered during
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teenth and eighteenth centuries, the military and trade activities of the
European powers in the Indian Ocean waters increased.
Matthew Maury in his Physical Geography of the Seas (1874) explained
the formation of monsoon winds as resulting from the heat of the plains
and deserts of the Asian region. The following ideas about the mechanism
of the south-west monsoon and its rainfall were generally agreed upon
by the meteorologists of the nineteenth century.
The plains of North India get very hot during the summer, and the
air over that region ascends and becomes light. As a result, air over
the sea areas where the pressure is high both in the neighbourhood of
the Equator and south of it, moves towards the region of low pressure
of the land. The south-east tradewinds, while moving northwards and
crossing the equator, become south-west winds, owing to the rotation of
the earth. Again, these south-west winds do not blow directly into the
region of low pressure, but go around it in an anti-clockwise direction.
If one stands with one's back to the wind, the pressure to the left is
lower than to the right in the northern hemisphere. In the southern
hemisphere, the realtion is reversed. The copious precipitation of the west
coast is due to the high mountains which run along the coast. The higher
the mountains, the heavier the precipitation. The monsoon is sustained
by the latent heat released during the precipitation, which adds more
heat to the atmosphere, and therefore further rarefaction takes place.
Strong winds blow into the region of heavy rainfall, since air from the
neighbouring regions rushes to occupy the space created by ascending
air.
Meanwhile, more knowledge was added to the science of cyclones in
the Indian Ocean. Henry Piddington made a monumental contribution
to the science of storms. He was the first to coin the term "cyclone",
which gained world usage later. In a series of papers he gave detailed
accounts of many Indian Ocean cyclones. His best-seller at that time was
the Horn Book of Storms for the India and China Seas, which was followed
by another book called Horn Book for the Law of Storms, in which he
explained the use of transparent horn cards provided in his book for
finding out the centre of cyclones.
Many Indian meteorologists, led by Desai, Rao, Koteswaram and Majumdar, worked on various aspects of the formation of cyclones. They
investigated the role of the upper tropospheric flow patterns in the intensification, movement, and dissipation of tropical disturbances in the
Indian Ocean. The availability of aircraft winds and satellite pictures
enabled the meteorologists, such as Raman and Srinivasan, to study the
low-level convergence and associated winds around the calm eye region
of the cyclone, upper-level divergence, and the relation of the direction
of movement to the upper-level winds. They also studied the influence
of sea surface temperature on the formation of the cyclone.
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the rainfall period. They also believed that hail would occur if the rain
foetuses overstayed in the atmosphere. The Moon's position with respect
to the Sun and the stars was believed to influence the formation of rain
embryos. The Moon was conceived as a replica of soma in the heavens,
and soma was capable of fertilising the atmosphere.
Based on such concepts and extensive observations, the post-Vedic
scholars developed several rules of long-range rainfall forecasting. If they
were at all successful, it was certainly due to their capacity to observe dayto-day weather and individual weather elements, like clouds, temperature
conditions, wind, rain, lightning, and thunder. They were extremely
clever in mentally working out correlations based on observed data. For
short- and medium-range forecasting they framed many rules of thumb
based on winds, clouds, temperature, lightning, thunder, moisture in the
atmosphere, behaviour of people, animals, birds, snakes, worms, insects,
trees, and plants, as well as visual impressions of the Sun, Moon, stars,
and sky. They were so thorough with local weather that their capacity
to forecast in the short- and medium-range was as high as that of any
modern forecaster who does the same with sophisticated equipment and
maps.
Measurement of rainfall in India dates back to the fourth century BCE.
A standard rain gauge was constructed around the third century BCE,
and this system of measurement was prevalent in North India for a very
long time (third century BCE to CE sixth century).
Well before the birth of Christ, the Arab dhows sailed across the Indian
Ocean for trade purposes. Hippalus, a Greek pilot of the first century,
sailed across the Arabian Sea for the first time. A handbook for merchants
called Periplus was written by a Greek around CE 50. Subsequently, Arab
geographers wrote many books giving details of Indian ocean voyages.
Sidi Alis' Mohit, written around CE 1554, not only gives a map of the
Indian Ocean area but also mentions the occurrence of monsoons at fifty
distinct places.
With the arrival of more voyagers from the west in the Indian Ocean, a
steady effort for systematically observing the wind, weather, and weather
systems of the Indian Ocean commenced. In his first voyage from Melinda
to Calicut in 1499, Vasco da Gama made use of the monsoon winds and
reached his destination in just three weeks. William Dampier published
many observations of Indian ocean weather and weather systems in his
travel accounts. He was a sixteenth century buccaneer who lived and
worked with some of the rowdiest pirates in history. But he was also
an astute observer of nature in general and weather in particular. In his
Discourse on Winds and Breezes, Storms and Currents, he deals with general
wind systems throughout the world and their seasonal changes, which
include the South-east trades of the South Indian Ocean and Northeast
and South-west monsoons of the North Indian Ocean. During the seven-
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As regards the south-west monsoon, the u p p e r air observations of
wind a n d temperature a n d also the newly formulated dynamical concepts
enabled the meteorologists to understand many synoptic aspects of the
monsoon. Many meteorologists studied the role of the easterly jet stream
a n d t h e Tibetan high, the northward shift of the westerly jet stream, the
advance of the intertropical convergence zone to Northern India, a n d the
extension of equatorial westerlies. Koteswaram a n d Flohn (1960) m a d e
important contributions i n this field.
Today meteorology, i n India is a highly developed subject, both from
the research a n d service point of view. The country has produced m a n y
skilled meteorologists whose expertise is o n par with that of meteorologists of developed countries.

A.S. Ramanathan
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Military Technology
The term military technology is broad, and, as a subject restricted to nonWestern cultures, potentially laden with analytical complexity. In fact,
the contraints of a survey make it necessary to view the more technical
innovations of the larger cultures rather than the myriad variations on
pointed weapons fashioned by essentially all peoples. Stimulated by
environment and nature, the gamut of world cultures have used artistic
and functional inventiveness in weaponry. Non-Western ancient military
technology provided significant origins for Western military technology
as well.
The first most significant line in the military technology progression
was metallurgy of copper in the transitional period between the Neolithic
and true Bronze Ages, approximately between 4500 BCE (perhaps 5000
BCE)and 3500 BCE in the Near East arc from Mesopotamia to Egypt.
Copper's cold malleability enabled the earliest metalworkers to beat,
rather than fire it from the ore as with harder metals. In doing so,
they could fashion a metal version of basic wood, bone, and stone
pointed weapons: arrow tips, spears, and particularly, swords. This was
followed by smelting (melting metal to separate out impurities) and
founding (melting the purer metal for casting and molding). By about
3000 BCE the general use of copper and experimentation with its alloys
(bronze with tin and brass with zinc) ushered in the Bronze Age to
south-western Asia over five centuries before general use. This was an
essentially Near Eastern phenomenon, probably disseminated to India,
Anatolia, and surrounding areas after this.
As far as we know today, the first great civilisation of humanity was
that of Sumer in southern Lower Mesopotamia after 4000 BCE.Among
so many accomplishments handed down to subsequent Mesopotamian
civilisations and the west, one especially important one was worked
copper alloys and probably bronze swords. Mesopotamian cast copper
mace heads, the first technical use of metal, date from 2500 BCE. About
the same time Sumerian smiths were casting socketed axe heads. In the
north, Semitic peoples to be called Akkadians, from which the Assyrian
and Babylonian cultures developed, assimilated Sumerian technology.
Before 2000 BCE non-Semitic, Indo-European invaders from Central Asia
began various waves of infiltration from Asia through Asia Minor into
Mesopotamia and on to India. All would leave their military mark. Among
these were the Hittites from the north-west and later the Hurrians from
the north-east and the Caucasuses - the one moving into Lower, the
latter into Upper Mesopotamia.
The Hittites overran most of Asia Minor (Anatolia) after 2000 BCE
and about 1500 BCE invaded Babylonia long enough to raze Babylon.
Anatolia, a high plateau fringed by mountain ranges, was rich in mineral
resources, among these gold and silver, but most importantly iron. The
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Hittites probably ushered in the early Iron Age by their use of this much
harder metal in their weapons. In the general extent of south-western
Asia the Iron Age did not arrive until about 1000 BCE, although a few
Mesopotamian objects of perhaps smelted iron have been dated before
2200 BCE,and some Egyptian work has been conjectured as even older.
Iron was much superior to bronze in edged and projectile weapons
and required higher temperature metallurgical processes of smelting iron
ore and founding the crude metal. Although it was thought in some
quarters of the last century that Egypt was the cradle of iron work,
development of its metallurgy may have been contemporary with that
of Asia Minor, considering abundant Egyptian iron resources. The use of
iron also brought more effective defensive hardware, i.e. in armour and
in horse trappings and the chariot.
The horse and the two-wheeled chariot were Hittite innovations to
Western Asian warfare. The horse brought mobility to tactical manoeuvering on the battlefield for the specialised soldiers called cavalry. The
chariot was introduced during the eighteenth century BCE and likely
by the Indo-European Aryans (Indo-Iranian, also metalworkers - perhaps early iron weapon users) who invaded Iran from the north-east
at that time and influenced the Hittites and evidently held sway over
the Hurrians. The chariot provided a further tactical edge, allowing a
soldier or two soldiers to act in concert in inflicting multiple casualties
at one time. As specialised warriors, the charioteers introduced military
class rule to Near Eastern civilisations. With the added innovations of
scythe-like blades on its wheels, the chariot also added the mass fear
psychological factor to warfare. The Hittites took Northern Syria in their
clash with Egypt about 1400 BCE, the latter having adopted the horse
and chariot after their temporary defeat by the chariot tactics of the
Hyksos, Amorite peoples who invaded Palestine about 1700 BCE. These
latter also contributed large fortification technology to the general mud
wall military architecture pool of the Near East which started with the
high curtain walls of ancient Jericho (8000 BCE),the first example of
specialist military architecture.
By the middle of the fourteenth century BCE the Assyrians were able
to take the military ascendancy in Upper Mesopotamia and eventually
all of Mesopotamia by the late eleventh century BCE,to become a great
empire. By the eighth century BCE the Assyrian army had reached an
apex of coherency, a blueprint for the Persian army. Made up of both
professional and militia soldiers, the Assyrian army equipped all troops
with finely tempered iron weapons. They employed cavalry and chariots,
archers (using the composite recurved or reinforced bow, found in the
Middle East to 3000 BCE),and slingers, who used the simplest, oldest
missile weapon. Adding to their siege tactics, sappers (essentially meaning
diggers at that time) were used in approaches to mud-walled defenses,
as were battering rams and wheeled-platforms, equipped with shielding
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defenses against arrows, for rolling against such walls. By the sixth
century BCE the Persians had become heir to the Assyrian Empire and to
the diverse military technology of the Near East. It remained dominant
for two hundred years until the informal transition of east to west finally
came face to face with the challenge of Greece under Alexander the
Great in the middle of the fourth century BCE.
In the Far East, Chinese civilisation as far back at 2000 BCE was
characterized by a value placed on functional technology. The integration
of the wall into Chinese cultural architecture was given a profound
military expression in the Great Wall, which was started in 214 BCE by
the first emperor Shi Huangdi as a linking of earlier rampart walls. It
was meant to keep out the northhorth-western invaders who would
plague China for centuries. The crenellated, brick-faced wall still stands,
stretching some 4000 miles and 30 feet (9 metres) high, with regular spaced
square watchtowers 40 feet (12 metres) high with a 9-12 foot ( 3 4 metre)
passageway through them. Along with their own cultural variations on
basic weapons, the Chinese designed light hunting crossbows by the fifth
century BCE and were using them in combat by the second century BCE.
The use of iron metallurgy continued to be the prime advance in
military technology. Iron ore is plentiful all over the world. Variations
of alloying iron with carbon in smelting processes, which included the
introduction of air blasting to fan the fire (the forge) to high temperatures,
meant that steel (iron with a small proportion of carbon) and its hardening
were probably fairly contemporaneous with iron working (from 1000 BCE).
Although dating is indeterminate, the great deposits of iron in Central
Africa and the proximity of the Egyptian influence point to limited iron
and steel forging. Indian weapons of iron were prevalent by 500 BCE.
In fact, tempered steel was produced fairly early in India. Bars, rods,
and plates of raw steel were exported throughout the Near and Middle
East. Indian steel was used in the founding of blades of "watered steel"
(the process of folding malleable steel over and over then beating it out).
These light, high tensile strength curved (Damascus) blades enabled the
effective long sweeping offensive draw cut, used by both the infantry
and cavalry of Western and Central Asia down through the last century.
The development of the relatively simple smelting methods of steel and
steel weaponry was disseminated eastward to southeast Asia via Indian
colonisation. Iron weaponry and working began independently in China
about 500 BCE and smelting of crude steel was fairly contemporaneous
(about 400 BCE).By the Middle Ages the effectiveness of the Mongolian
steel sabre, influenced by Middle Eastern contacts, was supplanting the
straight Chinese sword. Japanese iron weaponry, with Chinese influence,
began about 200 BCE,although the earliest relics date between the second
and eighth centuries CE.The best of the distinctive long, slightly curved
samurai steel blades date from the twelfth century, and progress to the
fine temper-lined watered blades of later centuries. All these areas applied
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iron and steel technology to military accouterments and armour. The
work of the Near and Middle East, China, and Japan was particularly
artistic as the Middle Ages progressed.
Although the steel sword would remain the principal weapon of the
great non-Western cultures, the destructive potential of gunpowder technology into the High Middle Ages was to affect the larger non-Western
cultures as it did the West. The use of incendiaries was already ancient,
most noticeably in China. The so-called "Greek fire", the generic term for
a variety of mixtures based on naphtha (a petroleum distillate) added
to sulphur, pitch, turpentine, tars, and oils (in modern interpretation,
probably a suspension of metallic sodium, lithium, or potassium in a
petroleum base), was perhaps in crude use by the fifth century BCE. It
is noted as being used by the Boeotian Greeks at the siege of Delium in
424 BCE during the Peloponnesian War.
The historiographic origin of gunpowder, that is black powder, is still
controversial. The gunpowder recipe itself is of uncertain origin, but
its basic constituents are now generally first attributed to ninth century
Chinese alchemists. It might also be the independent product of Islamic
lands, most likely Moorish Spain by the mid-twelfth century. From there
it perhaps moved to India where there may have been independent
knowledge and use of the chemical ingredients from the late eleventh
century. It was known in Northern Europe by the early thirteenth century.
The argument for an intermediary disseminator, the Eurasian Steppe
lands, the EuropeadAsain crossroad, to Islam and Europe, particularly
by the thirteenth century Mongols is also plausible.
Explosive application of gunpowder in a weapon has also been controversial. Some theorists of Chinese primacy (Chinese toy rocket experiments for fireworks evolved early) date bamboo-tube hand guns or
cannons and rockets for arrows and spears from CE 900-950. Various
types of incendiary arrows, slings, and javelins, as well as incendiary
and exploding bombs, grenades, and fire-balls are also attributed to the
Chinese by the eleventh century. The historical point of military effectiveness of such devices remains uncertain. Widespread military use in
China did not appear until the Song-Jin dynastic wars of the twelfth and
thirteenth centuries. By the thirteenth century bomb technology with
iron casings and large size was used by Chinese and Mongolian antagonists in land siege warfare. There is also evidence of time delay fusing
using flintstone abraded against steel wheels to set off multiple mines in
fourteenth century China. Rockets were introduced to Europeans during
the Mongol western invasions at the Battle of Legnica in 1241.
Gunpowder weapons applications appeared about the middle of the
thirteenth century in Muslim North Africa and Moorish Spain as crude
iron and iron-reinforced wooden bucket mortars for flinging stones in
fortifications warfare. Also, Moors were using effective rockets on Spanish soil by 1249. Thereafter some evidence shows that the evolution of
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mortars, cannons, and finally handheld firearms progressed with most
tactical efficiency in Europe, although some historians date Chinese cannons of significant size and metal composition from as early as the tenth
century. Non-Western applications were innovative in their own right. By
the middle of the fourteenth century, cannons mounted on walls or on
mobile carriages and cradles had replaced most of the traditional engines
of war in both Europe and the Near East. And eastern projectiles ranged
from stone balls to huge arrows with sheet-metal fins.
The growing threat to Eastern Europe, the Adriatic, and the Aegean
by the ascendancy of the Ottoman Turks through the fourteenth century
was furthered by their pursuing the use of artillery to challenge the
weakening Byzantium Empire. A parallel was the thirteenth century
Mongol challenge and conquest of China, with cavalry, siege tactics, and
gunpowder technology. By the fifteenth century the Turks were casting
- sometimes with the guidance of European renegades - huge bronze
mortars and cannons, such as those used in the final siege and fall of
Constantinople in 1453.
The Turks also turned to the Western matchlock arquebus, the first
gunpowder longarm, which was the single most important transitional
pivot from medieval to modern warfare. The Ottoman domination over
the Arab world influenced firearm dissemination to Arabia and North
Africa where, unlike the more angular stock of Turkish and Persian guns,
styles reflected Arab and Kabyle preferences.
The influence of the West on the Asian Pacific was initially felt in trade
and subsequently in acquaintance with western gunpowder technology.
Perhaps the most interesting case involved the Japanese, who quickly
adapted the matchlock arquebus which the ubiquitous Portuguese traders,
already established in China, brought in 1542. The Japanese matchlock
was an austere but highly stylish weapon, smaller in size and calibre
than western matchlocks with a spring design firing mechanism, which
soon joined the traditional feudal weapon array and went on to change
the tactical manoeuvering of the civil warfare of the sixteenth century.
The Korean civilisation provides an interesting development in Asian
and world naval warfare at this point in military technological history.
Located on a strategic peninsula, the Korean people endured centuries
of piratical incursions from the Japanese islands on one hand and politically complex dynastic invasions' from the Chinese mainland on the
other. A sophisticated native culture, including science and technology
(particularly, shipbuilding), was able to grow from the tenth century.
Until 1592 peace and cultural advances continued. Then the Japanese
general Toyotomi Hideyoshi unified Japan, calling for the invasion of
China through Korea, which refused his passage. Although they had
cannons, the Koreans did not have the matchlock longarms of the 200,000
Japanese invaders. The ensuing incursion was successful until 1593 when
the Korean admiral Yisunsin invented what must be the first ironclad
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ship, evidently thin iron plating over a high, flattened oval-shaped ship
of sixteen oars with circumference cannon ports. Burn- and board-proof,
a fleet of these "tortoise boats" was sent against and defeated a Japanese
armada in Chinhai Bay. This triumph provided the impetus to drive the
Japanese out.
The Chinese perpetuated their own hand cannon, large wall artillery
technology, and shipboard cannon well into the nineteenth century. They
adapted the Portuguese style of longarm lock but designed their own
pistol grip-like stock. Both features influenced the far away Malaysian
peninsula gun style which itself influenced the intermediate region of
the Gulf of Tonkin. On the under side of Asia, Indian matchlocks showed
significant regional variations from both the Portuguese and Arabic initial
introduction. Three basic subcontinent Indian matchlocks were joined by
very stylised weapons from Ceylon (Sri Lanka). By the early seventeenth
century the Ceylonese exceeded the Portuguese in the manufacture of
musket size matchlocks, one type with a unique bifurcated scroll butt.
The Burmese side of the Malaysian peninsula essentially used Indian
matchlocks with local decorations.
Although more isolated non-Western peoples continued to use the
matchlock (indeed, the Japanese did until the early nineteenth century),
most succumbed to trade and import and adapted to the progression of
firearms manufacturing and, just as significantly, ordinance technology
in keeping with the single-minded exigencies of superiority in warfare.
These latter factors inevitably and irrevocably set the new course of
non-Western military technology as a dependent reflection of the West,
a reflection all the more thought provoking in the modem shadows of
nuclear and chemical weaponry.

William J. Mcpeak
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Munisvara
MuniSvara (b. 1603), son of Ranganatha, was born into a family of reputed
astronomers of several generations, who had migrated from their original
home on the banks of river Godavari in the south to Varanasi in the north
of India. MuniSvara's paternal uncle, Krsna Daivajfia, was patronized by
the Mughal emperor Jehangir, who ruled from Delhi (1605-28). Elevating references by MuniSvara to Shahjehan, who succeeded Jehangir as
emperor in 1628, and casting the horoscope of the time of Shahjehan's
coronation are, pointers to the continued royal patronage enjoyed by
MuniSvara's family. In his commentary on the Lildvati, MuniSvara states
that another name of his was ViSveSvara.
MuniSvara was a prolific writer, on both mathematics and astronomy, and wrote both original works and commentaries. The
Siddhdntasdrvabhaurna, written in 1646, is his major work on astronomy. In
twelve chapters, of which nine chapters constituted Part I, the work dealt
with the subjects of a normal textbook. In Part 11, the work dealt with
the armillary sphere, astronomical instruments, and astronomical queries.
He also composed a commentary on the work called Aiayaprakiiini,
which is dated 1650. On mathematics, MuniSvara has two works: Pdtisdra
and GanitaprakdSa. He was an admirer of Bhaskara 11. His commentaries
on Bhaskara's Siddhdntaiirornani, entitled Marici, and on Lildvati, entitled
Nisrstdrfhaduti, are justly famous for their exhaustiveness, lucidity, and
citations from earlier authors. He also commented on the Pratodayantra
or Cibukayantra, a short work on an astronomical instrument used for
the ascertainment of the time of the day, by GaneSa Daivajfia.
MuniSvara had professional detractors whose views differed from his.
One was Ranganatha, author of the manual Siddhdntaczldarnarii (CE 1640),
who, in a short work called Bharigivibharigi, criticized MuniSvara's Bhangi
(Winding) method of computing true planets. This work was refuted
by MuniSvara in his Bharigivibharigi-kha&ana. Another was Ekanatha, an
astronomer of Maharashtra origin, settled in Varanasi, who seems to have
passed strictures on MuniSvara's exposition of three verses on declension
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(krinti) in Bhaskara's SiddhintaSiromarii. MuniSvara refuted Ekanatha's
criticism and established his views in a short work entitled Ekanithamukhabhafijana (A Slap in the Face of Ekanatha).
Though MuniSvara accepted Islamic trigonometry as an aid to studies
in astronomy, he severely contradicted the theory of precession advocated
by KamalBkara, against which Ranganatha wrote a work entitled Lohagola-khandana, which MuniSvara's cousin GadBdhara refuted in his Lohagolasamarthana (Refutation of the Loha-gola).
Characteristics that cannot be missed in MuniSvara's writings are the
lucidity, chaste language, and the elegant style in which they are couched.
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Narayana Pandita
.
Nariiyana, the son of Nrsimha (or Narasimha), was one of the major
authorities on Indian mathematics after Bhaskara 11. We do not know
when or where he was born. He wrote two Sanskrit mathematical texts:
the Ganitakaumudi on piti (arithmetic) in 1356 (which is confirmed by
the final verses of the book) and the Bijaganitdvatamsa on bija (algebra).
Narayana Pandita was confused with another Narayana, a commentator
on the Lilivati.
The two books consist of rules (sdtras), examples (udiharanas) and
commentary (vdsand) thereon. It is in the vdsani on the Ganitakaumudi
but not in the mula that a reference to the B$aganitivatamsa is found.
The Ganitakaumudi was published by E Dvivedi in two volumes based
on a single manuscript which had belonged to his late father. The
numberings are not accurate. It consists of paribhis2 (metrology units),
parikarma (basic operations) and fourteen vyavahdras: the traditional eight
vyavahdras, kuttaka, vargaprakrti (indeterminate equations), calculations for
fractions, rule for fractionising, the net of numbers (combinatorics), and
magic squares. A critical edition of the last two vyavahdras with an English
translation and his own commentary was published by T. Kusuba in 1993.
Narayana's method of finding factors of a number p e n in the eleventh
vyavahdra is equivalent to the one by the French mathematician Pierre de
Fermat. The twelfth vyavahdra includes rules to express the number one
as the sum of a number of unit fractions, which are similar to those given
by Mahiivira. The rules in the thirteenth chapter are modelled on those
of the Lilivati, but are further advanced and can be compared to the rules
for combinatorics in metrics and music. The Ganitakaumudi is the first
Sanskrit mathematical text so far available that deals with magic squares.
Only the first portion of the Bijaganitdvatamsa, based on a single and
incomplete manuscript at Benares, has been published. The rules for
kuffaka and vargaprakrti in the extant portion are similar to those in the
Ganitakaumudi as well as those of Bhaskara 11.
Takanori Kusuba
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Navigation in the Indian Ocean and Red Sea
Navigators in the Indian Ocean used the monsoons since before our
era. The Chinese knowledge of monsoons was documented first, but the
Indians and Middle Easterners benefited from them as well. The Greeks
learned about sailing with monsoons between the Red Sea and India no
later than the expedition of Nearchus (326-325 BCE).A Roman port was
established at Adulis to trade with India under Ptolemy I11 Euergetes
(247-221 BCE).The Greek Periplus of the Erythrean Sea (first century CE)
attests to the Arab domination of routes between Arabia, East Africa, and
India. With the rise of the Persian Sassanid Empire, Yemen, a crossroads
of sea trade, became subject to rival interests of Persians, Byzantines,
and Ethiopians. Persians seemed to control the navigation in the western
part of the ocean until shortly before the rise of Islam. The revival and
expansion of oceanic trade under the Abbasid caliphate (750-1258) must
have involved not only Arabs and Persians but also coastal populations
converted to Islam later, but the sources are not specific on this point.
Participation of Indian Muslims as well as non-Muslims in navigation
and piracy is recorded by Ibn Battufa in the fourteenth century. Islamic
navigation in the Indian Ocean and the Red Sea and the Persian Gulf is
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often referred to as Arab navigation largely because the known sailing
instructions and literary works describing methods of navigation are in
Arabic. Early statements by some European scholars to the effect that the
Arabs did not like or know the sea ignore the fact that Islam arose among
northern Arabs at the time when south Arabians had accumulated many
centuries' worth of sailing experience.
The Red Sea was the scene of early contacts between Muslims and
Africa, especially Egypt and Ethiopia. It continued to play a role of conduit
between the Mediterranean and the Indian Ocean and eventually carried
heavy annual pilgrim traffic to Jedda and al-Jar (the port of Medina
during much of the Middle Ages). Mocha was the main port in the
south, Aqaba in the north-east; Qulzum (a major naval base) and Qusayr
were prominent on the Egyptian coast, and ~Aidhabon the African coast
opposite Jedda. Outside the Bab el-Mandeb the ships stopped at Aden
on the Arabian side or Zeila on the African side. Pirates found refuge on
Dahlak and the smaller islands; once out in the Gulf of Aden, Socotran
piracy was a threat.
During the Crusades the Red Sea became a scene of European attacks
on Muslim shipping. Rulers of Egypt always tried to gain control of both
coasts of the sea as well as Yemen. The Turkish conquest of Egypt and
Yemen in the early sixteenth century made the Ottomans masters of
the Red Sea and allowed them access to the Indian Ocean, where they
tried to take over shipping routes leading to India, the Persian Gulf, and
Africa. However, they were forced to yield to superior Portuguese force
and later suffered naval intrusions into the Red Sea by both European
and Indian (Gujarati) vessels. A major concern for Turkish authorities at
Mocha and on the Ethiopian side (eyalet of Habasha) was the security and
provisioning of the pilgrims to Mecca. Bombay, Goa, and Surat served
as major ports for the Red Sea India trade, and Massawa had a colony
of Indian merchants (banyans) from the late sixteenth century.
Sailing from the north was relatively easy, although passing the tip
of the Sinai Peninsula was feared because the winds from the Gulf of
Aqaba and Gulf of Suez met there. Ships carried from the ocean to the
Red Sea by the monsoon had to sail against northerly winds once past
the strait of Bab el-Mandeb. Jedda was the terminus of oceanic routes;
transit further north had to use smaller boats. The only extant sailing
instructions for the Red Sea cover the distance from Jedda to Aden (by
Ahmad ibn Miijid, ca. 1500). Latitude measurements taken by the stars
could use the Polaris Jdh because of the northerly location. "Triangular
instruments", not described otherwise, and quadrants are mentioned.
Finding one's location was not difficult in confined waters, but navigation
was dangerous because of numerous coral reefs, contrary winds, and
currents. The journey from the north to the south end took thirty days
(sailing by day only and coasting), but the ships of Saladin's navy could
reach the speed of 4-5 knots. The north wind of the Red Sea shamdl
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reached the southern part only from May to September, coinciding with
the short period when the prevailing wind in the Gulf of Aden was
westerly, thus propelling ships into the Indian Ocean. The south-easterly
wind of the Red Sea azyab reached half way up.
Navigation in the Indian Ocean was dominated by the monsoon
(from Arabic mawsim , "season"), a wind system that reverses direction
seasonally. Both halves of the Indian ocean are subject to monsoon regime.
The south-west monsoon kaws begins in March on the East African coast,
slowly spreading eastwards. It reaches its maximum strength in June and
blows across the ocean until October, bringing the heaviest rains to India
in June and July and causing heavy swells which made landing difficult
and even closed the ports. The north-east monsoon azyab originates
from the Indian mainland in early October, reaching Zanzibar by late
November. It makes it easy to sail almost directly from Malacca to Jedda
as the wind continues into the Gulf of Aden. Between the monsoon
periods, voyages were made in other directions, using variable winds and
breezes. March to May are changeover months in the north-west corner
of the ocean. In the Gulf of Aden the predominant non-monsoon wind
is easterly. Travel from India to Africa had to be begun by early February.
From Aden and Yemen one needed to leave in mid-October, and from
north-east Arabia by late January, but one could not sail to Socotra during
the same season. From Socotra to south-east Arabia one sailed in MarchApril, while India could be reached also by departing in May and during
the August-September season ddmdni. Travel down the African coast was
recommended from mid-November to April. From Bengal one had to
leave westward by January; leaving from Malacca, Java, and Sumatra in
February or March one could still reach Ceylon. Travel from Gujarat to
Bengal and Indonesia began in April or late summer. October brought
cyclones to the Bay of Bengal. The eastbound roundtrip journey from
the Persian Gulf across the ocean took eighteen months. China-bound
ships started from the Gulf in September or October, reached Kalah Bar
in January and passed through the Strait of Malacca in time to use the
southern monsoon in the Sea of China. Return to Malacca took place
with the north-east monsoon between October and December; then ships
could cross the Bay of Bengal in January and reach Arabia in February
or March.
Navigation between the Middle East and China is confirmed by reports
of an Arab embassy to China in the seventh century, a Persian settlement
in the island of Hainan in 748, and a mixed Arab-Persian colony at
Canton in the eighth-ninth centuries. In the seventh century Persian
ships took twenty to thirty days to reach Sumatra from China, and one
month from Ceylon to Palenbang. In the ninth century "Chinese ships" or
"China ships" (that is, ships sailing to China) are reported in the Persian
Gulf. Smaller boats brought goods from Basra and other ports to Siraf
where they were reloaded on the large China boats. Ceylon (Sarandib)
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was also visited and described by Arabic authors. Sea travel from the
Persian Gulf to East African islands is mentioned by Arabic sources in the
ninth century and described as routine in the tenth by the historian and
traveler al-Mas'Sdi, although the country of Sofala (southern Tanzania
and northern Mozambique) was then still poorly known. The Persian
Gulf ports of Siraf and Hormuz as well as Oman were dominant on
that route at the time; Aden emerged to prominence somewhat later.
Some of the tales of Sindbad the Sailor (of Basra) originated in stories
of Indian Ocean sailor and merchant adventures collected in the book
The Marvels of India by Buzurg ibn Shahriyar (ca. 950). Much of Marco
Polo's return journey in the late thirteenth century must have taken
place in Muslim boats and followed routes mentioned in this book. In
the fourteenth century Ibn Battufa travelled by ship across the Red Sea
and later to Africa, visiting Mogadishu, Mombasa, and Kilwa. On other
occasions he sailed along the west coast of India and possibly to China. In
India he encountered merchants from Cairo and North-west Africa and
fell victim to Indian pirates. He reported the presence of Chinese junks
at Ceylon and planned to travel on one himself. The famous Chinese
voyages led by the Ming court official Zheng He constitute the last known
attempt by China to break into the Indian Ocean network. Two of these,
in 1417-19 and 1421-22, reached Africa, visiting Malindi and the Horn
of Africa. Even the arrival of the Portuguese caused only a disruption
and reorganisation of shipping. Lodovico Varthema (ca. 1510) and the
early Portuguese sources note the continuing international presence at
western Indian ports: Egyptians and "Moorish" merchants and ships from
Hormuz, Arabia, Abyssinia, Kilwa, Malindi, Mombasa, and Mogadishu at
Cambay, on the Malabar coast and the islands (Maldives and Laccadives).
Early naval battles between the Portuguese and combined Muslim navies
(e.g. at Diu in 1512) resulted in capture and destruction of numerous
Muslim vessels. (In the sixteenth century only the Chinese had ships able
to withstand attacks of the Portuguese galleons). However, the Portuguese
soon realised that they would be unable to stop native shipping, and
turned their efforts to diverting trade to ports which they controlled,
carriage in their own ships, and taxation of all others. By the time the
Dutch and the English arrived, an accommodation had been reached.
However, intra-European competition, added to Christian-Muslim rivalry,
contributed to pre-existing pirate activity, especially in the Persian Gulf
and on the Gujarat and Malabar coasts. The maritime Muslim trade
revived somewhat in the seventeenth-eighteenth centuries and declined
again in the nineteenth century, at least in part due to increased British
control over the routes and ports of the western Indian Ocean. Another
factor was the growing dominance of European companies in the longdistance East-West trade and their penetration of local trade.
The sources for traditional Arab navigation date mostly from the late
fifteenth through the sixteenth centuries, while our knowledge of ships
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and shipbuilding in the region is modern or contemporary. There are
vague, scattered references to earlier sailing guides rihnimaj, devices and
ships. Naval law is best known from the Malacca code of Shah Mahmud
(1488-1530). A sixteenth-century Persian source lists twelve categories of
crew members with job descriptions. The best information on navigation
proper and sailing routes comes from the works of Ahmad ibn MZjid of
Julfar in Oman (d. ca. 1504) whose recognised expertise made him into
a patron saint of Muslim sailors. A learned practitioner, he composed
navigation manuals and sailing instructions, largely in verse, to ease
memorisation. From him we learn the names of several earlier pilots,
dating back to the tenth-twelfth centuries. To these Ibn M3jid added
the names of his own father and grandfather; apparently, the profession
of pilot was hereditary but not highly regarded. It has been asserted
by some scholars that Ibn MZjid was the pilot who guided Vasco da
Gama from Malindi to Calicut, but this has been contested by others.
Although he spent his life on the Indian Ocean, it appears that he
was aware of the different methods of navigation in the Mediterranean.
Other extant works on Islamic navigation belong to Su1aym;In al-Mahri
(ca. 1511), a native of Shihr who wrote several practical and theoretical
treatises, and the Ottoman writer Sidi Ali gelebi who compiled a Turkish
summary of the former two authors' work while moored in Gujarat in
1554 after a Portuguese attack on the Turkish Indian Ocean fleet originally
commanded by the portolan-maker Piri Reis.
Contemporary Arabic names of ships: baghala, ganja, sanbziq, and jihazi,
apply to vessels with square, transom sterns showing European influence.
The older type is represented by vessels now called bzim and zirziq double-edged, coming to a point both at bow and stern. The name sanbziq
was formerly applied to the small craft of the Red Sea; jalbah was the
sewn boat typical of the Indian Ocean region. First mentioned in the
Periplus of the Erythrean Sea, sewn boats were carvel-built, with planks
edge-to-edge, and stitched with ropes of palm fibre. The timber was
teak or coconut wood. They were leaky and frail but had an advantage
over clinker-built boats with overlapping planks when strilung a coral
reef. A common legend explained that nails were not used because of
the dangerous power of a magnetic rock somewhere in the middle of
the ocean which could attract the nails. However, iron as well as stone
anchors were used. The generic names for "ship" were markab and safina.
Indian pirates had birijas; smaller boats zawraq, qirib and dzinij are
also mentioned in medieval texts, but no particular shape is indicated.
Dau is a generic name for lateen-rigged vessels; it is not used by the
Arabs. The basis of classification was the form of the hull. The ships were
usually one-masted, often without deck, with a cargo capacity of up to
200 tons. Erecting the mast and the rigging, and even making the sail
was the responsibility of the owner nakhoda and the crew rather than the
shipwright. The lateen sail associated with Arab ships probably evolved
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from a square sail on the Indian ocean; its use in the Mediterranean is
first noted in the ninth century. African and Indian vessels continued
using square sails of coconut matting into the twentieth century. The
lateen is a tall, triangular fore-and-aft sail with the fore angle cut off to
form a luff. It allows sailing into the wind by going on the tack, although
Arab mariners preferred not to sail closer to the wind than 90". It is
possible that a second sail (topsail) was sometimes used. No reefing was
done in strong wind, but the yard could be lowered. Two side rudders
were originally used for steering, although by the thirteenth century
the stern rudder was known. Sailing speeds averaging 1-3 knots were
normal but could reach six knots under favourable wind.
The most important person on board ship was the mu'allim who
served both as captain rubbdn and pilot. He was hired for the voyage
and allowed to carry merchandise as part of his pay. The shipmaster
nakhdda was a merchant; ships were often owned by shareholders. We
know Persian terms for eleven ranks of crew members; of these, the most
important were the bo'sun tandil, the ship's mate sarhang, the steersman
sukkan-gir, and the look-out panjari. Sailors were called khalldsi or khdrwah.
The captain was responsible not only for navigation but for the safety of
passengers and goods as well. Among the necessities he carried were a
nautical directory rahndmaj, a measuring instrument qiyds, a bussole huqqa
or dira, lodestone hajar, lot buld, and lantern finus. The pilot's principal
science consisted of knowing the coasts, winds and seasons, and his
ship. Before departure, the Muslim prayer Fitiha was recited and an
invocation was made to Khidr, the mythical patron saint of mariners.
By the sixteenth century Arabic sailing manuals listed over thirty
different routes. Navigational books dafdtir and charts suwar carried on
board are mentioned in the tenth century; Ibn Majid calls his "chart"
qunbds, but no charts have come to light. G. R. Tibbets argues that the
Arab pilot plotted his course in his head and did not need a chart;
besides, proper charts could not be made because the Arabs had no way
of correctly determining longitude at sea. The winds and geography of
the Indian ocean allowed the pilot to be guided roughly by the latitude
of his destination (determined by the Pole star altitude). Once that was
reached, he sailed down the latitude toward his goal. Another way was
to keep to a recommended bearing until land was in sight and then
make corrections. Extant Arab maps do not allow practical application to
navigation. A Chinese chart based on the Zheng He expedition shows
the routes from China to Hormuz, the Red Sea and Africa, but no
measurements can be taken from it. Charts from Muslim Indian (Gujarati)
nautical manuals roz ndmah of the seventeenth-eighteenth centuries
show some European influence and use stellar compass bearings and
Arab units of time-distance. A possibility of Chinese influence has been
suggested as well. Considering that Arab information is already found
on early sixteenth-century Portuguese maps, it is clear that the sharing
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of information among mariners created a truly international maritime
culture drawing on indigenous and regional traditions and innovations.
The Arab system of nautical orientation evolved on the Indian ocean
in the intertropical region, but probably north of the Equator; it may
have been representative of all Indian Ocean sailing. It is based on
a 32-rhumb khann sidereal rose dira divided into eastern and western
halves separated by the Polaris ]ih in the north and the South Pole
al-Qutb in the south. The east and west divisions approximate the rising
and setting of certain bright stars and constellations (Ursa Minor, Ursa
Major, Cassiopeia, Capella, Vega, Arcturus, Pleiades, Altair, Orion, Sirius,
Scorpio, Antares, Centaur, Canopus, Achernar). This system may have
been in place by the ninth century. The bearings rnajri were set by the
actual stars, visible in the clear skies, not by the mathematically correct
rhumbs. The compass was not unknown but rarely used or even carried.
Star altitude qiyls was measured in units called isba. (finger), supposed
to correspond to the arc covered by the little finger of an outstreched
hand. Its degree value measured 112 of the distance from the Polaris
to the true pole, and thus varied with precession. In 1394 one isba.
equalled 1'56' but in 1550, 1'33'. The full circle of 360" corresponded
alternatively to 210 or 224 isba.. Isba. also measured 1/24 of a cubit. For
longitude estimates, one isba. equalled eight zdrn, each zirn corresponding
to the distance covered in three hours of sailing. A variety of other
measurements, including something approximating triangulation, were
calculated in these units. The altitude of the Polaris was supposed to be
taken at its inferior elevation.
The instruments used for measurements included karnd, lawh, and
bilisfi. The karndl was a rectangle of horn or wood with a string through
the middle. It was held against the horizon in an outstretched hand, with
the cord held in the teeth by the knot. Knots tied at certain intervals on the
cord corresponded to the varying arcs covered by the rectangle. Variations
of this instrument included knots tied at intervals corresponding to
locations on a set route, a set of boards Iawh corresponding to different arc
values fixed on the cord, and the cord being held to the nose. The bilisfi
was a later version of the karnil, with a rod replacing the cord, and four
sliders of different sizes; most likely it post-dates the Portuguese arrival
because its function is essentially that of the balhestilha. By the nineteenth
century the system and the instruments had been largely driven out of
use or forgotten, although the name and expertise of Ahmad ibn MFijid
were still respectifully remembered.

M.A. Tolmacheva
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Number Theory
It is difficult to find 'number theory' in its proper sense in Indian
mathematics. What I am going to describe below is how the Indians
have treated kinds of numbers.
In the Vedas (ca. 1200-800 BCE),the oldest Hindu literature, a number
of numerical expressions occur. Their favourite numbers were three and
seven as well as a hundred and a thousand. The largest number contained
in their common list of names for powers of ten is 10'' (called parardha).
Later (by the fourth century CE), those names came to be employed
for denoting decimal places, and became the nucleus of the Hindu list
of decimal names (eighteen in number), while the Buddhists and the
Jainas developed longer lists, which contained numbers as large as
(tallaksana) or more.
The Jainas even speculated about different kinds of uncountable and
infinite numbers (Anuogaddfirfiim, between the third and the fifth centuries CE).They divided the whole set of "numbers (samkhyfi) concerning
counting (gunand)" into three subsets: (1) countable (samkhyeya), (2) uncountable (asamkhyeya), and (3) infinite (ananta) numbers; and further
divided the last two sets into three each (Table 1). The entire system of
countable-uncountable-infinite depends upon the smallest number (a) of
the "restrictively uncountable" set, which in turn is defined by means of
white mustard seeds. The text is not very clear on this last point, but its
intention was probably the same as what is meant by "the aleph zero"
in modern mathematics, the smallest transfinite cardinal number.
Vedic stanzas also contain various series of numbers such as an integer
series up to 200, an odd series (1,3,5, ...) up to 99 (accompanied by loo),
an even series (2,4,6, ...) up to 100, and series made from multiples of
four, five, ten, and twenty, up to iOO, etc.
The Vedas tell us that only the gods Indra and Visnu could divide a
thousand equally into three, but it is a matter of argument how they did
it. Natural fractions ($, i,and i)also occur in the Vedas.

308

Encyclopaedia of Classical Indian Sciences

The ~ulbasiitras(ca. 600 BCE and later), compendia of geometric knowledge related to the construction of various altars for the Vedic ritual,
clearly state the so-called Pythagorean theorem: "The diagonal rope of
an oblong produces both [areas] which its side and length produce separately." They explicitly mention several Pythagorean triples also: (3,4,5),
(5,12,13), (8,15,17), (7,24,25), and (12,35,37). Moreover, they give an algorithm for calculating the diagonal d of a square whose side is a:

and call this value "one that has a difference" (saviiesa), which probably
means the difference between this approximate value and the true one
(fia). The latter was called "one that makes [a square equivalent to]
two [unit squares]" (dvi-karani). There is, however, no indication that they
recognised the incommensurability of the diagonal and the side. A root
approximation formula of the same type is employed in the Bakhshgli
Manuscript.
Later Indian mathematicians and astronomers, such as Variihamihira
(ca. CE 550) and Brahmagupta (CE 628), used the word karani in the two
contradictory (but mutually related) senses, the square root of a nonsquare number and the number whose square root should be obtained
(or the square of any number), and easily performed the six arithmetical
operations involving irrational numbers. Even the irrationality of karanis
may have been understood by Bhgskara of the seventh century, because
a 629), "Karanis have a
he says, in his commentary on the ~ r ~ a b h a f i y(CE
size that cannot be stated exactly", although whether he proved it or not
is not known.
Variihamihira recognised zero as a number. In the B~hafsamhittihe
added and subtracted zero in exactly the same way as he did other
integers. Brahmagupta in the Brtihmasphutasiddhtinta gave a complete set
of rules for the six arithmetical operations involving zero as well as
negative and irrational numbers. Thus by the seventh century CE the
Indians acquired a very large domain of numbers including positive
and negative integers (they accepted both the positive and the negative
roots of a square number), fractions, irrational numbers, and zero, which
enabled them to develop bfjaganita ("seed mathematics") or algebra, the
theory of equations.
In his Aryabhatiya (CE499), Aryabhaf.aprovided a solution (called kuttaka
or the pulveriser) to the linear indeterminate equation: n = az+r = by+s,
or y = (as + c)/b. He "pulverised" (i.e. reduced) the coefficients a and b
by means of their mutual divisions (the so-called Euclidean algorithm),
and found a set of solutions to the reduced form by trial and error.
Mahavira (ca. CE 850) removed the trial and error by carrying out the
mutual divisions until the remainder became 1.

Number Theory

Brahmagupta treated indeterminate equations of the type:
Table 1

Classification of numbers according to the Jainas
countable

lowest: 2
middle: 3, 4..., a - 2
highest: a - 1

I{
I

lowest: a (= No 1'
middle: a + 1; a + 2, ..., b - 2
highest: b - I

restrictively
uncountable

uncountable
numbers
for
counting

uncountable

unwuntably
uncountable
infinite

infinite

{

r

lowest: b = a"
middle: b + 1, b + 2, ..., c - 2
highest: - 1
b'

lowest: c = (b')
middle: c + 1, c + 2, ..., d - 2
highest: d - I
middle:d+ 1, d + 2 , ..., e - 2
highest: e - I

infinite

lowest: e = dd
middle: e + 1, 9 + 2 , ..., f - 2
highest: f - I

infinitely
infinite

lowest: f = (el)
middle:f+l, f + 2 , ...
highest: does not exist

a'

Pz2 + t = Y2. He showed, among other things, that this equation (called
vargaprakyti or the "square nature") can be solved for t = 1 if it is solved
for t = f 4, f 2, or -1. Jayadeva (the eleventh century or before) gave a
rule for arriving a t a solution for t = 4, f 2, or -1 from any solution
for any t. Bhaskara of the twelfth century called it the "cyclic" (cakravdla)
method.
Several rules given by Mahavira in his Ganitasdrasamgfaha indicate that
he recognised two roots of a quadratic equation with one unknown, but
all of his examples for those rules have two positive roots. (He, however,
admits the negative root of a square number when he gives his rules
for the six arithmetical operations). He was interested in the partition of
numbers, and gave many rules for partitioning unity into the sum of
unit fractions, a fraction into the sum of several- fractions, etc. He also
treated various mathematical progressions.
sripati, perhaps for the first time in India, gave several rules for
factorisation in a chapter devoted to algebra in his astronomical work,
Siddhantaiekhara (ca. CE 1040). This topic, as well as the partition of
numbers, mathematical progressions, combinatorics, and magic squares
were highly developed by Narayana in his Ganitakaumudi (CE 1356).

*
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Bhaskara challenged various types of polynomial equations of the seco n d a n d higher degrees (of special types) with the help of the "pulverizer"
a n d the "square nature" i n his work, Bqaganita, CE 1150.
Madhava (fl. CE 1400) a n d his successors obtained, for the first time
i n the world, a number of power series for the circumference of a circle,
sine, cosine, arctangent, etc. O n e of the most eminent scholars i n his
school was Nilakantha. A great mathematician a n d reformer of Indian
astronomy,. h e explicitly stated the incommensurability of the diameter
a n d the circumference of a circle in his commentary o n the Aryabhafiya
(ca. CE 1540), although its proof is not found i n his extant works.
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Datta, B. "The Jaina School of Mathematics." Bulletin of the Calcutta Mathematical
Society 21: 115-145. 1929.
Datta, B. "Early Literary Evidences of the Use of the Zero in India." American
Mathematical Monthly 33: 449454. 1926 and 38: 566-572. 1931.
Datta, B. The Science of the ~ u l b aCalcutta:.
.
University of Calcutta. 1932.
Datta, B. "Vedic Mathematics."In The Cultural Heritage of India, vol. 3. Calcutta:
Ramakrishna Centenary ~ommiGee.1937. pp. 378401.
~ a ~ a ' s hTi ,Kusuba, ,; and Yano, M. "The Correction of the MBdhava Series for
theGCircumferenceof a Circle." Centautus 33: 149-174. 1990.
Michaels, A. Beweisvegahren in der vedischen 'Sakralgeornetrie.Wiesbaden: Steiner.
1978.
Rajagopal, C.T. and M.S. Rangachari. "On an Untapped Source of Medieval
Keralese Mathematics." Archive for History of Exact Sciences 18: 89-102. 1978.
Shukla, K.S. "Hindu Methods for Finding Factors or Divisors of a Number." Ganita
17: 109-117. 1966.
See also: Algebra - Arithmetic - ~ u l b a s l ~ tr ~Geometry
s
- BakhshHll Manuscript
- VarZhamihira - Brahmagupta - Nilakanfha - MZdhava - Magic Squares Combinatorics - NBrByana - sripati - Jayadeva - MahZvira - Bhaskara

Observatories
India has an ancient astronomical tradition. Information on its observatories is meagre, however. It is certain that a number of prominent
astronomers, patronised by kings, carried out their own observations,
which are mentioned in karanas, or practical manuals. The places of such
observations, if operated for a reasonable period of time, technically could
be called observatories. A court astronomer, sankaranZrZyana (fl. 869),
mentions such a place with instruments in the capital city of King Ravi
VarmZ of Kerala. Astronomers of the Islamic school of astronomy, such
as ~Abdal-Rashid al-Yiqiiti (fifteenth century) report an observatory in
the city of JZjili in India. The Emperor Humayun (d. 1556) is said to have
had a personal observatory at Kotah, near Delhi, where he himself took
observations.
An ambitious program of building observatories was undertaken by
Sawai Jai Singh (Savii'i Jaya Simha), an astronomer-statesman of India.
Between 1724 and 1735, Jai Singh built observatories at Delhi, Jaipur
(Figure I), Mathura, Varanasi, and Ujjain. His observatories, except for
that of Mathura, still exist today in varying degrees of preservation. Sawai
Jai Singh's purpose in building observatories was to update the existing
planetary tables. Toward this purpose, he designed and built instruments
of stone and masonry. These instruments may be classified into three
main categories based on their precision which varies anywhere from f1'
to a degree. Table 1 presents an inventory of his masonry instruments
according to their precision, with the low precision instruments listed
first. Table 2 lists instruments added after Sawai Jai Singh's death.
Jai Singh constructed fifteen different types of masonry instruments
for his observatories. Of these, the Sumrat yanfra, SasthimSa, Daksinoftara
Bhiffi, Iaya Prak@.h, Nidivalaya, and Rdma yanfras are his most important
instruments.
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Figure 1
Table 1

Jaipur observatory of Sawai Jai Singh.
Inventory of Jai Singh's masonry instruments

Instrument
DhruvadarSaka Paffika
(North Star Indicator)
Nadivalaya (Equinoctial dial)
Palabhii (Horizontal sundial)
AgrL (Amplitude instrument)
Sanku (Horizontal dial)
Jaya PrakaSa (Hemispherical instrument)
Rgma yantra (Cylindrical instrument)
RlSi valaya (Ecliptic dial)
Sara yantra (Celestial latitude dial)
DigamSa (Azimuth circle)
Kapala (Hemispherical dial)
Samrit (Equinoctial sundial)
SasfhamSa (60 degree
meridian chamber)
Daksinottara Bhitti
(Meridian dial)

Table 2

No. Location
1 Jaipur

5
Jaipur (2), Varanasi, Ujjain, Mathura
2
Jaipur, Ujjain
5
Delhi, Ujjain, Mathura
1 Mathura
2
Delhi, Jaipur
Delhi, Jaipur
2
12 Jaipur
1 Jaipur
Jaipur, Varanasi, Ujjain '
3
2
Jaipur
Delhi, Jaipur (2), Varanasi
6
(2), Ujjain
5 Delhi, Jaipur (4)
6

Delhi, Jaipur, Varanasi (2),
Uiiain, Mathura

Instruments added after Sawai Jai Singh's death

Instrument
1. MiSra yantra (Composite instrument)
2. ~ a n k uyantra (Vertical staff)
3. Horizontal scale (known as the seat of Jal Singh)

No
1
1
1

Location
Delhi
Ujjain
Jaipur

Observatories

The SarnrBt yantra or the "Supreme Instrument" is Jai Singh's most important creation. The instrument (Figure 2) is basically an equinoctial
sundial, which has been in use in one form or another for hundreds of
years in different parts of the world.

4

West

Figure 2

Samraf yantra: Principle and operation

The instrument consists of a meridian wall ABC, in the shape of a
right triangle, with its hypotenuse or the gnomon CA pointing toward
the north celestial pole and its base BC horizontal along a north-south
line. The angle ACB between the hypotenuse and the base equals the
latitude X of the place. Projecting upward from a point S near the base
of the triangle are two quadrants SQ1 and SQ2 of radius DS. These
quadrants are in a plane parallel to the equatorial plane. The centre of
the two "quadrant arcs" lies at point D on the hypotenuse. The length
and radius of the quadrants are such that, if put together, they would
form a semicircle in the plane of the equator.
The quadrants are graduated into equal-length divisions of timemeasuring units, such as ghafikas and palas, according to the Hindu system,
or hours, minutes and seconds, according to the Western system. The
upper two ends Q1 and Q2 of the quadrants indicate either the 15-ghafikl
marks for the Hindu system, or the 6 a.m. and the 6 p.m. marks according to the Western system. The bottom-most point of both quadrants, on
the other hand, indicates the zero ghatika or 12 noon. The hypotenuse
or the gnomon edge AC is graduated to read the angle of declination.
The declination scale is a tangential scale in which the division lengths
gradually increase according to the tangent of the declination.
The primary object of a Samraf is to indicate the apparent solar time
or local time of a place. On a clear day, as the Sun journeys from east
to west, the shadow of the Samraf gnomon sweeps the quadrant scales
below from one end to the other. At a given moment, the time is indicated
by the shadow's edge on a quadrant scale.
The time at night is measured by observing the hour angle of the star
or its angular. distance from the meridian. Because a Samraf, like any
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other sundial, measures the local time or apparent solar time and not
the "Standard Time" of a country, a correction has to be applied to its
readings in order to obtain the standard time.
To measure the declination of the Sun with a SamrBt, the observer
moves a rod over the gnomon surface AC up or down until the rod's
shadow falls on a quadrant scale below. The location of the rod on the
gnomon scale then gives the declination of the Sun. Declination measurement of a star or a planet requires the collaboration of two observers. One
observer stays near the quadrants below and, sighting the star through
a sighting device, guides the assistant, who moves a rod up or down
along the gnomon scale. The assistant does this until the vantage point
V on a quadrant edge below, the gnomon edge above where the rod is
placed, and the star - all three - are in one line. The location of the rod
on the gnomon scale then indicates the declination of the star.

A Sasthamia yantra is a 60-degree arc built in the plane of me~idianwithin
a dark chamber. The instrument is used for measuring the declination,
zenith distance, and the diameter of the Sun. As the Sun drifts across
the meridian at noon, its pinhole image falling on the Sa~t&mSa scale
below enables the observer to measure the zenith distance, declination,
and the diameter of the Sun. The image formed by the pinhole on the
scale below is usually quite sharp, such that at times even sunspots may
be seen on it.

Daksinottara Bhitti Yantra
Daksinottara Bhitti yantra is a modified version of the meridian dial of
the ancients. It consists of a graduated quadrant or a semicircle inscribed
on a north-south wall. At the centre of the arc is a horizontal rod. The
instrument is used for measuring the meridian altitude or the zenith
distance of an object such as the Sun, the Moon, or a planet. According to
Jagannatha SamrFit, this was the instrument with which Jai Singh determined the obliquity of the ecliptic (the band of the zodiac through which
the Sun apparently moves in its yearly course), to be 23'28' in 1729.
Jaya PrakaSa
The Jaya Prakda is a multipurpose instrument (Figure 3) consisting of
hemispherical surfaces of concave shape and inscribed with a number
of arcs. These arcs indicate the local time, and also measure various
astronomical parameters, such as the coordinates of a celestial body and
ascendants, or a sign on the meridian. Jaya PrakdSa represents the inverted
image of two coordinate systems, namely, the azimuth-altitude and the
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equatorial, drawn on a concave surface. For the azimuth-altitude system,
the rim of the concave bowl indicates the horizon. Cardinal points are
marked on the horizon, and cross-wires are stretched between them. On
a clear day, the shadow of the cross-wire falling on the concave surface
below indicates the coordinates of the Sun. Time is read by the shadow's
angular distance from the meridian along a diurnal circle.

Figure 3

Jaya Prakaia at Jaipur: The Nadivalaya is in the background.

W

,,,7 To north celestial pole

South

Figure 4

The principle of Jaya Prakaia and Kapdla yantra

The instrument is built in two complementary halves (Figure 4), giving
it the capacity for night observations. In the two halves the area between
alternate hour circles is removed, and steps are provided in its place
for the observer to move around freely for his readings. The space
between identical hour circles of the two hemispheres is not removed,
however. The sections left behind in the hemispheres complement each
other. They do so in such a way that, if put together, they would form
a complete hemispherical surface. For night observations the observer
sights the object in the sky from the space between the sections. The
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observer obtains the object in the sky and the cross-wire in one line. The
coordinates of the vantage points are then the coordinates of the object
in the sky. Jai Singh built his Jaya PrakiSas only at Delhi and Jaipur. These
instruments survive in varying degrees of preservation. The instrument
at Delhi has a diameter of 8.33 m and that at Jaipur, 5.4 m.
Nidivalaya

A Nidivalaya consists of two circular plates fixed permanently on a
masonry stand of convenient height above ground level. The plates are
oriented parallel to the equatorial plane, and iron styles of appropriate
length pointing toward the poles are fixed at their centres. The instrument
Nadivalaya is, in fact, an equinoctial sundial built in two halves, indicating
the apparent solar time of the place.
The Nidivalaya is an effective tool for demonstrating the passage of the
Sun across the celestial equator. On the vernal equinox and the autumnal
equinox the rays of the Sun fall parallel to the two opposing faces of
the plates and illuminate them both. However, at any other time, only
one or the other face remains in the Sun. After the Sun has crossed the
equator around March 21, its rays illuminate the northern face for six
months. After September 21, it is the southern face that receives the rays
of the Sun for the next six months. Jai Singh built Nidivalayas at each of
his observatory sites except Delhi.
Rima Yantra
The Rdma yantra is a cylindrical structure (Figure 5) in two complementary
halves that measure the azimuth and altitude of a celestial object, for
example the Sun. The cylindrical structure of Rima yantra is open at the
top, and its height equals its radius. Figure 6 illustrates its principle and
operation. To understand the principle, let us assume that the instrument
is built as a single unit as illustrated.

Figure 5

Ramn ;antras at Dethi

'
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Figure 6

The Principle of a Ramd yantra

The cylinder, as in the figure, is open at the top and has a vertical
pole or pillar of the same height as the surrounding walls at the centre.
Both the interior walls and the floor of the structure are engraved with
scales measuring the angles of azimuth and altitude. For measuring the
azimuth, circular scales with their centres at the axis of the cylinder are
drawn on the floor of the structure and on the inner surface of the
cylindrical walls. The scales are divided into degrees and minutes. For
measuring the altitude, a set of equally spaced radial lines is drawn on
the floor.
These lines emanate from the central pillar and terminate at the base
of the inner walls. Further, vertical lines are inscribed on the cylindrical
wall, which begin at the wall's base and terminate at the top end. These
lines may be viewed as the vertical extension of the radial lines drawn
on the floor of the instrument.
In daytime the coordinates of the Sun are determined by observing
the shadow of the pillar's top end on the scales, as shown in Figure 6.
The coordinates of the Moon, when it is bright enough to cast a shadow,
may also be read in a similar manner. However, if the Moon is not
bright enough, or if one wishes to measure the coordinates of a star or
planet that does not cast a shadow, a different procedure is followed. To
accomplish this, the instrument is built in two complementary units.
The two complementary units of a Rdma yantra may be viewed as
if obtained by dividing an intact cylindrical structure into radial and
vertical sectors. The units are such that if put together, they would form
a complete cylinder with an open roof. The procedure for measuring the
coordinates at night with a Rdma yantra is similar to the one employed for
the Jaya PrakGSa. The observer works within the empty spaces between
the radial sectors or between the walls of the instrument. Sighting from
a vacant place, he obtains the object in the sky, the top edge of the pillar,
and the vantage point in one line. The vantage point after appropriate
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interpolation gives t h e desired coordinates. If t h e vantage point lies
within the empty spaces of the walls, well above t h e floor, t h e observer
may have to sit o n a plank inserted between the walls. The walls have
slots built specifically for holding such planks.

Virendra Nath Sharma
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Paksa
Pak~a(Half) refers, in Indian astronomy, to half the lunar month. The
lunar month, which is the interval between two successive new moons
(amdvdsyd) or full moons (paurnamdsyd), is a visible natural phenomenon,
which occurs at regular intervals and, as such, has been used for reckoning
time in all ancient civilisations, including that of India. For the people
of India of the Vedic times, the two paksas, one Sukla (bright) and the
other krsna (dark), provided an easy and most convenient instrument for
reckoning time. From actual observation, it was found that a paksa was
completed in fifteen lunar days (tithis) and these were named after their
serial numbers, as prathamd (first), dvitiyi (second), trtiya (third), caturthi
(fourth) etc., up to caturdas'i (fourteenth), and the fifteenth was amivisyi
or paurnamisyti, according to whether it was the dark fortnight or the
bright fortnight.
The Moon moves about thirteen degrees in its orbit, eastward, in a
day of 24 hours, but since the Sun also moves in the same direction,
one degree, during the same period of 24 hours, the Moon's resultant
displacement, which constitutes the tithi, is about twelve degrees. A
lunar month of thirty tithis would be around 29 and a half solar days,
and in a solar year of 365 days, the Moon would have completed its
twelve months in about 354 days, and would have moved further by
eleven tithis. In order to correlate and bring together the solar and lunar
years, the astronomical practice is to expunge and leave uncounted one
lunar month every three years, when the extra eleven tithis would have
accumulated to one month. This expunged month is called adhika-misa
or 'added' or 'intercalary' month.
Time reckoning by tithi and paksa is very much in vogue, even today,
among Hindus, for fixing auspicious times for ritual, religious, and social
functions, and for horoscopic astrology.

K.V. Sarma
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Paramesvara
Among Indian astronomers hailing from Kerala, Parameivara (ca. CE 13601465), promulgator of the Kerala Drgganita School, and author of over
a score of works on astronomy and astrology, holds a prominent place.
He was a resident of ~ l a t t u r his
, house being situated on the northern
bank of the river Bhsratappuzha, where he conducted his astronomical
experiments and observations for over 55 years.
Parameivara was a prolific writer. Some of his works still remain
in manuscript form, while a few are yet to be found. His works on
astronomy are:
1. Drgganita, (Computation True to Observation), CE 1431, his magnum
opus, a practical manual, in two versions.
2. Goladipikd I (Illumination on Spherics), in 302 verses, on spherical
astronomy.

3. Goladipifi I1 (Illumination on Spherics), in four chapters, on the
same subject as above, but different from it.
4. ~rahanampndana(Ornament on Eclipses), in two versions, of 89 and
100 verses.

5. Grahananydyadipikd (Illuminator on Rationale of Eclipses) in 85
verses.
6. Grahandstaka (Octad on Eclipses), on the computation of eclipses.
7. Vdkyakarav, on methods for the derivation of several astronomical

tables.
Parameivara also commented on several standard works on astronomy
of kyabhafa,
that were popular in Kerala. These include: ~ryabhati~a
Laghubhdskariya and Mahdbhdskariya of Bhaskara I, Mahdbhdska~iya-Bhdsya
of Govindasvamin, Laghumdnasa of MufijBla, Sdryasiddhdnta, Lildvati of
Bhsskara 11, and his own GoladipikB 11. All these commentaries except that
on Lildvati have been published.
Although he was primarily an author of astronomical works,
Parameivara also wrote on astrology:
1. Acdrasarigraha, a popular text.
2. Jdtakapaddhati, in 44 verses.
3. Commentary on the Muhdrtaratna of Govinda.
4. Commentary on the Jdtakakarmapaddhati of sripati.
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5. Commentary on the PraSnas-atapariciiikd of PyhuyaSas.

6. Muhzirfdstaka-dipih, Vdkyadipikd and Bhidipih, mentioned by
ParameSvara at the end of his commentary on the Mahdbhdskariya.

These works are not extant.
In his works ParameSvara evinces a refreshingly scientific outlook. He
avers at the beginning of his Grahanarnandana that he was setting out to
compose the work after closely watching the movements and positions
of the planets in the skies for a long time. At the beginning of his
Drgganifa, he says that, in real astronomy, computation should match
observation. He enumerates a number of solar and lunar eclipses which
he had observed between 1393 and 1432, and gives details about them in
his Grahananydyidipikd. He also points out the error between computed
and observed readings and offers corrections and instructs that similar
observations should be made at intervals and corrections enunciated for
computation and observation to be identical.
K.V. Sarma
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Paulisa
PauliSa, of Greek origin, is the originator of the PauliSa Siddhdnta, one of
the five systems of astronomy of the early centuries of the Christian era.
These were selectively redacted in the Paficasiddhdntikd of Varahamihira,
the prodigious Indian astronomer-astrologer of the sixth century CE.
According to a traditional verse attributed to the sage KaSyapa, PauliSa
is one of the eighteen originators of Indian astronomical systems. AlBiriini, the Persian scholar, who sojourned in India from 1017 to 1030,
stated that PauliSa Siddhdnta was written by Paulus-ul-Yunani, i.e. 'Paulus,
the Greek'. Probably the Hindus prepared an Indianised Sanskrit Paulida
Siddhdnta on the basis of the Greek work. This original Sanskrit work
is no longer available, and neither is the commentary on that work by
Lafadeva which was referred to by Varahamihira in Paficasiddhdntikd 1.3.
However, the redaction of the Siddhdnta in Paficasiddhdntifi is fairly full and
provides ample details about the nature and contents of the work. The
PauliSa system has certain things in common with the Romaka Siddhdnta
and with the Vdsistha Siddhdnta, two of the other systems redacted in
Paficasiddhdntik.
The epoch of the PauliSa Siddhdnta, which Paficasiddhdntikd says is the
same as that of Romaka Siddhdnta, is the Hindu caitra-Sukla-pratipad (first
day of the bright fortnight of the month of Citra) in the aka year 427
elapsed (Paficasiddhdntifi 1.8-lo), which corresponds to mean sunset at
Yavanapura (modern Alexandria in Egypt), or modern Sunday, March 20,
505. It is interesting that the same moment was adopted by Varahamihira
as the epoch of the Saura Siddhdnta redacted in the Paficasiddhdntifi (i.e.
the old surya Siddhdnta). The Indian time then was 37-20 nddis from
mean sunrise in Ujjain, on Sunday, March 20,505. (Paficasiddhdntik111.13).
In Paficasiddhdntifi 111.13, it is stated that the deddntara-nddis (longitudinal
difference in terms of time, expressed in nddis) from Yavanapura to Ujjain
is 7-20, while that to Varanasi is 9. The actual intervals according to
modern calculations are 7-38 and 8-50, the difference being 18 vinddis
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and ten vinddis, respectively. One minute being equal to four vinddis,
the difference works out only to 4.5 minutes and 2.5 minutes, which is
remarkable.
At the commencement of the ParicasiddhdntikE (I.4), Varahamihira gives
a pat to the PauliSa Siddhanta for the accuracy of the tithi (lunar day)
calculated according to it, though he adds that the tithi derived through
the Saura Siddhanta is much more accurate. In fact, it is these two schools,
the Pau1iS.a and the Saura, one representing the Greek and the other the
Indian, that Varahamihira depicts rather fully in Paricasiddhdntihi, allotting
them entire sections. Thus the entire third chapter of Paiicasiddhdntikfi is
devoted to the depiction of planetary computation and allied matters
according to the PauliSa Siddhanta, Chapter Five to the Moon's cusps,
Chapter Six to lunar eclipses, Chapter Seven to solar eclipses, and much
of the long Chapter Eighteen to the motion of the planets. Although the
PauliSa Siddhdnta was based on a Greek original, the text was painstakingly
Indianised, both in the matter of content and presentation.
K.V. Sarma
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Physics
Early Indian thinkers developed a number of theoretical systems, which
centred around two main themes: elements and atoms. Based upon
a relatively broad review of the ancient philosophies, there is a rich
scientific tradition in India.

Early Indian explanations about the physical makeup of the universe were
religious and philosophical in nature. The oldest literary record of this
period, the Rpeda, presents several fundamental concepts related to
physical science such as ap (primeval water), which was considered
the basic elerrient of matter. Gradually, the doctrine of five fundamental elements emerged, as seen in the Upani~adic literature of
around 700 BCE. The five elements were prthvi (earth), ap (water),
tejas (fire), vdyu (air), and a k a (a non-material substance). The Sanskrit
terms have a wider connotation than the English translation, so it is
essential to present the original terms.
Much of this early literature was concerned with the attributes associated with each of these elements. They had both common as well as
distinctive attributes, many coincident with the five senses, as follows:
prthvi (earth) sound, touch, colour, taste, and odour; ap (water) sound,
touch, colour, and taste; tejas (fire) sound, touch, and odour; vdyu (air)
sound and touch; and dkdSa (non-material) sound. Different combinations
of these five elements yielded certain products. The human body is a
good example. The human embryo has energetic principles which are
separated into form by vdyu (air). Tejas (fire) subsequently transforms the
embryo. Ap (water) maintains moisture while prthvi (earth) gives it shape
and size. Finally dkaSa expands the embryo and develops it.
Many of today's scholars question the notion that scientific inquiry only
found fertile ground in the minds associated with the Greek tradition. In
fact, a number of diverse systems of scientific inquiry were developing
in India coincident with the Greek philosophies by 500 BCE. Those
which presented five fundamental elements were the Sdmkhya, Nydya,
and VaiSesika. The Jaina, Bauddha, and Cdrvdka schools, like many of the
Greek thinkers, presented four fundamental elements. It is difficult to
say with certainty which school or culture developed these ideas first,
therefore who influenced whom, or if they developed independently.
The Nydya-lhidesika school, prominent among early Indian systems,
was popularised by an individual who came to be known as Kanada.
He and his followers extended the concept of five elements and built a
comprehensive theory of atoms. The first four elements of this system
(prthvi, up, tejas, and vdyu) were material and considered either eternal
or temporal. The fifth element, akaSa, was considered eternal only. The
eternal form consisted of imperceptible atoms, while the temporal form
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arose when these atoms joined to create perceptible products. This view
of five elements was part of a much larger conceptual picture, that of
dravya (substance). There were nine types of substances. In addition to
the five elements or substances already mentioned, there was dik (space),
&la (time), atman (self), and manas (mind). Each of these substances
was considered inseparable from its respective set of attributes. In other
words, they were one and the same.
The word used for atom was anu or pramanu. The Nyaya-VaiSesika school
held that the atom was indestructible, indivisible, without magnitude,
spherical, and in constant motion. Two atoms of the same substance
could join to form a dyad. Atoms of different substances could not join
together, yet they could play a supportive role in the combination of
materially compatible atoms. The dyad was regarded as too small to be
perceived. The smallest visible structure was a triad (three dyads). This
structure was referred to as trasarenu or tryanuka which was about the
size of a speck floating through a sunbeam. The principle of causality
was crucial to the Nyaya-VaiSesika school. Atoms were the material cause
for the dyad, the effect.The dyads were the cause for the production of a
triad which was another effect. The individual atoms lost their causative
property once the triad was formed. The reason for atoms joining in the
first place was attributed to adrsfa, an unseen force.
Jaina philosophers held that atoms were both cause and effect. They
theorised that atoms joined to form aggregates in response to attractive
and repulsive forces which were inherent characteristics of the atoms
themselves. Jaina atoms were all of one class. There was no distinction,
qualitatively or quantitatively, between types of atoms such as earthatoms, water-atoms, etc. According to the Buddhists, the atom was indivisible, unable to be analysed, invisible, inaudible, unable to be tested, and
intangible. Neither were these atoms eternal. The Buddhists did not speak
of atoms in terms of particles. They thought of them as a force of energy.
The Nyiya-VaiSesika school was distinct from other Indian schools in
that it placed much more emphasis on the attributes of matter. There
were five general qualities possessed by all nine substances: number,
dimension, distinctness, conjunction, and disjunction. Other qualities,
more closely associated with modern physics included, gurutva (gravity),
dravatva (fluidity), snigdha (viscosity), and sthitisthBpaka (elasticity).Gravity,
or the cause of falling, was not considered a force but a quality which
resided in a whole object. No apparent correlation between gravity and
the mass of a particular object was presented. Fluidity was a quality of
only three substances - earth, water, and fire - and was of two kinds.
Natural fluidity was a specific quality of water. Incidental fluidity was
associated with fire in the case of some melted substances. Viscosity was
specific to water, causing cohesion and smoothness. Elasticity was only a
quality of earthy substances as in the branch of a tree which was caused
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to return to its original condition if displaced. Another fundamental
concept considered by ancient Indian thinkers was that of motion.
The Nydya-VaiSesika concept of karma (motion) was represented by five
actions: utksepana (throwing upwards), avaksepana (throwing downwards),
prasdrana (expansion), dkuficana (contraction), and gamana (going). Only
one kind of motion was considered possible at a time and a substance
experienced motion only for a moment. This motion was subsequently
destroyed or rendered ineffective once completed. The motion of free
atoms made possible by adrsta (unseen force) caused the material world
to be formed.
Among Indian physical concepts, that of dkdSa should not be overlooked. Its special quality was sound. Though considered a non-material
substance, it was believed to play a role in the formation of material
objects. A modern physics concept which some have equated with d k d a
is that of ether, which is conceived to be a vast expanse or continuum.
Sound moved through dkdSa like ripples across the surface of a pond.
Unlike the ripples, sound moved through ik&a in a succession of points.
The first sound caused the second, and once the second sound was
created, the first was destroyed.
Heat and light were understood in relation to one of the five basic
elements, tejas (fire). When an object was heated it went through a series
of distinct changes, each one lasting a prescribed number of moments. A
clay pot for example, if heated, would in the first moment experience the
production of atomic motion. The second moment would be characterised
by the destruction of the clay's original colour. In the third and fourth
moments one would find that the colour red would be produced followed
by the destruction of the atomic motion created earlier. A new type of
atomic motion, creative in nature, occurred in the fifth moment. A series
of two disjunctions between the atoms and dESa was followed by a
conjunction in the sixth through eighth moments. The final two moments
consisted of the formation of a red coloured dyad followed by a triad.
The ultimate source of all heat was thought to be the Sun. Light, though
often associated with heat in many modern physical systems, possessed
many qualities, distinctive from heat, in the early Indian systems.
Light was thought to consist of rays which emanated from the eyes just
as a candle casts its light throughout a room. If an obstruction prevented
the rays from touching an object, then that object simply could not be
perceived. Mirrors were thought to possess particular attributes of colour
which caused the light rays from one's eyes to return to one's face, upon
striking the surface.

It is a common misconception that there was a lack of scientific inquiry
during the Middle Ages. While India experienced great change during
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this time, such as the introduction of Islam, there was a continued
advance and assimilation of scientific information with an ever-increasing
number of collaborators. New cultural influences, changing technologies,
and language barriers challenged as well as fostered scientific advances.
Physics was viewed as a distinct branch of study during the early part
of the Middle Ages. Though experiments were still quite rare, use of
this scientific technique began. A large number of texts were translated
into different languages. A scholar named Hunayn ibn Ishgq translated
Aristotle's works into Syriac and his son IshSq ibn Hunayn followed suit,
translating Euclid's Elements. Ideas were shared, expanded upon, and
refined. A number of original inquiries were also initiated.
Among the more notable individuals describing physics research in
India as well as Middle Asia at this time was Abii Rayhan al-Biriini.
He authored many books devoted to the scientific achievements of the
Indian people.
The latter part of this period experienced an influx of European
influences. Educational institutions, scientific journals, and professional
societies each played a role in the development of what was to become
modern India. New political and economic structures, in the face of new
language barriers between the educated few and the illiterate masses,
threatened to disassemble the rich scientific heritage of the Indian people. Yet India assimilated the old and the new to emerge strong with
an outstanding future of scientific inquiry before it. Much of that future
rested in the hands of a few visionaries who understood the significance
of science in India's future.

The outstanding efforts of many have contributed to India's rich past and
promising future. The following few individuals are some of the physicists
who have exemplified the level of achievement found throughout modern
India.
Jagdish Chandra Bose (1858-1937) was a biophysicist who explored
the response of plants and animals to electrical stimulation. Like many
pioneering physicists active at the turn of the century, Bose used instruments of his own design in his work. He was elected a Fellow of the
Royal Society of London in 1920. C.V. Raman (1888-1970) investigated
optics, including diffraction, molecular scattering of light, and magnetooptics. He was awarded the Nobel Prize in 1930 for the discovery which
bears his name, the Raman Effect. This pioneering work described the
molecular scattering of light and explained, among other things, why the
ocean appears blue. Finally, Jawaharlal Nehru, the first Prime Minister of
India, worked hard to foster what he described as a "scientific temper".
He believed that for science to succeed in modern India, as it had in its
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past, there had to be strong support for the scientific enterprise from all
segments of society.
The history of physics in India is a vast subject, offering extensive
opportunities for further study. It is hoped that this brief presentation
has encouraged some to explore the ancient philosophies, medieval refinements, and modern achievements.

William T. Johnson
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Pi in Indian Mathematics

Pi in Indian Mathematics
Pi or 7r is the most interesting number in mathematics, and its history will
remain a never-ending story. It occurs in several formulas of mensuration
and is variously involved in many branches of mathematics, including
geometry, trigonometry, and analysis.
The earliest association of 7r is found in connection with the mensuration of a circle. The fact that the perimeter or circumference of any
circle increases in proportion to its diameter was noted quite early. In
other words, in every circle, perimeterldiameter = constant, or pld = TI,
where 7r1 is the same for all circles.
After knowing the perimeter, the area of the circle was often found
by using the sophisticated relation
area =

(;)

(:)

=

@

4'

But the earliest rules for determining area were of the form, area = (kd)2,
where Ic is a constant prescribed variously. Both these methods imply
that the area of a circle is proportional to the square of its diameter (or
radius r), or area = .rr2r2.
We know that 7r2 is the same as TI, but this was not always known.
Similarly, 7r3 may be defined from the volume of a sphere. In this article,
the symbol .rr is used to denote all the above three values, as well as for
their common value, which is now known to be not only an irrational
but a transcendental number.
Since the Indus Valley script has not been deciphered successfully, we
cannot say any final thing about the scientific knowledge of India of
that time (about the third millennium CE).Some conjectures about the
value of .rr used in the Rpeda (about the second millennium CE) have
been made. Definite literary evidence is available from texts related to
Vedangas, especially the Sulbasiitras which contain much older traditional
material. In the Baudhdyana ~ulbasiitra,the oldest of them, the perimeter
of a pit is mentioned to be three times its diameter, thereby implying
.rrl = 3. This simplest approximation is found in almost all ancient cultures
of the world. In India, it is found also in classical religious works such
as MahEbhErata (Bhismaparva, XII: 44), and certain Purdnas, as well as in
some Buddhists and Jaina canonical works.
Different approximations to 7r2 are implied in the various Vedic rules
for converting a square into a circle of equal area and vice-versa. If r
is the radius of the circle equivalent to a square of side s, the usual
rule is to take r = s(2 &)/6, which implies the approximation
.rr2 = 18(3 - - 2 d ) = 3.088. Recently, a new interpretation of the Manava
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~ulbaSCtra has yielded the relation r = 4s/5fi, thereby implying .rrz =
= 3.125, which is the best ~ulbaapproximation found so far.
The ancient Jaina School preferred the approximation T = &6, which
they considered accurate and from which they derived the value .rr =
M 3+ 2 = y . This value (di6) continued to be used in India not
only by the Jainas but by others, such as Varzhamihira, Brahmagupta,
and ~ n d h a r a even
,
when better values were known.
With Ar~abhafaI (born CE 476), a new era of science began in India.
In the ~ryabhafiya,he gave a fine approximation of .rrl, surpassing all
older values. It contains the rule that the perimeter of a circle of diameter
20,000 is close to 62,832, so that .rrl = - = 3.1416 nearly, which is
correct to four decimal places, and he still calls it close and not exact.
This value had a respectful place in Indian mathematics and exerted
great influence. How kyabhata obtained it is not known. It was known
in China, but evidence of borrowing lacks documentary support. On the
other hand, the two typically Indian values di6 and - appear in
many subsequent Arabic works.
for .rr first appeared in the lost
In India, the Archimedian value
part of ~ndhara's Pdti (ca. CE 750). A Jaina writer, Virasena, quotes a
peculiar rule in his commentary Dhavald (CE 816). It is equivalent to p
= 3d + (16d + 16)/113. If we leave out the redundant dimensionless
number +16 in the brackets, this rule will imply a knowledge of the value
355 - which was known in China to Zu Chongzhi (CE 429-500). In
.rrl =
explicit form, this value is found in India much later, e.g. in the works
of NarFiyana 11, Nilakantha, and others. The simplified or reduced form
of Lyabhata's value of .rr occurs in the works of Later Pauliia, Lalla,
Bhatfotpala and the great Bhaskara 11.
Most significant contributions on the computations of T were made by
the mathematics of the late Aryabhafa School of South India. Mgdhava of
Sangamagrgma (ca. CE 1340 to 1425), the first great scholar and founder
of the School, gave the value .rr1 = 2827, 4333, 8823, 3)/(9 xlOll) as
known to the "learned men". This value yields an approximation correct
.. .
to eleven decimals. Madhava also knew the series = 1which was rediscovered in Europe in 1673 by Leibniz.
In discovering various series for .rr and in evolving techniques for improving their convergence, a great theoretical breakthrough was already
attained in sixteenth-century India.

5

7

2

+

+

R.C. Gupta

Gupta, R.C. "Aryabhata I's Value of
(Sec. B).

T."

Mathematics Education 7(1): 17-20. 1973

Pi in Indian Mathematics

331

Gupta, R.C. " Some Ancient Values of Pi and Their Use in India." Mathematics

Education 9(1): 15. 1975 (Sec. B).
Gupta, R.C. " On the Values of .rr from the Bible." Ganita Bhdrati 10: 51-58. 1988.
Gupta, R.C. "New Indian Values of .rr from the MBnava Sulba Siitra," Centaurus
31: 114-125. 1988.
Gupta, R.C. "The Value of .rr in the Mahabharata." Ganita Bhdrati 12: 45-47. 1990.
Gupta, R.C. "Sundarar3ja's Improvements of Vedic Circle-Square Conversions."

Indian Journal of History and Science 28(2): 81-101. 1993.
Hayashi, Takao, T Kusuba, and M. Yano. "Indian Values for .rr Derived from
Aryabhafals Value." Historia Scientiarum 37: 1-16. 1989.
Marar, K. Mukunda, and C.T. Rajagopal. "On the Hindu Quadrature of the Circle."

Journal of the Bombay Branch of the Royal Asiatic Society (New Series) 20:
65-82. 1944.
Rajagopal, C.T., and M.S. Rangachari. "On Medieval Kerala Mathematics." Archive

for History of Exact Sciences 35(2): 91-99, 1986.
Smeur, A.J.E.M. "On the Value Equivalent to .rr in Ancient Mathematical Texts: A
New Interpretation." Archive for History of Exact Science 6 (4): 249-270. 1970.
See also: ~ulbasiitras- Varghamihira - Brahmagupta - ~ridhara- Aryabhafa Nilakanfha PauliSa - BhBskara - Mgdhava

Precession of the Equinoxes
Precession of the equinoxes, which in Indian astronomy is called
ayanacalana (shifting of the solstices), refers to the slow but continuous
backward movement of the point of intersection of the ecliptic (which
is a fixed circle) and the celestial equator (which keeps on moving backwards). This effectively means that the first point of Aries, which is the
traditional point of the commencement of the Indian year, is really shifting backwards continuously. This shifting is, however, so slow, being a
meagre 50.2 seconds per annum, that it comes to be noticed only when it
accumulates over several years, and takes about 25,800 years to complete
one circle.
Such a shift seems to have been noticed in India even during the Vedic
times, as is evidenced by the Vedic priests' changing the beginning of
their year backwards, from the constellation MrgaSiras (Delta Orionis) to
the next previous constellation Rohini (Alpha Tauri), and again backward,
to w t t i k a (Eta Tauri) in the course of time. But no measurement of it
was made. Precession was not apparent during the time of astronomer
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k y a b h a t a (CE 499), since at that time the First point of Aries coincided
with the equinox. However, later astronomers noted it and also measured
its rate. The first Indian astronomer who gave a rule for finding the
value of precession seems to be DevAcArya, who, in his Karanaratna, 1.36
(CE689), gives the rate of precession which works out to 47 seconds per
annum. The magnitude of the precession, called ayana-amSa (degrees of
precession) of a celestial body would be the angular distance between
its computed longtude and the First point of Aries on the zodiac (which
Hindu astronomy takes as fixed).
Hindu astronomers did not conceive the shifting of the equinoxes as a
continuously regressing phenomenon, which it really is. They understood
it as an oscillatory motion, with the beginning of the Kali era (3102 BCE)
as the 'zero-precession year', when the Sun and other planets were at
the First point of Aries (ASvini), i.e. at the end of Zeta Piscium (Revati).
According to the Suryasiddhdnta, an oscillation of amplitude 27" to and
fro would take 7200 years to complete. Thus, during the first 1800 years,
the equinox moved forward by 27", and during the next 1800 years it
moved backward, coming back to the zero position at the end of the Kali
ta
his
year 3600 (which corresponds to CE 499, when ~ r ~ a b h a composed
work Aryabhafiya). It will continue to regress for 1800 years more, till CE
2299, when its forward motion for 1800 years would commence, again
reaching the zero position at the end of 7200 years, covering, in all, 108".
Certain other texts, such as the Karanaratna and Vdkya-karana take the
amplitude of the oscillation as 24", the period for one complete oscillation
being 7380 years. Among Indian astronomers, it was only MuiijAla (CE
932) who conceived precession as a continuous motion.

K.V. Sarma
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Puturnana Sornaygji

Putumana Somayaji
Putumana Somayaji (ca. 1660-1740), author of the work Karanapaddhati
(Methodology for Astronomical Manuals) was a nampzitiri (the appellation
of the Brahmin community of Kerala in South India), who belonged to a
family which bore the name Putu-mana (New House). He was of Rgvedic
denomination, and secured the surname Soma-yaji by having performed
the Vedic Soma sacrifice. His real name remains unknown. The date of
Soma-yaji is surmised on the basis of the chronogram which gives the
date of completion of his Karanapaddhati (as 17,65,653) of the Kali era,
stated in the kafapayidi notation of expressing numerals, which is in the
year CE 1732. Again, in the concluding verse, Somayaji states that he
a,
has been identified as
hailed from the village named ~ i v a ~ u rwhich
Covvaram in Central Kerala, where his descendants still reside.
Somayaji was a prolific writer, mainly on astronomy and astrology,
his only work in a different discipline being BahvrcapriyaScitta, a treatise
which prescribes expiations (priyaScitta) for lapses in the performance of
rites and rituals by Bahvrca (Rgvedic) Brahmins of Kerala. In addition to
his major work, Somayaji is the author of several other works. In Pauicabodha (Treatise on the Five), he briefly sets out computations at the times
of Vyatipita ( unsavoury occasion), Grahana (eclipse), Chiyd (measurements
based on the gnomonic shadow), srrigonnati (elongation of the Moon's
horns), and Maudhya (retrograde motion of the planets), all of which are
required for religious observances. His Nyiyaratna (Gems of Rationale),
available in two slightly different versions, depicts the rationale of eight
astronomical entities: true planet, declination, gnomic shadow, reverse
shadow, eclipse, elongation of the Moon's horns, retrograde motion of the
planets, and Vyatipita. Three short tracts on the computation of eclipses,
including a Grahanistaka (Octad on Eclipses), are ascribed to SomayFiji.
He also composed a work called Venvirohistaka (Octad on the Ascent
on the Bamboo), which prescribes methods for the computation of the
accurate longitudes of the Moon at very short intervals. A commentary in
the Malayalam language on the Laghumdnasa of Muiijala is also ascribed
to him. On horoscopy, SomayFiji wrote a JitakideSa-mirga (Methods of
Malung Predictions on the Basis of Birth Charts), which is very popular
in Kerala.
The Karana-paddhati, in ten chapters, is his most important work. The
work is not a manual prescribing computations; rather it enunciates
the rationale behind such manuals. Towards the beginning of the work,
the author states that he composed the book to teach how the several
multipliers, divisors, and R sines pertaining to the different computations
and the like are to be derived. Thus, the work is addressed not to the
almanac maker but to the manual maker. All the topics necessary to make
the daily almanac are not treated in Karanapaddhati, whereas several other
items not pertaining to manuals are dealt with. The work takes as its
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basis the parameters and postulates of the Parahita system of astronomy
promulgated by Haridatta, except for the section on eclipses, where the
more accurate system from the Drgganita of ParameSvara is taken as the
basis.
In chapter I, the Karanapaddhati sets out the planetary parameters,
the computation of the mean planets, and the corrections to be applied
thereto. Chapter I1 is devoted to the derivation, by means of pulverisation
(kuttaka), of the multipliers and divisors necessary for planetary computations. Chapter I11 is concerned with various aspects of the computation
of the Moon, and Chapter IV deals with miscellaneous matters relating
to the determination of suitable epochs for commencing computations.
Chapter V mentions methods for correlating observed results with computed results, while chapter VI depicts such matters as the circle and the
circumference, and the R sines pertaining to various entities for different
purposes. Chapter VII is devoted to the rationale of the derivation of
the mnemonics relating to the epicycles, their R sines, and allied matters.
Chapter VIII describes varied derivations using the gnomonic shadow.
Chapter IX is devoted to stellar declination and latitudes. The last chapter
is concerned with certain derivations from the shadow of the gnomon.
As a work on astronomical rationale and exposition of the logic of
several practices, the Karanpaddhati is highly important. A very significant
statement made by the Putumana Somayaji, towards the close of Chapter
V, is that the conception of aeons and eras, the measures therefore, and
the various derivations based on them are not really true; they are only
a means to compute the positions of celestial bodies and matters related
to them. What is really important is the correlation of computation with
observation, and to affect the same a practical astronomer is authorised
to make changes as necessary. This is a highly significant statement,
maybe even revolutionary, which was made in a forthright manner by
an orthodox Hindu astronomer.

K. V. Sarma

Karana-paddhati of Puturnana Sornayiiji. Ed. EK. Koru. Cherp: Astro Printing and
Publishing Co. 1953.
Karana-paddhati of Putumana Sornayiiji. Ed. S.K. Nayar. Madras: Government
Oriental Manuscripts Library. 1956.
Sarma, K.V. "Putumana SomayBji, an Astronomer of Kerala and his Hitherto
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See also: Parameivara - Haridatta - Eclipses

Rainwater Harvesting
Throughout history people have lived in areas where there are few
rivers and where the direct collection of rainwater from roofs, paved
courtyards, hillsides, or rock surfaces is one of the best available methods
for securing a water supply. By extending this principle to provide water
for crops, early civilisations practiced agriculture much further into the
semi-desert areas of Arabia, Sinai, North Africa, India, and Mexico than
has been possible in modern times - and this is not explicable by changes
in climate.
Agriculture in the Old World originated in climatically dry regions in
the Middle East and may have depended to some degree on rainwater
running off nearby slopes almost from the start. Evidence is lacking until
a later period, however, when some of the most strilung applications of
rainwater harvesting were related to crop production in the Negev Desert
between 200 BCE and CE 700. One technique would be to dig a channel
across a hillside to intercept water running downslope during storms. The
water would be directed onto fields which, in the Negev, were carefully
levelled and enclosed by bunds. Further west, steeper hillsides were
used in Morocco, with cultivation on flat terraces formed behind stone
retaining walls. In Tunisia, French travellers in the nineteenth century
noted fruit trees being grown at the downslope end of small bunded
rainwater catchment areas or microcatchments.
In India, one common technique is simply to build a bund across
a gently sloping hillside, so that runoff flows originating from rainfall
collect behind the bund, where water is left standing until the planting
date for the crop approaches; then the land is drained, and the crop
sown. This land behind the bund which is seasonally flooded and then
later planted with a crop is known as an ahar in Bihar, or a khadin in
Rajasthan. Although some ahars may be only one hectare in extent with
a bund 100 metres long, others are very large and account for 800,000
hectares of cultivation in Bihar state. In desert areas of Rajasthan, there
are many khadins of twenty hectares or more, some of them having been
first constructed in the fifteenth century CE.
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In North America, research on the modern potential of runoff farming
methods has been stimulated by the realisation that people living in what
is now Mexico and the south-western United States prior to European
settlement had methods of directing rainwater from hillsides on to plots
where crops were being raised, thereby making productive agriculture
possible in an otherwise unpromising semi-arid environment. On lands
occupied by the Hopi and Papago peoples in Arizona, fields were predominantly on alluvial valley soils below hillsides or gullies from which
water could flow to the crops during rainstorms. Sites were chosen so
that only minimal earthworks were needed to spread the water over the
fields. These were short lengths of bund referred to as spreader dikes.

Arnold Pacey

Bradfield, M. The Changing Pattern of Hopi Agriculture. London: Royal Anthropological Institute. 1971.
Evenari, M., L. Shanan, and N. Tadmor. The Negev: The Challenge of a Desert. 2nd
ed. Cambridge, Massachusetts: Harvard University Press. 1982.
Kutsch, H. Principal Features of a Form of Water-Concentrating Culture (in Morocco).
Trier: Geographisch Geselkschaft Trier. 1982.
Pacey, Arnold, and Adrian Cullis. Rainwater Harvesting. London: Intermediate
Technology Publications. 1986.
See also: ~rrigation

Ramanujan
Srinivasa Ramanujan was born on 22 December 1887 in the home of
his maternal grandmother in Erode, India, a small town located about
250 miles south-west of Madras. Soon thereafter, his mother returned
with her son to her home in Kumbakonam, approximately 160 miles
south-southwest of Madras. Ramanujan's father was a clerk in a cloth
merchant's shop, and his mother took in local college students to augment
the family's meagre income.
Ramanujan's mathematical talent was recognised in grammar school,
and he won prizes, usually books of English poetry, in recognition of
his mathematical slulls. At the age of fifteen, Ramanujan borrowed G. S.
Carr's Synopsis of Pure Mathematics from the local Government College
in Kumbakonam. This unusual book, written by a Cambridge tutor to
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teach students, contained approximately five thousand theorems, mostly
without proofs, and was to serve as Ramanujan's primary source of
mathematical knowledge.
With a scholarship, Ramanujan entered the Government College in
Kumbakonam in 1904. However, by this time, he was completely absorbed
with mathematics and would not study any other subject. Consequently,
at the end of his first year, Ramanujan failed all of his exams, except
mathematics. He lost his scholarship and therefore was unable to return
to college.
For the next five years, working in isolation, Ramanujan devoted
himself to mathematics. He worked on a slate, and because paper was
expensive, recorded his mathematical discoveries without proofs in notebooks. During this time, he attempted once more to obtain a college
education, at Pachaiyappa College in Madras, but his singular devotion
to mathematics, and illness, deterred him again.
Having married S. Janaki in 1909, Ramanujan sought employment in
1910. For over a year, he was privately supported by R. Ramachandra Rao,
as he gradually became known in the Madras area for his mathematical
gifts. In 1912, Ramanujan became a clerk in the Madras Port Trust Office,
and this was to be a watershed in his career, for the manager, S. Narayana
Aiyar, and the Chairman, Sir Francis Spring, took a kindly interest in
Ramanujan and encouraged him to write English mathematicians about
his work.
On 16 January 1913, Ramanujan wrote to the famous English number
theorist and analyst, G.H. Hardy. He and his colleague J.E. Littlewood
examined the approximately sixty mathematical results communicated
by Ramanujan and were astounded by his many beautiful and original
claims. Hardy strongly encouraged Ramanujan to come to Cambridge, so
that his mathematical talents could be fully developed. At first, Ramanujan
was reluctant to accept the invitation, because of orthodox Brahmin
beliefs that crossing the seas makes one unclean, but on 17 March 1914
Ramanujan sailed for England.
During the next three years Ramanujan achieved worldwide fame for
his mathematical discoveries, some made in collaboration with Hardy.
However, in the spring of 1917, Ramanujan became ill and was confined
to nursing homes for the next two years. Tuberculosis, lead poisoning,
and a vitamin deficiency were among the many diagnoses made, but
a more recent examination of Ramanujan's symptoms points to hepatic
amoebiasis. In 1919, he returned to India with the hope that a more
favourable climate and more palatable food would restore his health.
However, his condition worsened, and on 26 April 1920, Ramanujan
passed away.
After Ramanujan's death, Hardy strongly urged that Ramanujan's
notebooks be edited and published with his Collected Papers. Two ~ n g l i s h
mathematicians, G.N. Watson and B.M. Wilson, devoted over ten years
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to proving the approximately three to four thousand theorems claimed
by Ramanujan in his notebooks, but they never completed the task. It
was not until 1957 that an unedited photostat edition of Ramanujan's
notebooks was published. In 1977, B.C. Berndt, with the help of Watson
and Wilson's notes, began to devote all of his research efforts toward
editing the notebooks, and by early 1994 four volumes were published.
In 1976, G. E. Andrews discovered a sheaf of 140 pages of Ramanujan's
work, now called the "lost notebook, in the library at Trinity College,
Cambridge. Andrews has now proved many of the 600 claims made in
this "notebook, arising from the last year of Ramanujan's life.
Ramanujan made many beautiful discoveries in several areas of number theory and analysis, in particular, the theory of partitions, probabilistic
number theory, highly composite numbers, arithmetical functions, elliptic
functions, modular equations, modular forms, q-series, hypergeometric
functions, asymptotic analysis, infinite series, integrals, continued fractions, and combinatorial analysis. His influence can be traced to many
areas of contemporary mathematics; this is evident in the proceedings
of major conferences commemorating Ramanujan on the one-hundredth
anniversary of his birth. Although much of Ramanujan's work is quite
deep, many of his original discoveries can be understood with a background of only high school mathematics. In particular, his several results
on solving systems of equations, representing integers as sums of powers,
and approximating n are elementary. In the past few decades, as more of
Ramanujan's results have been unearthed, his already great reputation
has soared even more.
Most biographical sketches of Ramanujan's life rely chiefly on the
obituaries written by EV. Seshu Aiyar and R. Ramachandra Rao, and
the writings of Hardy. However, Robert Kanigel's biography is by far
the most complete and detailed description of Ramanujan's life. Much
can also be learned from Ramanujan's letters to Hardy, his family, and
friends.
Bruce C. Berndt
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Rationale in Indian Mathematics
Rationale in Hindu mathematics and astronomy is expressed by the
terms Yukti and Upapatti, both meaning 'the logical principles implied'.
It is characteristic of the Western scientific tradition, from the times of
Euclid and Aristotle up to modern times, to enunciate and deduce using
step by step reasoning. Such a practice is almost absent in the Indian
tradition, even though the same background tasks of collecting and
correlating data, identifying and analysing methodologies, and arguing
out possible answers, have to be gone through before arriving at results.
However, in the final depiction, only the resultant formulae would be
given, and that too in short, crisp aphoristic form, leaving out details of all
the background work. Commentaries generally content themselves with
explaining the text of the formulae and adding examples. This tendency
towards selective depiction of results has resulted not only in blacking
out the background but also in not understanding the mental working of
the Indian scientist. It also throws into oblivion the methodologies that
had evolved. For this reason, many Indian advances have been branded
as unoriginal and borrowed.
The situation is, however, relieved to some extent by the presence
of a few commentaries which took pains to explain elaborately the
methodologes adopted by the original author and also set out the
rationales of the formulae he enunciated. Among such commentaries
mentioned:

Siddhdntadipika
on
Govindasvfimi's
Parameivara (1360-1465),

Mahdbhdskariya-Bhdsya

by

~ryabhatiya-Bhdsyaby Nilakantha SomayFiji (b. 1444),
Yuktidipikd on Nilaka~thaSomayaji's Tantrasarigraha, by ~arikaraVfiriyar
(1500-1560),
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Vdsandbhdsya on
Daivajfia (1621),

Bhaskaracarya's

SiddhdntaSirornani

by

Nrsimha

Marici, again on BhaskarBcBrya's SiddhdntaSirornani by MuniSvara (1627),
A few texts devoted solely to the depiction of rationale are also known,
such as the Yuktibhasa (Mathematical 'rationale in language' Malayalam)
by Jye~fhadeva(1500-1610), Jyotirrnirndl?zsd (Investigations on Astronomical Theories) by Nilakanfha SomaySji (b. 1444), Rdiigolasphutdniti (True
Longitude Computation on the Sphere of the Zodiac) by Acyuta Pi~arafi
(1600), and Karanapaddhati (Methods of Astronomical Calculations) by
Putumana Somayaji (1660-1740).
However, what is more significant is the occurrence of a number of
short tracts giving mathematical and astronomical rationale which are
available, some in print and several others in the form of manuscripts.
These tracts take up individual topics of importance, analyse the technical principles involved therein, compare the procedures adopted in
different texts, and often suggest revisions. To cite an example, the work
Ganitayuktayah (Rationales of Hindu Astronomy) contains a set of 27 tracts
providing rationalistic exegeses on several topics including parallaxes of
latitude and longitude, elevation of the Moon's horns, constitution of
epochs for new astronomical manuals, planetary deflections, and equation of the centre. It is also noteworthy that some of these exegeses
establish the originality of the methodologies and formulae depicted by
Indian scientists.
K.V. Sarma

kryabhaf@aof kryabhafa with the Bhdva of Nilakanfha Somaydji. Trivandurm: Oriental Research Institute and Manuscripts Library. 1930, 1931, 1957.
Ganitayuktayah: Rationales of Hindu Astronomy. Ed. K.V. Sarma. Hoshiarpur:
Vishveshvaranand Institute. 1979.
Jyotirmimdmsd of Nilakantha Somaydji. Ed. K.V. Sarma. Hoshiarpur: Vishveshvaranand Institute. 1977.
Mahdbhdskanja of Bhdskardcdrya with the B h e y a of Govindasvdrnin and the
Super-commentary Siddhdntadipifi of PararneSvara. Ed. T.S. Kuppanna Sastri.
Madras: Government Oriental Manuscripts Library. 1957.
Rdiigolasphuf~niti:True Longitude Computation on the Sphere of Zodiac. Ed. K.V.
Sarma. Hoshiarpur: Vishveshvaranand Institute. 1977.

342

Encyclopaedia of Classical Indian Sciences

Sarma, K.V. A History of the Kerala School of Hindu Astronomy. Hoshiarpur:
Vishveshvaranand Institute. 1972.
Srinivas, M.D. "The Methodology of Indian Mathematics and its Contemporary
Relevance." PPST BuIIetin (Madras) 12: 1-35. 1987.

Rockets
Fire arrows (agni-bana) were used in India and other civilisations for
thousands of years. Rockets are different in that they are self-propelled. It
is widely agreed that the first recorded use of rockets comes from China in
the 11th century CE. The invention travelled rapidly (presumably through
the Mongols) to Europe, where it was first mentioned in 1258 CE and
was experimented with and used up to the 15th century. The Moghuls in
India also used it during the late 15th and early 16th centuries. However
rockets fell into disuse with the increasing accuracy and power of artillery.
The re-emergence of the rocket as a significant military weapon during
the 18th century in the princely state of Mysore in South India is a
fascinating little episode in the history of technology in India, with an
interesting sequel in 19th century Britain and Europe. Haidar Ali, a bold
officer in the army of the Raja of Mysore, and his son Tipu Sultan, used
the rocket frequently in various battles in South India, including the
four 'Anglo-Mysore Wars' fought in the second half of the 18th century
(Haidar's father had already commanded 50 rocketmen for another South
Indian prince). The interest in the events of the late 18th century arises
from two facts: the balance of industrial power began to shift from Asia
to Europe in that period, and interesting accounts have been left behind
by European observers.
The rockets used by the Mysoreans consisted of a metal cylinder
('casing') containing the combustion powder ('propellant'), which was
tied to a long bamboo pole or sword that provided the required stability
to the missile. It bears a strong resemblance to the much smaller 'rocket'
that is a part of the fireworks that are still commonly seen during the
Indian festival of lights, Deepavali. Two specimens preserved in the Royal
Artillery Museum, Woolwich Arsenal in England have these dimensions:
Casing 58 mm outer diameter and 254 mm long, tied with strips
of hide to a straight 1.02 m long sword blade.
Casing 37 mm outer diameter and 198 mm long, tied with strips
of hide to a bamboo pole 1.9 m long.
These rockets had a higher thrust and range than anything in use at
that time in Europe, as confirmed by later tests in England. The range
is often quoted as about 1000 yards. There are however other accounts
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that speak of rockets that generally weighed 3.5 kg, tied to 3 m bamboo
poles, and with a range of up to 2.4 krn; this was by European standards
an outstanding performance for the time.
The superior performance of these rockets cannot be attributed to the
propellant, which was a standard material like gunpowder. There was
nothing unusual about the aerodynamics either; it turns out that their
superiority lay in the material employed for the casing. The casing was
a metal cylinder made of hammered soft iron. Although it was crude, it
represented a considerable advance over earlier technology, as European
rockets of the time had combustion chambers made of some kind of
pasteboard. For example, Geissler in Germany used wood, covered with
sailcloth soaked in hot glue. The use of iron (which at that time was of
much better quality in India than in Europe), increased bursting pressures,
which permitted the propellant to be packed to greater densities; this is
what gave the rockets their outstanding performance.
There was at that time a regular Rocket Corps in Tipu's Mysore Army
with a strength of about 5000, with several units of rather more than
a hundred men each. There are accounts that mention the skill of the
Mysorean operators in giving the rockets an elevation that depended on
the varying dimensions of the cylinder and distance to the attack target.
Furthermore, the rockets could be launched rapidly using a wheeled cart
with three or more rocket ramps.
The first account we have of the use of these rockets is in the Battle of
Pollilur, fought on 10 September 1780 during the Second Anglo-Mysore
War near a small village about 180 km east of Bangalore. Haidar and Tipu
achieved a famous victory in this battle, and it is widely held that a strong
contributory cause was that one of the British ammunition tumbrels was
set on fire by the Mysore rockets, a scene that is celebrated in a famous
mural that can be seen at the summer palace in Tipu's capital Sri-rangapattana. Writing about this war, Sir Alfred Lyall, a British historian of the
early 20th century, remarked that, as a consequence of this defeat, 'The
fortunes of the English in India had fallen to their lowest water-mark.'
A celebrated victim of such a rocket attack was Colonel Arthur Wellesley
(later Duke of Wellington and the hero of Waterloo), who suffered a
traumatic encounter with rockets in a mango grove just outside Sriranga-pattana in 1799. From these and other accounts it is clear that the
British were caught off guard by the Indians' use of rockets, which at the
least caused great fear and confusion. They started developing their own
rockets in the early years of the 19th century. The programme began
when several Indian rocket cases were collected and returned to Britain
for analysis. Further development was chiefly the work of Col. (later Sir)
William Congreve, who tested the biggest skyrockets then available in
London. Their range was found to be about 500-600 yards, less than
half that of the Mysore rockets. He then developed his own, using the
facilities of the Royal Laboratory at Woolwich Arsenal.
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Congreve used t h ~ s rockets
e
during the Napoleonic wars and in several
engagements during the Anglo-American War of 1812, sometimes with
little and on other occasions with great effect. They were still rather
unreliable and inaccurate, but had greater range than cannons and could
even be fired from rowboats. It was a spectacular but unsuccessful attack
on Fort McHenry that led to the reference to 'the rockets' red glare' in
the US national anthem, which began as a patriotic song composed by
Francis Scott Key, who was witness to the attack.
One major reason for interest in this episode is that it occurred during
a time of global transition in geopolitics, economics and technology.
Clearly, even in the late eighteenth century there were several Indian
products technologically superior to Western equivalents, and both sides
recognised this. But the British effort that followed had the sophistication
of research and development today. Scientific principles were applied,
designs made, products developed and tested, and all of this was carefully
documented - a process alien to Indians of that time. The Indian rockets
,were well made but not standardised, being the creation of traditional
artisans.
Roddam Narasimha
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Salt
As India is one of the oldest civilisations, it is no wonder that salt was
produced in ancient India and that one finds its mention in ancient
scriptures. The salt industry flourished as a cottage industry for centuries.
The word for salt is LGvana in Sanskrit. A passage from ArthaSGstra, a book
dealing with the history of the Mauryan period (300 BCE), says that salt
manufacture was even at that distant date supervised by a state official
named Lavanadhyaksa and the business was carried out under a system
of licences granted on the payment of fixed fees or part of the output. This
tradition, handed down from Hindu kings of old, is followed even now,
with variations, by the Government of India through its Salt Department.
The history of many countries shows connections with salt; in India salt
was used by Mahatma Gandhi as a tool to win independence, when he
completed his famous 400-krn march to the sea at Dandi on 6th April
1930. The development of the Indian salt industry will now be briefly
examined in two periods, pre- and post-independence.
Salt was prepared in ancient times and until British rule from sources
like seawater, subsoil and lake saline water, rock salt deposits, and water
extracts of saline soils (particularly in Uttar Pradesh) mainly by solar
evaporation. If required, artificial evaporation was resorted to. The salt
was produced in the coastal regions of Bengal, Bombay, Madras and the
Rann of Kutch and in the inland regions of Rajasthan, Uttar Pradesh,
and Central India from saline brines of lakes and as rock salt in Punjab.
The salt industry provided a source of revenue to the rulers in the
respective regions, and it received protection and encouragement from
them. However, the industry faced a sort of setback and discouragement
from the British rulers who not only raised the taxes and levies as
early as 1768 but also later started importing salt around 1835-36 from
European countries, Aden, and other places. The salt industry in Bengal
province first felt the impact of the British policy which then affected
the salt industry not only in other parts of their empire but also in Goa,
which was under Portuguese rule. The quantity of salt impcrted, mainly
in Bengal, in the pre-independence period ranged between 0.4 and 0.6
million tons annually.
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However the British rulers reconsidered their drastic policies around
1930-31, which helped to revive the Indian salt industry, and salt production picked up. An Indian chemical engineer, Kapilram Vakil, brought
about changes and improvements in salt production methods, particularly from seawater, based on scientific principles. Before establishing
India's first large-scale marine salt farm at Mithapur in 1927 with the
support of the Maharaja of Baroda, he had earlier (1919-20) studied in
detail the status of the salt industry in the eastern states of Bengal and
Orissa. Thus production of salt in large salt works established on the
basis of scientific knowledge began in India before independence.
After Independence, the majority of rock salt producing areas went to
Pakistan. Salt is now mainly produced from seawater, subsoil brines, and
inland lake brines. India exports salt; the imports are around 8000 to 15,000
tons per year in recent years and it is mostly as rock salt from Pakistan.
Efforts have to be made to improve the quality of salt produced from
both seawater and subsoil brines in the field itself, and this is one of
the challenges faced by the Indian salt industry. The industry is highly
labour intensive and thus has a low output. It is necessary to upgrade the
technologies, adopt mechanisation, and improve transportation, loading,
and port facilities. This is another challenge to be tackled by the Indian
salt industry, an ancient industry that must adapt to changing times.

S.D. Gomkale

Aggarwal, S.C. The Salt Industry in India. Government of India. 1976.
Annual Reports of the Salt Department, Ministry of Industry, Government of India.

~ a n k a r aVariyar
~afikaraVlriyar (ca. 1500-1560) was a brilliant expositor of astronomy
and mathematics who hailed from Kerala in the south of India. He
belonged to the variyar community which was professionally assigned
to certain peripheral duties in temples. ~ankarawas a direct disciple of
the well-known Kerala astronomer Nilakanfha SomyFiji @. 1444). Among
other teachers whom he mentions in his works are Damodara (ca. 14501550), Jyesthadeva (ca. 1500-1610) and Citrabhlnu (ca. 1475-1550). ~arikara
mentions that his commentary on the work Paficabodha was completed
on the day 16,92,972 of the Kali era, which occurs in CE 1534, from which
his date is definitely ascertained.

~ a n k a r aVariyar
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~ a n k a r aVBriyar wrote an advanced astronomical manual entitled
Karanasdra, to which he has added a gloss of his own. But he is better
known for his elaborate commentaries on such standard works as the
Lildvafi of BhBskarBcBrya, the Tantra-sarigraha of Nilakantha SomayFiji, and
the anonymous Paiicabodha. The two commentaries, the one on the Lildvafi,
called Kriydkramakari (Sequential Evolution of Mathematical Procedures)
and that on Tanfrasarigraha called Yukfidipikd (Light on Astronomical Rationale), are highly significant writings in Indian mathematical literature.
After giving the meaning of each textual verse or group of verses from
these two texts, ~alikarasets out the background and evolution of the
enunciation commented on, the different aspects thereof, and the stepby-step derivation of the relevant formula or procedure. This exposition
of rationale, couched in simple verses and often running to several pages,
serves to give an exposure to Indian mathematical thinking and open
up the normally unexpressed mental working of the Indian mathematician, which has led most modern historians of mathematics to presume
that much of Indian mathematics and astronomy was borrowed and
not original. The rationale elaborated here relates among other things,
to the summations of series, the circle and the irrationality of 7r and
pulverisation in the field of mathematics; and the theory of epicycles,
ascensional differences, rising of the signs, and problems based on the
gnomic shadow, in astronomy. These commentaries are valuable also for
the information on earlier authors like MBdhava of Sangamagrama and
their theories.

K.V. Sarma
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Satananda, son of ~alikaraand author of the popular astronomical manual
Bhisvati, was a resident of Purusottamapuri, the modern city of Puri,
in Orissa. The B&svati was written in the Saka year 1021, CE 1099.
The epochal constants are also given for Puri, instead of for Ujjain as
is normal in astronomical manuals. In 82 pithy verses distributed in
eight chapters, the Bhisvati sets out the several computations required
for preparing the daily almanac. There is a traditional statement that
eclipses computed according to the Bhdsvati would be exact. Towards the
beginning of the work, the author avers that he was composing the work
on the basis of the (Old) Siiryasiddhdnta condensed by Varahamihira in
his PaficasiddhintikZ. There is also a pun in the word Bhdsvati, based on
the above, since bhdsvdn means Siirya (Sun). There is a pun on the word
~atdnandaas well; the literal meaning of the word is "one who revels in
hundreds", and in this work the author used the centesimal system for
commencing the epochal position and specified several of the multipliers
and divisors in computation in terms of hundreds. There are several
recensions of the work and some manuscripts add an Uttara-Bhdsvati.
~ a t ~ n a n dintroduced
a
certain other innovations in his work. For the
computation of Mean planets, he took not the ahar-gana (number of
elapsed days), but the Varsa-gana (number of elapsed years). As the commencement of the year, he did not take the Mean Mesidi (Aries ingress),
but the True Mesidi, which is advantageous in certain aspects. Another
speciality of ~atananda'sis that, as mentioned above, he adopted the
centesimal system for commencing epochal positions and for specifying
multipliers and divisors. The positions of the Sun and the Moon are
stated in terms of naksatras (constellations) and not in riSis, which is
normally the case in texts of this type. Then again, ~atanandatook CE
528 as the zero precession year and the rate of precession as one minute
per annum.
The popularity of ~ a t ~ n a n d awork
's
in North and North-east India is
attested to by the presence of a large number of manuscripts of Bhisvati
in these regions and by the fact that most of his commentators hail from
there. Some of the principal commentators are Aniruddha (~i~ubodhini,
1495), Madhava (Mddhavi, 1525), Acyuta (Ratnarndld, ca. 1530), Kuvera
MiBra (Tikd, 1685), Rgmaksna (Tattvaprak&iki, 1739), and Yogindra (1742).
K.V. Sarma
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Science as a Western Phenomenon
Philosophers, historians, and sociologists of science all accept as a basic postulate that science is essentially Western. This postulate is still
conditioning contemporary scientific ideologies. This article analyses the
characteristics, history, and validity of this doctrine by means of a confrontation with one of the non-Western scientific contributions: science
written in Arabic.
Classical science is essentially European, and its origins are directly
traceable to Greek philosophy and science; this tenet has survived intact
through numerous conflicts of interpretation over the last two centuries.
Almost without exception, the philosophers accepted it. Kant, as well as
Comte, the neo-Kantians as well as the neopositivists, Hegel as well as
Husserl, the Hegelians and the phenomenologists as well as the Marxists,
all acknowledge this postulate as the basis of their interpretations of Classical Modernity. Even until our time, the names of Bacon, Descartes, and
Galileo (sometimes omitting the first, and sometimes adding a number
of others), are cited as so many markers on the road to a revolutionary
return to Greek science and philosophy. This return was understood by
all to be both the search for a model and the rediscovery of an ideal.
One might impute this unanimity to the philosophers' zeal to pass beyond the immediate data of history, to their wish for radical insight,
or to their effort to seize what Husserl describes as "the original phenomenon (Urphanomen) which characterises Europe from the spiritual
point of view". One would expect that the position taken by those who
have stuck more closely with the facts of the history of science would be
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quite different, but such is not the case. This same postulate is adopted
by the historians of science as a point of departure for their work, and
especially for their interpretations. Whether they interpret the advent of
classical science as the product of a break with the Middle Ages, whether
they defend the thesis of continuity without breaking or cutting, or
whether they adopt an eclectic position, the majority of historians agree
in accepting this postulate more or less implicitly.
Today, in spite of the works of many scholars on the history of Arabic
and Chinese science, in spite of the wide representation of non-Western
scientists in Dictionary of Scientific Biography, the works of the historians
rest on an identical fundamental concept: in its modernity as well as in
its historical context, classical science is a work of European man alone.
Furthermore, it is essentially the means by which this branch of humanity
is defined. Occasionally the existence of a certain practical science in other
cultures might be acknowledged; nevertheless, it rests outside history, or
is integrated into it only to the extent of its contributions to the essentially
European sciences. These are only technical supplements which do not
modify the intellectual configuration or the spirit of the latter in any way.
The image given of Arabic science constitutes an excellent illustration
of this approach. Essentially it consists of a conservatory of the Greek
patrimony, transmitted intact or enriched by technical innovation to the
legitimate heirs of ancient science. In all cases, scientific activity outside
Europe is badly integrated into the history of the sciences; rather, it is
the object of an ethnography of science whose translation into university
study is nothing more than Orientalism.
The effects of this doctrine are not limited to the domain of science,
its history, and its philosophy. It is at the centre of the debate between
modernism and tradition. As was the case in eighteenth-century Europe,
we find in certain Mediterranean and Asian countries of today, that
science (which is qualified as European) is identified with modernism.
Our purpose here is not to redress wrongs, nor to oppose to that science
qualified as European an alleged Eastern science. It is simply a matter
of understanding the significance of the European determination of the
concept of classical science, grasping the reasons for it and measuring its
importance.
We shall begin by sketching the history of this view of European
science and then estimate its effects. We shall limit ourselves to posing
the problem and advancing several hypotheses, and we also add these
two restrictions: the only non-European science considered is one which
was produced by various cultures, by scholars of different beliefs and
religions, all of whom wrote their science principally, if not exclusively,
in Arabic. As for the tenets of the history of the sciences, we shall most
often cite those of the French historians.
The concept of a European science is already present in the works of
the historians and philosophers of the eighteenth century. In the debate
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of the Ancients and the Moderns, scholars and philosophers referred
to science to define modernity where one combines reason and experience. Historical induction intended to give its concrete determinations
to this dogmatic debate, so as to render the superiority of the Moderns
indisputable. But the West was already being identified as Europe, and
"Oriental wisdom" was already counterpoised against the natural philosophy of the post-Newtonian West, such as we find in Montesquieu's
Persian Letters (1721).
Classical science is European and Western only to the degree that it
represents a stage in the continuous and regular development of humanity. The Discours Pre'liminaire of Abbe Bossut in Diderot's Encyclope'die
Me'thodique offers an illustration of this concept. Dividing the history of
the progress of the exact sciences into three periods, this tableau allows
conjecture, alleged facts, and facts to intermingle. Its initial postulate
is that "... all of the eminent peoples of the ancient world liked and
cultivated mathematics. The most distinguished among them are the
Chaldeans, the Egyptians, the Chinese, the Indians, the Greeks, the Romans, the Arabs, etc. ... in modern times, the western nations of Europe".
Classical science is European and Western because, writes Abbe Bossut,
"... the progress made by the western nations of Europe in the sciences
from the sixteenth century to our times utterly effaces those of other
peoples."
The concept of Western science changed in nature and extent at
the turn of the nineteenth century. With what Edgar Quinet called
the "Oriental Renaissance", the conceptualisation was completed in its
anthropological dimension in the last century. This Oriental Renaissance
ended by discrediting science in the East.
If it is true that the eighteenth-century concept still survived here
and there, from the first years of the nineteenth century the materials
and ideas of Oriental studies contributed the most to the makeup of the
historical themes of the different philosophies. In Germany as well as
in France, the philosophers adopted Oriental studies for diverse reasons
in accordance witkt an identical representation: the East and the West
do not oppose each other as geographical, but as historical positivities;
this opposition is not limited to a period of history, but goes back to the
essence of each term. In this regard, Lessons on the History of Philosophy
and other works of Hegel can be invoked. Also at this time, as is shown
by the French Restoration philosophers, the themes of the "call of the
East" and the "return to the Orient" appear, which translate as a reaction
against science, and more generally, against Rationalism. But it is with the
advent and growth of the German philological school that the notion of
science as a Western phenomenon was regarded as having been endowed
with the scientific, and no longer purely philosophical, support which
had been lacking until then.
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This influence also extended into mythological and religious studies.
For example, Friedrich von Schlegel distinguishes two classes of language: the flexional Indo-European languages, and others. The former
are "noble", the latter less perfect. Sanskrit, and consequently, German,
considered the closest to it, is "... a systematic language and perfect from
its conception"; it is "... the language of a people not composed of brutes,
but of clear intelligence". There is nothing surprising in this; with the
advent of the German school we are already in the realm of classifying
mentalities. From now on everything is in place for affecting the passage
from the history of languages to history-through-languages.
A. Kuhn and Max Miiller developed the comparative study of religions
and myths around the middle of the century. The classification of mentalities is perfected. It is from the basis of these tenets and dating from
this period that one of the most important efforts to establish the notion
of science as Western and European in an allegedly scientific manner is
elaborated. This project achieves its full extent in France in the work of
Ernest Renan.
For Renan, civilisation is divided between Aryans and Semites; the
historian only has to evaluate their contributions in a differential and
comparative manner. The notion of race would constitute the foundation
of historiography. By race, one meant the whole of the "... aptitudes
and instincts which are recognisable solely through linguistics and the
history of religions". In the last analysis, it is for reasons attributable to
the Semitic languages rather than the Semites themselves that they did
not and could not have either philosophy or science. "The Semitic race",
writes Renan, "is distinguished almost exclusively by its negative traits:
it has neither mythology, epic poetry, science, philosophy, fiction, plastic
arts nor civil life". The Aryans, whatever their orign, define the West
and Europe at one and the same time. Arabic science is, "... a reflection
of Greece, combined with Persian and Indian influences".
The historians of science borrowed not only their representation of
the Western essence of science from this tradition, but also some of their
methods for describing and commenting on the evolution of science.
Thus, they applied themselves to discovering the concepts and methods of science and to following their genesis and propagation through
philological analyses of the terms and on the basis of the texts at their
disposal. Like the historian of myths or of religion, the historian of the
sciences must be a philologist as well. In France, the situation is such
that philosophers borrow Renan's interpretation and, often, even his
terminology. Even though historians have already abandoned this brand
of anthropology, they nevertheless preserve and propagate a series of
inferences engendered by it. These can be enumerated as follows:

(1) Just as science in the East did not leave any consequential traces in
Greek science, Arabic science has not left any traces of consequence
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in classical science. In both cases, the discontinuity was such that
the present could no longer recognise itself in its abandoned past.

(2) Science subsequent to that of the Greeks is strictly dependent upon
it. According to Duhem, "... Arabic science only reproduced the
teachings that it received from Greek science". In a general fashion,
Tannery reminds us that the more one examines the Hindu and
Arabic scholars, "... the more they appear dependent upon the
Greeks ... (and) ... quite inferior to their predecessors in all respects".
(3) Whereas Western science addresses itself to theoretical fundaments,
Oriental science, even in its Arabic period, is defined essentially by
its practical aims.
(4) The distinctive mark of Western science is its conformity to rigorous standards; in contrast, Oriental science in general, and Arabic
science in particular, lets itself be carried away by empirical rules
and methods of calculation, neglecting to verify the soundness of
each step on its path. The case of Diophantus illustrates this idea
perfectly: as a mathematician, said Tannery, "... Diophantus is hardly
Greek". But when he compares the Arithmetics of Diophantus to
Arabic algebra, Tannery writes that the latter "... in no way rises
above the level achieved by Diophantus."
(5) The introduction of experimental norms which, according to historians, totally distinguishes Hellenistic science from classical science,
is solely the achievement of Western science.

Thus it is to Western science alone that we owe both the concept and
experimentation. We are not going to oppose this ideology to another. We
propose simply to confront some of these elements with the facts of the
history of science, beginning with algebra and concluding with the crucial
problem of the relationships between mathematics and experimentation.

As with the other Arabic sciences, algebra had practical aims, a flair
for calculation, and an absence of rigorous standards. It is precisely
this that allowed Tannery to make his statement. Bourbaki took this as
his authorisation to exclude the Arabic period when he retraced the
evolution of algebra. The historical writings of the modern mathematician
Dieudonne are significant; between the Greek prehistory of algebraic
geometry and Descartes, he finds only a void, which, far from being
frightening, is ideoIogicaIly reassuring. Some historians cite al- Khwarizmi,
his definition of algebra and his solution of the quadratic equation, but
it is generally to reduce Arabic algebra to its initiator. This restriction
misconstrues the history of algebra, which in actuality does not show a
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simple extension of the work of al- KhwZrizmi in the West, but an attempt
at theoretical and technical overtaking of his achievements. Moreover,
this overtalung is not the result of a number of individual works, but
the outcome of genuine traditions. The first of these traditions had
conceived the particular project of arithmetising the algebra inherited
from al-KhwZrizmi and his immediate successors. The second one, in
order to surmount the obstacle of the solution by radicals of third and
fourth degree equations, formulated in its initial stage a geometric theory
of equations, subsequently to change viewpoint and study known curves
by means of their equations. In other words, this tradition engaged itself
explicitly in the first research in algebraic geometry.
As we have said, the first tradition had proposed arithmetising the
inherited algebra. This theoretical program was inaugurated at the end
of the tenth century by al-Karaji, and is thus summarised by one of
his successors, al-Samaw'al (d. 1176): "to operate on unknowns as the
arithmeticians work on known quantities".
The execution is organised into two complementary stages. T.he first is
to apply the operations of elementary arithmetic to algebraic expressions
systematically; the second is to consider algebraic expressions independently from that which they can represent so as to be able to apply them
to operations which, up to that point, had been restricted to numbers.
Nevertheless, a program is defined not only by its theoretical aims, but
also by the technical difficulties which it must confront and resolve.
One of the most important of these was the extension of abstract algebraic calculation. At this stage, the mathematicians of the eleventh and
twelfth centuries obtained some results which unjustly are attributed to
the mathematicians of the fifteenth and sixteenth centuries. Among these
are the extension of the idea of an algebraic power to its inverse after
defining the power of zero in a clear fashion, the rule of signs in all its
general aspects, the formula of binomials and the tables of coefficients,
the algebra of polynomials, and above all, the algorithm of division,
and the approximation of whole fractions by elements of the algebra of
polynomials.
In a second period, the algebraists intended to apply this same extension of algebraic calculation to irrational algebraic expressions. Al-Karaji
questioned how to operate by means of multiplication, division, addition,
subtraction, and extraction of roots on irrational quantities. To answer
this question the mathematicians gave, for the first time, an algebraic
interpretation of the theory contained in Book X of the Elements. This
book was regarded by Pappus, as well as by Ibn al-Haytham much later,
as a geometry book, because of the traditional fundamental separation
between continuous and discontinuous magnitudes. With the school of
al-Karaji, a better understanding of the structure of real algebraic numbers
is achieved.
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In addition, the works of this algebraic tradition opened the route
to new research on the theory of numbers and numerical analysis.
An examination of numerical analysis, for example, reveals that after
renewing algebra through arithmetic, the mathematicians of the eleventh
and twelfth centuries also effected a return movement to arithmetic
to search for an applied extension of the new algebra. It is true that
the arithmeticians who preceded the algebraists of the eleventh and
twelfth centuries extracted square and cube roots, and had formulas of
approximation for the same powers. But, lacking an abstract algebraic
calculation, they could generalise neither their results, their methods, nor
their algorithms. With the new algebra, the generalisation of algebraic
calculation became a constituent of numerical analysis which, until then,
had only been a sum of procedures, if not prescriptions. It is in the
course of this double movement which is established between algebra and
arithmetic that the mathematicians of the eleventh and twelfth centuries
achieved results which are still wrongly attributed to the mathematicians
of the fifteenth and sixteenth centuries. This is the case with the method
attributed to ViPte for the resolution of numerical equations, the method
ascribed to Ruffini-Horner, the general methods of approximation, in
particular that which D. T Whiteside designates by the name of alKashi-Newton, and finally, the theory of decimal fractions. In addition
to methods, which were to be reiterative and capable of leading in a
recursive manner to approximations, the mathematicians of the eleventh
and twelfth centuries also formulated new procedures of demonstration
such as complete induction.
We have just seen that the algebraist arithmeticians from the end of the
tenth century among others elaborated the concept of polynomials. This
tradition of algebra as the "arithmetic of unknowns", to use the expression
of the time, opened the road toward another algebraic tradition which
was initiated by Umar al-Khayyam (eleventh century), and renewed at
the end of the twelfth century by Sharaf al- Din al-Tiisi. While the former
formulated a geometric theory of equations for the first time, the latter
left his mark on the beginnings of algebraic geometry.
The immediate predecessors to al-Khayyam, such as al-Biriini, alMahBni, and Abii al-Jiid, had already been able, in contrast to the
Alexandrian mathematicians and precisely because of the concept of the
polynomial, to treat the problems of solids in terms of third degree
equations. But al-Khayyam was the first to address these unpondered
questions: can one reduce the problems of straight lines, planes, and
solids to equations of a corresponding degree, on the one hand, and on
the other, re-order the group of third degree equations to seek, in the
absence of a solution by factoring, solutions which can be reached through
means of the intersection of auxiliary curves? To answer these questions,
al-Khayyam is led to formulate the geometric theory of equations of a
third or lesser degree. His successor, al-Tiisi, did not delay in changing
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perspective; far from adhering to geometric figures, he thought in terms
of functional relations and studied curves by means of equations. Even
if al-Tiisi still solved equations by means of auxiliary curves, in each case
the intersection of the curves is demonstrated algebraically by means of
their equations. This is important, since the systematic use of these proofs
introduces into the practice instruments which were already available to
the mathematical analysts of the tenth century: affine transformations, the
study of the maxima of algebraic expressions, and with the aid of what
will later be regarded as derivatives, the study of the upper bounds and
lower bounds of roots. It is in the course of these studies and in applying
these methods that al-Tiisi grasps the importance of the discriminant of
the cubic equation and gives the so-called Cardan formula just as it is
found in the Ars Magna. Finally, without enlarging any further on the
results which were obtained, we can say that both on the level of results
as well as that of style, we find al-Khayyam and al-Tusi fully in the field
allegedly pioneered by Descartes.
If we exclude these traditions and justify this exclusion by invoking
the practical and computational aims of the Arab mathematicians and an
absence of rigorous standards of proof in their work, we can say that
the history of classical algebra is the work of the Renaissance.
Among the mathematical disciplines, algebra is not a unique case. To
varying degrees, trigonometry, geometry, and infinitesimal determinations are likewise illustrative of the preceding analysis. In a more general
sense, optics, statistics, mathematical geography, and astronomy are also
no exception. Recent works in the history of astronomy render Tannery's
understanding of the Arab astronomers and the interpretations which
he gives of them manifestly outmoded, if not erroneous. But since we
assigned ourselves the task of examining the doctrine of the Western
nature of classical science, we shall restrict our discussion to an essential
component of this doctrine, experimentation.

In fact, is not the cleavage between the two periods of Western science,
the Greek period and the Renaissance, often marked by the introduction of experimental norms? Undoubtedly the general agreement of the
philosophers, historians, and sociologists of science stops here; the divergences become apparent as soon as they attempt to define the meaning,
the implications, and the origins of these experimental norms. The origins are linked in one case to the current of Augustinian-Platonism, in
another to the Christian tradition, and particularly to the dogma of Incarnation, in a third case to the engineers of the Renaissance, in a fourth
to the Novum Organum of Francis Bacon, and finally, in a fifth, to Gilbert,
Harvey, Kepler, and Galileo. Some of these attitudes superimpose upon
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one another, become entangled or contradictory, but they all converge
on one point: the occidental nature of the new norms.
Nevertheless, as early as the nineteenth century, historians and philosophers such as Alexander von Humboldt in Germany and Cournot in
France diverge from this predominating position to attribute to the Arab
period the origins of experimentation. It is difficult to analyse the origins
or the beginnings of experimentation correctly, since no study has been
made of the interrelations of the different traditions and the different
themes to which the concept of experimentation has been applied. Perhaps it would be in writing such a history; especially a history of the
term itself, that one could give an accounting of the multiplicity of uses
and ambiguities of the concept. For this analysis two histories are needed:
the history of the relationship between art and science and that of the
links between mathematics and physics.
With the history of the relationship between science and art, we are
in a position to understand when, why, and how it became accepted
that knowledge can emanate from demonstrations and from the rules
of practice at the same time, and that a body of knowledge possesses
the stature of a science while, at the same time, it is conceived in its
possibilities of practical realisation with an external purpose. The traditional opposition between science and art seems likely to be the work
of the intellectual currents of the Arabic period. Certainly one fact is
striking: whether we are dealing with Muslim traditionalists, rationalist
theologians, scholars of different fields, and even philosophers of the
Hellenistic tradition such as al-Kindi or al-Fiirabi, all contribute to the
weakening of the traditional differentiation between science and art. In
other respects, this general trait is at the origin of the opinion of some
historians regarding the practical spirit and realistic imagination of the
Arab scholars. Knowledge is accepted as scientific without its conforming
either to the Aristotelian or the Euclidean scheme. This new concept of
the stature of science promoted the dignity of scientific understanding of
disciplines which traditionally were confined to the domain of art, such
as alchemy, medicine, pharmacology, music, or lexicography. Whatever
might be the importance of this concept, it could only lead to an extension of empirical research and to a diffuse notion of experimentation.
One does witness the multiplication and systematic use of empirical procedures: the classifications of the botanists and the linguists, the control
experiments of the doctors and alchemists, and the clinical observations
and comparative diagnostics of the physicians. But it was not until new
links were established between mathematics and physics that such a diffuse notion of experimentation acquired the dimension that determines
it, a regular and systematic component of the proof. Primarily it is in Ibn
al-Haytham's work in the field of optics where the emergence of this
new dimension can be perceived.
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With Ibn al-Haytham the break is established with optics as the geometry of vision or light. Experimentation had indeed become a category of
the proof. The successors of Ibn al-Haytham, such as al-Farisi, adopted
experimental norms in their optical research, such as that performed
on the rainbow. What did Ibn al-Haytham understand by experimentation? We will find in his work as many meanings of this word and as
many functions served by experimentation as there are links between
mathematics and physics. A thorough look at his texts indicates that the
term and its derivatives belong to several superimposed systems, and
are not likely to be discerned through simple philological analysis. But
if attention is fixed on the content rather than the lexical form, one
can distinguish several types of relationships between mathematics and
physics which allow one to spot the corresponding functions of the idea
of experimentation. In fact, the links between mathematics and physics
are established in several ways; even if they are not specifically treated
by Ibn al- Haytham, they underlie his work and are amenable to analysis.
As for the field of geometric optics, which was reformed by Ibn alHaytham himself, the only link between mathematics and physics is
a similarity of structures. Owing to his definition of a light ray, Ibn
al-Haytham was able to formulate his theory on the phenomena of propagation, including the important phenomenon of diffusion, so that they
relate perfectly to geometry. Then several experiments were devised to
assure technical verification of the propositions. Experiments were designed to prove the laws and rules of geometrical optics. The work of Ibn
al-Haytham attests to two important facts which are often insufficiently
stressed: first of all, some of his experiments were not simply designed
to verify qualitative assertions, but also to obtain quantitative results; in
the second place, the apparatus devised by Ibn al-Haytham, which was
quite varied and complex, is not limited to that of the astronomers.
In physical optics one encounters another type of relationship between
mathematics and physics and therefore a second meaning of experimentation. Without opting for an atomistic theory, Ibn al-Haytham states that
light, or as he writes, "the smallest of the lights", is a material thing,
external to vision, which moves in time, changes its velocity according
to its medium, follows the easiest path, and diminishes in its intensity
depending on its distance from its source. Mathematics is introduced into
physical optics at this stage by means of analogies established between
the systems of movement of a heavy body and those of the reflection and
refraction of light. This previous mathematical treatment of the concepts
of physics permitted them to be transferred to an experimental plane.
Although this situation on the experimental level might be somewhat
approximate in nature, it nevertheless furnishes a level of existence to
ideas which are syntactically structured, but semantically indeterminate,
such as Ibn al-Haytham's scheme of the movements of a projectile.
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A third type of experimentation, which was not practiced by Ibn alHaytham himself but was made possible by his own reform and his
discoveries in optics, appears at the beginning of the fourteenth century
in the work of his successor al-FZrisi. The links established between mathematics and physics aim to construct a model and to reduce by geometric
means the propagation of light in a natural object to its propagation in
an artificial object. The problem is to define for propagation, between
the natural and the artificial object, some analogical correspondences
which were genuinely certain of mathematical status. For example, they
built a model of a massive glass sphere filled with water to explain the
rainbow. In this case, experimentation serves the function of simulating
the physical conditions of a phenomenon that can be studied neither
directly nor completely. The three types of experimentation studied all
reveal themselves both as a means of verification and as furnishing a
plane of material existence to ideas which are syntactically structured.
In the three cases, the scientist must realise an object physically in order to handle it conceptually. Thus, in the most elementary example of
rectilinear propagation, Ibn al-Haytham does not consider any arbitrarily
chosen opening of a black box, but rather specific ones, in accordance
with specific geometric relationships, in order to realise as precisely as
possible his concept of a ray.
To recapitulate several points:

(1) The tenet of the Western nature of classical science which was
launched in the eighteenth century owes to the Orientalism of the
nineteenth century the image that we now recognise.
(2) On the one hand, the opposition between East and the West
underlies the critique of science and rationalism in general; on the
other, it excludes the scientific production of the Orient from the
history of science both de facto and de jure. An absence of rigour is
invoked, as well as the computational attributes and the practical
aims of science written in Arabic, to justify this effective debarment
from the history of science.

(3) This tenet reveals a disdain for the data of history as well as a
creative capacity for ideological interpretation, which are admitted
as evidence for ideas that raise many more problems than they
solve. Thus we have the notion of a Scientific Renaissance, when
in several disciplines everything indicates that there was merely
a reactivation. These pieces of pseudo-evidence quickly become
conceptual bases for a philosophy or sociology of science, as well
as the departure point for theoretical elaborations in the history of
science.
We must ask ourselves if the moment has not arrived to abandon this
characterisation of classical science and its still lively traces in the writ-
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ing of history, to restore to the profession of the historian of science
the objectivity required of it, to ban the clandestine importation and
diffusion of uncontrolled ideologies, to refrain from all reductionist tendencies which favour similarities at the expense of differences, and to
be wary of miraculous events in history. The neutrality of the historian
is not an a priori ethical value; it can only be the product of patient
work which will not be duped by the myths which the East and West
have engendered. Above all, it is necessary to cast out the periodisation
everywhere admitted in the history of science. The term used for classical
algebra or classical optics, for example, will integrate the works which
extended from the tenth to the seventeenth centuries. Consequently, it
will re-align not only the idea of the classical sciences but also that of
medieval science. The classical sciences will then reveal themselves as the
product of the Mediterranean which was the hub of exchanges among all
civilisations of the ancient world. Only then will the historian of science
be able to enlighten the debate over modernism and tradition.

The sixteen years since the publication of the original French edition
of the text above has been a very fertile period for the study of the
history of Islamic science. Indeed, we have witnessed an unprecedented
rebirth of this discipline. Texts have been written and translated, new
collections have appeared, and specialised reviews and journals have been
published. These have offered historians the possibility of developing and
comparing their research findings with facts. The task remains huge, and
we are only at the beginning, but at least this new growth of information
puts to rest the argument of ignorance.
With all this new information, one would have expected historians
and philosophers to rectify the impressions and ideas they had inherited
from the nineteenth century. One would have thought that the doctrine
of Western science which we have described and analysed here would
have disappeared along with the props on which that doctrine was based.
Indeed we were beginning to see a growing tendency to break with this
doctrine and its implications. Then, for reasons which are extraneous to
science and its history, images of Islamic society - if not of Islam itself arose, according to which it was seen as irrational and intolerant and thus
a society foreign to science. The aging doctrine was naturally given new
life because of these images. How is it possible, under these conditions, to
reconcile such an image of Islamic society with scientific results obtained
from the heart of that same society? It was enough to back up the
preceding doctrine with another, the doctrine of double marginality: with
regard to the society which saw the development of science, and with
regard to the history of the sciences. Thus, one could still write in 1992,
"We must remember that at an advanced level the foreign sciences had
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never found a stable institutional home in Islam", or "Greek learning
never found a secure institutional home in Islam, as it was eventually to
do in the universities of medieval Christendom" (Lindberg, 1992). As for
the second marginality, we have already described how it works. Thus,
we are back where we started and the doctrine of the Westernness of
science is saved. Undoubtedly, these ideological views are beginning to
g v e way, weakened by new research findings. And even if they are still
capable of slowing down the acceptance of facts, it is not widespread,
and it certainly will not last much longer.
Roshdi Rashed
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Sexagesimal System
The sexagesimal system was an ancient system of counting, calculation,
and numerical notation that used powers of sixty much as the decimal
system uses powers of ten. Rudiments of the ancient system survive
in vestigial form in our division of the hour into sixty minutes and
the minute into sixty seconds. Origins of the system of counting are
essentially irretrievable because they lie in the period before the invention of writing. They are associated with the ancient Sumerians, whose
language incorporated the only known system of sexagesimal counting.
The Sumerians were probably also the inventors of the system of calculation, which seems to have its origin in a system of counters (small
clay objects also referred to as tokens or calculi) representing the units
1,10,60,60 x 10,602,60' x 10, and 603. This counter-calculation system
may go back as far as ca. 3500 BCE. The method of numerical notation
apparently originated from the system of counters by adapting it to a
form that could be represented in writing when the first writing system
was invented ca. 3000 BCE.
By 2000 BCE this had developed into a system of sexagesimal place
notation that functioned like our decimal system but with several important distinctions. Whereas the decimal system uses ten unique symbols,
plus a period or comma to separate fractions from integers, the fully
developed sexagesimal system of notation used only two unique symbols (those for 1 and 10) and essentially ignored our distinction between
fractions and integers. These features, as well as lack of a symbol for
zero, reflect its origins in the system of calculating with counters: zero
would not have been represented in a system of counters (obviously, one
does not count something that does not exist), and unique symbols for
the integers 1-60 would have been excluded for practical reasons. Lack
of a distinction between fractions and integers goes back to the fact that
fractions are essentially alien to prehistoric systems of counting. Names
for small quantities that we would call fractions are based on subdivisions
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of the weight system (mina and shekel) and were clearly not thought of
as fractions in our sense of the word. In keeping with this picture is the
symbol for medial zero that appears in Babylonian mathematical texts of
the late first millennium BCE.This so-called zero is really nothing but
a "spacer" symbol and reflects the practice (occasionally observable in
surviving texts) of leaving a blank space where we would place a zero.
During the third millennium BCE,this Sumerian sexagesimal system
was adopted, along with other features of Sumerian culture, by semiticspealung Akkadians, and the Akkadian language, which - like Sumerian
- was written in cuneiform script on clay tablets, served as the vehicle
for its diffusion and preservation. As an essential part of the education of,
scribes, it was still very much alive when Greeks conquered the Near East
in the time of Alexander the Great. The two centuries of Greek presence
in Mesopotamia (330-129 BCE) facilitated the incorporation of Babylonian
mathematical astronomy into the Western tradition, and with it also came
knowledge of the Babylonian sexagesimal system. This, however, seems
never to have been used systematically by Greeks outside of Babylonia.
Division of the circle into 360 degrees is a vestige of the Babylonian
system that has been transmitted to us by the Greeks.
Modern knowledge of the existence of an ancient sexagesimal system
goes back as far as the recovery of Greek mathematics, beginning in the
Renaissance. Little, however, was known about its true character until
the middle of the nineteenth century when decipherment of cuneiform
writing revealed the system in its developed form of the first millennium
BCE.Speculations about its origins have tended to postulate conscious
creation, as opposed to gradual evolution. The 360-day year and choice
of 60 as base (because 1,2, 3, and 5 are all prime factors) are among these
theories, all equally without evidence. Only in the twentieth century
has the Sumerian system of counting become relatively well understood,
and the role of clay counters as prototypes of number symbols has only
become clear in the last decade.
Marvin A. Powell
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Sphujidhvaja
Sphujidhvaja was apparently of Greek descent, and flourished in Western
India under the patronage of the Ksatrapa ruler Rudradaman 11. He wrote
the extensive genethlialogcal manual entitled Yavanajdtaka (Horoscopy of
the Greeks) in CE 270, which shows the position and influence of the
stars at one's birth. Towards the close of his work, Sphujidhvaja says
that, before him, in CE 150, the great Greek genethlialogist YavaneSvara
redacted into Sanskrit prose a Greek astrological work, so that it could
be studied by those who did not know Greek, and that he, Sphujidhvaja
is composing a versified redaction of the work of YavaneSvara. The
work reveals Sphujidhvaja as a competent scholar, a master of Sanskrit
versification, and an expert genethlialogist.
Sphujidhvaja states that he composed the work in 4000 verses. But the
only manuscript of the work available today contains only 2300 verses.
In this imperfect manuscript, the first few sections are numbered, but
not so the subsequent ones, which number, in all, 79. Possibly several
sections are lost. In these 79 sections, the work covers a large number of
aspects of horoscopy and natural astrology, including:
Zodiacal signs and planets, their'icons, nature, and relationships;
Iconography of hords and decons;
Astrology of conception, birth, and nature;
Horoscopes;
Planetary placements, and combinations affecting human beings;
Prediction on the basis of questions;
Reconstruction of lost horoscopes;
Omens and dreams; and
Military astrology.
The several aspects of each of these topics are looked at from different
points of view, and intimations, indications and predictions based thereon
are stated categorically.
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It is interesting that, although based ultimately on a Greek text, there
was substantial Indianisation effected in the Yavanajdfaka. This was accomplished by using Indian equivalents to Greek terms, adopting Hindu
deities in place of Greek ones, incorporating the names of Hindu castes
and professional orders, mentioning local manners and customs, and
the like. Yavanajdtaka was looked upon as authority by all later Indian
genethlialogists and used as such even in the foremost of Indian texts like
Brhajjdfaka and Brhatsamhitd of Variihamihira, Sdrdvali of Kaly5navarman,
PraSnavidyd of Bgdarayana, and many others.
The significance of Yavanajdtaka stems from another point as well. The
work refers to contemporary social orders, professions, religious classes
and groups, items of ordinary use, manners and customs, dress, and
a host of other things related to the life and society of the times. The
information provided by the work on these subjects makes it a good
source for the study of the culture and civilisation of India during the
early centuries of the Christian era.

K.V. Sarma
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The mathematical works of ~ r i d h a r awere very popular and made him
quite famous. In spite of his great popularity, some controversies have
been raised about his life, work, and time, such as whether he was a
Hindu or a Jaina, and whether he wrote before or after Mahiivira (ninth
century CE). Some uncertainties exist because Sridhara's works are not
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fully extant. Often he is confused with other authors of the same name.
Here we shall give views which are now generally accepted.
Like so many ancient Indian authors, ~ridharadid not provide any
information about himself in his works. Other sources have not been
helpful in finding any glimpse of his personal life. So we do not know
his parents or teachers, or even where he was born, educated, or worked.
But some evidence shows that he was a Saivite Hindu. An example in
his Patiganita is about the payment for the worship of the five-faced
Hindu god ~ i v a .He starts his TriSatik with a homage to the same
god. However, in a manuscript which has a possible commentary and
additional examples written by an apparently Jaina writer, the word
"Jinam" is found in place of "~ivam".This led to the claim that ~ridhara
was a Jaina, but other evidence does not support this view.
More serious is the controversy about ~ridhara'stime. That he lived
after Brahmagupta is evident from the fact that he literally quoted (and
criticised) a rule from Brahmagupta's Brahmasphu?asiddhinta (CE 628). The
most significant question in this connection is whether ~ridharawrote
before or after Mahavira, whose date of ca. CE 850 is certain. There
are similarities in the works of these twp mathematicians. Most scholars
believe that indications generally place Sridhara before Mahfivira. A new
fact has come to light recently; David Pingree found that a rule of
~ridhara's had been quoted by Govindasvfimin (about CE 800-850) in
his commentary on the Horas'astra of Parfisara (under 14.97). This latest
and direct evidence once again supports the generally accepted view of
placing ~ridharain the eighth century or ca. CE 750.
~ridharais known to be the author of the following three works on
mathematics:
(1)Pdtiganita (on arithmetic and mensuration);

(2) Patiganita-sdra (an epitome of the above); and

(3) Bl;iaganita (on algebra).
The Pafiganita is a standard Indian treatise on practical mathematics
meant "for the use of the people". It is also called Byhat-Pati (Bigger Pfiti)
and NavaSati (Having Nine Hundred) because it is believed to have nine
hundred stanzas. Unfortunately, it is not extant in full; the available text
contains only two hundred fifty-one stanzas. In terms of topics, treatment
of definitions, logistics, mixtures of things, and series is available in full,
but that of the plane figures is incomplete. Many other treated topics
are mentioned in the list of contents, but they are totally missing from
the manuscript. These were excavations, piles of bricks, sawn pieces of
timber, heaps of grain, shadows, and the mathematics of zero (whose
loss is quite sad).

The Prft2ganita-srfra is also called TriSafi or TriSatihi because it was a
"Collection of 300 verses". It was the author's own summary of the larger
work on the subject.
~ridhara'sBqaganita (Algebra) seems to be lost completely. We know
about it from a statement of Bhaskara I1 (CE 1150) who also quoted a
rule from it. The rule gives a method for solving any quadratic equation
and has also been quoted by others. Many other rules from different
works of ~ridharahave also been quoted by various writers. This shows
the popularity of his works.
A recently discovered work called Ganita-ParicaviniSi is also stated to be
from the pen of ~ridhara,but it may not be his genuine work. Similarly,
a number of astronomical, astrological, and other works authored by different persons of the same name have been ascribed wrongly. Confusions
were created both by the similarity of names and also by the proximity
of their dates.
In India, ten has been the base of counting since very early times. But
the number and names of decuple terms used in the decimal numeration
were at variation throughout the ancient period. Later on, the decuple
terms were used to denote the notational places when the positional
system was developed, and their number was standardised to eighteen
(which was a traditionally sacred number). ~ridharagave a definite list
of eighteen terms which became standard in Indian mathematics. It runs
thus: eka, daSa, Sata, saharsa, ayuta, laksa, prayuta, Koti (= lo7), arbuda, abja
(or abda), kharva, nikharva, mahrfsaroja, Sanku (or iankha), saritrfnipati, antya,
madhya, and parrfrdha (= 1017).
Among the arithmetical rules discussed in the Pgtiganita, Sdtra 49-50
gives a formula for finding the time in which a sum lent out at simple
interest will be paid back by equal monthly instalments. Under the Sdtra
63-64 he presents the famous problem of a Hundred Fowls, in which
we have to solve the indeterminate equations in integers.
For mensurations related to a circle, ~ridharaused the approximation
.rr = d o , a very ancient Indian value. But there is some evidence to
show that he used .rr = $ in the lost part of Pgtiganita.
Another of Sridhara's great achievements was his mensuration of the
volume of a sphere.
R.C. Gupta
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sripati was the most prominent Indian mathematician of the eleventh
century. He was the son of NBgadeva and lived in MahBrBsfra. He
flourished during the period from CE 1039-1056.
's
as a mathematician is based
General appreciation for ~ r i ~ a t i fame
on his arithmetic, Ganitatilaka, and the two mathematical chapters of his
astronomical work entitled Siddhintaiekhara. The thirteenth chapter, the
Vyktaganitidhyiya, contains arithmetical rules, series, mensuration, and
shadow reckoning. The fourteenth chapter, the Avyaktaganitidhyiya, is one
of the few extant Hindu works on algebra. The only edition (by Kapadia)
of the Ganitatilaka contains a valuable commentary by Simhatilaka (ca.
CE

1275).

Besides including in his works selected rules of his predecessors, sripati
enriched Indian mathematics by giving some improved and some original
rules. The Ganitatilaka contains the earliest known treatment of simple
addition and subtraction in any Indian work. Also included is the earliest
version of our angular method of addition used to check the accuracy of
a sum and simplify addition. The Vyktaganitidhyiya gives an improved
rule for the volume of an excavation.
The Avyaktaganitidhyiya contains most of Sripati's original ideas and
rules. In it, he presents the idea of an extensive system of symbolism in
algebra, the only Hindu treatment of the cubing of signed numbers, and
explicit recognition of the nature of imaginary quantities that is second

only to MahBvira's. He also provides the earliest versions of our ordinary
method of solving simple linear equations by using inverse operations
and the earliest formal treatment of factorisation. The rules not only give
the ordinary method of factoring based on successive division, but also
an additional method for factoring a non-square number by expressing
it as the difference of two squares.
Sripati also displayed his mastery of indeterminate equations by giving
an improved rule for solution of the factum and original rules for the
solution of the pulveriser. He also described an original method to obtain
rational solutions of the square-nature.
All ~ r i ~ a t i works
's
are in verses. The Siddhintaiekhara contains only
rules, but the Ganitatilaka is written in an autocratic style of teaching
strategy, in which a rule is followed by plentiful exercises. The book
is quite secular in nature. According to the author's testimony, it was
written for public use. It contains arithmetical and commercial rules, and
some problems solvable by simple linear, quadratic, and radical equations.
A garland problem and numerous other fanciful problems included in
the book make it pleasurable and interesting. The practical and aesthetic
values of the Ganitatilaka cannot be underestimated.
Sripati, however, also had some weaknesses. His mathematics of division by zero is all wrong. In the Vyaktaganitt?dhyiya, he uses the term
caturbiija to mean a square, a quadrilateral in general, a cyclic quadrilateral, a quadrilateral with equal altitudes, and an isosceles trapezoid.
Because of this inconsistency, his rules on mensuration of quadrilaterals
are hard to interpret.
Kripanath Sinha
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SUI basutras
The Sulbaszitras are manuals which prescribe the construction of different
types of fire altars. Every householder was instructed, by the Vedic religion, to maintain a sacred fire, primarily for daily worship and offerings.
These fires, called girhapatya (domestic), daksina (southern), and ~havaniya
(oblatory), were to be maintained, without their ever going out, in altars
of different designs, such as circular, semi-circular, square, rectangular,
and triangular. Seasonal and special worships required altars with elaborate designs like that of an eagle with outstretched wings. The size,
shape, direction, position, and the number and measure of the bricks
used, and also the increase in the measure, for extraneous reasons, were
all specified in the Sulbaszitras. These traditional practices are referred to
in the Rgveda, the earliest of the Vedas, and elaborated in the Yajurveda.
Later they came to be written down as manuals, supplementing the
regular texts depicting sacrifices, and also in independent texts called
~ulbaszitras.Adherents of different Vedas and Vedic schools had different Sulba texts, named after the authors of these texts and pertaining
to the Veda which they advocated. This is how the Sulba texts named
after ~ ~ a s t a m bBodhiiyana,
a,
Kiityiiyana, Miinava, Maitrayaqa, Variiha,
Hiranyakeiin, Satyiisadha, Viidhiila, and Laugiiksi, pertaining to one or
the other of the schools of the Yajurveda, and MaSaka ~ulbasiitrapertaining
to the Sdmaveda came into being.
The ~ulbasiitras,meaning pithy aphoristic statements (szltra) for work
with string (Sulba), prescribes, by means of addition, subtraction, multiplication, division, and squaring, simple rules not only for the construction of
circles, squares, rectangles, triangles, wheel-shapes, trapezia, and rhombi,
but also for extending these figures by specific proportions as required in
different sacrifices. It also specifies methods to reduce a circle to a square
of equal area, and vice versa. A fine approximation of the value of the
root of two is contained in the rule given in the ~audhd~ana-Sulbaszltra:
"Increase the measure of the side (of a square) by its third part, and the
third part by its fourth part. The fourth part is decreased by its own
thirty-fourth part. (The approximate diagonal will result)." The rule gives
the approximation:
Root2=1

g,

+ 4 + A-&,

i.e.
i.e. 1.4142157, which is very approximate to the correct value
of the root of 2.
The ~ulbaszitrasspecify or give geometrical constructions for the following: (1) to draw a straight line at a right angle to a given line; (2)
to construct a square on a given side; (3) to construct a rectangle of
given sides; (4) to construct an isosceles trapezium of given base, top
and altitude; (5) to construct a square equal to the sum of two squares;

(6) to construct a square equal to the difference of two squares; (7) to
construct a square equal to a given rectangle; (8) to construct a rectangle
with a given side and equal in area to a p e n square: (9) to construct
a square equal in area to a given isosceles triangle; (10) to construct a
square equal in area to a rhombus; (11) to construct a square equal in
area to a given circle; and (12) to construct a circle equal in area to a
given square.
It would seem that the sacrificial hall of the Vedic Indians formed,
as it were, the workshop and laboratory to formulate and develop their
geometry.
K.V. Sarma
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Siiryasidd hanta
The Siiryasiddknta is a complete work on Hindu astronomy and is more
popular and widely studied in North India than in the South. In order
to enhance its prestige and antiquity, it is stated in the text itself (1.29)
that it had been communicated by a representative of the God Sun to
Maya, several thousand years ago. However, both internal and external
evidence show that the work was composed between CE 600 and 1000.
In about five hundred verses, distributed through fourteen chapters, the
work deals with all aspects of Hindu astronomy, and also cosmology,
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geography, astronomical instruments, and time reckoning. It follows the
midnight day reckoning.
The contents of the work are comprehensive. Chapter I speaks about
the circumstances that led to the composition of the work, the aeons
and aeonary revolutions of the planets, the principles underlying the
computation of the planets and the nodes, the position of the planets at
the beginning of the current aeon, the Prime meridian and local time,
and the inclination of the orbits of the planets. The time units given in
the work are more in conformity with the Purinas than with other texts
on Hindu astronomy. Chapter I1 deals with the computation of the true
motion and the true longitudes of the planets. Chapter I11 is devoted to the
determination of the directions, place and time, and also the calculation of
the precession of the equinoxes. It is noteworthy that the Szlryasiddhdnta
is the earliest available Indian text which contains a discussion of the
calculation of the precession of the equinoxes. Chapters IV and V deal
in detail with lunar and solar eclipses and their computation. Chapters
VII and VIII are concerned with the conjunction of one planet with
another, and a planet with a star, including their observation. Chapter
IX deals with the determination of the heliacal rising of the planets and
Chapter X with the phases of the moon. Chapter XI is concerned with the
phenomenon of pata. Cosmology and geography of the worlds and of the
Earth occur in Chapter XII. The construction of the armillary sphere and
its working, and a mention of the main astronomical instruments form
the subject matter of Chapter XIII. Chapter XIV enumerates and defines
nine types of reckoning time, such as lunar, solar, sidereal, tropical, etc.
The Szlryasiddhdnta is indebted to earlier astronomers like ~ r ~ a b h a t a
(b. 476) and Brahmagupta @. 598) in certain matters like the inclination
of the planetary orbits, the tabular Sines, etc. It is also to be noted that
the Szlryasiddhinta does not include chapters on arithmetic, algebra, or
astronomical problems, which are generally included in texts of this type.
The popularity of the Szlryasiddhdnta is clear from the very large
number of manuscripts of the work found throughout the land. About
35 commentaries on the work, written by scholars from different regions
of India, and about 20 works, including planetary tables and manuals,
based in the Szlryasiddhanta, have been identified. The popularity of the
work is also reflected by the number of almanacs prepared on the basis
of the Szlryasiddhdnta.
K.V. Sarma
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Susruta
SuSruta is the author of one of the three major Ayurvedic works, the
SuSrutasamhiti. He was the son of ViSvimitra and a student of Divodisa
Dhanvantari, the King of KiSi (now Varanasi) who flourished prior to
1000 BCE.
It was the practice in ancient times to engage military physicians who
accompanied the kings and army commanders to the battlefield to treat
wounded soldiers. Therefore, there was a need to train surgeons. One of
the eight specialised branches of Ayurveda is surgery (Salya-tantra), and
SuSruta's work stands foremost in this field.
The Suirufasamhifi consists of 186 chapters which are divided into six
sections as follows:
1. forty-six chapters in the Sutra section dealing with the principles
and practices of surgery, and a description of food and drinks;
2. sixteen chapters in the Nidina section dealing with the diagnosis of
important surgical ailments;
3. ten chapters in the sirira section dealing with the creation of the
Universe, embryology, obstetrics and anatomy;
4. forty chapters in the Cikisti section dealing with the treatment of
surgical ailments;
5. eight chapters in the Kalpa section dealing with toxicology;
6. sixty-six chapters in the Uttara section dealing with the diagnosis
and treatment of the diseases of khe eye, ear, nose, and throat, paediatrics,
seizures by evil spirits, and internal diseases in general.
Though the primary object of this work is to deal with surgery,
it can be seen from the above that all eight specialised branches of
Ayurveda are covered in it. According to SuSruta, any one who wants
to be highly skilled in surgery should be thoroughly versed in anatomy
by dissecting a dead body. He describes the selection of dead bodies,
their preservation, and different methods of examining various parts of
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the body. He describes different types of blunt and sharp instruments,
sixty different steps to be followed for healing wounds, plastic surgery,
and operative procedures for the removal of stones in the urinary tract.
According to SuSruta, there can be no more virtuous act for a physician
or surgeon than to alleviate human suffering.
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Technology and Culture
General accounts of the history of science and technology (or, more narrowly, of inventions) are scarce. The few that are available are also of
fairly recent origin: obviously, the idea of a history of science (where
science has been identified with Galilean science) and technology (identified with industrial technology) could not have appeared much earlier
than this century. Not many people even know that the word "scientist"
was first used by William Whewell in 1833.
Also, most available histories have remained the work of western
scholars. This has not been an entirely happy circumstance. On the contrary, it has afflicted these histories with certain methodological and other
infirmities which have had the effect of reducing them to mythological
works. This is especially so when they are studied with regard to aspects
of the history of science, technology, and medicine in the non-Western
world.
One of the first is a history of technology and engineering written by
Dutch historian R.J. Forbes. Forbes's work appeared in 1950 under the
title Man the Maker. In it, he conceded that technology was the work
of humankind as a whole, and that "no part of the world can claim to
be more innately gifted than any other part". A few years thereafter,
Forbes produced his rich and prodigiously detailed Studies in Ancient
Technology which set out a remarkable description of the different technologies of Asia, Africa, pre-Colombian America, and Europe. However,
it is in The Conquest of Nature that his Eurocentric assumptions came to
the fore: in that work (as the title itself indicates), Forbes went on to
subsume the technological experience of people from diverse cultures
under a philosophical anthropology that was unmistakably Western, if
not Biblical - the domination of nature myth originating in Genesis.
And after a discussion about the grievous consequences of a seriously
flawed modern technology, he ended his book promising redemption
from the technological genie through the Christian event of Easter. How
does one prescribe a text like this to Hindu, Chinese, or Arab readers?
Another influential work of about the same period is A History of
Western Technology by a German scholar, Friedrich Klemm. In it, Klemm
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provided a picture of technological development in.the West in which
non-Western ideas and inventions had no hand at all. The English translation which appeared in 1959 barely mentions Joseph Needham's work
on China in the bibliography. Klemm could not have substantiated his interpretation of Western technological development unless he consciously
played down non-western technology. In fact, the only quote on Chinese
technology in Klemm's book is from the Guan yin zi, the work of a Daoist
mystic of the eighth century CE: Klemm used it to prove why the alleged
religiously collared oriental rejection of the world in China could not
have provided a stimulus for the emergence of science and technology
in that country.
This distorting ~urocentricperspective continued to hold sway even
over the more standard (five volume) A History of Technology edited by
Charles Singer, E.J. Holmyard and A.R. Hall. The first volume of this work
appeared in the same year as Joseph Needham's Science and Civilisation
in China, and the editors themselves acknowledged that up to the period
of the Middle Ages in Europe, China had the most sophisticated fund
of technological expertise. Three of the Singer volumes dealt with preindustrial technology, where logically China (and India) should have
been given major space and Western technological development would
have appeared in proper perspective in the nature of an appendix.
However, Chinese, Indian, and other technologies were ignored and
Western technology made the focus of the exercise.
In addition to manifesting such ignorance of non-Western science
and technology, these histories suffered from another methodological
limitation: they restricted themselves to a record of artefacts and machines
disembodied from the latter's social and cultural contexts. The problem
was eventually recognised by some Western scholars themselves.
These histories are evidence that the western scholars associated with
them proved incapable of stepping out of their cultural cages, either
knowingly or involuntarily. Either way, this eroded the credibility of
their work as it exhibited both their lack of objectivity and their general
incompetence when called upon to deal with societies other than theirs.
They show that our dominant descriptive and evaluatory ideas of
technology and culture%oth in the Western and non-Western world have
been formulated over the past couple of centuries with reference to the
West's experience of these phenomena. Concepts and categories reflected
from a limited area of human experience have been indiscriminately used
20 explain and assess the rest of the world.
New frameworks are therefore inevitable. We are in the post-traditional,
post-colonial, post-modern age. But unless the outmoded intellectual
environment that engendered this subjective and tunnel-visioned output
is rigorously dissected, analysed, and then jettisoned, the new frameworks
needed for the alternative histories and encyclopaedias intending to take
their place are in danger of turning into copies of the old.
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There are two preliminary aspects of this intellectual mal-development
that need elucidation. First, there is the perception of humanlund as homo
fabey, a tool-making animal, which is basically a reflection of fairly recent
Western experience with the machine. Fascinated by the bewildering
profusion of tools and machines, Western historians began to look at the
ability to produce these as a special field with its own history and set out
to create a distinct species of man in the image of homo faber. This scholarly
creation had its repercussions in encouraging the overestimation of the
singularity or uniqueness of Western culture in comparison with others
(although all cultures are unique and incommensurate). The elaborate,
embarrassing exercise in culture-narcissism soon became routine since it
was not to be challenged for nearly a century. (It is important to point
out that the homo faber idea is quite recent to humankind: it is consistently
absent in not just other cultures, but even within a large part of the West
itself).
For instance, it was taken for granted that the system of production
that got generated in the last century and a half in the West was the only
one with any significance simply because in the light of the present and to all appearances-it had apparently emerged as the dominant one.
Therefore, its past was the only one worth considering. This notion was
in turn bolstered by another: a self-generating model of technological
development in which the historian attempted to trace the evolution of
modern science and technology by working backwards to the experiences
and ways of thinking characteristic of Mediterranean antiquity. Thus the
roots of modern technology were shown to be exclusively founded on
the work of Greek and Roman thinkers, mathematicians, engineers and
observers of nature with no input from any other culture areas or people.
This brings us to the second aspect we have alluded to above, and this
concerns the relationship between knowledge and power and the impact
of this on interpretations of technology and culture. Throughout history,
knowledge has generally remained closely linked with interests. Even
when encyclopaedias, for instance, have traditionally sold themselves on
the Francis Bacon principle that "knowledge is power", they too have
continued to reflect an undeclared, equally influential, political principle
- that "power is knowledge".
The intrusion of Europeans into non-European societies and the gradual establishing of political dominance and inequality between societies
stimulated the inauguration of a new discourse about such societies. Political dominance came to be as routinely and unabashedly expressed in the
form of knowledge as it was through the barrel of guns. Edward Said has
already written on the invention of the discourse on "orientalism" and its
direct political uses. But there are less controversial discourses that have
had even larger repercussions only now being acknowledged. As a result,
much academic knowledge in the Western world about the non-Western
world, particularly the latter's technology traditions, remains not only
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distorted or contaminated by the ethnic concerns, goals, theories, obsessions, and peculiar assumptions of Western scholars and universities; it
is still largely defined, legitimised, and decided by them irrespective of
whether there is any concurrence from the non-Western world.
The combination of these two aspects proved deadly: the emerging
conception of Western man alone as homo faber, once it took firm roots
within the situation of political dominance, rendered any appreciation of
technique elsewhere - technique not necessarily reflected only in tools or
machines - difficult and often impossible. In fact, the combination helped
inaugurate its very own dark age. For it generated among Western (and
not a few non-Western) scholars several major assumptions concerning
technology and culture. We shall discuss three of these.
The first emerged in relation to Western man's attitude towards the
past, particularly with regard to pre-industrial technology. Homo faber exercised his new found power over the past by deriding it: this is reflected
in the rewriting of history from today's perspective in which the past
is seen as mere prelude to the present. Earlier technological innovations
are considered primitive precursors of later developments. Here we have
a good example of the parochialism of the moderflestern mind as it
proceeds to take experiences of technology and culture exclusive not just
to the late twentieth century but to extremely small segments of the
world population and makes these the basis for investigating, analysing,
assessing, and judging the general activities of human societies over
hundreds of years. This was the case even when such societies were not
so technologically enamoured, dependent, or controlled as some of them
seem to be now.
The second assumption relates to humankind's so-called unique
propensities for technology when compared with that of the animal
world, an uncritical theory best summed up in a single word: speciesism.
After deciding on the issue of the comparative technological competence
of all living species in its own favour, the West came to the conclusion
that the rest of creation, because inferior, was expendable if so required
to further its own scheme of things.
But it is the third assumption that concerns us most seriously here:
it is the idea that Western man can be equally distinguished from nonWestern societies as well on the ground that the latter, like the animal
and other "lower" species, also lacked technological development as it
emerged in the West.
This idea was appropriately reflected in academia in the emergence
of two new sciences: the discipline of sociology, which focused on socalled advanced societies and their flair for technology; and the subject
of anthropology which occupied itself with non-Western cultures, limited to primitive or pre-industrial tools. Anthropology's political origins
have been blandly asserted by Claude Levi-Strauss in his controversial
Smithsonian lecture:

Technology and Culture

379

Anthropology is not a dispassionate science like astronomy, which springs
from the contemplation of things at a distance. It is the outcome of a historical
process which has made the larger part of mankind subservient to the other,
and during which millions of innocent human beings have had their resources
plundered and their institutions and beliefs destroyed, whilst they themselves
were ruthlessly killed, thrown into bondage, and contaminated by diseases
they were unable to resist. Anthropology is daughter to this era of violence: its
capacity to assess more objectively the facts pertaining to the human condition
reflects, on the epistemological level, a state of affairs in which one part of
mankind treated the other as an object.

It is within such an imperialist context that the histories and technological experience of non-Western societies could be written off or ignored:
the latter, after all, were conquered peoples. When technology is seen
through an anthropological prism, the emerging picture is bound to be
far removed in character from a scenario that emerges from a sociological
perspective. What is more, it is bound to be even more far removed from
reality itself.
Some impression of that reality is discernible in the period before political dominance began to corrupt the objectivity of knowledge. Before the
so-called "voyages of discovery", though non-Europeans were conceived
as fantastic, wild, opulent, even monstrous, they were rarely considered
inferior or backward; and even the actual European encounter with the
scientific, technologic and medical traditions of non-Western societies was
different from what eventually became the stuff of politically directed
myths.. In fact, from the day that the Portuguese mariner Vasco da Gama
landed in India until almost three centuries later, Asia had a larger and
more powerful impact on Europe than is normally recognised. Donald
Lach has appropriately titled the first volume in his Asia in the Making
of Europe "The Century of Wonder". It was not without reason that an
Englishman of the time addressed the Indian Emperor by describing
himself as "the smallest particle of sand, John Russel, President of the East
India Company with his forehead at command rubbed on the ground.
Nor can we forget that the first presents offered by da Gama to the King
of Calicut included some striped cloth, hats, strings of coral beads, wash
basins and jars of oil and honey. The king's officers naturally found them
laughable.
It would take a few more decades before the Europeans landing in
the Indian subcontinent would notice anything beyond gold and spices.
But by 1720 and for a period of up to a hundred years, a new category
of observers came visiting, some from newly formed learned societies in
England. Their detailed reports were a result of the European quest for
useful knowledge in different fields.
In his pioneering volume, Indian Science and Technology in the Eighteenth
Century, the Indian historian Dharampal includes several accounts from
these observers which describe among others the Indian techniques of
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inoculation against smallpox and plastic surgery. (While the first was
eventually banned by the English, the latter was learnt, adopted, and
developed). The accounts also document Indian processes like the making of ice, mortar, and waterproofing for the bottoms of ships; water
mills, agricultural implements like the drill plough, water harvesting and
irrigation works, and the manufacture of iron and of a special steel called
wootz.
More techniques (like those involved, for instance, in the manufacture
of Indian textiles) are described in DeColonizing History (Alvares, 1991)
and Science and Technology in Indian Culture (Rahman, 1984). But even this
documentation, impressive as it is, is now recognised to be but the tip
of the proverbial iceberg.
The Chinese, like the Indians at Calicut, had a similar experience with
an embassy and its gifts from London. The edict of Qian Long to the
embassy is worth quoting: "There is nothing we lack, as your principal
envoy and others have themselves observed. We have never set much
store on strange or ingenious objects, nor do we need any of your
country's manufactures" (Fairbank, 1971).
Immediately after the encounter, the graph of European reaction rises
with esteem and wonder; and then, as political conquest and overlordship increase, the graph alters course and begins to record increasing
denigration. A remarkable transformation of image thus takes place as
the political relationship between Europe and non-European societies
changes to the advantage of the former, rendering the Europeanisation
of the world picture almost an act of divine will.
By 1850, political dominance over the non-Western world was clearly
installing distorted ideas not only about that part of the world but
rebounding to distort Western man's image of himself as well. Already
by 1835, for instance, the British had acquired a flattering notion of their
own civilisation (Victorian England was seen to be at the top of the
pyramid of civilisation) and a thorough-going contempt for Asia.
This contempt finds expression in the famous Minute of Lord Babington Macaulay:
I have never found one amongst them (the orientalists) who co.uld deny that a
single shelf of a good European library was worth the whole native literature
of India and Arabia ... It is, I believe, no exaggeration to say that all the
historical information which has been collected from all the books written in
the Sanskrit language is less valuable than what may be found in the most
paltry abridgment used at preparatory schools in England. In every branch of
physical or moral philosophy the relative position of the two nations is nearly
the same.

Dharampal has produced an interesting record of these assessments
of science and technology in India among Western observers as the
relationship between India and Britain changed to Britain's advantage.
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Regarding the question of Indian astronomy, he discusses the case
of Prof. John Playfair, Professor of Mathematics at the University of
Edinburgh and an academician of distinction. Playfair studied the accumulated European information then available on Indian astronomy and
arrived at the conclusion that the Indian astronomical observations pertaining to the period 3102 years BCE appeared to be correct in every text.
This accuracy could only have been achieved either through complex
astronomical calculations by the Indians or by direct observation in the
year 3102 BCE. Playfair chose the latter. Opting for the former would
have meant admitting that "there had arisen a Newton among Brahmins
to discover that universal principle which connects, not only the most
distant regions of space, but the most remote periods of duration, and
a De La Grange, to trace, through the immensity of both its most subtle
and complicated operations."
Similar attitudes prevailed concerning the knowledge of how Indians
produced wootz. J.M. Heath, founder of the Indian Iron and Steel Company and later prominently connected with the development of the steel
industry in Sheffield, wrote "... iron is converted into case steel by the
natives of India, in two hours and a half, with an application of heat
that in this country, would be considered quite inadequate to produce
such an effect; while at Sheffield it requires at least four hours to melt
blistered steel in wind-furnaces of the best construction, although the
crucibles in which the steel is melted, are at a white heat when the metal
is put into them, and in the Indian process, the crucibles are put into
the furnace quite cold.
However, Health would not admit that the Indian practice was based
on knowledge "of the theory of operations", simply because "the theory
of it can only be explained by the lights of modern chemistry".
By the beginning of this century, the Western mind had already
convinced itself that Western science and philosophy were the only
approach to metaphysical truth ever attained by the human species and
that the Christian religion provided wisdom and insight incumbent on
all people everywhere to believe.
The result is reflected in the output of academia: a "history of art"
turned out to be nothing but a history of European art and a "history
of ethics" a history of Western ethics. While European music was music,
everything else remained mere anthropology. The contemporary evaluation of human activity in the West as compared with the non-Western
world was unabashedly provided by the late Jacob Bronowski in the
Ascent of Man in words almost echoing Macaulay in 1837:
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We have to understand that the world can only be grasped by action, not by
contemplation. The hand is more important than the eye. We are not one of
those resigned, contemplative civilisations of the Far East or the Middle Ages,
that believed that the world has only to be seen and thought about and who
practiced no science in the form that is characteristic for us. We are active;
and indeed we know, as something more than a symbolic accident in the
evolution of man, that it is the hand that drives the subsequent evolution of
the brain. We find tools today made by man before he became man. Benjamin
Franklin in 1778 called man a 'tool-making animal' and that is right.

Now, there were obviously perverse consequences of such a view:
scholars in several non-western societies, schooled in an educational
system imposed on their societies through the colonial establishment,
readily incorporated similar ideas about their own histories. In an article
in Nature 35 years ago, Joseph Needham had to chide a native scholar of
Thailand for claiming that his own people had not made any contribution
to science despite compelling evidence to the contrary. Nevertheless,
the colonisation project succeeded in convincing many non-European
intellectuals and scholars that only the West was active. They facilely
accepted the idea that activity per se was desirable compared to judicious
or necessary activity; that only the West was capable of thinking in the
abstract sense. If this opinion were carried to its logical conclusion, it
would appear that if the rest of humankind had survived for hundreds
of years, this must be due to some form of manna falling providentially
from the heavens.
The damage done by these years of extremely ideological scholarship and a ruinous ethnocentrism to the history of technology was bad
enough. Predictably, the impression of an empty technological wilderness invented by Western scholarship about non-Western societies had a
parallel, simultaneous, destructive impact on the assessment of their cultures as well. So insidious was the nature of this outrageous assumption
regarding Western and non-Western abilities, that even Joseph Needham,
Mark Elwin, Abdur Rahman and a host of other scholars participated
in pointless debates which often took it for granted. One major debate,
for example, focused on why China (and India) did not produce either
modern science or an industrial revolution on the European pattern,
especially since Chinese technology had already reached a level of sophistication not yet attained in any other part of the world as late as the
fifteenth century.
Attempted answers compared and contrasted the internal conditions
within Chinese society with those within Europe; the argument eventually succeeded in establishing the conclusion that no scientific or industrial
revolution occurred in China because the social conditions in China
were not the same as those within Europe. Thereafter, a host of cultural
and social factors were dragged out of context and labelled probable
"obstacles" either to the development of technology or modern science.
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A critique of the three assumptions we have surveyed above therefore
becomes compelling and inevitable, if we are to eschew their myriad
fallacies in future. We shall take each in turn.
The idea that the past was merely a prelude, and a primitive one
at that, may come naturally to anyone who has begun to feel that the
present era of technical change is inevitable. Yet future societies may
assess their past (our today) basing themselves on values other than those
celebrating mere technical change. Already mindless technical change
and built-in technological obsolescence have been assaulted by several
global thinkers on the ground of ecological unsustainability and resource
scarcity. It would also be wrong to think that because man did not have
technology as he now does, he was necessarily impoverished. If there is
anything the past gives us it is this positive impression of survival in all
kinds of environmental scenarios. There is also evidence of more widely
dispersed creativity when man was not submerged by technology than
there is today. In many areas of human experience, we are yet to match
even the technological achievements of the past which were driven by
values other than mere complexity for its own sake or profit.
A similar argument may be used against the assumption that humankind is the only tool-making species there is. Several naturalists and
ethologists have documented the diversity of nature's schemes at fabrication; most notably, Felix Paturi in his Nature, Mother of Invention and
Karl von Frisch in Animal Architecture. Scholars like Lewis Mumford have
gone further in stating quite bluntly that in their expression of certain
technical abilities other species have for long been more knowledgeable
than man.
Insects, birds and animals, for example, have made far more radical innovations
in the fabrication of containers, with their intricate nests and bowers, their
geometric beehives, their urbanoid anthills, and termitaries, their beaver
lodges, than man's ancestors had achieved in the making of tools until the
emergence of homo sapiens. In short, if technical proficiency alone were
sufficient to identify and foster intelligence, man was for long a dullard,
compared with many other species.

Niko Tinbergen, another ethologist, after years of close observation of
other species, has come to the following conclusion: "It was said that
1. animals cannot learn; 2. animals cannot conceptualise; 3. cannot plan
ahead; 4. cannot use, much less make tools; 5. it was said they have no
language; 6. they cannot count; 7. they lack artistic sense; 8. they lack
all ethical sense." All of these statements, says Tinbergen, are untrue.
It cannot be said therefore that, in contrast with other species, humankind alone is a tool-maker. Thus the attempt to distinguish man from
other living species because of his tool-making capacity is now seen to be
a result of limited knowledge and unwarranted assumption of qualitative
discontinuities between human beings and other species. It will also be
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useful to recall here that the ability to fabricate and organise is not a
singular human trait - it is an intrinsic feature of nature since nature
can exist only in a given form, whether at its most primary constituents
at the sub-atomic level or even at the level of crystalline structures or
the multiple tiers of a primary forest.
However, it is the third assumption - concerning the West's genius
for technology and the rest of the world's incompetence in the same
department - that contains the greatest mythological component of
them all.
As we shall presently see, such an assumption has not only no historical
basis, it is in fact contrary to historical and even to contemporary evidence.
As for the gift of Greek rationality, suffice it to say that for two thousand
years it gave no technological advantage to those who had it over those
who did not. On the contrary, major scientific concepts, technological
artefacts, tools, and instruments emerged in cultures that had nothing to
do with either Greece or Rome.
The other problem with this assumption is it cannot even cope with
the long established view that the science and technology traditions of
most societies, particularly so of the West, are in significant ways mixed
traditions. Even the little that we know about it indicates that the crosscultural borrowing of techniques and technology is impressive. Thus
a very large number of critical inventions from both India and China
helped fill significant gaps in the technological development of the West.
A simple example from Francis Bacon's work will suffice to illustrate this
point. He wrote:
It is well to observe the force and virtue and consequences of discoveries.
These are to be seen nowhere more conspicuously than in those three which
were unknown to the ancients, and of which the origin, though recent, is
obscure and inglorious; namely, printing, gunpowder, and the magnet. For
these three have changed the whole face and state of things throughout the
world, the first in literature, the second in warfare, and the third in navigation;
whence have followed innumerable changes; inasmuch that no empire, no
sect, no star, seems to have exerted greater power and influence in human
affairs than these mechanical discoveries.

Now all these three mechanical discoveries were Chinese. Yet here
again Western scholars have found it hard to acknowledge their origin.
Borrowing of techniques from India is easily documented as well.
' The documentation of technology in other cultures is only beginning.
For example, it was only in 1974 that Sang Woon Jeon's Science and
Technology in Korea appeared. There is as yet no major record of technology
in Africa or South America though there is now available a large volume
of documented evidence that both areas were rich in tools and techniques,
from metallurgy to textiles.
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In India, the other large storehouse of useful and appropriate tools
(some still in -productive use), the most extensive documentation of
technology has only recently commenced, sparked in part by Dharampal's
Indian Science and Technology in fhe Eighteenth Cenfury and the work of
scholars like Abdur Rahman.
The immediate impact of these re-invigorated investigations, stimulated largely by political independence, is a fresh debate over the issue
of technology and culture: the old assumption of one technology and
one culture in which others are seen to make a few, presumably inconsequential, contributions, is in tatters. Whatever its own pretensions to be
the only viable culture, the WeSt is finally being seen by non-Western societies as only one among several: a certain.balance between cultures gets
restored even though economic inequality persists. In fact, in some cases
the pendulum has swung to the other side with cultures unabashedly
resuming their traditions. There has naturally been a reverberation in
the climate of ideas.
-Changes in perception of this kind have already come about in other
academic disciplines. To cite just one example, world histories were once
written as if Europe were the centre of the planet, if not the cosmos.
There has been progress since: Geoffrey Barraclough and Leon Stavrianos,
for instance, have both succeeded in producing comprehensive histories
which avoid the older Eurocentric perspectives.
But even assuming we are able to produce, culture by culture, a
fairly objective and comprehensive record of science, technology, and
medicine, we would still be uncomfortably close to the pet obsession and
perception of the present epoch. If there is anything the recent past has
shown us, it is that we can be all too zealous judges in our own cause.
We continue to celebrate uncritically our technological feats even when
we know that the principal criterion of success for any species (and the
human species is no exception) is primarily its ability to survive.
Therefore, it may be best not to get trapped in the debates on what
is basically a sub-history: the history of slave-machines or automation or
the recent machine-propensity of some cultures. After all, the homo faber
concept is itself a distorted reflection of the natural endowments of the
human species, an example of reductionist thinking. We know now that
reductionism readily distorts knowledge, often pauperises it, but rarely
enhances it.
What is required in the circumstances then is a paradigm shift. I would
like to suggest this can be achieved by replacing the heavily loaded
term "technology" (too close identified with externalised objects) with
the more neutral word, "technique". Technique has a larger ambit than
technology and does not necessarily express itself only in the form of
tools or artefacts. For the moment, we may define it briefly as every
culture's distinct means of achieving its purposes. The natural propensity
of human beings is to rely on technique, not technology, for while it has
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been proven that we can survive without technology, we cannot survive
without technique.
Thus there can be no technique without culture, no culture without
technique. An investigation into a culture's techniques is bound to be
considerably more difficult than the recording of a culture's artefacts. The
important gain here would be that we would begin with a more democratic assumption: that there is no culture without a system of techniques.
Such a postulate would inoculate us effectively against methodological,
ethnocentric, and other fatal flaws the homo faber concept was both parent
and heir to. It would nip in the bud any undesirable future forays into
cultural narcissism or ethnocentric discourse.
If this is indeed so, the more logical assumption would be that every
cultyre has relied on a corresponding system of techniques that has
guaranteed survival. Understood in this way, it makes far better sense
to talk of Western technique (even though today largely expressed in
the form of technology), or African, Indian, Chinese, Maya, or Arabic
techniques of survival (in which technology may not be given that
importance for fairly valid reasons). But even a relatively low importance
given to technology could never mean a poverty of technique. The idea
that the human species is technique-natured could be empirically falsified
if a human society could be found that lacked technique-and not just
machines or artefacts.
Technique, then, is nothing but the permanent but dynamic expression of an individual culture. Cultures can only express themselves or
survive through technique: the alternative is chaos. Non-human species
may be guided in the exercise of technique by inflexible inborn patterns
of behaviour. But the human world is as rigorously bound by the controls imposed by the symbolic universe that emerged as a substitute for
weakened instinctual patterns. Myth, for instance, is technique. Interaction with (or manipulation of) nature may take place either through
myth-making, scientific construction, and myriad other ways. All are expressions of the symbolic universe human beings inherit because they
are human beings.
Thus we share the necessity of functioning through technique - not
just through tools - with other living species - from the mammoth
geobiological processes of Gaia to the cross-pollination of the rice plant
to species of bird and animal, some of which, like the bower bird,
are more prone to technology than others. Thus the so-called potterwasp is known for its technique in constructing what we human beings
culturally recognise as pots: however, the small vessels are the conclusion
of technique: without it, there would be no "pot", no propagation and,
therefore, no survival.
This will also explain why so-called primitive societies are often more
complex in their social-cultural arrangements - their rich fund of botan-
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ical knowledge, slash-and-burn techniques, elaborate myths are as much
an expression of technique - than modern societies.
Our new paradigm - based on a thorough-going analysis of
technique-will enable us to concentrate more effectively on those aspects of human experience in non-western societies where there may
be appropriate development of technology (as in India and China) but
a superabundance yet of technique. A large number of these, particularly in India or in the Islamic cultures, may be located squarely within
the domain of the sacred. They would be unintelligible outside such a
framework of understanding.
We shall also observe in such societies that even where there is
sophisticated technology, it retains an unobtrusive (not invasive) character.
This can be seen from the merged outlines of Arab architecture to the
irrigation works of South India or Sri Lanka.
An encyclopaedia of non-Western science, technology, and medicine
may restrict its scheme to a bare description of the evolution of machines
or artefacts incompetently covered by earlier ,conventional Western works,
but it must do so guided by the background of the larger canvas of
technique. Here the scholar will eventually examine theories of language
in the same detailed manner as he would the culture and preparation
of food or the control of breath - all extremely detailed sciences in
India and China; he would examine irrigation and animal husbandry
techniques, the domestication of cultivars of crop plants, record the
elaborate knowledge of plants and of the human body, and seek to
understand theories of cosmic phenomena and of the behaviour of annual
events like the monsoons.
The aim of the historian is to describe the nature of this individual
system and not place it within a hierarchical ordering of societies. His
task is to document this immense richness, not endeavour to swamp
and drive it into oblivion on the questionable assumption that Western
technology is the only direction that human technique will take. The
growing anxiety over Western technology is closely associated with the
threat it is perceived to pose to the fate of the planet and to survival.
We may have to examine its history clinically to diagnose why it has
generated the kind of problems it poses for humankind. Here, only a
proper study of technique and culture within non-Western societies (and
not as Forbes hoped, the event of Easter) will bring some balance and
provide urgent clues to the origins of what Jamal-ud-din described as
the illness of occidentosis, the plague of the West.
Claude Alvares
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Textiles
India may be described as one of the ancient centres of the cotton textile
industry, since early evidence of cloth has been found in prehistoric
archaeological sites. The spinning and weaving of cloth was very much a
part of everyday life in ancient India. The loom is used as poetic imagery
in several ancient texts. The Afharvaveda says that day and night spread
light and darkness over the Earth as the weavers throw a shuttle over the
loom. The Hindu God Vishnu is called Tanfuvardhan or "weaver" because
he is said to have woven the rays of the Sun into a garment for himself.
It is interesting to note that in the third or second century CE, when
the cotton industry in India was in a flourishing state, in Europe cotton
was still virtually unknown. The Greek scholar Herodotus thought that
cotton was a kind of animal hair like sheep's hair. At the beginning of the
Christian era, Indian textiles figure prominently in the trade with Rome.
Arrian, the Roman historian, testifies to the export of dyed cloth from
Masulia (Masulipatnam on the Coromandel coast), Poduca (Pondicherry),
Argaru (UraiyCir in TanjavCir district, Tamil N5du) and other places in
south India. Legend has it that Indian cloth was purchased in Rome for
its weight in gold. The quality of Indian dyeing too was proverbial in the
ancient world, and in St. Jerome's Bible, Job says that wisdom is more
enduring than the dyed colours of India. Indian textiles even passed into
Roman vocabulary as is seen by the use as early as 200 CE of a Latin
word for cotton, Carbasina, derived from the Sanskrit Erpasa.
The history of Indian textiles constitutes one of the most fascinating and
at the same time tragic chapters in Indian history. In the sixteenth century
the Portuguese first set foot on Indian shores and were followed in q:~:
succession by the Dutch, English, and French. For the next hundred y?$as
"Indian cotton was king" and Europe was in the grip of what economic
historians describe as "the calico craze". Indian textiles were used in the
Middle East, Africa, and Europe not merely as dress material but also as
coverlets, bedspreads, and wall hangings. The joint English sovereigns,
William and Mary are described as having landed in England in 1689,
resplendent in Indian calico. Daniel Defoe, the author of Robinson Crusoe,
commented that Indian calico, which at one time was thought fit to be
used only as doormats, was now being used to adorn royalty.
However, there was a dramatic reversal of fortune in the eighteenth
century. The cotton revolution in England rendered redundant the products of Indian handlooms. The British crown imposed the first ban on
Indian textiles in 1700 and repeatedly after that. By the end of the century, instead of Indian cloth being exported abroad, the machine-made
cloth of Manchester and Lancashire flooded the Indian market. Around
the same period, India was hit by one of the worst famines beginning
in the late seventeenth century and continuing through the eighteenth
century. The words attributed to Lord Bentinck, the Governor of India
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in the 1830s, that "the bones of the weavers are bleaching the plains
of India" are a dramatic but apt description of the fate of the Indian
weavers.
The eclipse suffered by the Indian textile industry lasted until the
early twentieth century, until its grand revival under Gandhi, who initiated the khddi movement. The charkhd, or Indian spinning wheel, and
khddi, or homespun cloth, became symbolic of the Indian struggle for
independence. Foreign cloth was burnt in public squares and the Indian
spinning wheel became a part of the home of every Indian patriot.
Since Independence, a sea change has occurred in the traditional
Indian textile industry. The changeover to power looms and jet looms
and the introduction of computer designs is setting new traditions in
Indian textiles. In the course of its historical vicissitudes, the Indian
textile industry has gone through a process of change as well as cultural
assimilation.

The first process in the weaving of a cloth is warping and sizing, and
in India this is done in the open. Bamboo sticks, about one hundred
and twenty in number, are fixed upright in the street or what is called
the warping grove, at a distance of a cubit from one another. Rows of
women walk up and down the line, each carrying a wooden spindle
in the left hand and a bamboo wand in the right. As they walk, they
intertwine the threads between the split bamboos. These threads are
then stretched horizontally from tree to tree, evenly washed with rice
starch and carefully brushed. The right amount of tension in the warp
is required to prevent the yarn from breaking while on the loom.
In India spinning was and still is almost exclusively the occupation
of women. More specifically, this was the sole occupation of destitute
women and widows. It is interesting that this corresponds to the English
notion of the 'spinster' as one who has to spin for her livelihood since
she has no one to support her.
The earliest looms in use in India were either the pit loom or the vertical
loom. The Atharvaz:eda, probably compiled in the early pre-Christian era,
says, "A man weaves it, ties it up; a man hath borne it upon the firmament.
These pegs propped up the sky; the chants, they made shuttles for
weaving ... (sic)." However, the most common type of loom in use was
the horizontal pit loom in which the loom is placed inside an earthen
pit and is operated with foot treadles. By depressing the pedal with
one foot and raising the other, one set of threads get depressed and the
weaving shed is formed through which the throw shuttle is shot across
by hand. References to such looms are scattered throughout ancient
and medieval inscriptions. Around the fifteenth century one begins to
get reference to the draw loom. This consisted of several levers and so
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enabled the weaving of complex patterns. The introduction of the fly
shuttle in the 1930s towards the end of British rule in India resulted
in the partial mechanisation of loom technology and in another three
decades this was followed by the introduction of the jacquard. Nowadays,
partially mechanised looms, power looms, and jet looms are displacing
the traditional Indian handloom.

Different types of cloth are worn and woven in the different parts of
India, since this is a vast land with varying climates. Generally, men tend
to wear a longish lower cloth of about one and a half yards in length,
called dhoti or Iungi in the north and veshti in south India, while the
traditional upper cloth consists of a single piece of cloth called arigavastra.
However, in hot weather, men generally go without the upper cloth. In
many parts of northern India, men also wear a head gear against the
dust and heat. This is especially true of desert regions like RajasthBn.
The Indian women wear large skirts or loose trousers called salwar and
longish or short jackets. Alternately, they wear a six-yard piece called a
sari and a blouse for the upper part. In the colder parts of India, such as
the Himalayan mountain ranges and Kashmir, the garments are thicker
and more elaborate, including warm woollen shawls and heavy jackets. It
is noteworthy that in antiquity, stitched garments such as shirts, trousers
and blouses were hardly ever worn in India. In the ancient sculptures
and paintings such as the ones at Amaravati or BrahadiSvaram, it is only
the menials, palace attendants, common soldiers and dancing girls, all
of them belonging to the lower echelons of society, who are depicted
wearing stitched garments. Such garments are never depicted on the
upper classes or royalty nor on the images of gods and goddesses. A
plausible reason may be the association of impurity and pollution with
stitched cloth.
COLOURS
AND DESIGNS
IN TEXTILES

Traditional Indian textiles reflect the Indian ethos. There is an aura of
religion and romance around Indian weaving. Everything is significant
- the colours chosen, the motifs, and the wearing occasion. Crimson or
shades of red are very auspicious and worn by women on the occasion
of their marriage as well as by ceremonial priests in certain parts of India,
such as the Madhva Brahmins of Karnataka. White represents purity and
ochre, renunciation, and these are the colours worn by Hindu widows as
well as ascetics. Yellow and green denote fertility and prosperity and are
worn in the spring. Black is considered inauspicious, although pregnant
women in south India wear black, perhaps to ward off the evil eye.
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As late as the eighteenth century, colouring was done entirely through
vegetable dyes such as madder and indigo, although now dyers have
almost entirely switched over to chemical dyes except in the case of
highly specialised textiles like the kalamfiris.
The earliest designs on Indian textiles seem to have been geometrical.
A twelfth century Sanskrit text called the Mdnas61ldsa described textiles
designed with dots, circles, squares and triangles. The depiction of flora
and fauna was related to religion and popular beliefs. The lotus, which
has great spiritual significance in Hinduism, and the mango design
are among the most popular Indian motifs. Swan, peacock, parrot and
elephant are also commonly depicted. The tree of life, which symbolises
fertility and prosperity, is another auspicious motif. All these designs
are patterned on the loom itself and it may take a handloom weaver
working on an ordinary frame loom as long as thirty days to weave an
elaborate six-yard sari with designs and gold lace. As the weaver weaves,
he also sings the special loom songs, a tradition which has now almost
entirely died out except perhaps in some interior weaving villages in
Uttar Pradesh or the remote south. These loom songs tell of the glory
of particular weaving castes or are full of esoteric religious metaphors
describing god as the eternal weaver, weaving the web of life, and the
human body as the cloth he has woven.

Traditional Indian textiles are unique and unparalleled for their beauty.
The jdmddni is an elaborate textile which is woven with multiple shuttles
and resembles tapestry work. Floral motifs called bootis in gold or silver
lace are scattered over the body with heavy gold lace on the borders.
The most striking of these designs is the pannd hazdra, literally a thousand
emeralds, in which the flowers shimmer and gleam all over the sari.
The Benarsi saris called Kinikhdbs woven in Uttar Pradesh are legendary
for their loveliness, although Benaras in the north and Kanchipuram in
the south were traditionally associated with pure cotton rather than silk.
It was the British who introduced sericulture in Kanchipuram in the
nineteenth century. Gadhwal and Venkatagiri saris of Andhra and the
Irkal saris of Karnataka specialise in rich gold borders and heavy panellike palltis (that portion of the sari which is draped over the shoulder).
Another variety is the tie and dye (called variously bandini, ilcdt, or chungdi)
produced in Rajasthiin, Orissa, Andhra Pradesh, and Madurai where the
fibre is tie-dyed before weaving. A unique Andhra textile is the telia,
which was soaked in oil before weaving and catered exclusively to the
West Asian market because it was woven to suit desert conditions. This
textile appeared in the sixteenth century with Muslim rule and died out
with the collapse of the Islamic empires. Another textile which became
popular in the Mughal period was the mashroo (also the himroo) in which

cotton was used in the warp and silk in the weft. Initially these were
used as Islamic prayer mats by the Mughal nobility who were forbidden
by Islamic tenets to use any animal product. They therefore contrived
the mashroo which enabled them to have their comfort without violating
the religious tenet against the use of pure silk.
Textiles also form an important part of temple ceremonials such as the
flag cloth hoisted in temples, the garments put on the deity, the cloth
covering the chariots in which the deities are taken out on a procession
and the ritual dance costumes. The kalamkgri cloth of Andhra, in which
mythological stories are sketched minutely on cloth with a fine pen as
well as the Nldhadw2ra pichwgis of Rajasthan, are of this genre. In India
it is also the practice among wandering groups of minstrels to render
dramatic narrations of mythological stories, and the elaborately painted
screens used on these occasions form an important aspect of traditional
Indian textiles.
Vijaya Ramaswamy
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Time
The ancient Indians acknowledged their gratitude to Nature with elaborate rituals centred around Fire (Agni). The positions of fiery objects in
the sky which were the prime agents of Nature decided when the Gods
had to be propitiated. Even today, the temporal coordinates of important
rituals like the sacred thread ceremony, marriages, and anniversaries are
scheduled and announced to the gods in astronomical terms and not
by the Gregorian calendar. The householder (grihastha) had to establish
the sacrificial fire (AgnyadhBna) on the first day of the waning Moon, or
perhaps on the full moon. But dissenting opinions always existed. The
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Satapatha Brdhmana (Commentary of the Hundred Ways), for example,
urged the householder to install the sacrificial fire when he so desired.
The Satupatha Brahmans is the oldest available prose record of these
ancient religious practices. It is next only to the R ~ e d aand its accompanying commentary (Brihmana), the Aitareya. These texts record the
development of five centuries of fire rituals. The Rgveda has been variously dated from 4500 to 2500 BCE.According to the tradition of the
age, the teacher (guru) conveyed knowledge orally to the student ( S ~ S Y ~ )
who learned by rote. All astronomical works evolved over the centuries
without the limitations of a script and adapting to contemporary conditions. Terminology also changed so much that the original Vedic texts
and commentaries became obscure.
The R p e d a refers to a Yuga of four years (samvatsara) as did the Aztec
and Egyptian calendars. Intercalary months were inserted in the middle
and at the end of the Yuga to catch up with the seasons. Dirghatma, the
son of Mamata, the first known astronomer of the Vedic era, recorded
the movements of the Sun, Moon and planets over forty years and found
that the lunar year (Cdndravarsa) of twelve months (Cdndramdsa) with
thirty days in each leaves a gap of 21 days in the four year Yuga. He
therefore fixed the Yuga to be a unit of four times 365 days with the
insertion of intercalary days.
Linking seasonal periodicity with the lunar cycle caused trouble for all
ancient astronomers. The Vedic sages laid down four kinds of years: the
lunar year of 354 days, the tropical year of 365.25 days, the civil (sdvana)
year of 360 days, and the sidereal year of 366 days. The lunar year was
allowed to retrograde through the seasons to come into coincidence at
the end of thirty sidereal years; however some schools preferred to insert
intercalary days for this purpose. The Egyptians also divided their year
into 36 decans each of ten days, and it is now believed that these systems
derived from an early Aryan civilisation.
Around 1200 BCE, the Yuga cycle of five sidereal years of 366 days seems
to have become generally accepted. Lagadha, who lived near Srinagar
in Kashmir, documented the new calendar around 900 BCE. His Veddriga
Jyotisa is a compendium of astronomical rules that have been extant
since perhaps 1200 BCE.AS was the practice then, the work is written in
Sanskrit verse to facilitate commitment to memory. The Veddriga Jyoti~a
names the five years of the Yuga as Samvatsara, Parivatsara, Idavatsara.
Anuvatsara, and Vatsara. The Yuga began at the white half of the month of
January (Migha) and ended with the dark half of December (Pausa). The
year was bisected according to the northward (uttardyana) and southward
progressions (dakshindyana) of the Sun. Each dyana then comprised 183
civil days (sdvana divasa) measured from sunrise to sunrise. Each day
was found to increase by one prastha during the uttardyana while the
night shortened by the same amount. This trend was reversed during
the dakshin2yana. Since it is also stated that the increase or decrease of
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during one @aria is equal to six muhurtas, the prasfha is 1.5738 of
our Present day minutes. This peculiar unit of time appears in the VishVu
PuraVa which predated Hellenic science, as well as in the later Jain work
on astronomy, the Suryaprajndpathi. The Suryasiddhdnta also divides the
%-hour day into 21600 prana, perhaps because a heavenly body transits
one minute of arc in this period. Being related to the seasonal variation
of the length of the day the prastha is 23.61 prdna.
By the end of the fifth century CE,at least five great texts (Siddhdntas)
and thirteen minor texts (Siddhgntikas) on astronomy had been inscribed
on dried palm leaves or on birch bark. The texts themselves were frustratingly obscure but commentaries and explanations were provided by
the astrologers of the period. The great astronomer, Varahamihira (ACE
500), who summarised the systems of astronomy in his Five Texts (Pafica
Siddhtintika), admitted that their common source was the Text of the
Forefathers (Pitdmaha Siddhdnta). Distinct similarities observed between
the verses of the Vedariga Jyotisb and of the Pitamaha Siddhdnta indicate
that the PitGmaha Siddhanta was a development from much earlier times.
It is therefore incorrect to state that Indian astronomy began only in CE
500 with imported knowledge from Mesopotamia, Greece, or Persia.
After the missionary Padmasambhava took Buddhism over the Himalayan Mountains to Tibet and China, the pilgrim Yuan-Zhuang travelled in India from CE 629 to 645 and collected 657 Buddhist texts
written in various Indian languages. In his Abhidharma Shunzheng Lilun,
he describes units of time then prevalent in India. The day was divided
into the forenoon; noon and afternoon while the night had three watches
(trimdya). The shortest interval of time was the kshana, the time taken by
a woman to spin one hsun of thread; it also referred to an 'instant' or
the blink of an eye. This term is still in colloquial use.
Instruments to measure time documented by Varahamihira and others
around CE 500 included the sundial, water clocks, and sand clocks. The
sundial (chdyd yantra) was elementary in construction as compared to
later European models where the time could be read directly off the dial.
A vertical staff (yaqi or Shanku) 12 digits (arigulas) long was fixed at the
centre of a horizontal circle of radius equal to the length of the staff.
This celestial circle represents the intersection of the celestial sphere with
the horizontal plane. The shadow of the staff would cross the celestial
circle at two points on an east-west line. A square (caturaSra) was then
drawn circumscribing the circle, touching it at the four cardinal points.
The eastern and western sides of the square were then graduated in
digits. The projection of the shadow of the staff when the Sun was upon
the equator (vishuvadbha) determined the latitude of the place. Further
to
measurements on the shadow of the staff enabled the ~hrono~raphers
compute the time of day. The main instrument (nara yantra) was a larger
and more precise version of the sundial.
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The Sidddntha siromani also describes simpler variants of the sundial
such as the yasti yantra. Here the celestial circle is drawn as for the chdyl
yantra. From tables existing at that time or from observations conducted
over the previous years, the radius of the diurnal circle of the day (dyujya)
was calculated from the declination of the Sun on that day. A second
and smaller circle of this radius was then drawn on the floor concentric
with the earlier celestial circle. The circumference of this diurnal circle
was then divided into sixty equal parts representing the division of the
daily solar time of revolution into sixty nddis. The staff was set but not
rigidly fixed at the centre, and to ascertain the time of the day, it was
pointed towards the Sun in such a manner that it cast no shadow. The
extremity of the staff then represented the position of the Sun on the
celestial sphere. The distance from the tip of the staff to the point of
sunrise or sunset on the celestial circle was measured. The arc subtended
on the diurnal circle by this chord length gave, in nddis, the time since
sunrise or until sunset.
The wheel (cakra) was a hand-held instrument to obtain the altitude
of the Sun and its zenith distance and so compute the time since sunrise.
Even smaller instruments such as the arc (dhanus) were in use at that
time.
Brahminaic rituals require not only the absolute time as determined by
stellar and planetary position but also a stopwatch to regulate the course
of various sacrifices. The water clock (jala yantra) served this purpose. A
leaking water vessel, the equivalent of the Greek clepsydra, was the first
version. This, however, proved to be very inaccurate as the vessel takes
infinite time to empty completely. As an improvement, water leaking at
a constant rate from a reservoir was collected in a pot of volume exactly
one prastha. In due course the prastha became a unit of time.
The sinking water clock (ghat0 proved to be more accurate and was
frequently in use in the early eleventh century and up to the arrival
of the mechanical clocks from Europe. A hemispherical copper vessel
(kapdla) six digits high and with a capacity of about 3.13 litres (60 palas)
with a hole at the bottom to admit a gold pin four digits long and
weighing approximately 0.183 gram (3.33 mdsa) was placed on water. The
vessel sank in one ghafi or ghatika sixty times in a day. This clock is used
even now in some temples and for orthodox rituals.
As the measurement of time in ancient India developed, astronomers
and astrologers became powerful and influential. Varahamihira observed
that a king who did not honour an astrologer was destined to destruction; that neither a thousand elephants nor four thousand horses could
accomplish as much as a single astrologer. Time keeping, so essential to
astronomy, then evolved into an esoteric science. .

Division of the day according to various sources.
The Puranas (? BCE)
15 nimesa = 1 k%ta
30 kista = 1 kali
30 kal3 = 1 muhurta
30 muhurta = 1 day or nycthemeron

10 gurvaksara = 1 prana
1 pr3na = 1 vinadi

60 vinadi = 1 nadi, nsdikii or ghatig
60 nadi = 1 day

The Veddriga Jyotisa (CE < 400)
5 abaras = 1 kastH
124 kastis = 1 kala = 3051201 prasthas
10.05 kalis = 1 niidika

2 n8dikZs = 1 muhurta = 30.5 prasthas
30 muhurtas = 1 day

The traveller Yuan Zhuang

(CE

629)

120 ksan as = 1 tatbana
60 tatbanas = 1 lava
30 lavas = 1 muhiirta
5 muhurtas = 1 'time'
6 'times' = I nycthemeron

The Jain saint Mahtivirdairya (ca.
7 Uchchhavas = 1 stoka

7 stokas = 1 lav

38.5 lav = 1 ghati
2 ghatis = 1 muhfirta

30 muhurtas = 1 day
15 days = .l p a b a

CE

850)
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2 paksas = 1 masa
2 m5sa

=

.

1 season

3 seasons = 1 gyana

2 5yanas = 1 year

The traveller al-Birzini ( c 1030)
~
6 prana = 1 casaka
I
15 casaka = 1 ksana
4 b a n a = 1 ghati

60 ghati = 1 nycthemeron
Nataraja Sarma
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Trigonometry
Trigonometry offers one of the most remarkable examples of transmission
of the exact sciences in antiquity and the Middle Ages. Originating in
Greece, it was transmitted to India and, with several modifications, passed
into the Islamic world. After further development it found its way to
medieval Europe.
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The very term "sine" illustrates the process of transmission. The Greek
word for "chord" ( E 'u&;a, literally "a straight line [subtending an arc]")
was translated into Sanskrit as jiva or jyd ("string of a bow") from the
similarity of its appearance. The former word was phonetically translated
into Arabic as jyb, which was vocalised as jayb (meaning "fold" in Arabic),
and this was again translated into Latin as sinus, an equivalent to the
English sine.
It was by tracking back along this stream of transmission that the
first chord table ascribed to Hipparchus (fl. '150 BCE) was successfully
recovered by G. J. Toomer in 1973 from an Indian sine table (compare
Tables 1 and 2). Toomer showed that some numerical values ascribed
to Hipparchus in the Almagesf of Ptolemy (fl. CE 150) could only be
explained by hypothesising the use of this reconstructed table.
According to this reconstruction, Hipparchus used 6875 "minutes" as
the length of the diameter (1) of the base circle, in other words, as the
greatest chord subtending the half circle (= R crd180° = 6875). This
number is the result of rounding after dividing 21,600 minutes (360") by
the value of n = 3; 8, 30 (in this article we follow the convention: integer
and fraction are separated by a semicolon, the former is in decimal form
and the latter is in sexagesimal form with commas to separate the places.)
In India 3438 "minutes", namely, the rounded half of D, was used as
the length of the radius (R), which is the largest "half chord" (jydrdha or
ardhajyd).
Thus the relation between the Greek chord and the Indian sine can
be expressed as:

Plane trigonometry was the essential tool for mathematical astronomy
in India. All the astronomical texts in Sanskrit either give a kind of sine
table or presuppose one. On the other hand, trigonometry was studied
only as a part of astronomy and it was never an independent subject
of mathematics. Furthermore since they were not aware of spherical
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trigonometry, Indian astronomers developed the method called chedyaka
in which the sphere was projected on to a plane.
Sine table with R = 3438
The earliest Indian sine table with R = 3438 is found in ~ r ~ a b h a f a ' s
book on astronomy, ~ryabhatiya( C E 499). It should be remembered that
"table" here does not mean that the numbers are actually arranged in
a tabular form, i.e. in lines and columns. As is usually the case with
Sanskrit scientific texts, all the numbers are expressed verbally in verse.
For brevity's sake, kyabhafa gives only the tabular differences (A, the
fourth column of Table 2). This is the standard sine table in ancient India.
Exactly the same table is found in the Jiuzhili, a Chinese text on the
Indian calendar written in C E 718 by an astronomer of Indian descent,
but it did not have any influence on Chinese mathematics.
The values of sines were geometrically derived from Rsin90°(= R )
and R sin 30" (= R ) by two formulas:
Rsin(90° - q) = d~~- ( R s i na ) 2 ,
a!

Rsin 2 =

{ R - R sinZ(90°

- a)

l2

2

+

(F)

It is worth noting here that the first tabular sine was equated with the
arc (3;45" = 225') which it sulitends. This means that, when a' is small
enough, the approximation sin a' = a' can be applied.
Table 1

Hipparchus chord table reconstmcted

Number
1

a
7;30

R crda
450

Number
13
14
15
16
17
18
19
20
21
22
23
24

a!

97;30
105
112;30
120
127;30
135
142;30
150
157;30
165
172;30
180

R crda
5169
5455
5717
5954
6166
6352
6510
6641
6743
6817
6861
6875
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What is more remarkable in Aryabhafa is that he gives an alternative
method for computing tabular differences by means of the formula:

where Jn = R sin n (3; 45"). The formula, after several centuries of misunderstanding, was correctly interpreted by a south Indian astronomer
Nilakantha (born in 1444), one of the most distinguished scholars belonging to the Midhava school (see below). When suitable values of
(A, - A,) and J1 are used, this formula produces very good values for
the rest of R sins. It seems that Aryabhatals sine values were commuted
by this second method rather than by the geometrical method.
Sine table with R = 120
There is another kind of Indian sine table which uses R = 120. The table
is found in the PaficasiddhantikB of Varihamihira, a younger contemporary
a . table is closely related to the Greek chord table with
of ~ r ~ a b h a tThis
R = 60 which is offered in Ptolemy's Almagest. Because of the relation
(1) given above, all the numerical values in the chord table with R =
60 can be transferred directly to the sine table with R = 120. Table 3
compares the first four and the last four values in the Paficasiddhantihi with
Ptolemy's corresponding ones. The fractional parts after the semicolon
in both tables are expressed sexagesimally. It seems that VarBhamihirafs
values were the results of rounding the numbers in the second fractional
place of a chord table similar to that of Ptolemy.
Table 2

Indian sine table with R = 3438

Number
1
2
3
4
5
6
7

8
9
10
11
12

a
3;45
7;30
11;15
15
18;45
22;30
26;15
30
33;45
37;30
41;15
45

Rsina
225
449
671
890
1105
1315
1520
1719
1910
2093
2267
2431

A
225
224
222
219
215
210
205
199
191
183
174
164

Number
13
14
15
16
17
18
19
20
21
22
23
21

a
48;45
52;30
56;15
60
63;45
67;30
71;15
75
78;45
82;30
86;15
90

Rsina
2585
2728
2859
2978
3084
3177
3256
3321
3372
3409
3431
3438

A
154
143
131
119
106
93
79
65
51
37
22
7
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Table 3 Comparison of the first four and last four values in' the Paficasddhrintikri
with those of Ptolemy

Varshamihira
with R = 120
a ( " ) R sin a
7;51
3;45
15;40
7;30
11;15 23;25
31;4
15

Number
1
2
3
4

Table 4

Ptolemy
with R = 60
R crd2a
7;50,54
15;39,47
23;24,39
31;3,30

Mridhavai sine table

Number
1
2
3
4
5
6
7
8
9
10
11
12

a(')
3;45
7;30
11;15
15
18;45
22;30
26;15
30
33;45
37;30
41;15
45

R sin a
0224;50,22
0448;42,58
0670;40,16
0889;45,15.
1105;01,39
1315;34,07
1520;28,35
1718;52,24
1909;54,35
2092;46,03
2266;39,50
2430;51,15

Number
13
14
15
16
17
18
19
20
21
22
23
24

a(")
48;45
52;30
56;15
60
63;45
67;30
71;15
75
78;45
82;30
86;15
90

R sin a
2548;38,06
2727;20,52
2858;22,55
2977;10,34
3038;13,17
3176;03,50
3255;18,22
3320;36,30
3321;41,29
3408;20,11
3430;23,11
3437;44,48

In these earlier Indian sine tables, only the twenty-four values in the first
quadrant are given, with the interval of 3"45'. Although Indians knew
and used cosines (kofijyl), they had no need of tabulating them because
they knew that cosines could be derived from sines by the relation (2)
above. On the other hand they were interested in the versed sine (Sara
in Sanskrit, meaning "arrow" or utkramajyl, "sine of the reversed order",
CH in Fig. 1) which is defined as:

R vers a = R - Rsin(90° - a ) .
Using this relation, Brahmagupta (seventh century) simplified some formulas. For instance, formula (3) was rewritten as:
Rsin - =
2
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A table of versed sines can be easily obtained by adding As in Table 2
successively from the bottom upward (namely, in the "reversed order").
Brahmagupta computed anew 24 sines with R = 3270 in the
BrBhmasphu-tasiddhanta. Elsewhere in this book and in the Khandakhddyaka,
he offers a sine table with R = 150 and with the interval of 15". This
small table generates remarkably correct sine values when his ingenious
method of second order interpolation is applied. ,

An improved version of the traditional sine table was prepared by
Bhaskara I1 (b. 1114). In the chapter "Derivation of Sines" Uyotpatti) of
his Siddhantadiromani he introduces two new values:

R sin 18' =

/%

R,

With these two values and formulas (2) and (3) above, he obtains R sin 3n0
(where n = 1 , 2 , 3 , ...,30). Further he combines them with the approximate
value
Rsin lo z 60'
using the new formula:

which is equivalent to the modern formula:
sin(a fp) = sin a cos /3 & cos a sin p.
Thus he could obtain sines for all the integer degrees of a quadrant.
Formula (4) was unknown to Indians before Bhaskara 11, while a chord
version of the same formula was known to Ptolemy.
Trigonometry underwent a remarkable development in the early fifteenth century on the western coast of south India (the modern state
of Kerala). The person who initiated this development was Madhava (fl.
ca. 1380/1420) of Sangamagrama (near modern Cochin). His important
works on astronomy and mathematics are now lost, but we know his
achievements from the books of his successors. A sine table ascribed to
him is quoted in Nilakantha's commentary on the ~r~abhatiya
(Table 4).

404

Encyclopaedia of Classical Indian Sciences

A couple of verses, which are' often quoted by the students of
the MBdhava school and which are ascribed to MBdhava himself by
Nilakaqttha, give the method of computing.sines. The method can be
expressed as:

With R = 1 this is equivalent to Newton's

Similar power series for cosine and versed sine are ascribed to MBdhava.

Michio Yano

Gupta, R.C. "South Indian Achievements in Medieval Mathematics." Ganita-BhrIrati
9 ( 1 4 ) : 15-40. 1987.
Pingree, David and David Gold. "A Hitherto Unknown Sanskrit Work Concerning MBdhava's Derivation of the Powe; Series for Sine and Cosine." Historia
Scientiamm 42: 49-65. 1991.
Toomer, Gerald J. "The Chord Table of Hipparchus and the Early History of Greek
Trigonometry." Centaums 18: 6-28. 1973.
Toomer, Gerald J. Ptolemy's Aimagest. New York: Springer Verlag. 1984.
See also: Sexagesimal System - ~ r ~ a b h a -t aMBdhava - Varlhamihira - Brahmagupta - Sripati - Nilakactha

Vakyakarana
Vdkyakarana, apocryphally ascribed to Vararuci, is an astronomical manual
produced in about CE 1300 which was very popular in South India,
especially in Tamil Nadu and the adjoining regions. The work is so called
because it was a karana (astronomical manual) which used computational
tables where the numbers are expressed in mnemonic sentences (vdkyas),
phrases, and words. It is also called Vdkyaparicidhydyi, because it contains
parica adhyiyas (five chapters). Until recently, when the Nautical Almanac
came to be used in South India for the computation of the Hindu almanac
with its 'five limbs' (parica-ariga): the lunar day, weekday, asterism, yoga
and karana, the Vdkyakarap was widely used for that purpose.
The author of the Vdkyakarana hailed from KariSaila or Kanchi in Tamil
Nadu, as he himself states in his work. He also states that he based his
work on the writings of Bhaskara I (CE 629), the exponent of the school of
astronomy promulgated by kyabhafa @. CE 476), and the works of Haridatta (CE 683), author of Grahacdranibandhana and Mahdmdrganibandhana.
The Vikyakarana was elaborately expounded by ~undarariija(CE 1500)
who had contacts with the Kerala astronomer Nilakapfha Somayaji. The
date of Vikyakarana is determined as ca. CE 1300, on the basis of epochs
which the author gives for the computation of the planets.
In five chapters, the Vdkyakarana deals with all aspects of astronomy
required for the preparation of the Hindu almanac. Chapter I is concerned
with the computation of the Sun, the Moon, and the Moon's nodes, and
Chapter I1 with that of the planets. Chapter I11 is devoted to problems
involving time, position, and direction, and other preliminaries like the
precession of the equinoxes. The computation of the lunar and solar
eclipses is the concern of Chapter IV. Chapter V is devoted to the
computation of the conjunction of the planets, and of planets and stars.
For the computation of the Moon, the Vdkyakarana employs the 248
moon sentences of the ancient astronomer Vararuci. But for the five
planets, Mars, Mercury, Jupiter, Venus, and Saturn, the author himself
computed 82 tables devoted to the different planetary cycles, containing,
in all, 2075 mnemonic sentences (Kujddi-pafica-graha-mahivikyas).
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The results obtained through the computations enunciated in the

Vakyakarana are not very accurate, going by modern standards, but they
were accurate enough for the determination of auspicious times and
other matters required in the routine life of orthodox Hindus. Besides,
there was the saving of much time and labour in working with the
simple methods advocated in the work.
K.V. Sarma

CandravrikyrZni (Moon Sentences of Vararuci). Ed. as Appendix I1 in Vrikyakarana.
Ed. TS. Kuppanna Sastri and K.V Sarma. Madras: Kuppuswami Sastri Research
Institute. 1962. pp. 125-34.
Kujlidi-paficagraha-rnahrivdkytini(Long Sentences of the Planets Kuja etc.). Ed. as
Appendix I11 in Vrikyakarana Ed. T.S. Kuppanna Sastri and K.V Sarma. Madras:
Kuppuswami Sastri Research Institute. 1962. pp. 135-249.

Vakyakarana with the commentary Laghuprakriiika by Sundararaja. Ed. T.S. Kuppanna Sastri and K.V. Sarma. Madras: Kuppuswami Sastri Research Institute.
1962.
See also: Bhaskara - Haridatta - ~ r ~ a b h a -t aNilakanfha somayaji - Precession
of the Equinoxes - Lunar Mansions

Values and Science
Is science value free? If "science", as Lord Rutherford is reported to have
said, "is what scientists do" then scientists would have to be superhuman
to keep their values out of what they do in their laboratories. We cannot
clinically isolate our cultural and ethical (and through them our historical)
baggage from our human activities. Values play an important part in
what we select to do or not do and how we actually do it. In as far as
science is a human activity, it is subject to the strengths and weaknesses
of all human activities.
However, in Western tradition, up to quite recently, scientists were
seen as quasi-religious supermen, heroically battling against all odds to
discover the truth. Also, the truths they wrestled out of nature were said
to be absolute, objective, value-free, and universal. The idea of scientists
as dedicated hermit-like lone researchers is now obsolete. Nowadays,
science is an organised, institutionalised, and industrialised venture. The
days when individual scientists, working on their own, and often in their
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garden sheds, made original discoveries are really history. Virtually all
science today is big science requiring huge funding, large, sophisticated,
and expensive equipment, and hundreds of scientists working on minute
problems. As such, science has become a unified system of research and
application, with funding at one end and the end product of science,
often technology, at the other.
Values enter this system in a number of ways. The first point of entry is
the selection of the problem to be investigated. The choice of the problem,
who makes the choice and on what grounds, is the principle point
of influence of society, political realities of power, prejudice, and value
systems on even the "purest" science. Often, it is the source of funding that
defines what problem is to be investigated. If the funding is coming from
government sources then it will reflect the priorities of the government whether space exploration is more important than health problems of the
inner city poor, or nuclear power or solar energy should be developed
further. Private sector funding, mainly from multinationals, is naturally
geared towards research that would eventually bring dividends in terms
of hard cash. Some eighty per cent of research in the United States is
funded by what is called the "military-industrial complex " and is geared
towards producing both military and industrial applications.
Subjectivity thus enters science in terms of what is selected for research
which itself depends on where the funding is coming from. But values
also play an important part in what is actually seen as a problem,
what questions are asked and how they are answered. For example,
cancer rather than diabetes may be seen as a problem even though
they may both claim the same number of victims. Here both political
and ideological concerns, as well as public pressure, can make one
problem invisible while focusing attention on another. Moreover, if, for
example, the problem of cancer is defined as finding a cure then the
benefits of the scientific research accrue to certain groups, particularly
the pharmaceutical companies. But if the function of scientific research
is seen as eliminating the problems of cancer from society, then another
group benefits from the efforts of research: the emphasis here shifts to
investigating diet, smoking, polluting industries, and the like. Similarly, if
the problems of the developing countries are seen in terms of population,
then research is focused on reproductive systems of Third World women,
methods of sterilisation, and new methods of contraceptives. However, if
poverty is identified as the main cause of the population explosion then
research would take a totally different direction: the emphasis would
have to shift to investigating ways and means of eliminating poverty,
developing low cost housing, basic and cheap health delivery systems,
and producing employment generating (rather than profit producing)
technologies. The benefits of scientific research would go to the Third
World poor rather than Western institutions working on developing new
methods of contraceptives and companies selling these contraceptives to
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developing countries. Thus both the selection of problems and also their
framing in a particular way are based on value criteria.
It can be legitimately argued that these factors are external to science,
that within science, the scientific method ensures neutrality and objectivity by following a strict logic - observation, experimentation, deduction,
and value-free conclusion. But scientists do not make observations in
isolation. All observations take place within a well-defined theory. The
observations, and the data collection that goes with them, are designed
either to refute a theory or provide support for it, and theories themselves are not plucked out of the air. Theories exist within paradigms
- that is a set of beliefs and dogmas. The paradigms provide a grand
framework within which theories are developed and make sense, and
observations themselves have validity only within specific theories. Thus,
all observations are theory laden, and theories themselves are based on
paradigms which in turn are burdened with cultural baggage. All of
which raises the question: can there ever be such things as value-neutral
"objective facts"? Studies of scientists working in laboratories have shown
that the scientific method, by and large, is a myth. Researchers seldom
follow it in the linear fashion that exists in the textbooks. Neither do they
ascertain new "facts" suddenly out of the blue. And the same holds true
of the laws of nature they are supposed to be discovering. It appears
that scientists do not actually "discover" laws of nature; they manufacture them. Scientific knowledge advances by a process of manufacturing
which involves thousands and thousands of workers assembling "facts"
which through peer review and other procedures end as description or
laws of nature.
Value judgments are also at the very heart of a common element of
scientific technique: statistical inference. When it comes to measuring
risks, scientists can never give a firm answer. Statistical inferences cannot
be stated in terms of "true" or "false"statements. When statisticians test a
scientific hypothesis they have to go for a level of "confidence". Different
problems are conventionally investigated to different confidence-limits.
Whether the limit is 95 or 99.9 per cent depends on the values defining
the investigations, the costs, and weight placed on social, environmental,
or cultural consequences. In most cases, the importance given to social
and environmental factors determines the limits of confidence and the
risks involved in a hazardous scientific endeavour. For example, when
a chemical plant is placed in an area with an aware and politically
active citizenry the risks are worked out to a high level of confidence.
However, when one is located in an area where the citizens themselves
are ignorant of the dangers and do not command political power, the
confidence levels are much more relaxed. The people of Bhopal and
Chernobyl know this to their cost.
But it is not just in its institutions and method that science is value
laden. The very assumptions of science about nature, universe, time,
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and logic are ethnocentric. In modern science, nature is seen as hostile,
something to be dominated. The Western "disenchantment of nature" was
a crucial element in the shift from the medieval to the modern mentality,
from feudalism to capitalism, from Ptolemaic to Galilean astronomy, and
from Aristotelian to Newtonian physics. In this picture, "Men" stand apart
from nature, on a higher level, ready to subjugate and "torture" her, as
Francis Bacon declared, in order to wrestle out her secrets. This view
of nature contrasts sharply with how nature is seen in other cultures
and civilisations. In Chinese culture, for example, nature is seen as an
autonomous self-organising entity which includes humanity as an integral
part. In Islam, nature is a trust, something to be respected and cultivated
and people and environment are a continuum - an integrated whole.
The conception of laws of nature in modern science drew on both JudeoChristian religious beliefs and the increasing familiarity in early modern
Europe with centralised royal authority, with royal absolutism. The idea
that the universe is a great empire, ruled by a divine logos, is, for example,
quite incomprehensible both to the Chinese and the Hindus. In these
traditions the universe is a cosmos to which humans relate directly and
which echoes their concerns. Similarly, while modern science sees time
as linear, other cultures view it as cyclic as in Hinduism or as a tapestry
weaving the present with eternal time in the Hereafter as in Islam. While
modern science operates on the basis of either/or Aristotelian logic (X is
either A or non-A), in Hinduism logic can be fourfold or even sevenfold.
The fourfold Hindu logic (X is neither A, nor non-A, nor both A and
non-A, nor neither A nor non-A) is both symbolic as well as a logic
of cognition and can achieve a precise and unambiguous formulation
of universal statements without quantification. Thus the metaphysical
assumptions of modern science make it specifically Western in its main
characteristics.
The metaphysical assumptions of modern science are also reflected in
its contents. For example, certain laws of science, as Indian physicists
have began to demonstrate, are formulated in an ethnocentric and racist
way. The Second Law of Thermodynamics, so central to classical physics,
is a case in point: due to its industrial origins the Second Law presents a
definition of efficiency that favours high temperatures and the allocation
of resources to big industry. Work done at ordinary temperature is by
definition inefficient. Both nature and the non-Western world become
losers in this new definition. For example, the monsoon, transporting
millions of tons of water across a subcontinent is "inefficient" since it
does its work at ordinary temperatures. Similarly, traditional crafts and
technologies are designated as inefficient and marginalised. In biology,
social Darwinism is a direct product of the laws of evolutionary theories.
Genetic research appears to be obsessed with how variations in genes
account for differences among people. Although we share between 99.7
(unrelated people) and 100 per cent (monozygotic twins) of our genes,
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genetic research has been targeted towards the minute percentage of
genes that are different in order to discover correlations between genes
and skin colour, sex or "troublesome " behaviour. Enlightened societal
pressures often push the racist elements of science to the sidelines.
But the inherent metaphysics of science ensures that they reappear in
new disguise. Witness how eugenics keeps reappearing with persistent
regularity. The rise of IQ tests, behavioural conditioning, foetal research,
and socio-biology are all indications of the racial bias inherent in modern
science.
Given the Eurocentric assumptions of modern science, it is not surprising that the way in which its benefits are distributed and its consequences are accounted for are themselves ethnocentric. The benefits are
distributed disproportionally to already over-advantaged groups in the
West and their allies elsewhere, and the costs disproportional to everyone
else. When scientific research improves the military, agriculture, manufacturing, health, or even the environment, the benefits and expanded
opportunities science makes possible are distributed predominantly to already privileged people of European descent, while the costs are dumped
on the poor, racial and ethnic minorities, women, and people located
at the periphery of global economic and political networks. Science in
developing countries has persistently reflected the priorities of the West,
emphasising the needs and requirements of middle class western society,
rather than the wants and conditions of their own society. In over five
decades of science development, most of the Third World countries have
nothing to show for it. The benefits of science just refuse to trickle down
to the poor.
But modern science is not only culturally biased towards the West: it
represents the values of a particular class and gender in Western societies.
As feminist scholars have shown, science in the West has systematically
marginalised women. Women, on the whole, are not interested in research geared towards military ends, or torturing animals in the name of
progress, or working on machines that put one's sisters out of work. But
more than that, even the least likely fields and aspects of science bear the
fingerprints of androcentric projects. Physics and logic, the prioritising of
mathematics and abstract thought, the so-called standards of objectivity,
good method and rationality - feminist critique has revealed androcentric
fingerprints in all. This is the case, for example, in the mechanistic model
of early modern astronomy and physics, in modern particle physics,
and in the coding of reason as part of ideal masculinity. The focus on
quantitative measurements, variable analysis, impersonal and excessively
abstract conceptual schemes is both a distinctively masculine tendency
and one that serves to hide its own gendered character. Science has tried
to hide its own masculine nature in other ways, by, for example, making
women themselves objects in scientific investigation. It was not entirely
accidental that sexology became a major science at the same time as
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women in the West were fighting for the vote and equal rights in education and employment. A number of studies have shown that scientific
work done by women is invisible to men even when it is objectively
indistinguishable from men's work. Thus, it appears that neither social
status within science nor the results of research are actually meant to
be neutral or socially impartial. Instead, the discourse of value-neutrality,
objectivity, and social impartiality appears to serve projects of domination
and control.
The history of science bears this out. The evolution of Western science
can be traced back to the period when Europe began its imperial adventure. Science and empire developed and grew together, each enhancing
and sustaining the other. In India, for example, European science served
as a handmaiden to colonialism. The British needed better navigation so
they built observatories and kept systematic records of their voyages. The
first sciences to be established in India were, not surprisingly, geography
and botany. Western science progressed primarily because of the military,
economic, and political power of Europe, focusing on describing and
explaining those aspects of nature that promoted European power, particularly the power of the upper classes. The disinterested commitment
of European scientists to the pursuit of truths had little to do with the
development of science. The subordination of the blacks in the ideology
of the black "child/savage" and the confinement of the white women
in the cult of "true womanhood" emerged in this period and are both
by-products of the Empire. While the blacks were assigned animal and
brutish qualities the white women were elevated and praised for their
morality. While the blacks were segregated and enslaved, the women
were placed in narrow circles of domestic life and in conditions of dependency. Racist and androcentric evolutionary theories were developed
to explain human behaviour and canonised in the history of human
evolution. The origins of Western, middle class social life, where men go
out to do what men have to do, and women tend the babies and look
after the kitchen, are to be found in the bonding of "man-the-hunter ";
in the early phases of evolution women were the gatherers and men
went out to bring in the beef. Now this theory is based on little more
than the discovery of chipped stones that are said to provide evidence
for the male invention of tools for use in the hunting and preparation of
animals. However, if one looks at the same stones with different cultural
perceptions, say one where women are seen as the main providers of
the group - and we know that such cultures exist even today - you can
argue that these stones were used by women to kill animals, cut corpses,
dig up roots, break down seed pods, or hammer and soften tough roots
to prepare them for consumption. A totally different hypothesis emerges
and the course of the whole evolutionary theory changes.
Thus the cultural, racial, and gender bias of modern science can be
easily distinguished when it is seen from the perspective of non-Western
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cultures, marginalised minorities, and women. The kinds of questions
science asks when seeking to explain nature's regularities and underlying causal tendencies, the kinds of data it generates and appeals to as
evidence for different types of questions, the hypotheses that it offers
as answers to these questions, the distance between evidence and the
hypothesis in each category, and how these distances are traversed all
have the values of white middle class men embedded in them. Put simply, this implies relativism in science as in any other sphere of human
knowledge. However, most scientists do not look kindly towards criticism, or sociological, philosophical, historical, and anthropological studies
which highlight science's value laden nature. Relativism is anathema
to scientists: many believe that they are engaged in revealing nature's
absolute truths. Science, they argue, is special and different from any
other body of knowledge: it is counter-intuitive and rarely a matter of
common sense. Some propagandists for science have even suggested that
the entire discipline of the sociology of knowledge is a conspiracy of the
academic left against science.
The idolisation and mystification of science, the insistence on its value
neutrality and objectivity, is an attempt not only to direct our attention
away from its subjective nature but also from the social and hierarchical
structure of science. Whenever we think of "the scientists" we imagine
white men in white coats: the sort of chaps we see in advertisements
for washing powder and skin care preparations, standing in a busy
laboratory behind a Bunsen burner and distillation equipment telling us
how the application of science has led to a new and improved soap or
cold cream. This view of scientists is not far from reality. True power in
science belongs to white, middle-aged men of upper classes. Everyone
else working in science - women, minorities, black men, white men of
lower classes, and third world researchers - are actually basically rank
and file laboratory workers. The social hierarchy within science by and
large preserves absolute social status, the social status scientific workers
hold in the larger society. The people who make decisions in science, who
decide what research is to be done, what questions are going to be asked,
and how the research is going to be done are a highly selective, tiny
minority. These people have the right background, the contacts to get
the necessary appointments, and then further contacts to secure funding
for their research projects. The actual execution of scientific research,
the grinding and repetitive laboratory work, is rarely done by the same
person who conceptualises that research; even the knowledge of how to
conduct research is rarely possessed by those who actually do it. This is
why the dominant (Western) social policy agendas and the conception
of what is significant among scientific problems are so similar. This is
why the values and agendas important to white, middle class men pass
through the scientific process to emerge intact in the results of research as
implicit and explicit policy recommendations. This is why modern science
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has become an instrument of control and manipulation of non-Western
cultures, marginalised minorities, and women.
Even if we were to ignore all other arguments and evidence, the
very claim of modern science to be value-free and neutral would itself
mark it as an ethnocentric and a distinctively Western enterprise. Both
claiming and maximising cultural neutrality is itself a specific western
cultural value: non-Western cultures do not value neutrality for its own
sake but emphasise and encourage the connection between knowledge
and values. By deliberately trying to hide its values under the carpet,
by pretending to be neutral, by attempting to monopolise the notion of
absolute truth, Western science has transformed itself into a dominant
and dominating ideology.
Ziauddin Sardar
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Varahamihira
Varghamihira, who flourished in Ujjain, in Central India, during the sixth
century, was perhaps the greatest exponent of the twin disciplines of
astronomy and astrology in India. A master of all three branches of the
disciplines astronomy, natural astrology, and horoscopic astrology, he was
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a prolific writer whose works number more than a dozen, some of which
are extensive.
Varahamihira was born in Kapitthaka, present-day Kapitha, in Uttar
Pradesh, known also as SankaSya and mentioned as a great centre of
learning by the Chinese pilgrim Yuan Chwang as Kah-pi-t'a. He was the
son of ~ d i t ~ a d ~and
s a ,a ~ a k a d v ibrHhmana
~i
of the Maga sect who were
sun worshippers. His renown has caused several legends, both Hindu
and Jain, being woven round his birth, growth, and predictive propensity.
A legend has it that he was one of the nine luminaries of the court of
King Chandragupta I1 VikramHditya, but the definitively known date of
VarHhamihira goes against this identification. Varahamihira's patron has
now been identified as King MahHriijZdhir3ja Dravyavardhana who ruled
over Ujjain during the middle of the sixth century. VarHhamihira also
possessed high poetic talents, so that some of the later rhetoricians have
extracted verses from his writings to illustrate poetic qualities. Indeed,
the fame of Varaharnihira has even induced several places in India to be
named after him.
It is a characteristic of Varahamihira that he produced larger and
shorter versions of most of his works. His only work on astronomy is
Paficasiddhdntikd (The Five Basic Texts), being a redaction of select topics
from the basic texts of five earlier astronomical schools: Vdsistha, Paifdmaha,
Romaka, PauliSa and Saura, in 443 verses, in the form of a work manual.
Varaharnihira wrote several astrological works. In his Brhajjdtaka (Large
Horoscopy), called also Hordidstra (Science of Hours), in 25 chapters,
containing about 400 verses, he treated all conceivable topics on the
subject. This work has been a model for later works and is highly popular
even today. In this work, VarHhamihira exhibits his understanding of
Greek astrology and employs the Sanskritised forms of a number of
Greek terms. His Laghujdtaka (Shorter Horoscopy) is an abridged form
of the previous work. On marriage and the prediction of auspicious
times to marry, Varahamihira composed two works, the Brhadvivdha-pafala
(Larger Treatise on Marriage), and its abridgement, the Svalpa-vivahapafala. Prognostication on military marches and domestic journeys were
treated in three works: Byhad-Yoga-Ydtrd (Larger Course on Expedition), in
34 chapters, Yoga-ydtrd (Course on Expedition), and Svalpa-ydtrd (Shorter
Course on Expedition).
On natural astrology, Varahamihira's major work is the Brhatsamhifa
(Large Compendium), the Svalpa-samhitd (Shorter Compendium) and
Vatakaniki (Short Text), the last two known only through profuse quotations in later works. The Brhafsamhitd, in 106 chapters, is an encyclopaedic
compendium on numerous subjects relating to life and nature, such
as physical astronomy, geography, calendar, meteorology, flora, portents,
agriculture, economics, politics, physiognomy, engineering, botany, industry, zoology, erotica, gemmology, hygiene, omens, and prognostication
on the basis of asterisms, lunar days, etc. A fund of material on applied
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science, physical observation, and deduction on the basis of statistics and
experimentation went into the production of this work which is perhaps
unparalleled in the early literature of the world. Varahamihira's works,
set in precise terminology and in graceful language, have been models
for writers of later times, not only in astronomy and astrology, but in
other disciplines as well.

K.V. Sarma
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Vaf esvara
VateSvara @. CE 880), son of Mahadatta, hailed from ~ n a n d a ~ u rora
Vadanagar, in Gujarat in Western India, a great centre of learning of
the time. The Vafeivara-siddhdnta, composed by VateSvara in CE 904, is
one of the largest and most comprehensive works on astronomy, a work
which throws much light on the theories, methodologies, and processes
of Indian astronomers until the tenth century CE. It was one of the
standard works for the study of the discipline, and several of the rules
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enunciated by VateBvara were adopted by later astronomers like sripati
(eleventh century) and BhZskara I1 (b. 1114). It is also noteworthy that
the Persian scholar and polymath al-Birtini, who came to India early in
the eleventh century, referred to VafeSvara and cited some of his views in
his own writings. VafeSvara also wrote a Karanasdra, known only through
references, and a Gola (Treatise on Spherics), which is available only
in part, the existing portion dealing with a graphical demonstration of
planetary motion, construction of the armillary sphere, spherical rationale,
and the nature of the terrestrial globe.
The Vateivara-siddhdnta, in 1326 verses set out in eight chapters, deals
exhaustively with all aspects of Indian astronomy, besides bringing in
a number of methodologies, short-cuts, and interpretations. Chapter I,
on mean motion, depicts the astronomical parameters, time-measures,
calculation of the aeonary days, and computation of the mean planet in
three ways: using parameters, using a cut-off date, and by the orbital
method. The longitude corrections to be applied to mean longitude
are also dealt with here. Chapter 11, on true motion, deals with the
corrections to be applied to the mean planet by the epicyclic theory, by
the eccentric theory, and by the use of the R sine table. Different items
relevant to the almanac are also set out here. Chapter I11 treats in detail
the three problems in diurnal motion. Chapters IV and V deal with the
computation of lunar and solar eclipses. Chapter VI treats of heliacal
rising, chapter VII with elevation of lunar horns, and chapter VIII with
the conjunction of celestial bodies.
Again, a unique feature of the work, found in no other work, consists
in VafeSvara's dividing each chapter into small sections earmarked for
different topics. Unlike other works, rules are formulated for all possible
alternatives of a theory or practice. It is interesting that sets of problems
are posted at the ends of chapters for the student to solve, as in textbooks
of modern days. The work is also characterised by the depiction of novel
interpretations and methodologies practised by early Indian astronomers.
In fact, the invaluable service done by VateSvara through his Siddhdnta
lies in his presenting the achievements of the Indian astronomers from
the sixth century to the tenth century and methodically documenting
the astronomical knowledge of the Hindus during.those centuries.
K.V. Sarma
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Weights and Measures in the lndus Valley
The golden era of the Indus civilisation in ancient India extended from
2300-1750 BCE. This vast civilisation had significant uniformity and standardisation in its material culture, as reflected in its town planning,
building construction, pottery, metallurgy, and system of weights and
measures.
The prosperity of the Indus cities depended to a large extent on trade.
Many raw materials were brought by land and sea routes from within
and outside the Indus valley. Inland trade must have extended beyond
the Baluchistan to Afghanistan and the Iranian highlands on the one
hand and to the Punjab and Aravalli hills on the other. Overseas trade
covered the Makran and Persian Gulf ports on the west and the Gujarat
and Konkan ports, if not those of the Malabar Coast in the south. The
writing system has not yet been deciphered, and the names of their
measuring units are still unknown.

Fragments of linear measures excavated from Mohenjodaro and Lothal
are made of shell and ivory. The average length of a unit is estimated
to have been 67.6 cm. The linear measures were graduated using the
decimal system. Some of the precise linear measures were graduated even
to the one-hundredth and one-four hundredth of the unit. A fragment
of bronze linear measure, which graduated to one-half (9.34 mm) of the
later unit, arigula (digit) was also discovered in Harappa.
AREAAND VOLUME

The use of area measures should have been quite common. There is,
however, no piece of evidence which could be connected with an area
measure. In the excavations carried out at various sites of the Indus
civilisation a variety of pots made of clay, and sometimes of metal, has
been discovered. No systematic determinations of the volumes of pottery
seem, however, to have been made.
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The oldest known weight in the Indus measuring system was excavated
from Dashli Tepe, south Turkmenia in Russia. This era dates back to
the fifth millennium BCE. The other three weights belong to the fourth
millennium BCE and were discovered in northern Iran. These weights
belong to pre-Indus civilisation. In the third millennium BCE the Indus
measuring system was further developed in the ancient regions of Iran
and Afghanistan.
A total of 558 weights were excavated from Mohenjodaro, Harappa,
and Chanhu-daro, not including defective weights. They did not find
statistically significant differences between weights that were excavated
from five different layers each about 1.5 m in depth. This was evidence
that strong control existed for at least a five-hundred-year period. The
13.7 g weight seems to be one of the units used in the Indus valley. The
notation was based on the decimal system. Eighty-three per cent of the
weights which were excavated from the above three cities were cubic,
and sixty-eight per cent were made of chert.
Balance pans were made of copper, bronze, and ceramics. A bronze
beam was found with the two pans in Mohenjodaro. The fulcrum was
the cord-pivot type (Figure 1).

Figure 1

Balance pans. Photograph by the Mainichi Newspapers, 1961. Used with

permission.

The measuring system used in the Indus valley was different from
the Mesopotamian and Egyptian measuring systems, but the sensitivity
of precision balances used in these regions is assumed to have been
comparable. The weights excavated from Taxila (sixth century BCE seventh century CE) descend from the system of weights used in the
Indus civilisation (Figure 2).

Weights and Measures in the lndus Valley

Figure 2
permission.

Weights. Photograph by the Mainichi Newspapers, 1961. Used with
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Western Dominance: Western Science and Technology
in the Construction of Ideologies of Colonial Dominance
Scientific curiosity was a major motive behind Western overseas expansion from the fifteenth century onward and technological innovations,
particularly in shipbuilding, navigational instruments and firearms, made
that expansion possible. But early European explorers and conquistadors
did not rely heavily on evidence of scientific or technological achievements as gauges of the worth of the peoples they encountered or as
explanations for their growing dominance in the Americas and maritime
Africa and Asia. In encounters with the great centres of civilisation in
Africa and Asia, European superiority in these endeavours was highly
selective, marginal, or in many areas non-existent. In fact, travellers to
China and the Indian subcontinent in the early centuries of expansion
were as likely to dwell on the technological deficiencies of the West,
when compared to these great civilisations, as to boast of European advantages. As in India, China, and Japan, the Europeans were able to
make little headway into the heartlands of the Islamic world in this era.
That standoff and the fact that they had borrowed so heavily from the
scientific learning and technology of Muslim cultures in the centuries of
Europe's emergence as a global force, rendered it unlikely that material
standards would supplant the long contested religious differences that
the Europeans had employed to set themselves off from and above the
followers of Islam.
In Africa, disease and geographical barriers and the power of coastal
kingdoms prevented the Europeans from translating their technological
edge into significant conquests. Failure to move into the African interior
also meant that the Europeans had only the vaguest notions about
African epistemologies or understandings of the natural world, which
were usually dismissed as superstition or fetishism. In sharp contrast to
their experience in Africa, European invaders encountered few disease
barriers in the Americas. In fact, diseases from smallpox to the measles
became powerful allies of the Spanish conquistadors in their assaults on
the heavily populated and highly advanced civilisations of Mesoamerica
and the Andean highlands. The long isolation of the Amerindian peoples
from the Afroeurasian people and cultures left them highly vulnerable
to both the microbes borne and the iron-age technology wielded by the
European invaders. None the less, the Spanish tended to attribute their
startling successes in battle against seemingly overwhelming numbers
of Aztec or Inca adversaries and the rapid conquests that followed to
supernatural forces and to the superiority of their militant brand of
Christianity over the "heathen" faiths of the indigenous inhabitants of
the "New" World.
Lacking in-depth knowledge of the epistemologies and scientific learning of most of the peoples they encountered in the early centuries of
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overseas expansion and often enjoying only very selective (but at times
critical) technological advantages over them, European explorers, missionaries, and Crown or Company officialswere unlikely to rely on material
standards to judge the level of development attained by other cultures
or to compare overseas civilisations to Europe itself. Until at least the end
of the seventeenth century, religious beliefs, or the Europeans' certitude
that. they possessed vastly superior understandings of the transcendent
world, predominated as the gauge by which other cultures and peoples were assessed and ranked. Additional cultural variables, such as the
position and treatment of women, were frequently cited as evidence of
advancement or savagery; and physical features, especially skin colour,
were sometimes emphasised in attempts to distinguish and rank the
peoples encountered overseas.
Scientific and technological gauges of past attainments and present
abilities remained peripheral to most evaluations of the peoples and cultures that the Europeans encountered as they expanded across the globe.
None the less, signs of material advancement - the existence of large
cities, sophisticated techniques of fortress construction, or evidence of
complex scientific instruments - were often noted and even cited to support arguments regarding the level of development achieved by different
peoples. In two areas in particular, in the perception and measurement
of time and in perspectives on space associated with artistic and mathematical advances of the Italian Renaissance, European overseas observers
began to see a clear divide between the West and all other civilisations
and cultures. In addition, as early as the sixteenth century, European
commentators began to rank African cultures beneath those of Asia and
the Americas, not so much because of skin colour or other physical
features, as has often been argued, but due to what was perceived as
a markedly lower level of material culture in Africa than that found by
European travellers and traders in India, China, or central Mexico.
Although ideologies justifying overseas expansion and the domination
of non-European peoples from the fourteenth to the early eighteenth
century were rooted in religious belief and were generally culture- rather
than racially-oriented, material accomplishment, including the assumed
capacity for invention and scientific thinking, was increasingly associated
with racist defences of the enslavement of Africans. Defenders of the
slave trade sought to counter the abolitionists' objections with often lurid
descriptions of the alleged savagery of African life and the debased level
of African material culture. Along with skin colour and other physical
differences, racist writers, such as Samuel Estwick and Dominique Lamiral,
emphasised material backwardness and ignorance of the workings of the
natural world as proof of the subhuman nature of Africans that justified
their subjugation as slaves.
By the last decades of the eighteenth century, this rather broad association between racial ideology, material culture, and the defence of
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slavery, was refined and enhanced by the rise of racist theories allegedly
grounded in scientific experimentation and reasoning. Physicians and
ethnologsts devised a variety of measurements - from skull size and
shape to genital configurations - in efforts to prove that there were innate
physical, mental and moral differences between human racial groups.
The fact that the measurements reflected a priori assumptions and were
based on small and suspect samples, and that even the racial categories
themselves were hotly contested, did not prevent "scientific"racism from
winning widespread support from European scientists, social commentators, and politicians throughout the nineteenth century. The tenets of
scientific racism were popularised among the middle and working classes
by practitioners of phrenology, whose booths could be found at county
fairs and on the promenades of seaside resort towns, and by the pulp
press, where allegedly scientific proofs of European racial superiority
were linked to social evolutionist arguments for imperialist expansion.
By the first decades of the nineteenth century, scientific and technological gauges of human achievement and worth were clearly in the
ascendant. Earlier measures of the level of development achieved by
different cultures continued to be cited. Religious belief, for example,
remained of paramount importance to missionaries active in overseas
lands. But even missionaries increasingly linked Europe's advances in
the sciences and invention to the rhetoric of Christian proselytisation.
Ignoring past and contemporary tensions between science and religion
in Europe itself, prominent missionaries, such as the Abbe Boilat and
David Livingstone, argued that Christian culture had been particularly
receptive to scientific investigation and technological innovation, and
that conversion to Christianity would promote the scientific and material
development of colonised peoples. The growing numbers of ethnologists
and professionally trained anthropologists, who found in the colonies
relatively safe and fertile environments for their research, also privileged
non-scientific or technological standards, such as modes of political organisation or gender relations, in assessing the level of development
attained by African, Asian, Amerindian, and Pacific Island peoples. But
evidence of material culture was increasingly linked to societal advance,
and indigenous "superstitions" or at best magical beliefs contrasted with
the scientific mindset that was seen as typical of the educated West.
A number of factors account for the dominance of material standards, particularly those linked to science and technological innovation,
in nineteenth-century ideologies of European global hegemony. Most critically, the transformations wrought by industrialisation from the middle
of the eighteenth century in England and somewhat later in Belgium,
Germany, France, and Italy made the gap in scientific and technological
capacity and material development between western Europe and nonWestern societies increasingly apparent to European and non-European
observers alike. Maxim guns, steamboats, and railway lines carried ele-
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ments of Europe's industrialisation to colonised areas, and champions of
imperialist expansion reasoned that these wonders could not help but
impress subjugated peoples with the unprecedented degree to which
European societies had advanced over their own. Not only was European
superiority in science and technology obvious, it could be empirically
tested in ways that claims of higher religious understanding or moral
probity could not. Europeans had vastly more firepower, could produce
incomparably greater quantities of goods much more rapidly, and could
move both these products and themselves about the globe with much
greater speed and comfort than any other people, including the once
highly touted Chinese. In an age when what were held to be scientific
proofs were authoritative, attainments that could be measured statistically
were viewed as the most reliable gauges of human ability and social development. Mechanical principles and mathematical propositions could
be tested; cast iron or steel bridge spans could be compared for size and
strength with the stone or wooden structures of non-Western societies;
and human skulls could be quantified in seemingly infinite ways to assess
the highly variable mental capacity of the "races of man".
The pre-eminence gained in the nineteenth century by scientific and
technological standards of human worth and ability not only bolstered
proponents of theories of European racial supremacy, but it also proved
vital to various formulations of the civilising mission ideology that both
inspired and rationalised European imperialist expansion from the early
1800s to 1914. Chauvinistic politicians in the metropoles and imperial
proconsuls in the colonies increasingly stressed the importance of the
diffusion of Western science and technology to what they viewed as the
benighted peoples and backward lands that had come under European
control. Proponents of the civilising mission confidently predicted that
the world would be remade in the image of industrialising Europe. Given
Europe's material advancement, it was seen as appropriate that Europe
and North America serve as the sources of capital, both machine and
financial; of entrepreneurial, scientific, and managerial expertise; and of
manufactured goods for the rest of the globe. In this view, the nonWestern world, including both areas that had been formally colonised
and those that had come under the informal sway of the Great Powers,
were best suited to provide abundant and cheap land, labour, and raw
materials that were required to fuel the industrial economies of Europe
and North America.
According to the "improvers" or non-racist advocates of the civilising
mission, the spread of Western education among colonised peoples emphasising the inculcation of at least rudimentary Western scientific
learning and technological skills - would provide the critical means by
which the material level of non-Western societies would gradually be
raised. Though they approved of the diffusion of essential Western technology to overseas areas under the paternalist supervision of European
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colonisers, racist apologists for imperialism had little faith in the ability
of subjugated peoples to master the sciences or engineering of the West.
Thus, they envisioned the period of European "tutelage" extending for
centuries, if not indefinitely, into the future.
The non-Western peoples who were the targets of the European colonial enterprise were very often awed and overwhelmed by their initial
encounters with the science and technology of the industrialising West.
Whether they were indigenous leaders resisting the growing encroachments of European forces or scribes and merchants who allied themselves
with the invaders, the colonised could not help but be impressed with
the clear and increasing advantages in power that the Europeans gained
through their superior capacity to tap the resources of the natural world,
to produce material goods, and to devise more deadly weapons. As surveys taken as late as the post-World War I1 era, such as those which
form the basis for G. Jahoda's White Man, the science and technology of
the colonisers gave them an aura of magical power among the colonised
masses in many areas. Though Western-educated Africans, Asians, or
Polynesians were likely to scoff at such expressions of popular admiration,
most came to accept that Western science and technology were not only
on the whole superior to their own but essential for the future "development" of societies they hoped someday to rule. Therefore, nationalist
critiques of imperial domination often deplored the fact that colonialism
had severely constricted the flow of science and technology from the
West to dominated areas, and demanded that technical education and
scientific facilities for indigenous peoples be expanded and improved.
By the last decades of the nineteenth century, however, a number of
influential African, Asian, and Caribbean thinkers were mounting cogent
challenges both to notions of European racial superiority based on evidence of scientific and technological achievement and to the advisability
of the wholesale transformation of non-Western cultures and societies
along Western, industrial lines. Much of this resistance to the hegemonic
ideologies of the Western colonizers focused on efforts to reassert and
revitalise indigenous epistemologies, modes of social organisation, and
approaches to the natural world. Thinkers such as Vivekananda and
Aurobindo Ghosh contrasted an Indian spiritualism with the deadening abstractions of Western materialism. African writers, such as the
Caribbean-born Edward Blyden, deplored the devastating impact of the
Atlantic slave trade on African cultures and celebrated the Africans'
strong sense of community, reverence for and care of the elderly, and
sophisticated artistic creations.
Ironically, these defences of colonised cultures were buttressed by contemporary European anthropological studies, usually carried out under
the auspices of colonial administrations; by the intense interest in "Oriental" religions fashionable among European intellectuals in the decades
before World War I; and by the "discovery" of the abstract power of
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African masks and other forms of "primitive" artistic expression by Picasso, Derain, Matisse, and other avant-garde artists in the early 1900s.
Inadvertently, however, the works of these first generations of Indian
and African critics of European hegemonic ideologies often validated the
very materialistic standards they sought to contest. For example, Indian
thinkers, particularly Vivekananda, repeatedly stressed the scientific accomplishments of India's ancient civilisations, while African and West
Indian writers, most notably Anetor Firmin, claimed Egypt, with its impressive engineering and architectural feats, as a civilisation that black
Africans had done much to build.
With the coming of the First World War, non-Western critics of what
had been characterised as the excessively rationalistic, impersonal, and
materialistic West found numerous, and highly vocal, European intellectual allies. The horrific trench slaughter on the Western Front and the
multitude of ways that Western scientific knowledge and experimentation were harnessed to the war effort as a whole raised profound doubts
for noted thinkers, such as Paul Valery, Sigmund Freud, and Georges
Duhamel, about the long- assumed progressive nature of Western science
and technology.
After such a savage and suicidal war, the tenets of the civilising
mission rang hollow, and "scientific"racist thought came under increasing
assault in both western Europe and the United States. Collaboration
with indigenous elites was increasingly stressed in the governance of
the colonies, and a rhetoric of science and technology as agents of
development through cooperation with indigenous peoples permeated
colonial policy making.
European doubts about the directions taken by the industrial West and
its global hegemony gave new impetus to African, Asian, and Caribbean
critiques of European global hegemony. Ren6 Maran's Prix Goncourtwinning novel, Bafouala, mocked the pretensions of racial superiority held
by European colonisers, and idealised village life in French West Africa.
The poets of the nk~itudemovement, most powerfully L.S. Senghor and
Aim6 Cesaire, mourned the suffering and destruction wrought by European science and technology in Africa and the lands of the slave diaspora,
and inverted racist epithets by exulting blackness, intuition, affinity for
the natural world, and indifference to inventiveness. Aurobindo Ghosh
and Rabindranath Tagore viewed the war as the fulfilment of earlier
Indian prophecies of a coming cataclysm in the aggressive and materialist West, and proof of importance of India's spiritual mission in the
modern age. Mohandas Gandhi also cited the senseless violence and
colossal destructiveness of the war in support of his sweeping assaults
on industrial society. In the decades after the war, he sought to formulate
for India (and implicitly for other colonised areas) a community-centred,
low tech, and conservationist alternative to industrialised society as it
had developed in the West. In this same period, Gandhi also worked
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out a strategy for confrontational but non-violent protest that repeatedly
proved an effective antidote to the advanced technologies of repression
employed by Western overlords in the decades of decolonisation from
the 1920s onward.
Though battered and under assault, the scientific and technological
underpinnings of ideologies of Western dominance survived the crisis of
two global wars and the powerful critiques of Gandhi and the nigritude
writers largely due to the emergence of the United States as the global
power from the 1920s onwards. Entering the First World War late and
just when new technologies had restored a war of motion and decision,
Americans continued their long-standing infatuation with science and
technology after the conflict. Faith in the essentially progressive nature
and beneficence of science and technology informed the development
(later called modernisation) theory that came to dominate both American thinking on colonial issues and that of the European and Japanese
imperialist rivals of the United States. After World War 11, America's chief
rival, the Soviet Union, also championed a rhetoric of development that
privileged science and large-scale industrialisation. With modernisation
theory (in a number of capitalist and socialist versions) in the ascendant,
non-Western alternatives to social development and economic well being, such as that formulated by Mohandas Gandhi, were marginalised
or openly spurned by the Western-educated elites that governed the
new states that emerged from the collapsing colonial empires. Though
alternative approaches have gained significant support in some of these
new nations, most notably India and Tanzania, international agencies
and Western and non-Western planners continue to rely upon modernisation schemes, based overwhelmingly on Western precedents, to solve
the problems of poverty and growing wealth differentials and the demographic and environmental dilemmas that have been building on a
global basis for centuries.
Michael Adas
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Wind Power
There is little doubt that the first practical use of the wind as an energy
source other than as the motive power for sailing ships occurred in
the East. Those of Persia were probably the first but precisely when is
uncertain. According to a story of al-Tabari writing around CE 850, and
later writers, the second orthodox Caliph, ~Umaribn al-Khatt8b, was
murdered in CE 644 by a captured Persian technician, Abii Lu'lu'a, who
claimed to be able to construct mills driven by the power of the wind
and was bitter about the taxes he had to pay. This early date cannot be
confirmed but Arabic geographers of the tenth century all confirm the
existence of windmills in the region of Seistan in north eastern Iran. For
example, al-Masciidi around CE 950 wrote of the wind driving mills and
raising water from streams.
Nothing has survived to show how such mills pumped water but
later drawings of one type of windmill suggest that it could have been
derived from horizontal corn-grinding watermills. In the lower part of
such watermills, the water fell down a chute and struck blades placed
radially around a vertical shaft. The top of the shaft passed into a higher
room and carried the upper millstone and so rotated it above the bedstone
which was set on a floor in the middle of the mill. When developed into
a windmill, the wind rotor was situated in the bottom of the mill. The
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building was constructed with four "loop holes" to direct the wind on
to the blades from whichever quarter the wind might be coming. There
might be eight or ten blades, and the wind was directed by the loop
holes onto one side of the rotor. In this way the sails were pushed round
on that side away from the direction of the wind while those advancing
into the wind on the other side were shielded by the walls around the
loop holes. The grinding stones were placed in an upper room with the
upper stone turned by an extension of the rotor shaft in the 'underdrift'
manner. None of these mills has survived.
The type which may still be in use today had the grinding stones
situated in a room below the rotor with the sails above. This necessitated
a change to the 'overdrift' method of driving the stones where the spindle
passed down through the bedstone to a bearing underneath which had to
support the weight of both the upper stone and the sails. It was possible
to disconnect the driving shaft at the place where it was connected to
the upper stone at the 'rynd' to allow for the stones being separated for
dressing. The layout for grinding was similar to other corn mills with
a hopper mounted on the wall from which the grain was fed into the
central hole of the upper stone through a chute or shoe while the flour
was passed out around the circumference of the stones.
The advantage of this second layout was that the rotors with the sails
could be greatly enlarged. Mills near Seistan and on the borders of Iran
and Afghanistan might have rotors approximately 5 m (16.4 ft) high by 3
m (9.8 ft) in diameter. There could be six or eight sails which had wooden
framing that was interlaced with straw or covered with wooden boards.
The upper parts of these mills were built with one wall that directed the
wind on to one side of the rotor while another wall shielded the other half.
Sometimes matting screens were erected to help channel the winds to the
sails. There were no brakes, but more screens might be placed across the
slots between the walls to regulate the wind reaching the sails; to secure
the mill when out of use, the rotor and upper millstone were lowered to
rest on the bedstone. A wind speed of 22.40 m/s (50 m.p.h.) was needed to
drive these mills at only 30 r.p.m. Such a mill, working with intermittent
wind for about four months of the year, would grind enough flour for
about fifteen families. Seistan was known as the land of the winds and
between mid-June to mid-October the wind regularly blew from the
north for a period of 120 days. The mills were built in line to face these
winds and the famous example at Neh had a long row of 75 mills.
Because these horizontal mills needed such strong and regular winds
to power them, they did not spread in this form much beyond the
borders of Iran and Afghanistan. They were invented earlier than the
Western vertical type but it is doubtful whether there is any connection
between the two. Those in the West, which have been described as the
'full admission, axial flow type', first appeared around CE 1150 possibly
either in the south-east of England, the northwest of France, or Flanders.
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However these Persian mills were probably the source of the later Chinese
mills and possibly the Tibetan wind-powered prayer wheels.
The wind-powered Tibetan prayer wheels were not surrounded by
elaborate buildings to guide the wind onto the rotors. The most common
form had a vertical axle with horizontal spokes at its top, on the ends
of which were fixed sails shaped like cups so that they caught the wind
on one side of the rotor, but were smoothed or curved to present less
resistance on the other. The wind would be caught in the concave part of
the cup, or a curved sheet, during half the circle to turn the rotor, while
in the other half, the convex or streamlined side would be advancing
into the wind and so present less resistance. Power output was minimal
but was sufficient to turn the prayer wheels which was the only use to
which they were applied.
Prayer cylinders designed for automatic repetition of the Buddhist
mantra are unlikely to have been produced before the reign of K'ri-srongIde-brtsan in CE 755 to 797 when Buddhism conquered Tibet. It is unlikely
that such cylinders were turned by the wind at this period, although
no doubt there were prayer flags fluttering in the wind from around
this time. Early in the twelfth century, a new fashion for mechanical
piety swept China, but again it seems doubtful whether this included
wind-powered prayer wheels, which must therefore be placed later, and
certainly therefore after the Persian mills.
More is known about the adoption of We windmill in China. Once
again early dates for this have been suggested, but these are doubtful.
In about CE 1230, Yelu Chu Zai was captured by Jinghi Khan and
became his minister. He was an extremely good scholar, administrator
and mathematician. An accurate description of the Persian windmill has
been discovered in his memoirs, with a comment on how good it would
be if the Chinese used it. A Chinese book of the seventeenth century, the
Zhu Qi Tu Shu, describes the windmill as if it were a European invention,
which could be a mistake for Persia. In China, these mills were used for
raising water and evolved into an entirely different form from the ones
in Persia or Tibet.
Chinese horizontal windmills are still used today along the eastern
sea coast north of the Yangtze and in the region of Thangku and Taku
near Tientsin to operate chain pumps through gearing for raising salt
water for salt pans or fresh water for irrigation. Once again they have
no elaborate structures for directing the wind onto the rotors but are
closely linked to the way the sails of junks operate. Canvas-covered sails
are mounted at the ends of radial arms, each with its own mast, in such
a way that they can .be spread to catch the wind on the side of the
rotor turning away from the wind and be feathered to present the least
resistance on the side turning against the wind. The sails can pivot on
these masts, and, as on a junk, the sail extends to the front of the mast.
The longer, or driving, side of the sail is tied to the rotor framework
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by a piece of rope of such a length that, when the sail is turning with
the wind, it is held into the wind, but can rotate out of the wind when
advancing against the wind. The angle of the sail can be set by the
length of rope to a position in which the wind can do useful work on
it for more than 180 degrees.
These mills must have been the most efficient of the horizontal types
developed before the twentieth century, but all horizontal windmills
suffer from the same problem, that only a small part of the wind rotor can
be used to its maximum efficiency at any time. The theoretical maximum
power coefficient for a simple horizontal windmill is only one third, but
in practice it will be much less. These are the reasons why the horizontal
windmill has not been developed further and few examples remain at
work today.
In the eastern Mediterranean, at some period during the Middle Ages,
vertical windmills appeared with a different type of sails from those
normally used in the West. The horizontal wind shaft was extended in
front of the mill like a ship's bowsprit so that ropes from it could help
to stay six or eight radiating spars. The sails were triangular pieces of
canvas like the sails of a modern yacht and worked in the same way. The
leading edge of each sail was attached to the spar, round which it could
be wrapped to reef it in strong winds. The free corner was secured by
a rope in much the same way as a ship's boom. These sails were much
lighter than those of a conventional western windmill and have found
a new application in water pumping mills in some developing countries
today.
Richard L. Hills
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Yavanesvara
The name YavaneSvara, meaning Lord of Greeks, referring to one of
Greek descent, is said to be the author of a number of Indian astrological
works. He is mentioned for the first time by Sphujidhvaja who wrote
his Yavanajitaka in CE 240. Towards the close of his book, Sphujidhvaja
states that his work was based on that of YavaneSvara. YavaneSvara, who
had been blessed by the Sungod, is stated to have rendered a Greek
work on genethlialogy into Sanskrit in CE 150, at the instance of the
ruler of the land. This work shows the position and influence of the stars
at one's birth. The date mentioned by Sphujidhvaja is a little after the
K~atrapadynasty of Greek descent had established itself in the region of
Saurashtra and Gujarat and ruled with its capital at Ujjain. The patron of
YavaneSvara has been identified, on the basis of coins and inscriptions,
as Rudradaman I. Sphujidhvaja states that he (Rudradaman I) was quite
conversant with the said Greek work.
Though the original work of YavaneSvara is apparently lost, it is
possible to get an idea of its extent and contents from Yavanajitaka which
is its redaction. The Yavanajitaka, as it is available now, is an extensive
work in 79 chapters, and takes under its purview a large variety of topics
on horoscopy and natural astrology, including the delineation of the
planets, their lords, their characteristics, the major and minor influences
they exert on human beings at different periods, predictions relating to
professions, experience of happiness and sorrow on account of planetary
combinations, and predictions of the future on the basis of questions,
omens, and military astrology. Most of these would have been depicted
by YavaneSvara as well. This is borne out also by several later texts, which
are ascribed to YavaneSvara. Among such works might be mentioned:
The Candribharanahori, an extensive work in 101 chapters, prevalent in
South India, and a shorter work with the same title prevalent in North
India; two texts with the title Yavanasamhiti; a work called Bhivadipiki
or Bhdvddhyiya, making predictions on the basis of the placement of the
planets in the horoscope; Naksatractldimani, being predictions on the basis
of the twenty-seven constellations; and, a Yavanapirzjgta depicting the
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results of good and evil deeds in life. It is clear from this that a regular
school of the Yavana tradition of astrology had developed in India.
What is significant is that in all these texts which ostensibly go under
the authorship of 'Yavana', Hellenistic practices have been Indianised,
both in the matter of content and presentation. Hindu caste distinctions
and social orders are duly taken note of in making predictions; Hindu
deities and their descriptions are duly invoked, and suitable modifications
are made to their Greek counterparts. In effect, these texts seem to be
wholly indigenous but for the ascription of their authorship to Yavana
(Greek).
K. V. Sarma
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Yoga
Yoga is one of the six principal systems of Indian thinking known as
darianas. The word dardana is derived from the Sanskrit root drS, meaning
"to see". Fundamentally, dariana means "view" or "a particular way of
viewing". Yoga, as one of the six darianas has its source in the Vedas.
In the traditional Indian view these are called vaidika, or Vedic darianas.
These are: nylya, vaiSesika, sfinkhyl, yoga, mimfinisfi, and vedfinta (there
are other DarSanas that do not accept the supremacy of the Vedas, such
as Buddhism and Jainism). While the source of Yoga was the Vedas,
Patafijali, one of the great Indian sages, formalised Yoga. His classic
text is Yoga Sutra (Aphorisms on Yoga). Although there are many other
major treatises on Yoga that postdate Patafijali's, his work is the most
authoritative.
All the darianas proclaim that it is their aim to help human beings
achieve clarity and balance of perception and action. Yoga is unique

Yoga

435

in as much as it offers practical suggestions and guidelines to achieve
this end. According to the tenets of Yoga, human beings are under the
influence of avidyci, which is what prevents correct perceptive analysis.
Sage Patafijali suggests practical ways to reduce and remove avidyd. In
his Yoga Sutra, three things are suggested to help us explore the meaning
of Yoga and therefore feel avidyd. These are fdpas, svddhyaya, and iivara
pranidhdna. Tipas is a means by which we keep ourselves fit and clean.
Often tipas is defined as penance, mortification, and dietary austerity,
but what is meant is the practice of dsana (postures), prdndydma (control
of the breath), and other disciplines. These practices aid in the removal
of impurities from our systems. In so doing we gain control of our whole
system. It is the same principle as heating gold to purify it.
The next part of Yoga is svddhyciya, the study of the self. Where are we?
What are we? What is our relationship to the world? It is not enough to
keep ourselves fit; we should know who we are and how we relate to
others. This is not easy because we do not have an actual mirror for our
minds as we do for our bodies. We must use reading, study, discussion,
and reflection as a mirror to the mind.
The third means of exploration is is'vara-pranidhana. It is usually defined
as "love of God" but it also means "quality of action". We must carry out
our jobs, and all our actions must be done with quality. Since we can
never be certain of the fruits of our labours, it is better to remain slightly
detached from them and pay more attention to the actions themselves.
Together, these three cover the whole of human action: fitness, inquiry,
and quality of action. Taken together, these practices are known as Kriyd
Yoga, the Yoga of action. Yoga is not passive. We must be involved in
life, and preparation is necessary for this involvement.
Pataiijali's Yoga is sometimes called Astdriga Yoga, which literally means
Eightfold Yoga. These eight are yama, niyama, dsana, prdniyima, prafydhdra,
dhirdna, dhydna, and samddhi.
Patafijali considers five different attitudes (yamas) or relationships between an individual and "the outside". The first is ahimsd. While the
word himsd means injury or cruelty, ahimsd means more than merely the
absence of himsd. It means kindness, consideration, or thoughtful consideration of people or things. The next yama is called satya, "to speak the
truth. The third yama is asteya. Steya means "to steal"; asfeya, the opposite,
means if we are in a situation where people trust us, we will not take
advantage of them. The next yama is brahmacarya. The word is composed
of the root car (to move) and brahma (the truth). If we move towards
the understanding of truth, and sensual pleasures get in the way, we
must keep our direction and not become lost. The last yama is aparigraha,
"hands off". Parigraha is the opposite of the word dgna, which means "to
give". Aparigraha means, "to receive exactly what is appropriate".
Niyamas, like yamas, are attitudes and are not to be taken as actions
or practices. The five niyamas are more intimate in the sense that they
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are the attitudes we have towards ourselves. The first niyama is Sauca, or
cleanliness. There are two parts to this, external and internal. External
Sauca has to do with simply keeping ourselves clean. Internal Sauca has
to do with cleanliness of the internal organs and mind. The practice
of dsanas or prdndyama could be an internal Sauca. The second niyama
is santosa, a feeling of contentment. The next is tdpas, a word we have
already discussed. With tdpas the idea is to bring out aiuddhi, "dirt" inside
the body. Svddhydya is the fourth niyama. As we defined it earlier, sva
means self; adhydya means study or inquiry. Actually, adhyaya means to
go near. Svddaydya means to go near yourself, that is, to study yourself.
Any study, reflection, or contact that helps us understand more about
ourselves is svddhydya. The last niyama has also been mentioned before.
f~varapranidhdnameans "to leave all our actions at the feet of the Lord".
Since our actions often come from avidyd it is possible that they might go
wrong. That is why contentment is so important. This attitude suggests
that we have done our best, and can leave the fruits of our actions in
the hands of something higher than ourselves.
The third anga is dsana. In the theory of dsana practice, there are two
aspects, sukha and sthira. We must be comfortable and at ease (sukta)
and we must be steady and alert (sthira). We must be involved and at
the same time attentive. Yoga suggests ways to achieve these qualities
in dsana. The fourth ariga is prdndydma which is conscious regulated
breathing. Pratydhdra, the fifth ariga, involves the senses. The word dhdra
means "food". Pratydhdra means "withdrawing from that on which we are
feeding". This refers to the senses: when the senses refrain from "feeding"
on their objects, that is pratydhdra.
Dharand comes from the root dhy, "to hold". Dhdrand occurs when
we create a condition so that the mind, normally going in a hundred
different directions, is directed towards one point. Dhdrand is a step
leading towards dhydna. In dhdrana the mind is moving in one direction;
nothing else has happened. In dhyana, when we become involved with
a particulai' thing and we begin to investigate it, there is a link between
ourselves and this object; that is, there is a perceptual and continuous
communication between the object and our mind. This communication is
called dhydna. Further, when we become so involved with an object that
our mind completely merges with it, that is called samddhi. In sumadhi
we are almost absent; we become one with that object.
There are many varieties of Yoga. Some people say that dhydna is the
means to Jfidna Yoga. In this context, this means inquiry about the truth,
the real understanding that we attain in a state of samddhi. Inquiry in
which we hear, then reflect, and then gradually see the truth, is Jfidna
Yoga. In the Yoga Szitra it is said that in the state of mind where there is
no avidyd, automatically there is Jfidna.
Bhakti Yoga comes from the root bhak which means "to serve that which
is higher than ourselves". This means an attitude of devotion. In Mantra
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Yoga, a teacher who knows us very well might give us a mantra which
has a particular connotation because of the way it has been arranged. If
that mantra is repeated in a certain way, if we are aware of its meaning,
and perhaps if we want to use a particular image, Mantra Yoga brings
about the same effect as IfiAna or Bhakti Yoga. In Raja Yoga, the word
Raja means "the king who is always in a state of bliss, who is always
smiling". Any process through which we achieve greater understanding
of the mysterious and the obscure is Raja Yoga. In the Vedas there are
many references to the word Raja in relation to iivara.
It is best to explain Laya Yoga in a context of sarnddhi, when the
meditator completely merges with the object of meditation, that is Laya.
We merge with the object and nothing else exists.
In recent times, much has been written about Hinduism, and a lot of it
pertains to and derives from the viewpoint of Vedanta. It is important to
see that the viewpoint of Yoga differs in some crucial respects from the
viewpoint of Vedanta. Brahman is considered the "Piiramarthika Satya"
or ultimate truth, and the world we live in and experience through
our senses is granted the status of truth at an operational level, i.e.
"Vyavahiirika Satya". In a sense, this carries the implication that the world
is false and illusory. According to Yoga, everything we see, experience,
and feel is not an illusion but is true and real. This concept is called
satvada.
Everything, including avidya, dreams, and even fancy and imagination,
is real. However, all these are constantly in a state of flux. This concept
of change is called paril?dmavada. In Yoga, although everything we see
and experience is true and real, changes do occur either in character or
in content.
A. V. Balasubramanian
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Yuktibhasa of Jyesthadeva
Jyesfhadeva (fl. 1500-1610) was a Nambiithiri Brahmin from the ~ l a t t i i r
village, an important Brahmin settlement near Cochin. He was probably a
student of Damodara, the son of ParameBvara, who also taught Nilakantha
Somayaji. His fame rests on the authorship of one of the most important
texts of the Kerala school of mathematics and astronomy, the YuktibhdsB
(An Exposition of the Rationale [of mathematics and astronomy]) also
called Ganita-ny2ya-sarigfaha (Compendium of Mathematical Rationale). It
is a unique work on the rationale of Hindu mathematics and astronomy
as it was understood in medieval India. It is unique in the sense that
it is neither a textbook nor a commentary, but a work which is wholly
devoted to a systematic exposition of mathematical rationale, written in
Malayalam, the local language of Kerala.
Born about 1500, Jyesthadeva probably composed the YuktibhlfSd about
1530, since it is known that a little after 1534, ~ a n k a r aVariyar, another
contemporary astronomer, used it in his commentaries. Another work of
Jyesfhadeva, the D~kkaranarn,also in Malayalam, was composed in CE
1608.
At the outset of the work, the author states that he is attempting "to
set out in full the rationale useful for understanding the planetary motion
according to the Tantrasarigraha of Nilakanfha Somayfiji" (b. 1444). But
he actually goes much beyond that and subjects to rationalistic analysis
the entire gamut of mathematics and astronomy. In fact, he takes up the
treatment from the very fundamentals, the concept of numeration and
the theory of numbers. The work is made up of two divisions, each one
divisible into several sequential chapters.
The first deals with the following subjects: (1) the eight fundamental
operations, from simple addition to the roots of sums and differences of
squares, wherein several methods, including diagrammatic solutions are
offered; (2) algebraic problems; and (3) operations on fractions. The other
chapters deal with: (4) the general nature of the Rule of Three (direct
proportion) and (5) application of the Rule of Three in the computation
of mean planets; (6) elaborate rationalisations of the circumference of the
circle; and the last chapter: (7) the rationales of the derivation of the R
sines, R versed sines, and their addition, properties of cyclic quadrilaterals,
and the surface area and volume of a sphere. Many of the rationales are
demonstrated both algebraically and geometrically.
Part Two is devoted to the exposition of rationales in astronomy,
'including (1) the computation of mean and true planets by means of
two types of epicycles, supplemented by corrections; (2) the celestial
sphere, the related great circles and secondaries, the precession of the
equinoxes, and the armillary sphere; (3) declination, right ascension, and
related matters; (4) problems related to spherical triangles; (5) problems
connected with direction and shadow; (6) computation of the rising and

setting points of the ecliptic, the ecliptic having constant variation. A
direct method, enunciated in Indian astronomy for the first time, is used;
(7) eclipses and the attendant parallax corrections; (8) the Vyafipdfa, which
is the moment when the Sun and the Moon have equal declinations,
but in different quadrants; and (9) reduction of computed results to
observation and with the phases of the moon.
Some points are of special interest in the Yukfibhd5d. One is the rationale for three or four steps for true planets, although the result can
also be obtained in two steps; the derivation of inverse declination and
inverse right ascension; novel solutions for some of the problems on
spherical triangles and on shadows; refinements for parallax corrections;
and an alternate method with a novel correction for the computation
of the moment of Vyafipdta. A noteworthy characteristic is its elucidating
rationale from the fundamentals, first setting out the axioms and postulates involved, then developing the arguments and methodologies step
by step.
It might also be noted here that ~ a n k a r aVSriyar provided a valuable
service by incorporating rationales from the Yuktibhed into Sanskrit, the
language of scholars. This he did in two elaborate commentaries called
Kriydkramakari on the Lildvati by Bhaskaracarya, and Yuktidipikd on the
Tantrasarigraha, a work on astronomy by Nilakantha Somaygji. There is
also a highly corrupt rendering of Yukfibhdsd into Sanskrit.

K. V. Sarma

Balagangadharan, K. "Mathematical Analysis in Medieval Kerala." In Scientific Heritage of India: Mathematics. Ed. K.G. Poulos. Tripunithutua: Government Sanskrit
College. 1991. pp. 2942.
Lilavati of Bhaskarricirya with Knyakramakari of ~ankaraand NGrrfyana. Ed. K.V.
Sarma. Hoshiarpur: Vishveshvaranand Vedic Research Institute. 1975.

Rajagopal, C.T., and M.S. Rangachari. "On an Untapped Source of Medieval
Keralese Mathematics." Archive for History of Exact Sciences. 18: 89-101. 1978.
Rajagopal, C.T., and M.S. Rangachari. "On Medieval Kerala Mathematics." Archive
for History of Exact Sciences. 18: 89-101. 1978.
Sarma, K.V. and S. Hariharan. "YuktibhiisS: A Book of Rationales in Indian
Mathematics and Astronomy, An Analytical Appraisal." Indian Journal of History
and Science 26(2): 185-207. 1991.
Tantrasarigraha of Nilakatgha Somayaji with YuktidQikri and Laghuvivpi of ~an'kara
(An Elaborate Exposition of the Rationale of Hindu Astronomy). Ed. K.V. Sarma.
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Hoshiarpur: Vishveshvaranand Vishva Bandhu Institute of Sanskrit and Indological Studies. Punjab University. 1977.
Yuktibhrisri, Pt. I. Mathematics. ' ~ d Ramavarma
.
(Maru) Thampuran and A.R.
~khileswarahar.Trissivaperur: Mangalodayam Limited. 1948.
See also: Nilakantha Somaygji - ParameSvara - Rationale in Indian Mathematics
- ~alikaravlAyar

Zero
Mathematics today owes its existence in part to the discovery of zero.
For the purpose of calculation it needed a short symbol, which is at
present denoted by a small circle in nearly every part of the world. In
India in the early period the form of short symbol which represented
zero (Szinya) was both a dot and a small circle.
In the Vedic literature, in the AmarakoSa, zero (Szinyarn bindau) was
represented by a dot. The form was also suggested by the word ksudra
(very small) in the Atharvaveda. The word randhra, used in the Hindu
Ganita Sastraka, indicated a small hole. There are many examples of zero
being represented as a dot in the Kashmirian Atharvaveda, both in the
marginal notes and in the text itself.
In the marginal notes, the numbers are as follows:
Symbol
0.0

Number
100

Folio
lOOb

Page
192

The symbols in the marginal notes represented the Folio numbers. In
most of the pages of the book there are examples of the above type. In
the text itself the following numbers are found:
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Small circles in pairs have been used to denote blank spaces in the text.
In Folio No. 178a, page 323 in the last line, pairs of small circles are
found as follows: oo oo oo 00 00
The numbers in the marginal notes may be taken from a later period,
but the symbols in the text itself must be from the time of the Afharvaveda
(500 BCE).
In the Bakhshali Manuscript, the oldest extant manuscript in Indian
mathematics (CE 200), the symbol 5'' ' scan from text 2000 represents
0' a * represents 500,000,000.
the number 4000, while the symbol
The fourth zero in The manuscript is a small circle; the others are dots.
In the Shahpur Stone image Inscription of Aditya Sena Bihar, India (CE
672), the symbol e- stands for 60, and zero is represented as a dot. In
the Malay Inscription at Katakapur (CE 686), symbol O o v represents
the number 608 ( ~ ~ k aand
) , zero is represented as a circle with a deep
circumference.
In the above examples it is found that zero has been exhibited either
as a dot or as a small circle to fit in numbers in the place value scale,
or to represent absence. In the inscriptions at Sambor, Palembang, and
Kotakapur, which were Indian colonies of the Far East, the numbers have
been written to represent the Saka era. Hence undoubtedly they also
represent an Indian origin.
Now the question arises as to why zero has been represented as dot
or a small circle and not as a square or rectangle or anything else. Two
reasons can be assigned; one is spiritual or metaphysical; the other is
physical or atomic.
In the spiritual sphere, Siinya, or zero or nothing, the symbol of absence
of everything, identifies itself with Nirguna Brahma, the absence of all
qualities. The no-quality Nirguna in Brahma represents the fact that He
is not guided by any of the qualities or constituents of nature. But at
the same time Brahma is the source of all qualities, energy, power, and
strength. Similarly Szinya or zero itself signifies absence when placed
independently, but it represents fullness when it is placed in the decimal
system of numeration. (Placing zeros on the right side of a number
increases the value to an infinite step).
Since the conception of Szinya identifies with the conception of Brahma
both in absence and fullness the symbol of Szinya (zero) must be guided
by the symbol of Brahma. The conception of Brahma lies in meditation on
a particular point or small circle in the space between the two eyebrows.
Swami Sivananda has given concentration the name 'one- pointedness'.
Concentration can also start by fixing one's gaze on a black dot on the
wall and later on a bright light first of the size of a pinpoint and later
of the size of a Sun coming out from the space in between the two
eyebrows. Hence the symbol of Brahma can be taken to be a dot or a
small circle, and therefore the symbol of mathematical zero is either a
point or a small circle.

Zero
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There are also physical reasons for the symbol for zero. Planets seen
from the earth look just like dots. From Vedic times Indians excelled in
astronomical observations as we can see in the Vedinga Jyofisa (1200 BCE).
So the physical reason for zero's being represented as a dot or a small
circle lies in the fact that the Sun, Moon, and planets were seen as dots
or small circles to an observer on the Earth.
Now why should a planet be chosen to'represent zero? It is because of
the other interpretation of mathematical zero, the absence of atoms. The
idea of the atom was mentioned in ancient .times in the Buddhist work
Lalita Visfara (500 BCE),where the diameter of a paraminu (molecule) was
inches, whereas at present the diameter of an atom
given as 1.32 x
is 2 x
cm. The nucleus of the atom has a radius of 1 . 3 7 , ~
cm.
The quantity is so small that it is a ksudra (minute), a synonym for zero
in the Afharvaveda. Thus the absence in mathematical zero is guided by
the absence inherent in the smallness of an atom or its nucleus. The
concept of the fullness of mathematical zero is also present in the infinite
motion of the planets and of the electrons around the nucleus of an
atom.
The electron has no mass in the material sense, and the mass which
it has developed from electrical energy is negligible, having a radius
of 1.875 x 10- cm. This guides the concept of mathematical zero. The
movement of electrons around the nucleus with a very high velocity
and in an infinite motion is identical with the concept of fullness of
mathematical zero which guides the numbers to move in an infinite
journey like 10, 100, 100, 10,000 to 10".
Thus the double interpretations, absence and fullness, of mathematical
zero are identical with the double interpretations in a planet, and the
symbol of zero is guided by the symbol of a planet which is observed
either as a dot or a small circle and whose path is almos't circular.
Zero has a double meaning in Vedic literature. Etymologically the
word Szinya comes from the word Szina (Szina yaf). The word Suna has
two meanings. One is the killing of animals or the slaughterhouse, which
represents absence; the other is increase, which leads to the conception
of fullness.
The synonyms of zero, randhra, fuccha, ksudra, and rikfa project a
concept of nothingness, while the synonyms vyoma, diba, ikda, anfariksa,
and jaladhra pafha mean infinite expanse of sky. Pzirna means full, and
ananfa means infinite. Drabinam and balam mean strength, vigour, and
force.
Zero, though it signifies nothing, has a full voltage battery charge
when used in the decimal place value system.
The German mathematician B.L. Van der Waerden opines that the
symbol of zero as a small circle came from the first letter '0' of the
Greek word ouden meaning nothing. This claim can be compared with
a parallel claim (apparently convincing but far from the truth) that 4

+
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in 'Brahmi Numerals written as Y comes from the first letter Y of the
word % (our four in English). Similarly in India one may say that the
symbol Y (5) in devanagari script comes from the.first letter of the word
q$w (five),
(6) in devanagari comes from the first letter of the word
Ge; (six). But these are not so. Every number symbol has a heritage and
a path through which it has come down to its present form. That '0' is
the first letter of the word is just a coincidence. ~ a t l i e rthe symbol of a
small circle (0) was used for the numbers ten, severity, and a hundred
in Greece.
R.N. Mukherjee

Atharvaveda. Ed. Maruice Bloomfield. Strasbourg: K.J. Treubner, 1899, reprinted
1971. '
Bag, A.K. "Symbol for Zero in Mathematical Notation in India." Boletin de la
Academia Nacional de.Ciencias 48: 251. 1970.
Bose, D.M., et al. ed. A Concise History of Science in India. New Delhi: Indian
National Science Academy. 1971.
Datta, B. and A.N. Singh. History of Hindu Mathematics, vol. 1. Lahore: Motilal
Banarsi Das. 1935.
Kaye, G.R. Bakhshdli Manuscript. A Study in Mediaeval Mathematics. Calcutta: Government of India. 1927-1933.
Van der Waerden B.L. Science Awakening. Oxford: Oxford University Press. 1961.

See also: Bakhshiili Manuscript

The term zfj is used everywhere in the study of Islamic culture to signify
an astronomical handbook. These handbooks consist of a collection of
astronomical tables together with such textual material as the reader
would need in using the tables. The material is often divided into the
following sections.
1. Calendrical conversion;
.2. Mean motions of the sun, moon, and planets;

3. Equations of the sun, moon, and planets;

4. Positions of fixed stars;

5. Trigonometrical tables (sine, tangent);
6. Spherical astronomy;

7. Parallax;
8. Eclipses of the sun and moon;
9. Geographical coordinates;
10. Astrological quantities.
The underlying theoretical model of planetary equations was almost
invariably Ptolemy's, and to a large extent zqes represent a continuation
of the Handy Tables of Ptolemy (ca. CE 140). However the earliest Arabic
zij is that of al-Khwarizmi (ca. CE 830), which was based on procedures
derived from the Indian treatise Brlhmasphutasiddhdnta of Brahmagupta
(CE 628). A large number of such works survive intact in Arabic and
Persian manuscripts, and many others are known by name only. The
most notable modern edition (Nallino, 1907) is that of the Zij al- Sabi,of
al-Battani (fl. CE 880). For the long Islamic period the zijes are a vital
repository of data, primarily through the constant improvements in the
parameters of mean motions reflecting new observations, and also of
improvements in mathematical methods.
In most zijes the textual material was generally restricted to instructions
in the use of the tables. Larger astronomical treatises, such as the Qlnan
al-Masczidi of al-Biruni (ca. CE 1030),included all the material which would
be found in a zij, but went further in its detailed treatment of the whole
subject.
A number of zijes were translated into Latin and Greek, and initially
at least, the term zq was transcribed as ezich, ezeig, etc. (= al-zq), and
cvcl respectively. In Latin the term was soon replaced by tabulae, while
in Greek one finds ~ V ~ C Y ~ Lreminiscent
( P ,
of Ptolemy's Almagest.
The term zij is originally Middle Persian, where it means 'stretched
cord'. The sense 'astronomical handbook' goes back to the early sixth
century when Sanskrit works were introduced into Iran. The name z$
may have arisen as a literal translation of the Sanskrit term tantra (from
tan 'to stretch') literally 'warp, loom', but which is used in the sense of
'system' or 'text book'. The word is singled out by Varahamihira (ca.
580) as the name of the branch of astronomy which is concerned with
planetary calculations. In a Middle Persian tract of the ninth century,
the Epistles of ManuSEihr, there are references to the zig i hindzig (Indian
Astronomy), and also to a zlg i Sbhriykrln (Royal Astronomy), a Sasanid
compilation probably of the sixth century, referred to later by Arabic
authors as the Zq al-Shdtroydrdn. The former may be one of the works
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f a CE 520), which were referred to as Tantras by an early
of ~ r ~ a b h a(ca.
commentator.

Raymond Mercier

Kennedy, E.S. A
' Survey of Islamic Astronomical Tables." Transactions of the
American Philosophical Socieg 46: 123-176, 1956.

Kennedy, E.S. "The Sasanian Astronomical Handbook Zij-i Shah and the Astrological Doctrine of 'Transit' (mamarr)."Journal of the American Oriental Society 78:
246-262, 1958.
Mercier, R.E 'Astronomical Tables in the Twelfth Century." In Adelard of Bath,
an English Scientist and Arabist of the Early Twelfih Century. Ed. Charles Burnett.
London: The Warburg Institute, 1987, pp. 87-118.
Nallino, C.A. Al-BattGnt sive Albatenii Opus Astronomicum. 3 vols., Milan: Reale
Observatorio, 1899-1907.
See also: Astronomy in Islam

Zodiac
The signs of the zodiac originated in Mesopotamia. In the first stage of
development, twelve constellations along the ecliptic (i.e. the apparent
course of the Sun in the sky) were roughly marked out and each was
named after the animal whose shape it resembled. Later, with the need
for a rigid coordinate system for planetary positions, the zodiacal sign
(Table 1) assumed a new meaning: the length of 30 degrees along the
ecliptic, so that twelve equal signs comprised a complete circuit (360
degrees) of the ecliptic. The change from the older irregular constellations
to the signs of regular spacing took place somewhere around 500 BCE.
In the cuneiform texts the ecliptic coordinates were side-really fixed,
and the vernal equinox was several degrees off "the first point of Aries":
at the tenth degree of Aries in System A and at the eighth in System
8.The Mesopotamian idea of twelve zodiacal signs of equal length was
transmitted to Greece about 300 BCE, where the iconography of the signs
was modified by their mythology.
With the discovery of the precession of equinoxes by Hipparchus in
about 150 BCE, the significance of the zodiacal signs changed drastically.
The first point of Aries was equated with the vernal equinox. Since this

Zodiac
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is in constant retrograde motion relative to the fixed stars (the shift being
about 51 minutes of arc per year), the original relation between the
constellations and signs was completely severed and the zodiacal signs
became a purely mathematical reference system.
With the development of astrology, which preserved the old association
of zoomorphic shape with zodiacal signs (except Libra), the zodiacal signs
assumed new meanings. They were classified in various ways: by sex,
the ownership of the house of planets, seasons, tastes, four humours,
four elements, the governorship over the parts of body, plants, animals,
geographical regions, etc.
All these ideas were transmitted to India in the second century of the
Christian era. The very Sanskrit names of the zodiacal signs show that
they were translated from Greek. In some texts even phonetic translations
of Greek words are found. The earliest Sanskrit text which contains a
list of these names is the YavanajEtaka (ca. CE 269), a Sanskrit version of
a Greek book on horoscopic astrology.
Table 1

The signs of the zodiac

Degrees

English

Sanskrit

0
30
60
90
120
150
180
210
240
270
300
330

Aries
Taurus
Gemini
Cancer
Leo
Virgo
Libra
Scorpio
Sagittarius
Capricorn
Aquarius
Pisces

mesa
vrsa
mithuna
karkafa
simha
kany2
tula
vrScika
dhanus or dhanvin
makara or mrga
kumbha
mina

Three iconographic modifications in the process of transmission are worth
mentioning. (1)While Gemini are the twin boys in Western iconography,
mithuna in Sanskrit is a couple consisting of a male and a female, and
this was interpreted as "husband and wife" in Chinese texts on Buddhist
astrology. (2) The Sanskrit word makara stands for a kind of sea monster,
and mrga for a "forest animal" such as a deer. Thus Capricorn was divided
into two separate animals. (3) The word dhanvin (one who has a bow) is
a better translation of Sagittarius (archer), but the simpler dhanus @ow)
without a human figure is more frequently used in Sanskrit texts.
In spite of the similarity of the names, the astronomical meaning of
Indian zodiacal signs is different from that of the WestErn ones, because
the precession of the equinoxes was not taken into account in India,
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and the first point (rnesddi) of the ecliptic coordinates was sidereally fixed
some time in the third or fourth century CE. The difference (ayandmda)
between the vernal equinox and the rnesddi, which has accumulated in
the present day (1994), is about 23'40'; thus the Sun's entry into mesa
now falls on the 14th of April, and the makarasamkrdnfi, originally a winter
solstice festival, on the 15th of January.
This seemingly conservative attitude is closely related to the Indian
system of naming the lunar month. A year is divided into twelve solar
months by the Sun's entry (samkrdnti) into a new zodiacal sign. The lunar
month is named after the samkrdnfi which falls during that month. For
example, the lunar month Caitra is defined as the month during which
the Sun's entry into mesa occurs. The full moon of that month has to
be located near the diametrically opposite point on the ecliptic, that is,
at the lunar mansion cifrd. Thus, in order to keep the relation of the
month name and the constellation name, they had to stick to the sidereal
(nirayana) system even at the sacrifice of the correspondence between
the seasons and month names.
The Western system has ignored the original association between
constellations and zodiacal signs, and the word Aries, for example, has
two meanings, one as an actual constellation and the other as the first
thirty degrees in the ecliptic longitude. The former is used in astronomy
and the latter in astrology. This is not the case in the traditional Indian
system.
In south India and Nepal the solar month is still used in the civil
calendar. Since a solar month is the time during which the true sun stays
in one zodiacal sign, the length of a month varies from 28 to 32 days.
As mentioned above, Indian zodiacal signs were transmitted to China
in the eighth century by Buddhist astrology and ultimately to Japan in
the ninth century. The iconography of the Indian zodiacal signs was
preserved in the star mandalas (especially in the temples belonging to the
Shingon sect) which were used in the ritual of worshipping the planetary
deities.
Yano Michio

Neugebauer, Otto. A History of Ancient Mathematical Astronomy, 3 vols. New York:
Springer. 1975.
Pingree, David. Yavanajiitaka of Sphujidhvaja, 2 vols. Cambridge, Massachusetts:
Harvard University Press. 1976-1978.
See also: Precession of the Equinoxes - Lunar Mansions - Astrology
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first Indian satellite, 16
Indian astronomy systemisation,
beginning of, 203
Mahdsinddhdnta I, 7-8, 9, 13
scientific cause of eclipses
propounded, 15
sine value propounded, 400-401
theory of gnomon, 166
theory of indeterminate analysis, 16
~ r ~ a b h aI,f a59, 62, 246
ktyabhata Siddhdnta, 14, 31
birth of, 13
ktyabha!ya, 9, 11, 13-17, 18, 29, 31, 32,
54, 164, 166, 172, 203, 212, 308, 400
see also ~ r ~ a b h a f a
approximation of pi, 330
Arabic translation of, 15
commentaries on, 15, 18
sections of, 14, 32
Ascertainment, six kinds of, 109-110
Asia,
impact on Europe, 379
post-1500 literature, 129
ASoka, 93, 147, 249
edicts at Sarnath, 156
founder of AbhayGranya, 156
Fifth Rock Edict, 160
monolithic pillar, 89
Assyrian army, military tactics of, 291
see also military technology,
Astdriga San@aha, 204
Astdnga yoga, 445 see also yoga
Asterism, 39
Astrolabe, 24, 31, 260 see also
Astronomical instruments, 22-27
and Medieval India, 260-263
during Muslim rule, 260-261
planar, 241
in Sanskrit text, 31

Astrology, 17-21
Kerala system of, 20-21
subject matter divided, 20
yavana tradition of, 434
Astronomical instruments, 22-27, 31
earliest in India, 22
mechanical, 31
in Mughal period, 25
Astronomy, 27-35
and mathematics, 203
in Indo-Malay Archipelago, 35-48
agricultural time keeping, 36-43
in navigation, 43-47
Muslim, 31, 33
texts composed on, 28-29
Aivamedhayajria, 158
Atharvaveda, 56, 134, 154, 200, 389
numbers in marginal notes, 441
Atlantic slave trade, 426
Atomic theory,
in ancient India, 443
history of, 135
Atomism, 48-51
Buddhist views on, 49-50
Greek views on, 50
Indian, 4849
VaiSesika's theory on, 135
Atreya, 50-51
ktrqya-samhitd, 51
Augustinian Platonism, 356
Authentication, techniques used,
271-273
Ayanacalana, 331
~~urveda,
classification of individuals, 258-259
drugs of, 256
etiology of diseases in, 251-252
folk and classical traditions, 203-205
Indian medicine system, 254-259
meaning of, 148, 249, 254
philosophy of hygiene, 146
reference of folk knowledge, 205
reference of germs and
organisms, 255-256
science of life, 204

scope and utility of, 256-257
seven categories of dhdtus, 258
six principal texts of, 249
specialised branches of, 255
systemisation of, 203
theory of ist gunas, 250-251
~~urvedic,
pathophysiology, primary vehicles
of, 250
physician, vaidya, 252
theory, 256
and Unani system, contact
between, 261
Babylonian mathematical texts, 363
Bacon, Francis, 377, 384, 409
Bakhshali manuscript, 52-56, 246,
308, 442
kinds of equations used, 53
place of composition of, 54
rules classified, 53-54
similarities to Bhaskara I's
commentary, 54
time of composition, 55
typical pattern of exposition, 52-53
use of decimal place value, 53
Balinese ceremonial calendar, 42
Brahmagupta, 247
Barraclough, Geoffrey, 385
Bastar bronzes, 273 see also
Metallurgy, 264-286
Baudhayana, 56-59
~rautaSzitra, 56-58
~zilbaSctra, 56-58
commentaries on, 57
instructions for fire altars, 58
pi implied, 329 see also Pi in
Indian mathematics, 329-330
Bencet, Javanese, 38
Beta Delphini, 93
Bhagola, 12
BhrIratvarsa, 160
Bhbkara I, 59-66
algebraic results, 61-62
kryabhat&a bhdya, 59-60

astronomical results, 60-61
commentary on kryabhat~am,
32, 59, 60
geometric results, 64-65
graha tanu defined, 61
hawk and rat problem, 65
Laghu Bh2skaHyam, 32, 59-60
Maha Bhdskar&am, 32, 59-60
pratyabda Sodhana, 61
sine values given, 63
trigonometric results, 62-63
works of, 59-60
Bhaskara 11, 7, 66-69, 188, 308
Bijaganita, 7, 67
concept of infinitesimal, 247
GoZZdhyGya, 68, 69
Jyot~patti,68
Lilcivati, 10, 34, 66
Mahrlbhdskariya, 14
mean value theorem, 247
new sine value introduced, 403
place of birth, 66
rule of combinatorics, 109 see also
Combinatorics, 109
Siddhanta Siromani, 68-69, 98,
32, 247
BhBskarBcBrya, 91, 98
Bhopal gas tragedy, 408
Bible, St. Jerome's, 389
Bidriware, technology of, 283, 283
Bijaganita, 6-8 see also Algebra, 6-9,
353-356
Avyaktaganita, 6
developed, 308
meaning of, 6-9
Billard, Roger, 14, 15, 22
L 'astronomie indienne, 15
al-Biriini, 70-74, 76, 222, 261, 322, 327,
355, 417, 445
birth and death of, 70
contributions of, 70, 73
division of day concept, 398
geographical contributions, 72-74
Kitdb al-Hind, 260
multidimensional scholar, 70-71
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study of earth surface, 73-74
theory of gnomon shadow, 170
Black magic, 216, 219
Black Yajur-veda, 56
Blyden, Edward, 426
Bodleian Library, 52
Boilat, Abbe, 424
Bose, Jagdish Chandra, 106, 327
Bose, S.N., 106
Boundary objects, 194
Bower manuscripts, 250
Bow-string technique, 261
Boyle, Robert, 196
Bracciolini, Poggio, 122
Brahmagupta, 75-77, 246, 402
birth, 75
Brcihmasphutasiddhiinta, 6-8, 9, 32,
59, 75-77, 110, 247, 308, 445
computation of sine, 403,
see also Trignometry, 398404
Mtandakhiidyaka, 32, 75, 77
lemma, 76
quadrilateral, 76
Brahmi numerals, 444
Brass, 265, 280
making of, 280
names used in ancient India, 284
use of, 283
Brazilwood, 117
industry, collapse of, 119
method of dye extraction, 117
Byhatsamhitci, 222
Byhat-trayee, 204
Bricks, 78-90
as building materials, 78-79
early history of inscriptions, 89
in Indus civilisation, 78, 83-84, 89
making and metrology, 244-245
role in sanitary engineering, 83-84
in sacrificial altars, 88-89
size, 79-81
use in Lothal, 79-81, 83
in Vedic Age, 78
British agriculture, era of
improvements, 135

British India,
emergence of scientific era, 105
establishment of institutions, 105-106
and scientific research, 104
Bronowski, Jacob, 217, 381
Bronze, see also Metallurgy, 264-286
sculptures of Gandhiira, 266
discovery of, 265
icon making in, 265-267
industry in ancient India, 266
Bronze age, 279, 290
genesis of, 265-266
Bronze icons,
casting of, 267-270
dancing girl, 280f
finger printing of, 272
Buchanan, Francis, 277
Buddhist monument, 89
Buddha, Lord, 155
Bugis, 4 3 4 7
Bidriware, techonology of, 283, 283
asterism, 46
navigators, 43
stars identification by, 45t
Bundhies, 176
Bureau of Standards, 198
Cakra yantra, 23
Caland, W., 57
Calculus, 91
Calendar Reform Committee, 33
Calendars, 93-97
computation of tithis, 94-95
development of, 93-94
elements, 93
Greco-Indian, 94, 53
Gregorian, 403
History of, 94-97
Javanese Saka, 42
luni-solar, 41, 141
beginning of, 96
Pranatamangsa calendar, 39t
Siddhintic, 96
Vedic, 28, 93
Calendrical science, phases of, 93

Index

Calico craze, 389
source of silk, 121
Cammann S., 228
voyages in Indian ocean, 302
Candra-Mkycini, 210
see also navigation,
Caraka, 99-100
woodblock printing, use of, 123
dictum of, 205
zinc smelting in, 284
meaning of, 249
Chola king, 177
Caraka samhitrf, 51, 99, 110, 136,
Chou hour, 144
146, 203, 249
Christian,
drug action, six factors of, 204
Eucharist, 215
list of ethical directive, 253
missions, established, 126
topics covered in, 100
proselytisation, 424
Carbasina, 389
City planning, 101-102
Cardan formula, 356
evolution of, 102
Cardinal directions, 167
grid pattern, 102
Carpocratians, Gnostic, 133
Classical
Cartography, in ancient India, 240
age, collapse of, 134
Cast iron, 274
modernity, 349
Cavalry, 291
Siddhanta period, 22
Celestial
Classical science,
globes, 241
change in concept, 351
landscape, 36
and Hellenistic science, 353
Cesaire, Aim6, 427
origin of, 349-352
Chain tanks, 177
western nature of, 359-360
Chakrabarti, 274
Clay counters, role of, 363
Chalcolithic age, 264, 279
Clepsydra, 22, 23, 98, 396
Champion, William, 285
Closed country period, 130
Chariot, invention as warfare, 291
Coal-tar, invention of, 116
Charklza, use of, 261
Coccus cacti, 118
Check dams, 178
Cochineal, history of, 118-119
Chernobyl, 408
Colebrook, H.T., 15, 60, 67, 68
China,
Collins, Harry, 197
bronze casting industry, 266
Colonialism and science, 103-108
vs. Europe, assumptions, 382-383
Combinatorics,
earliest recorded eclipse, 143
commentaries on Indian
edict of Qian Long, 380
mathematics, 340
establishment of Ming Dynasty, 122
problems in, 110
Great Wall of, 292
six kinds of ascertainment, 110
gunpowder invented, 122-123, 293
traditional rule for, 109-110
see also Military technology, 290-295 Compass, migration to Europe, 123
Indian zodiacal signs transmitted,
Concept of,
448, see also Zodiac, 446-448
+a, 147
iron weaponry of, 292
safya, 147
Jesuit missionaries in, 128
svadha, 147
magico-religious belief system, 218
zero, 203
rocket, use of, 342
Confucianism, 218
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Congreve, William, 343
Constantinople, fall of, 122, 294
Constellations, in Hindu astronomy, 208
Coomara Swamy, Ananda, 277
Cooper, Ilay, 273
Copernicus, trials of, 135
Copper, see also Metallurgy, 264-286
and bronze age, 266
discovery of, 264, 279
name derived, 265
Cosmogonic theories, 159
Cotton revolution, in England, 389
Counter-calculation system, 362
Counting system, origin of, 362
Crops,
earliest recorded, 1
growing seasons of, 2
of Indian origin, 1
rotation introduced, 135
CSIR, established, 106
Curative plants, 136
Cyclic method, 187
Cyclone,
first use of term, 288
formation of, 288
da Gama, Vasco, 125, 287, 303
offerings to King of Calicut, 379
DakshinByana, 394
Daksinottara Bhitti Yantra, 314
Damascus swords, 276, 292 '
Dampier, William, 287
Dandi march, 345
DarSanas, Vedic, 434
Darwin's evolutionary theory,
criticisms of, 135
Dash, Bhagwan, 149
Dashli Tepe, 420
de Fermat, Pierre, 298
Decimal notation, 112-114
reference in Vedic literature, 112
use by Hindus, 112
written numerical symbols, 113
DeColonizing History, 380
Defoe, Daniel, 389

Deha-siddhi, 4-5
Delhi iron pillar,
at Mehrauli, 274, 275f
symposium on 277
Democritus, 50
DeSBntara,
expression of time measures, 114
meaning of, 114
-samskcira, 114
DevBcBrya, 115-116
computation of longitudes, 115-116
influence of ~ r ~ a b h a f115
a,
Karanaratna, 115
rate of precession measurement, 115
rule for precession given, 332
Dharampal, 375, 380-381
Indian Science and Technology in the
Eighteenth Century, 379-380, 385
Dharmarajika Stupa, 89
Dharmaicistra, 146 ,
Dholavira instrument, 86
Dhruva-bhrama-yantra, 25
Dictionary of scientific biography, 350
Dieudonne, Jean, 353
Dirghatma, 394
Dydhabala, 100
Dwola, 13
Duhamel, Georges, 427
Duhem, Pierre, 353
Dvivedi, Sudhakara, 60
Dyes, 116-119
from insects and animals, 118
from plants, 117
history of, 116-119
tree-borne,
East and West, 120-132
division born, 132
four major civilisation centres, 120
free trading, beginning of, 125
infusion of ideas, 139
migration of technology, 122
parallels in,
evolutionary biology, 137
medicine and therapy, 136

in modern science, 136
self-realisation concept, 136
theories of life, 136
reversal of cultural flow, 131, 133
transmission of Indian
knowledge, 132-139
East India Company, 103
Eclipse, 140-145
ancient records of, 140
Babylonian records, 140-141
ceremonies, 143
computation of, 30
earliest observations in China, 143
importance in dating, 141
Japanese description of, 144
Korean records of, 144
observations by Muslim
astronomers, 142
oldest known allusions, 140
prediction of, 247
recording of time in China, 143-144
records of Muslim astronomers, 142
reference in ancient Palestine, 141
solar eclipse of Assyria, 140
Egyptian year, 394
Einstein, Albert, 106
Elwin, Mark , 382
Encyclopaedia Britannica, 135
Environment,
and harmony in town planning,
147-148
and individual, relation between, 146
and nature, 145-148
preservation in ancient India,
146-147
punishment for pollution, 148
rules for preservation, 148
Epilepsy, 148-150
drug formulations for, 149
in ~ ~ u r v e d148
a,
symptoms of, 148-149
treatment of, 149
Epistemologies, African, 422
Eponym Canon, 140
Equinoctial colure, 12

Estwick, Samuel, 423
Ethnic groups,
cultivated products of, 151
traditional tools and gadgets, 151
Ethnoastronomy, 35
Ethnobotany, 150-153
classified, 150
diversity in traditions, 151
history of, 150
mythical association with plants, 152
research, aim of, 150-151
role in conserving plants, 151
tools of research in, 152
Ethnoecology, 35
Ethnography, 217
Ethnomedicine, plants used, 151
Euclid, 181, 340, see also Jagannatha
Samraf, 181, 314
algorithm, 308
Elements, 185
translated, 327
geometry, 201
Euler, Leonhard, 76
Europe,
adoption of Hindu-Arabic
mathematics, 123
and Asia, maritime contacts
established, 126
Asian cures borrowed, 129
Asian events and themes
entered, 130
beginnings of cultural relativism, 130
borrowings of Asian art and
culture, 124
domination of Asian seas, 125
flow of cultural influence to, 125
geographical puzzles solved, 127
imitation of Chinese porcelain, 124
import of Chinese therapy, 129
importation of silk technology, 124
influence of Asian flora, 129
isolated, 121, 122
new conceptions of World
history, 130
published accounts of Asian
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cultures, 128-129
scientific revolution in, 135
seaborne commerce with Asia, 125
technological borrowings from
China, 122-123
European,
four-monarchies framework, 130
intellectual history, self-imposed
oppositions, 214
racial supremacy theory, 424-425
renaissance, 134
science,
concept of, 350
destruction n Africa, 425427
tutelage, 426
Europeanisation, of world, 380
Evolutionary theory, 135
Experimental
knowledge, 197
norms, origin of, 356
Experimentation, 356-361
in optical research, 358
types of, 358-359

Forests,
classified, 155-156
management practices, during
Mauryas, 155
utilisation, 154
Foucault, Michel, 194
Franklin, Benjamin, 130
Frazer, James (Sir), 217
French revolution, 117
Freud, Sigmund, 136, 427

Gai, Dian Gong, 284
Galen, 134
Galileo, 186
Gandhi, Mahatma, 345, 427428
khddi movement initiated, 389
non-violent protests, 427
Gangaikonda Cholapuram tank, 177
Ganges, purifier of sinners, 158
Ganita, 20, 54, 75
Ganitasara, odd and even order
L squares, 223-226
Ganitasirasamgraha, 110
Ganitayuktayah, 341
al-Firabi, 357
Ganita-paiicaviniii, 367
al-Firisi, 358
Geertz, Cliford, Intepretation of
Farming, runoff, 337
Cultures, 194
Faydi, Abd al-Fayd, 67
Geissler, 343
Fermat, Pierre, 68
Genetic research, 409
Fibonacci, Liber Xbaci, 245
Geography, 158-161
Fire
Geometry, 161-166
sacred, 370
dissection and re-assembly
sacrificial, 393
method, 162
Firmin, Anetor, 427
in Greece, 166
Flamsteed, John, 186
in Harappan civilisation, 161
Flexional Indo-Eyropean languages, 352
in India,
Flohn, Hermann, 289
properties of cyclic
Flood irrigation, 176
quadrilateral, 165
Forbes, R.J.,
transcendental nature of pi
Conquest of Nature, 375
explained, 166
Man the Maker, 375
Vedic, 161-162
Studies in Ancient Technology, 375
Geopolitics, sixfold interstate policy, 160
Forestry, 154-157
Ghaggar river, 101
and game laws, 156
Ghosh, Aurobindo, 426, 427
in Indus valley, 154
Glasenapp, Helmut von, 136

Index

Gnomon, 22, 166
theory of, 23, 166-171
use in India, 166-167
God-trick, 193
Golabandha, 11-12 see also
Armillary spheres, 11-13
construction of, 12
Gola-yantra, 11-12 see also
Armillary spheres, 11-13
Gopal, Ram, 57
Graha, 19, 29
Grand unified theories, 193
Great civilisations vs. west, 422-424
Greco-Indian calendar, 93-95
Greek,
chord and Indian sine, relationship
of, 399
clepsydra, 396
four humours theory, 134
interaction with India, 133
sine function, 247
Greek thought,
parallels with India, 132
influence of Buddhism, 133
Greenway, T, Major, 178
Greenwich meridian, 114
Gregorian calendar, 403
Gregory, James, 212
Gua, Shen, Meng Qi Bi Tan, 122
Gulikd, 8
Gunpowder, see also Military
technology, 290-295
application of, 293-294
migration to Europe, 123
origin of, 293
Gunawardene, R.A.L.H., 179
Gupta dynasty, the Golden Age, 13,14
Gunrkuls, 155
Gutenberg, Johannes, 123
Halstead, G.E, 112
Hankel, Hermann, 188
Harappa civilisation, 244, 249
artificial irrigation in, 178
crops grown in, 1

dimension of bricks, 244 see also
Bricks, 78-90
numeration system, 244-245
similarities with Kharostih
and Brahmi, 244-245
three phases of, 79
use of bronze, 265, see also
metallurgy, 294
Haraway, Donna, 193
Hardy, G.H., 338
Haridatta, 172-173
parahita system, 334
Harrison, Bob, 197
Harshberger, J. W. , 150
Heath, J.M., 381
Hegde, 274
Hegel, G.W.F., 351
Heliacal, 39
Hermeticism, 216
Herodotus, 120, 389
Heterogeneous engineering, 194
Hill, A.V., report, 106
Hindu cosmographic globes, 241-242
Hindu fourfold logic, 409
Hipparchus, 246, 399
chord table, 399, 400t
discovery of precession of
equinoxes, 446
Hippocratic treatise, On Breath, 133
Hire, De La, Tabulae Astronomicae,
185, 186
History of Technology, 376
Hittites, 290
innovations, 291
Hobbes, Thomas, 196, 197
Hoechst, ancient ayurvedic literature,
use of, 136
Hoernle, A.F.R., 52, 55, 250
Holton, Gerald, 193
Holwell, J.Z., 135
Holy Grail, 193
Homo faber concept, 377-378, 385-386
Horizon-based solar calendars, 36
Hourani, G.F., 262
Hsu, Francis, 217
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Huber, EJ., 140
Human-plant relationships, 150
Humankind, a toolmaker, 383
Hunger, H., 141
Hydraulic, civilisations, 173
Iban calender, 42
Ibn al-Haytham, 357, 358
Ibn AmZjur, 142
Ibn Bafgfa, 262, 299, 302
Ibn MZjid, Ahmad, 303-305
Ibn ShZhriyZr, Buzurg, The Mawels of
India, 302
Incidental fluidity, 325
Indian algebra, see also Algebra, 6-9,
246, 353-356
beginnings of, 246
features of, 246
terms used for unknown
quantity, 246
Indian astrology,
contribution of Jain writers, 18
origin of, 17
text written on, 17-18
Indian,
astronomers, names of, 203
costumes, traditional, 391
cyclic method, 67, 68
geography, evolution of, 158 see also
Geography, 158-162
geometry, history of, 161-164 see also
Geometry knowledge systems,
characteristics of, 201
matchlocks, 295
mathematics,
beginning of, 203
golden age of, 210
Kerala discoveries in, 247-248
objective of, 203
medicine, spread of, 250
numerals, transmission to west, 245
Indian Ocean,
cyclones, published accounts, 288
voyages, details of, 287, 301-303

Islamic navigation in, 299-300
Indian sine and Greek chord, relation
of, 399
Indian sine table, 399
with R, 400401
Indian spiritualism, 426
Indian technology, adoption in
west, 380
Indian textile technology, 390-393
colours and designs, 391-392
earliest looms, 390
first ban on, 389
history of, 389
part of temple ceremonials, 393
revival of, 389
variety of, 392-393
Indic stirrup, 123
Indigo, 117-1 19
history of, 118-119
American 118
Indigofera tinctoria, 118
Indo-European invasions, 290
Indus inch, 244
Indus River, 101
Indus Valley civilisation, 79-80, 240,
101-104, 154, 419421 see also
Harappan civilisation, 244, 249
area measures, 419
balance pans, 420f
brick masonry, 87f
bricks of, 79 see also bricks
golden era of, 419
grid patterns in, 102
Kalibangan site, 101-102
linear measurements, 419
mud brick podium of the
warehouse, 81f
radial bricks, 80f
Rahman Dheri site of, 101
Surkotada site, 101
town planning of, 101
tree worship, 154
weights used, 420, 421

Index

Industrial revolution, beginning of, 126
International Council for Research in
Agroforestry, 156
International trading system, beginning
of, 125
Interpretive flexibility, 192
Iron age, 279
in India, 274
Iron and steel technology, see also
Metallurgy, 264-286
history of, 277
importance of, 274
origin of, 274
Iron making,
bloomery process, 277
crucible process, 276-277
fired clay crucibles, use of, 276f
traditional, 276
Irrigation, 174-180
artificial, 178
experience of China, 175
history in India, 175
in India and Sri Lanka, 174-180
land inundation system, 176
in major dynasties, 179-180
social arrangements for, 179-180
techniques,
canal diversion scheme, 178-179
historical development of,
178-180
and technologies, 175-177
Isfahani, Sadiq, 242
Islam, rise of, 121
Islamic science, 360
Ivory scale, with decimal marks, 79f
Jahoda, G., White Man, 426
Jainas, classification of numbers, 309t
Japanese iron weaponry, 292-293
Jrftaka, 20
Javanese bencet, 38
Jaya Prakrfia yantra, 314-316, 315f
principle of, 315
Jayadeva, AcBrya, 68, 187-188
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enunciation of Varga-prakyti, 187-188
technical terms used, 187
Jehangir, 296
Jeon, Sang Woon, Science and Technology
in Korea, 384
Jhunjhunwala, Ashok, 137
JiuzhiIi, 400
Jfilnarlja, Bgddhyrfya, 6
Joint dialectic theory, local and
global, 195
Jones, William, 104
Josephus, Flavius, 141
Jung, Carl, 136
Jyesfhadeva, 438440
Yuktibhrf@,438
contents of, 438-439
Jyotisa, defined, 17
Kalarnkrin, 392
Kali era, 332, 333
Kaliyuga, 96, 159
age of, 14
and e t a , TretB, DvBpara, yuga, 159
length of, 29
Kaha sfitra, categories of, 56
Kamalakara, 189-190
birth of, 189
critic of Bhlskara, 190
presented geometrical optics, 189
theory of precession, 190
works of, 189-190
Kanlda, 48
Kanigel, Robert, 339
Kaniska era, 94-96
al-Karaji, 354
al-KhwBrizmi, 245, 445
definition of algebra given, 353
see also Algebra, 353-356
Karana, 20, 210, 211
evolution of, 33
Karma theory, 252
al-Klshi, 355
Kdtyriyana iuIbastitra, 22, 162
Kautilya, 3
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Arthairfstra, 22, 94, 155, 158
state-planned colonisation
policy, 158
promotion of agriculture, 148
treatise, use of trees explained, 156
Kaveri anicut, 179
Kaye, G.R., 52
Keith, A.B., 57
Kepler, Johannes, 186
Key, Francis Scott, 344
Khadin, 336
Khagola, 12
Kharif, 2
al-Khayyiim, Umar, 355, 356
Kinikhdbs, 392
al-Kindi, 357
Klemm, Friedrich, A Histov of
Western Technology, 375
Knowledge and power, relationship
between, 377
Knowledge systems, 200-205
cross-cultural comparison of, 191
local knowledge, 191-200
traditional, 193
Korea, invention of first ship, 294
see also navigation,
Koteswaram, 289
Krishna, Lord, 155
Krishnamurty, 138
Kn'yrf yoga, 435
Kihana, 395
Kublai Khan, 121
Kuhn, A., 352
Kuhn, Thomas, 197
KLipadhyaka, duties defined, 155
Kuffaka, 6
meaning of, 61-62
Lach, Donald, Asia in the Making of
Europe, 379
Lagadha, 28
Veddnga-Jyotisa composed, 17, 394
Laghunandana, magic square, 231
Lalla, 76, 206-207
follower of ~ r ~ a b h a t206
a,

Siddh2ntati(aka, 206
~isyadhiv~ddhida,
sections of, 206
Lalliickya, 18
Lamiral, Dominique, 423
Laplace, ES., 112
Latour, Bruno, 196
Lauha-siddhi, 4-5
Lavanadhyaksa, 345
Laya yoga, 437
Leibniz, G.W., 212
Lemma, in modern symbiology, 76
Leshnik, L.S., 86
Levi-Strauss, Claude, hithsonian
lecture, 378-379
Lewis, David, 44
Life, Indian view on, 251
Lildvatl; 66, 110, 435 see also
BhSskara 11, 66-69
Bijganita, Ganitrfdhy&a,
Golrfdhyaya, 32
commentaries .op, 67, 296
translations of,@!
Literature, Vedic, 112;-113, 441
Liu-Song dynasty: 143
Living and non-living, gradation of, 145
Livingstone, David, 424
Local knowledge, 192
concept of, 191
movement of, 195-198
Locality maps, 242
Lost wax process, 266, 267
classified, 270
explained, 267, 270, 273
Lothal, 80-85 see also Bricks
brick paved baths, 83f
compass, 86
construction of well, 80f
dock yard at, 85, 85f
fire altar of burnt bricks, 88f
underground sewer system, 84f
mud brick podium, 81f
Lunar,
calendars, categories of, 4 1 4 3
eclipse in Baghdad, account of, 142

mansions, 207-209
month, 394
naming of, 448
year, 394
Luni-solar calendar, 41, 141
beginning of, 96
Lyall, Alfred (Sir), 343

usage of, 214
Magic square, 222-233 see also
Varahamihira, 414416
even and odd-womb squares,
228-230
in Indian mathematics, 222-232
in Islam, 222, 224
in Jaina temple, 222, 224
Macaulay, Babington (Lord), 380, 381
NBrByana's construction methods,
Macaulay, Thomas, 104
226-230 also see NarByana
Mackey, Ernst, 101
of order four, 222-224, 228
Madder,
purpose of, 232
early root dye, 117
of order three, 222, 224
trade, spread to Europe, 117
oldest in India, 222
significance of, 228-232
Madhava of Sangamagrama, 210-213,
Mahabhdrata, 155, 158, 160
248, 310, 330, 347, 401, 403
shape of India described, 160 see also
background of, 210
Bhdratvarsa, 160
computation of pi, 211-212
computation of moon sentences, 211 MahBdeva, 233-234
Grahasiddhi. 233
computation of sine, cosine, 212, 403
planetart tables, ~ropounded,234
golavid, 210
Mahddevf 233
published works of, 210-211
Mdhdpurdna, 159
scientific contributions of, 211-212
Mahavira, 234-237, 369
sine table of, 211, 402, 403
Ganitasara sari,,raha,,AO,234-235, 309
value to pi given, 330 see also Pi
features of, 234-235
Mddhavaniddna, 249
commentaries on, 234
Magasthenese, Indica, 155
significant works on mathematics,
Magic, 213-222
235-236
anthropological definition of, 217
Mdnayantra, 98
black, 216, 2J9
Mahd-yuga, 29, 33
Euro-American intellectual history
Mainkar, VB., 79, 86
of,
Majumdar R., 174
in Indian tradition, 219
Makaranda, 238-240
in non-western societies, 217-221
astronomical tables, 239
manipulatib vs. supplication, 215
author of Makaranda, 238-239
miracle of God, 215
commentaries on, 239
natural vs. supernatural, 208-209
religion and science model, 216-217 Malacca code, 303
Male progeny, importance of, 251
vs. science, 220-221
Malinowski, Bronislaw, 217
Magic and science, 213-222
Mdnasbllasa, 392
concept of, 213-222
Mangsa, 39
European evolution of, 213
Mantra yoga, 437
history in western intellectual
Manu, code of, 159, 160
tradition, 214-217
Maps, 240-244
meaning of, 214-215

iii
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Metal, first technical use of, 290
earliest surviving, 241
Metallurgy, 264-286
indigenous regional, 242
bronzes of South India, 264-273
largest known in Indian, 243
iron and steel, 273-278, 292
and mapmaking, 240-244
zinc and its alloys, 278-286
route, 242
Meteorology, 286-289 see also
Maran, Rene, Batouala, 427
Navigation, 299-307
Marco Polo,
Military technology, 290-295
description of China, 121-122
in ancient China, 292
return of, 121,
curtain walls of ancient Jericho,
return journey of, 302
291
Marshall, John Sir, 101
gunpowder used, application of,
Martini, Martino, 128
293-294
al-MasTidi, 429
Maslow, Arthur, 137
gunpowder, origin of, 293
iron metallurgy used, 292 see also
Masons,
templates, 198
Metallurgy,
tools, 86
progression of, 290
Matchlock arquebus, 294
Military industrial complex, 407
Mathematics, 244-249
Mixed cropping, 2
Modern science,
and physics, 358-359
andocentric theories, 410411
Maury, Matthew, Physical Geography
biases of, 409412
of Seas, 288
Maurya, Chandra Gupta, 155
Eurocentric assumptions of, 410
Mauryan period, history of, 345
metaphysical assumption of, 408409
Medical ethics, 249-253
Modernisation theory, 428
Medieval India, 260-263
Mohenjodaro, great bath at, 82, 82 f
Arabo-Persian architecture of, 262
Mongol empire,
arrival of Turko-Afghans, 261
decline of, 122
astrolabes introduced, 260-261
incursions to Poland, 121
see also establishment of Ghaznavid
invasion of Iran, 260
and Mughal rule, 260
rise of, 121
Greco-Arab astronomy
Moon,
introduced, 260
computation of phases, 31
gunpowder used, 263
sentences, 211
introduction of Zij literature, 260
Mordants, 116-117
mathematician-astronomers of, 260
Mortar, 86
military technologies of, 262-263
Muller, Max, 352
recipes for ink derived, 262
Mumford, Lewis, 383
science and technology, 260-264
Muniivara, 296-297
ship manufacturing, 262
birth and life sketch, 296
white paper manufacturing, 261-262
commentaries by, 296
Megasthenes, 120
criticism of, 296-297
Mendis, D.L.O., 177
works of, 296
Menelaus, 246
Muiijlla, 247, 332
Mercury, steps of processing, 5
Murex trunculus, 118

Nilakanfha SomByaji, Tantrasarigraha,
438, 439
Nlfe'l; 114
Nlfdivalaya yantra, 316
NBgBrjuna, magic squares of, 223,
226-228
Naked eye tools, 184
Nakatra-kalpa, 209
Naksatras, 19
meaning of, 207
mention in Vedas, 208
system, beginning of, 207
Napoleonic wars, use of rockets, 344
NBriiyana, Pandita, 4, 188, 298
Bqaganitlfvatamsa, 6, 298
Ganitakaurnudi, 298
publication of, 298
theory of magic squares, 226-223
see also Magic squares,
National Metallurgcal Laboratory, 277
National Planning Committee,
formation of, 106
Natural dyes, 116-119 see also Dyes, 116
production of, 117 also see dyes,
Natural fluidity, 325
Natural magic, 216
Nature of Being, 145
Nature, 382
Nature,
disenchantment of, 409
in different cultures, 409 see also
Values in science,
Navamlfnia chart, 21
Navigation,
between Middle East and China,
301-302
in Indian Ocean, 299-307
in Red Sea, 299-307
by Arabs, 300-307
NDT techniques, 271t
Nearchus expedition, 299
Needham, Joseph, 175, 382
Science and Civilisation in China, 376
Nehru, Jawaharlal, 327-328
Nilakanfha, 403, 404

Neolithic people, 78, 79
Neoplatonism, 133
Newton, Isaac, 186, 212
Nigam, I.R., 86
Nihon Kiryaku, 144
Nilakanfha, 212, 401, 403, 404
commentary on kryabhatzjJa, 310
N i p n u Brahma, 442
N&oga, 251
Noon shadow, 168-170
Indian formula for, 168
PaAcasiddhantikG formula for, 168169
Number theory, 307-310
countable-uncountable system, 307
rule for factorisation given, 309
solution of linear indeterminate
equation, 308-309
use of karani, 308
in Vedas, 307
Nylfya-Vaiie!ika school, 49, 324-326
attributes of matter, 325
concept of karma, 326
principle of causality, 325
Observatory,
in ancient India, 311
in India, 311-318
meaning of, 311
at Jaipur, 312f
Occult phenomena, 216
Old Testament, 141
Old World, agriculture originated, 336
One-many relationship, 145
Ophir, 194
Oracle bones, 143
Orient, derivation of, 36
Oriental renaissance, 351
Oriental vs. western science, 353
Orion, 40-42
Oza, 86
Padmasambhava, 395
Paha, 319
Paksa, Sukla, 319
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Paiicamahdbhzita theory, 257-259
Paiicdnga, 18
importance in Hindu life, 33
ParicasiddhGntikG, 11, 30-31, 33, 323, 332,
348,401 see also Varahamihira, 14, 308,
395, 396, 414416
computation of lunar eclipse, 30
see also Eclipses, 30
contents of, 415
finding cardinal directions, 167
and Ptolemy, comparison of, 402
Paiicaloha, 270
Pandit IQsnlBla SarmB, 4
Panikkkar, N.K., 86
Pinini, 202
As{GdhyGyi, 202
characterisation of Sanskrit, 202
Paracelsus, 134
Parahita system, 172-173
ParameSvara, 247, 320-321
astrological works, 320-321
astronomical works, 320
commentaries on, 320
Dpganita system of, 320, 334
Parindmavlfda concept, 437
Paramarthika Satya, 437
Parochialism, 378
Partial Meru, 109, 110
Pataiijali,
as{Gnga yoga, 435 see also yoga"
commentary on PBnini, 202
theories of, 136
yoga szitra of, 434436
PBfiganita, 9-10, 66 see also
~ridhara,9, 365-368
extant works of, 9-10
meaning of, 9
two main parts of 10
PG{&anita-sdra, 367
Paturi, Felix, 383
PauliSa, 322-323
Pauliia Siddhdnta, 31, 322
commentary by Lala Dev on, 322
Indianisation of, 323
Paumamlfsyrf, 319

Pell's equation, 8
Penplus of Etythrean Sea, 299, 303
Persian wheel, 176, 178, 262
Petrie, William, 26
Phalaka-yantra, 24
Pherii, Thakakara, 223-226
Magic squares of, 223, 224
Philosopher's wool, 281
Physics, 324-328
in ancient India, 324-326
doctrine of five elements, 324-325
light and heat concept, 326
theory of atoms, 325
theory of fluidity, 325-326
in medieval India, 326-327
in modern India, 327-328
pi, 164, 329-331
,,
approximation of, 330
Archimedian value of, 330
earliest association of, 329
in Indian mathematics, 164, 329-330
transcendental nature of, 164
use in &Veda,329
Piddington, Henry, 288
Pingree, David, 22, 57
Pitlfmaha sidddnta, 395
Planets, 29-31, 169-170
calculation of true longitude, 30
determination of altitude, 169-170
and stars, conjunction of, 31
Plastic surgery, 138
Plato, 133, 135
cycle of necessity concept, 133
Platonism, Augustinian, 356
Playfair, John, 381
Pleiades, 4042
Plotinus, 133
Plumb-bobs, classification as
decimal, 244
Popper, Karl, 193
Portuguese voyages, 125
Prajdpati, 159
Pranatamangsa calendar, 39t
PrGnGydma, 435436
Prastha, 396
1,

-

PratyrLhdra, meaning of, 436
Rrima yantra, 316-317, 316A 317f
Precession of the Equinoxes, 331-332
Rasdyana therapy, effects of, 136
Printing, 123
RriSis, 19
migration to Europe, 123
RBstrakfita dynasty, 234
origin of, 123
Rationale, 340-342, 438
Prosody, Sanskrit and Prakrit books
in Indian Mathematics, 340-342
on, 109
of Hindu mathematics, 438
PythadakasvHmin, 60
text devoted to, 341
Ptolemy, 75, 160, 181, 246
Ray, I?C., 106
Almagest, 185, 247, 399, 401
Raychaudhuri, H.C., 174
handy tables of, 445
Red Sea, naval intrusions in, 300 see also
theorem on cyclic quadrilateral, 166
Navigation, 299-307
Punarvasu Atreya, 50
Regiomontanus, De triangulis omni
Purana,
modis, 246
division of day, 397
Reliable witnessing, 196
origin of universe concepts, 159
Renaissance, 132, 215, 356, 363
Pythagoras, 57, 132
Renan, Ernest, 352
Pythagorean theorem, 57, 308
interpretation of science, 352
Research fields, defined, 194
Indian proofs of, 162
Rpeda, 56, 155, 158, 159, 200, 207,
short proof of, 68
370, 394
Qu.ran, 71
decimal notation use, 112
Quacks, 253
fundamental physics concepts, 324
Quinet, Edgar, 351
information about birds, 155
protection of forests, 154-155 see also
Rabi, 2
Forestry, 154-157
Race, meaning of, 352
record of solar eclipse, 30 see also
Racial ideology, 423
Solar eclipse, 30, 140-143
Racist theories, 424
written numerical symbols used, 113
Radiography, 272
Rheinhold, Howard, 138
of Liberty Bell, 272
River-fed tanks, 177
Rahman, Abdur, 382, 385
Rockets, 342-344
Rainwater harvesting, 336-337
corps, in Tipu's army, 343
in India, 336 see also Irrigation.
first recorded use of, 342
in Negev Desert, 336
Indian, cause of fear, 343
Raja Yoga 437
used by Mysoreans, 342
Ramachandran, TN., 89
dimensions of, 342
Raman effect, 327
range and thrust of, 343
Raman, C.V., 106, 327
Rogers, Carl, 137
Ramanujan, Srinivasa, 337-340
Romaka Siddhrinta, 322
birth, 337
Roman Empire, fall of, 120, 121
death, 338
Rorty, Richard, 193
education, 338
Rosu, A., 228
"lost notebook", 339
mathematical discoveries of, 338, 339 Rouse, Joseph, 197
Route maps, 242
Rrimriyana, 155, 158

470

Encyclopaedia of Classical Indian Sciences

Roxburgh, William, father of Indian
botany, 135
Rubia tinctotum, 117
Rudradaman I, 433
Ruffini-Horner method, 355
Rule of three, 29, 30
Runoff farming, 337
Rutherford, Ernest (Lord), 406
Sacred fire, names used for, 370
Sacrificial
altars, building of, 240
fire, 393
Saha, M.N., 94
Said, Edward, discourse on
Orientalism, 377
Saka era, 94-96
Salt in India, 345-346
history of, 345
preparation in ancient India, 345
industry of, 345
first marine salt farm, 346
impact of British policy, 345
SBmanta, CandraSekhara, 98-99
designing of astronomical
instruments, 98
main contributions of, 99
Siddhlintadarpana, 98
Slimaveda, 56, 200
SanihitcT, 20
Samkara, 50
Samrlf, Jagannltha, 181, 314
SiddhBnta-samrlf, 181
translations of Euclid and
Ptolemy, 181
yantrapraklira, 181
Samrlf Yantra, 25-26, 313-318
principle and operation of, 313, 313f
Sankalia, H.D., 86
Sankey, R.H., Major, 177
Slradl script, 52
~lird~laka~a-avadlina,
22
Sarma, K.V., 212
~lirngadharasa~hitli,
2.49
Sarton, George, 72, 77

Sa.s;hliniia yantra, 314
~listras,types of, 201
SatBnanda, 348
BhcTsvati, 348
commentators of, 348
innovations introduced, 348
~ a t a ~ a t hBrrihmana,
a
394
falcon-shaped altar, 162
Satvlida concept, 437
Sawai, Jai Singh, 25, 31, 182-187,
241, 311
birth and life, 182
construction of observatories, 25-26,
183, 311, 312f
death, 183
important instruments used,
311, 312
interest in Islamic and European
traditions, 185
major stone and masonry
instruments, l84t
preparation of Zg, 186
scientific accomplishments of,
183-185
scientific delegations to Europe, 186
training as astronomer, 184
Yantrarlija-racanli,31
Science,
and art, relationship between, 357
and technology, history of, 375
ignorance of non-western
contributions, 376
and values, 406-414
as western phenomenon, 349-362
eurocentric perspective, 375-377
history of, 349
Islamic, 360
mystification of, 412
value criteria in, 407
value judgements in, 408
Science and Technology in Indian
Culture, 380
Scientific knowledge,
localness of, 192-193
problems with, 194

situated knowledge, 192
sociology of, 192
strength and weaknesses, 195
Scientific,
racism, 427
revolution, 134, 216
renaissance, 359
techniques, statistical inference, 408
Seistan windmill, 430 see also
wind power, 430
Seleucid Era, 141
Semites, 352
Senghor, L.S., 427
Serica, 121
Sericulture, introduced, 392
Sexagesimal system, 362-364
vs. decimal system, 362
Shaman practice, 218, 220
Shankari, 175
Shapin, Steven, 196, 197
Shintoism, 218
Ships,
Arabic names of, 303 see also
Navigation, 299-307
basis of classification, 304
Shukla, K.S., 59
Sidddntha jiromani, 396
Siddhdntas composed, 22, 31
Siddh3ntic calendar, 93, 96
Sidereal motions, 96t
Sidereal-lunar calender, 41, 47
~ilpaidstras,models for towns, 240-241
Sindbad the Sailor tales, 302
Siddhdnta, composed, 20, 31-32
Sine table, 402, 403 see also Madhava of
Sarigamagrama, 210-213,248,310,330,
347, 401, 403
Sine values, 400, 4021
Slave trade, 426
Sluices, types of, 176
Smith, Cyril Stanley, 277
Social Darwinism, 409
Sociology, discipline of, 378
Solar eclipse, 30, 140-143
of Assyria, oldest record, 140

in ancient China, 143
total, in Cizre, 143
Solar,
gnomon, 37
month, 448
year, 96
Solsticial colure, 12
Somayaji, Nilakantha, 34, 310, 405,
438, 439
Jyotimimrims~,34
Tantrasangraha, 438
Somayaji, Putumana, 333-334
Karanapaddhati, 333
other major works of, 333
Song-Jin dynastic wars, 293
Songshu, 143
Source Book of Indian Astronomy, 138
South Indian Bronzes, 267-273
archaeo-metallurgical studies in,
271-273
elemental composition of, 271t
Speciesism, 378
Sphujidhvaja, 169, 364-365, 433
Yavanajrftaka,169, 364
contents of, 364
Indianisation effect of, 365
use in Indian texts, 365
Sphul'acandrdpti, 210
Spinning and weaving, in ancient
India, 389
Spinoza, neo-Confucian influence, 130
Spinster, notion of, 390
Sridhara, 9, 365-368
Bijaganita, 366-367 see also
Algebra, 6-9, 246, 353-356
controversies about, 365-366
list of eighteen terms, 367
Pdfiganita, 366-367
Pritiganita-sdra, 366-367
value of pi given, 367 see also pi,
Srinivas, M.D., 60
sripati, 309, 368-369
Avyaktaganitridhydya, 368
Ganitatiiaka, 368
Siddhdntaiekhara, 6, 368
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Vyktaganitddhydya, 368
works of, 368
Stanislovski, Dan, 101, 102
Star compass, 36
Stars,
acronical rising and culmination
of, 40, 47
apparition of, 39
bamboo device to measure altitude
of, 41f
cosmical setting and culmination
of, 40, 42, 47
heliacal rising and setting of, 40
Star, Leigh, 193, 194
Starry sphere, 12
Stavrianos, Leon, 385
Stevin, Simon, 129
Sthapati, 267-270
Storage system, 176-177
for drinking water, 176
for irrigation, 176
three main classes of, 176
Storage tanks,
construction of, 176-177
first in history, 178
types of, 177
Suhbarayappa, B.V., 244
Substance, four elements of, 49-50
~ukraniti,156
~ u l b asfitras, 56, 162, 167, 203, 240,
246, 370-371
construction of altars, 370
first mathematical manuscript,
244
geometrical constructions given,
370-371
meaning of, 370
sacrifcial altars, instructions for, 162
value of root two given, 370
Sumer, 290
Sumerian,
calculation system, invention of, 362
sexagesimal system, 363
technology, 290
Sundials, 395-396

Sundiata, 219
SiinYa,
conception of, 442 see also Zero
in spiritual sphere, 442443
Sari, Mahendra, 237-238
contributions of, 237-238
study of astrolabe, 237
Siiryaprajriapathi, 22, 395
Sziryasiddhdntha, 98, 247, 332, 371-373,
395
contents of, 372
division of day, 397
division of yuga, 32 see also,
Yuga, 29-39, 94-95, 394
SuSruta, 138, 249, 373-74
author of SuSrutasamhitrI, 373 see also
SuSrutasamhitd,
foundation of surgery, 134
S&utasamhitd, 110, 136, 203, 249
contents of, 373
instruments for surgery given, 374
Sword manufacturing in India, 263
Swords, Damascus, 276, 292
~~erzaciti,
58
Syncretism, 218, 221
al-Tabari, 429
Tagore, Rabindranath, 427
Taittanja Sarnhitd, 56, 78
Tambiah, Stanley, 217
Tank villages, 177
Tannery, 353
Tata, Jamshedji, 105
Taxila University, 51
TEA laser, 197
Technique,
in other living species, 386
need of, 385-387
Technology,
cross cultural borrowing of, 384
and, culture, 375-388
anthropological view points
on, 379
European vs. non-European,
379

Index

Technoscientific traditions, 193
Textiles, in India, 389-393
Thakkura Pherii, 223-226
Theories
and paradigm, 408
role, evaluation of, 192, 193
Theorising, 194
a local practice, 195
Thermodynamics, second law of, 409
Tibbets, G.R., 304
Tie and dye, 392
Time, 393-398
instrument to measure, 395-396
shortest interval, 395
unit of, 395
Timekeeping,
in ancient India, 396-398
division of day, 397-398
Tinbergen, Niko, 383
Tipu Sultan, 342, 343
Tithis, 18, 94, 319 see also calendars,
93-97
computation of, 94-95
Toomer, G. J., 399
Tortoise boats, 295
Townshed, Lord, 135
Traditional knowledge systems, 193
Tree worship, 154

during the Indus Valley
civilisation, 154
in Vedic India, 154
Tree-borne dyes, 117-118
Tribals, terms used for, 150
Trigonometry, 246-247, 398404
beginnings in west, 246
development of, 403
Greek chord and Indian sine,.
relationship of, 399
sine function, 247
Tughluq, Fir6ze Shdhd (Sultan), 24, 260
Tull, Jethro, invention of drill
plough, 135
al-Tusi, 356
Tylor, Edward, 217
Tyrian purple, 118
Ujjain meridian, 114
United Nations University, 278
United States, as global power, 428
Universe, idea of, 409
Upanishads, theology of Hinduism
explained, 154
Utpala, 222
Uttara-Bhcisvati, 348
Uttarciyatia, 394
VBriyar, ~aitkara,438, 439
VBgbhata, Astcingahyadaya, 249
Vcigbhciva, 173
Vakrapraksa-jrena altar; 163f
VBkyakarana, 405406
contents of, 405
history of, 405
Vcikyapaficcidhyriyt,405
Valery, Paul, 427
Van der B.L. Waerden, 443
VarBhamihira, 14, 28, 54, 167, 308, 395,
396, 414-416
astrological works of, 415
Byhatsamhitci, 308
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contents of, 415
Paizcasiddhrintikri, 11, 247, 322-323
contents of, 415
patronage to, 415
siddhlmta, 348
magic square, 222, 223
Vararuci, 405
Vriras, 18
Varela, Francisco, 137, 139
Varenius, Bernhard, 73
Varga-prak+i, 7-8, 76, 188 see also
Jayadeva, Aciirya, 188
Viiriyar, ~ankara,346-347, 438, 439
commentaries, 346-347
commentary on Paizcabodha, 346
VaiSesika's theory, 135
V.?isi$ha-PauliSa, 30
Vasistha, Siddhiinta, 322
VafeSvara, 416418
works of, 417
VateSvara-siddhrinta, 416417
Viitsyiiyana, Ka'masLitra, 201
Ved, Upanisad, 145
Veddnga Jyotisa, 17, 28, 29, 93, 203,
393-394
5 years of yuga named, 394
division of day, 397 also see time
year bisected, 394
Veddngas, 22, 56, 201
divisions of; 22
names of, 56
Vedas, 56
'
branches. of, 200
numbers and natural fractions
depicted, 307
three main concepts of, 146
Vedic calendar, 28, 93
Vedic darianas, 434
'
Vedic Geometry, 161-162
Vedic literature,
expression of numbers, 112-113
use of zero, 441
Veeranam tanks, 177
Wvriroha, 211
Village forestry, concept of, 156

see also Forestry, 1
Virtual reality concept, 138
Virtual witnessing, 196
Visakhadatta, Mudrrirdkasa, 155
Vishnu, tantuvardhan, 389
Vivekananda, 426, 427
Voice, notion of, 192
von Frisch, Karl, AnimalArchitecture, 383
von Humboldt, Alexander, 357
von Schlegel, Friedrich, 352
Vmda, 222-224
magic squares of, 222, 224
Siddhayoga, 222, 224
VyankateSvara Dikita, 57
Vjxivahririka Satya, 437
Walker, Alexander, 174
Water clocks, 396..
Water conveyance; system, 177-178
Watson, G.N., 338t .
Weather forecasting, 287
Weather science,
development of, 286
in post-Vedic period, 286-287
in Rgvedic period, 286
mechanism of monsoon
explained, 288
rainfall measurement, 287
science of cyclones understood, 288
Weight system, subdivision of, 363
Wellesley, Arthur (Colonel), 343
West,
transmutation of, 131
vs. non-west, assumptions on,
381-382
Western dominance, 131, 422428
Western science,
characteristics of, 198
evolution of, 411
and other knowledge systems,
differences of, 198
Wheel, Persian, 176, 178, 262
Whewell, William, 375
White magic, 216, 219
Whiteside, D. T, 355

Willed death, 252
Wilson, B.M., 338
Wind,
first use as energy, 429
power, 429433
Windmill,
first use of, 430
Seistan, 430
vertical, 432
western vertical types, 430
Wittfogel, Karl, 173, 178
Woad,
blue-grey dye, 117
industry, collapse of, 118
use for dye, 117
Wootz steel, 276, 380
Indian process of making, 381
World map,
largest, ,242
planispheric, 242
World War I, 106, 426, 427
World War 11, 428
World, division in dvipas, 159
Worldview, geocentric to
heliocentric, 216
Xi, Zhu, 128
Yajurveda, 56, 200
Yantra, 22
Yantra-rrija, 24, 31, 238
Yavanajsfaka, 447
YavaneSvara, 433
Candrribharanahorri, 433
works of, 433
Yavanajdtaka, 433
?in and King, 214
Yoga, 19, 434-438
risana, theory of, 436
Niyamas, 435-436
avidyd concept, 435
dariana, 434
Dhriranri concept, 436
kriyd yoga, 435
Niyamas in, 435-436

source of, 434
svddhyaya concept, 435
tenets of, 435
theory of risanas, 436
varieties of, 436-437
Yoga-trird, 207, 208
Yoga-Vrisigha, 50
Yuan-Zhuang, 415
Abhidhama Shunzheng Lilun, 395
division of day, 397
Yuga, 29-39, 94-95, 394
division of, 32
five yearly kycle, 94-95, 394
of four years, 394
in Indian astronomy, 29
length of, 29
revolution, 30
year bisected, 394
Yukti and Upapatti, meaning of, 340
Yuktibhrisri, 341
Yunus, Ibn, 142
Zero, 441444
as dot, 441442
as small circle, 442
double meaning of, 443
discovery of, 441444
mathematical, 443
symbol of, 442442, 443
synonyms of, 443
truth of, 10
use of, 137
-precession year, 332
Zheng He expedition, 304
29, 444446
astronomical handbooks, 444
earliest in Arabic, 445
name derived from, 445
sections of, 444-445
translated, 445
Z c al-Sribi., 445
Zinc, as "steel protector", 279
evidence from ancient literature,
283-285
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historic evolution of, 279-281
occurrence of, 279
smelting furnace in ancient
India, 282f
smelting technology of, 281-276
smelting, in Europe, 285
technology, extinction of, 285
terms used for, 284-285
al-ZinjBni, 222
Zodiac, 446-448
diviaed, 207
origin of, 446
signs, idea of, 446-447
Zodiacal signs,
classihed, 447
Indian vs. west, 447-448
Sanskrit names of, 447
Zu Chongzhi, 330
Technoscientific traditions, 193
Textiles, in India, 389-393
Thakkura Pherfi, 223-226
Theories
and paradigm, 408
role, evaluation of, 192, 193
Theorising, 194
a local practice, 195
Thermodynamics, second law of,
409
Tibbets, G.R., 304
Tie and dye, 392
Time, 393-398
instrument to measure, 395-396
shortest interval, 395
unit of, 395
Timekeeping,
in ancient India, 396-398
division of day, 397-398
Tinbergen, Niko, 383
Tipu Sultan, 342, 343
Tithis, 18, 94, 319 see also calendars,
93-97
computation of, 94-95
Toomer, G. J., 399
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Traditional knowledge systems, 193
Tree worship, 154
during the Indus Valley
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in Vedic India, 154
Tree-borne dyes, 117-118
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Trigonometry, 246247, 398404
beginnings in west, 246
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relationship of, 399
sine function, 247
Tughluq, Firdze Sh2h2 (Sultan), 24, 260
Tull, Jethro, invention of drill
plough, 135
'
al-Ttisi, 356
Tylor, Edward, 217
Tyrian purple, 118
Ujjain meridian, 114
United Nations University, 278
United States, as global power, 428
Universe, idea of, 409
Upanishads, theology of Hinduism
explained, 154
Utpala, 222
Uttara-Bhcisvati,348
Uttarciyaria, 394
VBriyar, ~alikara,438, 439
VBgbhata, Astcingahyadaya, 249
Vcigbhciva, 173
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VyankafeSvara Diksita, 57
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Weather forecasting, 287
Weather science,
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first use as energy, 429
power, 429433
Windmill,
first use of, 430
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vertical, 432
western vertical types, 430
Wittfogel, Karl, 173, 178
Woad,
blue-grey dye, 117
industry, collapse of, 118
use for dye, 117
Wootz steel, 276, 380
Indian process of making, 381
World map,
largest, 242
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World War I, 106, 426, 427
World War 11, 428
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Worldview, geocentric to
heliocentric, 216
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Yantra-raja, 24, 31, 238
Yavanajgtaka, 447
YavaneSvara, 433
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cfsana, theory of, 436
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dariana, 434
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Niyarnas in, 435-436
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division of day, 397
Yuga, 29-39, 94-95, 394
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revolution, 30
year bisected, 394
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astronomical handbooks, 444
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smelting, in Europe, 285
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