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PUBLISHER’S NOTE

NDIA is a land of religion but that she also has a rich scientific tradition is

now admitted by all scholars. Volume VI of The Cultural Heritage of India,
which we now present to the public, is a fairly well-connected account of this
heritage covering the major branches of sciencg-and technology. This volume,
cntitled Science and Technology, contains thirty<{wo articles contributed by thirty
distinguished scientists. Twenty-ninc of these articles are new and only three
have been taken from the carlier edition of The Cultural Heritage of India. Thosc
threc too have been updated. We arc deeply indebted to the contributors for
the trouble they have taken in writing these articles entircly as a labour of
love. Some of the contributors arc no more with us. The world of scholarship
is the poorer by their death.

This volume has had two cditors: Prof. Priyadaranjan Ray and Prof. S.
N. Sen. The former was concerned with the ancient and medicval periods
and the latter with the modern. Unfortunatcely, Prof. Ray died before complet-
ing his work. The entire cditorial burden then fell on Prof. S. N. Sen’s shoulders.
He accepted the responsibility ungrudgingly and brought all his knowledge
and cxperience to bear on the work to make it flawless. He was assisted in this
hy Swami Viprananda, Mr Jyotirmoy Basu R.ay, and Mr A, K. Mukherjec,
Registrar of the Institute.

We appreciate the co-operation wcnccwcd from the stail of Sree Saraswaty
Press Ltd., particularly Mr Mihir M gmdar, in the printing of the volume.
We also thank Swapna Printing and%mdmg Works Pvt. Ltd. for the good
job they have done in binding the-vgtame? The Titaghur Paper Mills Co. Ltd.
manufactured a special type of papqr-fqﬁhls volume. We cannot thank them
cnough for this, ~ --—i--

In using diacritical marks whcre-Sanskm words occur, the practice followed
is the same as in the previous five volumes of The Cultural Heritage of India.
In the casc of some of the Arabic and Persian words, however, it has not been
possible to follow the system strictly.. ’

Scicntific subjects are discussed strictly impersonally. Personal views have
no place there. If there arc any in these pages they arc of the author and not
nccessarily of the Ramakrishna Mission Institute of Culture.

August 1986
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HINTS ON PRONUNCIATION AND SPELLING OF SANSKRI'T WORDS

a stands  for A and sounds hke o m  come

a T ” far
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i £ ee » feel

u 3 1’3 5 Ml
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e n sounds like a . cake

ai L4 . » o mute

0 mn 0 . note

au i ou w  Count

1h Islikem,,  some

h ' ’ : ' (visarga) ' " 5, soft, short I
(apostrophe) stands for s (elided ).
stands for ¥, fi for &, and n for o ; the first is to he pronounced like
English ng in sing, or n in bank; the second like the » in English singe
(a palatal #); and the third, the cerebral n, is made with the tongue-tip
up-turned and touching the dome of the palate.

c stands  for ¥ and sounds like ch in  churck

ch g chh ’ church-hill

t Z t s curt

th 3 th " port-hole

d 3 d ,»  bird

dh g dh " hird-kouse

t q t ' pal (Twalian t)

th q th 5, hit-hard

d g d » had (Ttalian d)

dh q dh ’ mad-house

v g vorw levy, water

$ T sh ' ship

S g sh - should

In connection with the hints on pronunciation and spelling, the following points
should also be noted:

)

@)

All Sanskrit words, cxcept when they arc proper nouns, or have come
into common use in English, or represent a class of literature, philosophical
system, or school of thought, arc italicized.

Current geographical names and all modern names fiom the commence-
ment of the nineteenth century are given in their usual spelling and with-
out diacritical marks.
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PREFACE

N The Cultural Heritage of India first published in 1937 as Sri Ramakrishna

Centenary memorial, India’s contributions to science, both past and present,
were confined to a small section—Section III of Volume III. Only nine articles
were devoted to the subject covering the following arcas: science and religion,
Hindu astronomy, Vedic mathematics, mathematics in modern India, the
spirit and culture of Ayurveda, botany in India—past and present, India’s
contribution to chemical knowledge, India’s contribution to modern physics,
and the scope and achievements of Hindu astrology. When the reviscd cdition
of the Heritage was planned to comprisc several volumes to take stock more
fully of India’s contributions in various fields of intcllectual activity, science
was planned initially to be disposcd of by a few articles, as in the first cdition,
to form a small part of one of these volumes. As the search of scholars and the
preparation of articles progressed, it became soon apparent that the original
plan of a few articles stowed away in an inconspicuous part of a volume would
hardly do justicc to India’s remarkable heritage in science and technology
during the ancicnt, medieval, and modern periods. The result is the present
volume in which an attempt has been made to present the growth of science
and technology during these three historical periods.

The volume has been divided into two parts—Part I dealing with the ancient
and medieval periods, that is, from prehistoric times up to A.n. 1800; and
Part II with the modern period from A.p. 1800 onwards. Regarding the latter,
a problem arose as to what should be taken as the terminus ad quem. The year
of independence was the obvious choice inasmuch as the very character and
rangc of science underwent a profound change after independence compared
to what prevailed during the colonial period. So, the story of most of the scicn-
lific activities which started prior to 1947, i.e. during the nincteenth century
and the early part of the twentieth, has been carried up to independence, with
minor adjustment of data for the post-independence cra. But in a few arcas
like atomic and nuclear cnergy, space, etc. in which the main thrust was after
1947, attempt has been made to incorporate major post-indepcndence deve-
lopments. Without these transgressions our account of the modern period
would not have been realistic.

A more or less common pattern has heen followed in the sclection of subjects
for the two parts, nawmely, exact sciences—mathematics, astronomy, physics,
and chemistry; bio-sciences—botany, zoology, and medicine; earth sciences;
and technology—agriculture having been trcated as part of technology. Threc
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THE CULTURAL HERITAGE OF INDIA

of the articles published in the first edition of the Heritage, namcly, ‘Vedic
Mathcematics’ by the late Bibhutibhusan Datta; ‘Botany in India—Past and
Present’ by the late Girija Prasanna Majumdar; and ‘Astronomy in Ancient
India’ by the late P. G, Sen Gupta, have been reprinted in Part I of this volume.
The story of mathematics has, however, been completed by a supplementary
account of post-Vedic mathematics up to the end of the medieval period, and
for astronomy, in which P, C. Sen Gupta finished off with Bhiskara I, a separate
paper had to be added to cover the medieval period after Bhaskara I, on which
a considerable amount of work has recently been done. Part I also includes
several new arcas such as physics and mechanics, zoology, mining, shipbuilding,
and cnginecring and architecture. A new comprehensive article on Ayurveda
has also been added. The gencral characteristics of science in this period—
its intcrnationalism and its strength through cross-culture interchange—have
been emphasized through the last article of this Part.

The late Prof. P. Ray, onc of thc editors of this volume, before he was
incapacitated by age, edited most of the articles of Part I with meticulous
care, besides contributing his own papers on chemistry and zoology. We place
on record our deep appreciation of his valuable contributions.

The modern period, it is necdless to say, is fraught with problems different
from those typical of the ancient and the medicval periods. Unlike Europe,
modern sciences did not develop in India from her traditional sciences. These
sciences arrived in India with the Europcan Jesuit missionaries, fortunc-
scckers, and colonists from the cighteenth century and from still carlier
times. They included medical men, naturalists, engincers, mathematicians,
botanists, and the like. The Jesuit missionaries, for example, started their acti-
vities soon after the cstablishment of their mission under S. Francis Xavier.
Although they were primarily interested in proselytizing activitics, they made
important contributions to gcography, philology, and other arcas of study.
During the seventeenth and cighteenth centuries, several members of this order
—Johann Grucher, Albert d’Orville, Nocl, Mandeslo, Pimentel, Calmette,
Bucher, Barbicr, Boudicr, and Joscph Ticffenthaler—dectermined the latitudes
and longitudes of different parts of India from where they operated.

After the British military success at Plasscy (1757), the Dircctors of the
Company embarked upon an extensive programme of carrying out trigono-
mctrical, topographical, hydrographic, geodetic, and geological surveys to
cnsurc the military, administrative, and economic control of the subcontinent.
In this new endcavour, the established science of astronomy and the rising new
science of surveying by trigonometric, geodetic, geological, and other methods
were pressed into service, and a new band of young scientists found their life’s
ambition fulfilled in getting an opportunity to work in a virgin field of un-
limited possibilitics. In astronomical surveys, Rev. William Smith (¢. 1775);
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Thomas Decanc Pearse (1741-89); Ruben Burrow, assistant to Maskelyne,
Astronomer Royal, before coming to India; Michacl Topping (1747-96), res-
ponsible for the foundation of the Madras observatory (1790); and a few others
made notable contributions, William Lambton (1723-1823), who studied
advanced mathematics under Charles Hutton and followed with interest
Gencral Roy’s triangulation work in England, successfully introduced trigo-
nometrical survey to India and laid the foundation of the Great Trigonometrical
Survey of India in 1818.

As to geological and related studies, the beginnings may be traced to the
last quarter of the cighteenth century. Benjamin Heyne, a member of the
Society *of the United Brothers, wrote voluminous reports from 1795 on the
diamond mincs of Malavclly and the iron-smelting industrics as practised by
the inhabitants of Ramanaikapctta ncar Ellora. Henry Westley Voysey
(d. 1824), a geologist to the Great Trigonometrical Survey and often described
as the ‘Father of Indian Geology’, carried out geological scctions between
Bombay and Godavari, Agra and Madras, and Calcutta and Agra. The Geolo-
gical Survey of India was organized as a government department in 1856
after the arrival in 1851 of Thomas Oldham, Professor of Geology in Dublin,
President of the Geological Socicty of Dublin, and a Fellow of the Royal Socicty
of London.

Indian plant and animal life attracted the attention of European naturalists
from the seventeenth century. During 1674-75, Henry Van Rhecede, the Dutch
Governor of Malabar and a naturalist, collected a large number of Indian
plants, described and illustrated them with the help of Brahmin and Carmelite
assistants, and published the work in 12 volumes from Amsterdam under the
title Hortus Malabaricus between 1686 and 1703. About the same time (between
1696 and 1705) therc appeared from London Leonard Plukenct’s works in
four volumes, with 454 plants and 2,740 drawings of plants. From Amsterdam
was published Professor Nicholas Laur Burman’s Flora Indica, in which 1,500
Indian plant species were described according to the Linnacan system of classi-
fication. Scientific botany in India, however, commenced with John Gerard
Koenig, a pupil of Linnaeus, who arrived in India in 1768 to join the Danish
mission at Tranqucbar, became the ‘Hon’blc Company’s Natural Historian’
(1728) under the Madras Government., Kocnig was responsible for the foun-
dation of a Socicty of United Brothers for the promotion of natural history in
India. Some of the members of the United Brotherhood carried on the good
work started by Koenig who died in 1785. The most promising among them
was William Roxburgh (1751-1815), who became famous for his Plants of the
Coast of Coromandel (3 volumes—1795, 1802, and 1819), Hortus Bengalensis (1814),
and Flora Indica(published posthumously with additions by Wallich, 2 volumes—
1820 and 1824).
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Modern zoological researches in India also originated in stray and scattered
observations by amateur and trained naturalists on the animal kingdom—
clephants, fishes, serpents, mollusc, sponges, birds, and mammals. Before 1780,
The Philosophical Transactions of the Royal Society was an important medium for
the publication of papers on natural history. In the eighteenth century the
Dutch naturalists, under the influcnce of Linnaeus, became interested in Indian
ichthyology, and generated a number of important works by continental
ichthyologists, Petrus Artedi (Swedish), L. T. Gronow (German), Mark Eliezer
Bloch (a Jewish physician), and Compte de Laccpede (French). The example
of these pioncers influenced the English doctor Patrick Russell who succeeded
Kocnig as the Company’s Naturalist to the Madras Government, “Patrick
Russell was particularly noted for his studies on fishes and poisonous serpents.
A long line of competent and devoted zoologists from Francis Buchanan, Sykes,
McClelland, Blyth, Day, Bryan Hodgson to Hugh Falconcr and Proby Cautley
1aised Indian zoology to international standard.

This brief, partial, and sketchy résumé of the introduction of European
sciences to India is intended to emphasize three things: (i) the colonial powers
were interested from the very beginning in ficld sciences designed to advance
their imperial, commercial, and economic motives; (ii) research in basic and
fundamental scicnces like physics, chemistry, mathematics, and astronomy
was not cncouraged; and (iii) in the mission-oriented science through govein-
ment departments and cstablishments, the Indians had no place. For the
Survey departments the Court of Directors of the East India Company ‘insisted
on the secrecy of maps and surveys and restricted the art of surveying to their
own covenanted or military servants’. In the Geological Survey the first
Indian apprenticc (Ram Singh) was recruited in 1873 and two (Kishen Singh
and Hiralal) the following year, of whom two retired as sub-assistants. The
first appointment of an Indian (P. N. Bose) in a graded post did not take place
until 1880. In his presidental address before the seventh annual mecting of the
Indian Scicnce Congress in 1920, P. C. Ray made a pointed reference to the
studied carc with which the Indians were excluded from public service in
government scientific departments. In that year eleven establishments cm-
ployed 194 Europeans and 18 Indians, the salaries of Indian officers being in
most cases ncarly half of thosc of the Europeans. *

Opportunities of Indians to be involved actively in original scientific in-
vestigations by modern Furopean methodologies slowly opencd up from towards
the end of the ninetecnth century with the setting up of laboratories in a few
government and private institutions, of which the physical and chemical labo-
ratories of the Calcutta Presidency College and the Indian Association for the
Clultivation of Science deserve special mention. Curzon’s criticism of University
cducation solely centred round examinations. The Act of 1904 empowering
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the universities to engage themsclves in higher teaching and rescarch through
the institution of professorships and research scholarships and the establishment
of modern scientific laboratories paved the way for Indian students to be en-
gaged in original rescarch. In Calcutta, Asutosh Mookeijee established the
University College of Scicncc after the model of the Imperial College of Science
and Technology in London and about the same time in Bangalore the Tatas
founded the Indian Institute of Science after the example of the Geiman
Technical Institutes. Other universities—Allahabad, Lucknow, Lahore,
Madras, and Bombay- followed suit. Within less than fifty years, following
the organization of facilities for research, Indian scicnce came to its own, Its
contributions started appearing regularly in standard scientific journals
published by learned societics abroad. The Indian physicists, chemists, mathe-
maticians, botanists, zoologists, geologists, and so on organized themsclves in
professional societies producing their own journals and publications. Between
1914 and 1935, a period of barely two dccades, Indian scientists brought into
existence a gencral national forum like the Indian Scicnce Congress Association
after the example of the British Association for the Advancement of Science
and National Academies and Institutes in the North, East, and South for co-
ordination of scicntific rescarch. It was, thercfore, not an accident that the
first half of the twentieth century produced original scientists like P. C. Ray,
J. G. Bose, Ramanujam, C. V. Raman, Meghnad Saha, Birbal Sahni, H. J.
Bhabha, S. Chandrasekhar, Shanti Swarup Bhatnagar, S. N. Bose, P. C.
Mabhalanobis, K. S. Krishnan, S. K. Mitra, D. N. Wadia, T R. Seshadri, N.
R. Dhar, J. C. Ghosh, and several others, whose contributions in the concerned
disciplines have been outlined in the articles presented in Part IT. This crop of
outstanding work by any standard has been possible within such a short time
because the country had a long and decp-rooted tradition in science which
was never completely dimmed by her political vicissitudes.

This volume is the intellectual product of a large number of scholars who
have ungrudgingly responded to our request for contribution to the IHeiilage.
Despite the delay in publication and conscquent irritation they have all borne
with us with exemplary paticnce. We express to them our grateful thanks for
their contributions and co-operation. This volume in its present form would
not have been possible but for the care and efforts of Swami Viprananda;
Sri A. K. Mukherjee, the Registrar of the Institute; Sri Jyotirmoy Basu Ray;
and Sri Krishna Sen Gupta. They went over the articles several times, read the
proofs, attended to the critical apparatus such as the footnotcs, the bibliography,
and the index and other indispensable details of production. We place on record
our deep appreciation of their service.

Calcutta
6 June 1986 S. N. Sen
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1
INTRODUCTION

HE impression that science started onlyin Europe was decply embedded in

the minds of educated people all over the world until recently. The alchemists
of Arab countrics were occasionally mentioned, but there was very little refer-
ence to India and China. Thanks to the work of the Indian National Science
Academy and other learned bodies, the development of scicnce in India duiing
both the ancient and medieval periods has recently been studied. It is becoming
clearer from these studies that India has consistently been a scientific country,
right from Vedic to modern times with the usual fluctuations that can be cx-
pected of any country, In fact, I donot find an example of a civilization, cxcept
perhaps that of ancient Grecce, which accorded the same exalted place to know-
ledge and science as did that of India. There is nothing that bears comparison to
knowledge (nahi jiidnena sadrfam): this epitomized our culture’s homage to
learning and inspired our ancients’ quest for knowledge. The articles written by
distinguished scholars for this volume of The Cultural Heritage of India published
by the Ramakrishna Mission Institutc of Culturc illustrate this spirit.

It is universally acknowledged that much of mathematical knowledge in
the world originated in India and moved from East to West. The high degree of
sophistication in the use of mathematical symbols and developments in arith-
metic, algebra,trigonometry, and astronomy, cspecially the work attributed to
Aryabhata, is indeed remarkable and should be a source of inspiration to
all of us in India. The articles which describe Indian contiibutions to science
from the ancient times to the very modcrn period bring out quite clearly the
continuity of scientific thought as a part of our cultural heritage. Tt is, how-
ever, unfortunate that the period of decline in India coincided with that of
ascendency in Europe. It is perhaps the contrast during this period that made
Europcans believe that all modern science was Europcan.

Even in the last century new dimensions were added to science and technology
in this subcontinent though the scientists were mainly Europeans. This is with
special reference to seismology, astronomy, and geology. Since the spirit of
science alrcady existed in India it did not take her very long to absorb the great
developments in Europe and start making her own contributions. However,
technology was at a low ebb since industry was not cncouraged during this
period. The cream of our intelligentsia was drawn towards subordinate adminis-
trative roles with the result that technology which constitutes a vital link
between science and development, the sine qua non of any break-through in
a nation’s effort towards modernization, did not grow. Recognition of this
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lacuna soon after independence has, however, set things right. The articles on
space and atomic energy record India’s up-to-date achievementsin those fields
and show how quickly India has caught up with front-ranking countries in
science and technology. Our successes in scientific agriculture are another
proof that Indian citizens are willing to accept modern technology wherever
it is of value to them.

Onc can always ask the question as to why with all our background we did
not have an industrial revolution earlier. Why is there so much superstition
and irrationality and why is creative thinking still not so vibrant as it is in the
West ? Talking of superstition and irrationality, one can see them cverywhere,
even in the most advanced countries of the West. As regards creative thinking,
India has been a pioneer in art and literature in the past, and there are signs
that she has again become active in those ficlds. Nevertheless, that we have
madc great progress in many directions can be seen by contrast with the devel-
opment in neighbouring countries which, in spite of their economic strength, are
yct to rccapture the spirit of scientific research and self-reliance. But much still
remains to be done in India, something in the nature of a cultural renaissance
to rekindle that spirit of rational appraisal and response to phenomena, both
natural and man-made, among the lay public.

The Ramakrishna Mission Institute of Culture has at a very appropriate
time brought out this volume which substantiates much of what I have said
above. However, in passing, one would like to ask the question: Are the fluctua-
tions of our contributions to scientific knowledge due to .our social structure
or due to political subjugation? Somchow onc has a feeling that had we not
discarded thc pragmatic spirit of Buddhism the way we did, the scientific
activities of India would not have suffered a decline like they did.
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GEOGRAPHICAL KNOWLEDGE

EOGRAPHY as a branch of scientific study has developed as a consequence

of man’s immediate need for functioning in the world around him. Famili-
arity with the surrounding terrain, its lakes and rivers, the climatic conditions,
and the neighbouring tribes— matters of daily cxpericnce— was the rudimentary
beginning of geographical study.

In India the earliest references to geographical data arc found in the
Rg-Veda. Casual references to tribes, rivers, and other geographical landmarks
indicate that geographical knowledge was not lacking during the Vedic period.
The subject may be studied with reference to the (i) Vedic and (ii) Post-Vedic
periods.

VEDIC PERIOD

The ancient Indians’ conceptions of the universc and the earth determined
to a great extent their understanding of the earth’s physical properties and
conditions. In Vedic literature the universe is sometimes conceived as consisting
of the earth and sky (heaven), and sometimes of the earth, air (atmosphere),
and sky.! Solar bhodics are understood as belonging to the realm of the sky
and atmospheric phenomena such as lightning to that of the air. The semi-
spherical shape of the sky as scen by the eye led to the comparison in the
Rg-Veda of the sky and earth to two great bowls (camvd) turned towards each
other (II1.55.20). The Satapatha Brikmapa (IV.6.5.1) uscs the term graha,
which later came to mean ‘planct’, but in this text the word scems to signify
a sort of power. The question whether the Vedic Indian used the word to
denotc ‘planet’ is not free from doubt. Some scholars like Oldenberg identify
the grahas with the ddityas, numbering seven -the sun, moon, and the five
plancts.? Hillebrandt thinks that the planets arc the adhvaryus referred to in
the Rg-Veda (I11.7.7).3

The earth is denoted in the Rg-Veda by such words as prthivi (the expansive
or large), prthvi or urvi (the broad), mahi (the great), apdrd (the limitless),
and uttdnd (the stretched out). The Rg-Veda contains references suggesting
the spherical shape of the earth. It says, for instance, that every sacrificial
altar or ground on the surface of the earth is its centre (IT1.5.9; IX.86.8).

1A, A. Macdonell, The Vedic Mythology (Indological Book House, Varanasi, 1963), pp. 8-11.

*H. Oldenberg, Religion des Veda, pp. 185 et seq.; Zeilschrift der Deutschen Morgenlandischen Gesellschaft,
PP- 30, 56 et seq.

*A. Hillebrandt, Vediscke Mythologie, pp. 3 and 423.
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This has becn interpreted as implying the earth’s spherigity. Elsewhere the
earth is comparcd to a wheel (X.89.4) and the dawn is stated to precede
the sunrise (1.123.1). In the Satapatha Brahmana the earth is expressly mentioned
as being circular (parimandala).® In the cosmogonic and theosophic hymns
of the Atharva-Veda the earth and the heavens have been imagined as consti-
tuting two hemispheres (XI.5.8-11). The Vedic Hindus had clear ideas about
the four directions (dif), further elaborated in connection with the placement
of sacrificial altars (ved:, citi).

The term dvipa (island) occurs in the Rg-Veda (1.169.3) and other Vedic
texts. But it is unlikely that the word refers to any island, continent, or major
land area as it does in the Epics and Puranas. Sandbanks are perhaps indicated
by the term.® It appears likely that no major geographical divisions of the
carth are mentioned in Vedic litcrature. Use of the expression sapta sindhavah
(VIII.24.27), i.e. ‘seven rivers’, however, has led some scholars to think that
the Rg-Vedic Indians conceived of a decfinite territory covering the basin
of some of the existing rivers.® The names of a large number of rivers occur
in the Rg-Veda (X.75.5-6). Some among these are the Sindhu, Ganga, Yamuna,
Sarasvati, Satadru, Vitasta, Sarayu, and Gomati. The Rg-Veda also refers
to mountains, e.g. the Himavant (X.121.4) and Mujavant (X.34.1). The
Himavant may reasonably be identified with the Himalayas, though it is
possible that it included hills of the Sulciman range. The ancient lexicographer
Yaska suggests that Mijavant is equivalent to Mufijavant which figures in
the Mahabharata (X.785; XIV.180) as the name of a mountain in the Himalayan
range. The Kausitaki Upanisad (I11.13) speaks of the Daksina-parvata, which
is probably to be idcntified with the Vindhyan range. The names of many
places also figure in Vedic texts.

In the Vedic period a kind of zonal gcographical conception cvolved.
The Satapatha Brahmana (1.7.3.8) calls the people of eastern India the Pricyas
and those of western India the Bahikas. The expression madhyama pratistha dis
(the middle fixed region) occurs in the ditareya Brahmana (VEI1.14.3). The
inhabitants of this region are stated to be the Kurus, Paficilas, Va$as, and
Utinaras. This middle zone is called Aryavarta in the Baudhdyana Dharmasitra
(I.2.10) and is described as the area north of the Pariyatrae or Paripitra
(western Vindhyas), cast of Adarfana (ncar Kuruksetra), south of the Himavat
(Himalaya), and west of Kalakavana (probably ncar Allahabad).?

#Macdoncll, op. cit., p. 9.
8A. A. Macdonell and A, B. Kcith, Vedic Index of Names and Subjects ( John Murray, London, 1912),
Vol. I, p. 387.
Ibid., Vol. 11, p. 424; D. Q. Siccar, Cosmography and Geography in Early Indian Literature (Indian
Studies, Calcutta, 1967), p. 14.
Sircar, op. ¢it., p. 16.
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POST-VEDIC PERIOD

Abundant evidence of the geographical knowledge of the Indian people
is available in post-Vedic literature. The Epics contain numerous incidental
geographical references about the earth in general and Bhiratavarsa in partic-
plar, the latter being especially dealt with in the Kiskindhd-kdpda of the
Ramadyana and the Bhisma-parvan of the Mahabharata. Panini’s Astadhydyi and
Patafijali’s Mahabhdsya allude to some of the then prevailing conceptions of
the earth and provide considerable details relating to the geography of the
subcontinent. Buddhist works like the Vinaya Pitaka, Mahavasts, and the
Nikayas, particularly the Ariguttara Nikaya, are important sources of gecographical
information. Indeed, from about the time of Buddha to that of Aoka, Buddhist
canonical literature constituted the principal source of geographical information
about contemporary India. Even for later periods, the works of Buddhaghosa
and the Ceylonese chronicles Dipavarisa and Mahdvamsa provide valuable
references. The Buddhist Jataka stories mention various places and add to
our geographical knowledge of the country. Chinese Buddhist accounts also
throw considerable light on the geography of India. Among the accounts
left by Chinese travellers, particular importance is given to those of I-tsing,
Fa Hicn, and Hiuen Tsang. The Jaina canonical texts and Apabhramsa
literature together with the Prabandhas furnish valuable geographical data
and supplement the information given by the Buddhist texts.

The Purinas constitute the most detailed and comprehensive source of
geographical knowledge of the post-Vedic period. They seem to have originated
prior to the fifth or fourth century B.c., but in their present form they cannot
be dated earlier than the scventh century A.p. The Puranas draw much of
their material from the Epics, but they cxpand the concepts and furnish greater
details. According to Ali, the rangc of their treatment of the subject covers
the ‘geography of practically the whole of the old world, the surrounding
occans and observation of some of the atmospheric phenomena’® The treat-
ment of geographical information is not uniform in all the Puranas; some go
into greater detail than others. The Vayu, Brakmdnda, Vamana, and Markandeya,
for instance, contain sections entitled Bhuvana-kosa, Bhuvana-vinydsa, Jambudvipa-
varnana, and so on, which deal primarily with geographical information.

Kautilya’s Arthasdstra and medical works like the Caraka and Susruta provide
additional details by way of mentioning the natural products of diffcrent
regions. The astronomical works of Varahamihira, Pari$ara, and others con-
tribute topographical data regarding the regions of the subcontinent and are
valuable sources of the knowledge of mathematical geography which developed

S, M. Ali, ‘Geography in Ancient India’, Bulletin of the National Institute of Sciences in India, No. 21
(1963), p. 279.
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in the post-Vedic period. Literary works of Kailidasa, Bana, Kalhana,
Rajasekhara, and others also contain geographical references. Epigraphic
records arc innumerable and replete with geographical material relating to
India and her colonies. In addition to the accounts of Chinese travellers,
the reports of foreigners like Megasthenes, al-Biriini, and Abi’l-Fazl are
important eye-witness records of the regions of the subcontinent.

The Earth and its Dvipas: The concept of the earth comprising a number of
dvipas, meaning continents, seems to have emerged in the post-Vedic period.
The Mahdbhdrata gives the number of such continents variously in its different
sections. In the Bhisma-parvan (6.13) four major dvipas are mentioned; elsewhere
seven, eleven, and thirteen have been spoken of. The earliest references to the
seven-continent theory occur in the Ramdyapa, Mahabhdrata, and Patafijali’s
Mahabhasya. The Pali Buddhist literature mentions four mahdadvipas (great
islands), namecly, Uttara-Kuru or Kuru in the north, Jambudvipa in the
south, Pirva-Vidcha in the east, and Apara-Godana in the west, as constituting
the earth. The Mahabharata gives a description of these four regions, Jambudvipa
in particular. Use of the term cakravdla-rdjya to mean the wholc world is also
found in Pali literature. The cakravila is conceived as ‘a vast circular plane
covered with water with Mount Meru or Mahameru standing at the centre’.?
Scven kuldcalas or concentric circles of rock surround Meru. Beyond thesc are
the four great dvipas, one in each of the cardinal directions. The post-Gupta
Jaina work Tiloyapannatti (V.11-26) speaks of the earth being constituted of
sixtecn inner and sixteen outer islands, each having an ocean beyond it.

According to most Puranas, the earth (prthivi) consists of seven dvipas.
These are said to be seven concentric circles of land, like scven rings, onc inside
the other. The names of the dvipas beginning from the innermost are Jambu,
Plaksa, Salmali(a), Kusa, Kraufica, Saka, and Puskara.!® Each of these dvipas
is said to be surrounded by a particular sea. Beginning from the inncrmost,
these arc named Lavana (salt-water), Iksu (sugar-cane juice), Surd (wine),
Sarpi (ghee), Dadhi (curd), Ksira or Dugdha (milk), and Svadiidaka or Jala
(fresh-water).’* The question which arises is: What is really meant by the
Purdnic dvipas'* and seas? The Purdnas appear to imply by the term dvipa
‘any land which was ordinarily inaccessible or detached by virtue of its being
surrounded by water, sand, swamp or even high mountains or thick forests’.13
Thus the term may indicate an island, a peninsula, or a doab, or even a specific
arca of land, large or small, which is distinguished by particular geographical

Sircar, op. cit., p. 39.

1 Markapdeya Purdpa, LIV. 6.

"pbid,, LIV. 7.

1Panini derives dvipa from dvi + ap, meaning ‘land between two arms of water® (dggadhydyi, V. 4.

74; V1. 3.97).
135. M. Ali, The Geography of the Puranas (People's Publishing House, New Delhi, 1966), p. 37.
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features. It may also stand for tribal or national territories. The Puranic dofpa
therefore signified ‘all types of natural or kuman regions —big or small’4 The
descriptions of the seven seas as consisting of sugar-cane juice, wine, etc. should
not be taken too literally. They may indicate that these seas had special charac-
teristics which distinguished them from each other. Similar names —the Red
Sea, Black Sea, and White Sea, for instance —are found even today, but they
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suroides grass), and Nalamila (red like coral).’® The Epic and Puranic periods
are marked by predominance of mythology, albeit not entirely devoid of
factual elements. The theory of seven concentric dvipas and scas scems to have
developed out of this mythological conception of the world. The Puranic writers
apparently tried to fit geographical data based on tradition and reports of
over-imaginative travellers into a mythological concept.

Most of the Purinas give details of the vegetation, rivers, mountains,
climates, etc. of the dvipas. Some scholars have, on studying these dctails, tried
to identify specific geographical regions with the dvipas spoken of. Even though
one may not fully agree with such specific identification, it cannot be denicd
that the Puranic details of the seven dvipas, whether based on concrete informa-
tion (the chain of which has been lost in the course of timc) or on limited data
supplemented by imagination, do fit in with the geographical features of some
of the cxisting land and water masses on the earth’s surface. Reference may be
made in this connection to al-Birini’s (c. eleventh century) locating the Pus-
karadvipa between Cina and Mangala (perhaps China and Mongolia).

The Puranas contain an elaborate list of mountains and mountain ranges
of the seven dipas. The most commonly mentioned mountain is Mcru which
is at the centre of the seven dvipas, that is, in the centre of Jambudvipa. Similar
descriptions of the river systems of the seven dvipas occur in the Puranas,
signifying familiarity of the contemporary people with the geographical features
of not only the regions of their natural habitat but also the old world as a whole.

Jambudvipa: Geographical knowledge becomes more intimate as onc turns
to Jambudvipa. The Mahdbhdrata provides a detailed description of Jambudvipa,
also called Sudar$anadvipa. It is spoken of as circular in shape (VI.5.12).
Surrounded on all sides by the sea, it has six mountain ranges running cast-west:
Himilaya, Hemakiita, Nisadha, Nila, Sveta, and Srigavat (V1.6.4-5). Jambu-
dvipa is divided into nine zones (varsas): Hari, Bhadrasva, Ketumaila, Bharata,
Uttara-Kuru, Sveta, Hiranyaka, Airdvata, and Ilavrta (VI.6.8,13,37-38).
According to Jaina writers, Jambudvipa has seven vargas crcated by six mountain
ranges called varsa-parvatas running from east to west.

The Markandeya Purapa (LIV. 12ff.) describes Jambudvipa as dcpressed
on the south and north and elevated and broad in the middle. This clevated
region is Tlavrta (also called Meruvarsa), at the centre of which is the mountain
Meru. In different Puranic texts Jambudvipa is said to be composed of the
following nine divisions: (i) Ilavrta, (i) Ramyaka or Ramanaka, (iii) Hiran-
maya or Hiranyaka, (iv) Uttara-Kuru or Srngasaka, (v) Bhadraéva, (vi)Ketu-
mala, (vii) Hari, (viii) Kimpurusa, and (ix) Bharata.l® Relative to thc central

18 The Fataka, ed. E, B. Cowell, Vol. IV (Luzac and Co. for Pali Text Society, London, 1957), Bk,
XI, pp. 88-89.

18 Matsya Purdna, CXIII. 26-31. Another tradition current in the Markandeya (LV. 20ff.) and
Brahmanda (XXXYV. 50) Purdnas divides Jambudvipa into four regions shaped like four petals of a lotus,
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varsa Tlavrta, the next three figure in the north, the last three in the south,
while Bhadriéva and Ketumaila are to the east and west respectively. Four
rivers are stated to flow from Meru —Bhadra to the north, Sita to the east,
Gangai to the south, and Caksu to the west. There are three mountain ranges
north of Ilavrta —Nila, Sveta, and Sriigavat —each consecutive range occur-
ring after each successive varsa. Similarly, three ranges stand south of Ilavrta:
Nisadha, Hemakiita, and Himilaya. To the east and west of Ilavrta running
north-south are the Malyavat and Gandhamidana ranges respectively. The
descriptions of the three varsas to the north of Meru, some of which are also
mentioned in the Mahabharata (Bhisma-parvan), are rather sketchy in the
Purinas. Nevertheless, the details of the three latitudinal ranges —Nila, Sveta,
and Srigavat —of this region, their valleys, river systems, and other information
as available in the Vayu Purdna, make it possible to identify quite a few of their
important geographical features. According to Ali, the description of the north-
ern regions of Jambudvipa ‘covers a very vast area, from the Urals and the
Caspian to the Yenisei and from the Turkestan, Tien-Shan ranges to the Arctic.
It describes the topography of the whole land very accurately and in some
cases picturesquely. ...’ Turning east, Bhadrasva is ‘identical with the basins
of the Tarim and Hwangho rivers, i.e., the whole of Sinkiang and Northern
China’.’® Ketumila, located to the west of Meru, is irrigated by the river Gaksu,
which is probably the Oxus. This rcgion corresponds to western Turkestan 1®
Ketumala is believed to cover ‘practically the whole of the ancient Bactria which
included the whole of the present Afghan Turkistan (north of Hindukush), the
lower Hari Rud Valley, the basin of Murghab Kashka system (all south of the
old bed of Amii Darya) and the basins of the Surkhan, Kafirnigan, Vakhsh and
Yaksu rivers ....’?® Hari appears to have been western Tibet;?! Kimpurusa
was presumably Nepal;2? and Bharata probably means greater India.

Bhdratavarsa: The concept of Bhiratavarsa as we know it did not cmerge
apparently before the fourth century B.c., for Panini’s Astadhyayi (c. fifth
century B.C.) makes no mention of the southern and extreme castern regions of
the subcontinent.?® In the third century B.c., however, relerences to the South
Indian peoples like the Colas and Pandyas occur in Katyayana’s varttikas and
in the accounts of Megasthenes. This indicates a growing awarencgs of the extent
of the subcontinent and of the peoples who inhabited it.

VAL, op. cit., p. 87.

18]bid., p. 99; H. Raychaudhuri, Studies in Indian Antiguities (University of Calcutta, 1932), pp. 75-76.

BRaychaudhuri, op. cit., p. 75.

2Ali, op. cil., p. 97.

NN, L. Dey, The Geographical Dictionary of Ancient and Mediacval India (Luzac and Co., London,
1927), p. 74.

nJbid., p. 100,

93Sircar, op. cit., pp. 34f%.
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The Buddhist and Jaina canonical works of the fourth-second centuries B.c.
mention sixteen makhdjanapadas (great states) comprising much of the area of the
subcontinent. The nomenclature of the makdjanapadas differs in the two
traditions. The regions noted in each are mostly confined to the northern and
western parts of the subcontinent with occasional reference to the east and
south. Afoka’s (269-232 B.c.) empire comprised almost the whole of the Indian
subcontinent and parts of Afghanistan. This area, which practically corres-
ponds to what subsequently came to be known as Bharatavarsa, is referred to in
his inscriptions as prthivi and jambudvipa. The earliest epigraphic reference to the
name ‘Bharatavarsa’ is found in the Hathigumpha inscription of Kharavela
(first century B.c.).2

The term ‘Bharatavarsa’ occurring in the Mahabhdrata (VI.9.10fF.) stands
for a vast area comprising numerous rivers, mountains,and territories which are
described in some detail. It is not possible, however, to construct a precise geog-
raphical outline of this area because the boundaries arc not clearly defined.
Seven major mountains and ranges are named (VI.9.11): (i) Mahendra
(Eastern Ghats), (it) Malaya (Travancore Hills and the southernmost portion
of thc Western Ghats), (ili) Sahya (Western Ghats to the north of Malaya),
(iv) Suktimat (parts of the Vindhyan range including the Sakti Hills in eastern
M.P.), (v) Rksavat (parts of the Vindhyan range to the south of Malwa),
(vi) Vindhya (the Vindhyan range from Gujarat to Bihar excluding portions
covered by Suktimat, Rksavat, and Paripatra), and (vii) Paripatra or Pariyatra
(the Western Vindhyan range including the Aravallis).® Among the important
rivers mentioned are the Ganga, Sindhu, Sarasvati, Godavari, Narmada,
Satadru, Candrabhaga, Iravati, Vipaéa, and Yamuna. A list of more than
seventy major territorial units (janapadas) other than those in the south is given.
Among these arc Sindhu, Vidcha, Magadha, Anga, Vanga, Kalinga, Gandhara,
and Kaémira. The southern part of Bharatavarsa is said to includc territorics
like Dravida, Kerala, Milava, Karnataka, and Cola.

Some geographical information about Bharatavarsa, particularly the south,
also occurs in the Ramdyana. Rama’s journey from Ayodhya to Kanyakumari,
the gateway to Lanka (Ceylon), provides the context for describing the forests,
rivers, and janapadas on the way (IV.42-43).

Bhirata or Bhiratavarsa is described in the Puranas as semi-circular?® and
lying between the Himavat in the north and the sea in the south.?” The Markan-
deva Purapa (LVIL58-59) depicts this region as having the Himavat like the
string of a bow in the north and the sea in the south, east, and west. The same

1bid., p. 34.

88 Ibid., p. 70; Ali, op. cit., pp. 111-13.

3¢ Matsya Purdpa, CX111. 13; Brahmdnda Purdna, XXXV. 13.

37 Uttarari yat drasya himavaddaksipafica yat; Varsath yadbhdratath nima yatreyarh bhdrati praja. Vayu
Purdpa, XLV, 75-76.
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text gives its shape as conforming to that of a tortoise lying outspread and facing
castward (LVIII.4), and also refers to Bhirata as being constituted with a
fourfold conformation (LVII.58-59).

Bharatavarsa has been spoken of in ancient texts variously as comprising
five, seven, and nine divisions. The Mahdbhdrata, a few of the Purinas,
Buddhist writers like Hiuen Tsang (seventh century), and Raja$ekhara (¢. 900)
in his Kdyyamimarmsa speak of five regions. These are named (i) Madhyade$a
(central), (ii) Udicya (northern), (iii) Pracya (eastern), (iv) Daksinapatha
(southern), and (v) Apardnta (western). Madhyades$a has been defined as the
land bounded by the Himalayas in the north, the Vindhyas in the south,
Vina§ana (in Ambala district) in the west, and Prayaga (Allahabad) in the
cast.?® Udicya covers eastern Punjab and the Oxus valley including the Hima-
layas. Its southern boundary may be taken as the river Sutlej. Pracya extends
from the eastern cnd of Madhyade$a to the Assam hills and from the Himalayas
to the castern coastal plain. This region may have included Kaéi, Kosala,
Vidcha, and Magadha. Daksinapatha includes the entire area of South India
to the south of the Vindhyas. Aparanta is the area lying to the west of Madhya-
de$a and scems to have comprised Sind, western Rajasthan, Gujarat, and a
part of the adjoining coast on the lower course of the Narmada.

Refcrence to a division into seven zones is also found in the Mahabhdrata
and most of the Puranas. This classification is not essentially diffcrent from that
consisting of five regions. In addition to the five alrcady mentioned, the
Himalayan region and the Vindhyan range are included as the sixth and
seventh divisions.

A third classification which divides Bharatavarsa into nine rcgions, current
in several of the Puranas and the Kdypamimansa, has probably been borrowed
from the astronomical works of Paraara and Vardhamihira, although likely
to be of earlier origin.3 The Madrkandeya Purdna (LVII.6-7) specifies eight of
these regions or khandas as Indradvipa, Kaderumat, Tamravarna, Gabhastimat,
Nagadvipa, Saumya, Giandharva, and Varuna.! Regarding the ninth khapda
it simply says: ‘It is this one which is girdled by the sea (sdgarasarivrta).’ The
Kayyamimamsa names this ninth khapda as Kumari; the Vimana Purapa calls
it Kumaira; and the Skanda Purdpa designates it as Kumarika.,

Opinions differ about the identification of these nine divisions. Abd’l-Fazl
and al-Birtini have identified the nine regions within the area of the subcontinent

8 Matsya, Viys, and Vispu.

9 Manu-smyti, 11. 21,

80Cunningham’s Ancient Geography of India, ed. S. Majumdar Sastri (Chuckervertty, Chatterjee & Co.,
Calcutta, 1924), p. 6.

3'The Kiirma Purdpa substitutes Tamraparna for TAmravarna,while the Malsya calls it Tamraparni.
The Vamana and Garuda Purdpas have Katiha and Simhala in place of Saumya and Gandharva

respectively,
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itself.»? Abi’l-Fazl names seven mountain ranges running east to west betwcen
Lanka and Himacala: Mahendra, Sukti, Malaya, Riksa, Pariyitra, Sahya,
and Vindhya. The region between Larka and Mahendra he calls Indradvipa;
between Mahendra and Sukti, Kaderumat; between Sukti and Malaya,
Tamravarna; between Malaya and Riksa, Gabhastimat; between Riksa and
Pariyatra, Nagadvipa; and between Pariyatra and Sahya, Saumya. He divides
the area between Sahya and Vindhya into two parts, Kumaradvipa being the
eastern section and Varunadvipa the western.?® Al-Biriini describes Indradvipa
as central India; Ka$erumat as eastern-central; Tamravarna as south-eastern;
Gabhastimat as southern; and Gandharva as north-western. Ali also locates
the nine kkandas within the area of the subcontinent. Basing his view on relevant
passages of the Vayu Purdpa, he maintains that Indradvipa is a region east of
the Brahmaputra; Kaferumat is the eastern coastal plain; Tamravarna is the
peninsula south of Kaveri; Gabhastimat is the hilly region between the Narmada
and the Godavari; Nagadvipa is possibly the arca of the Vindhyan and Satpura
ranges; Saumya is the coastal belt west of the Indus; Gandharva is the trans-
Indus region; and Viaruna is the western coast. He does not offer any identifica-
tion of the ninth khanda, unnamecd in the Vayu Purana.®

Majumdar Sastri, on the other hand, considers that the Purdnic conception
of Bharatavarsa implies greater India, i.e. India proper plus eight kkandas
outside the arca of the subcontinent. He identifics Indradvipa with Burma;
Kaéerumat with thc Malay Peninsula; Tamravarna (Tamraparna) with
Ceylon; Gabhastimat with Laccadive, Maldive, or Ernaculam in the south-
west; Nagadvipa with Salsette, Elephanta, and Kathiawar in the west; and
Saumya with Kutch in the north-west. Other identifications include Gandharva
with the Kabul valley; Varuna with the Indian colony in Central Asia; and
the ninth division called Kumiri with practically the whole of the Indian sub-
continent.% Support is lent to this view by the Kdyyamimamsa which, in course
of describing the mountain ranges of the subcontinent, speccifically states:
“This is Kumaridvipa.’®® Similarly, the Vamana Purapa (XIIL.59), after enumera-
ting the peoples of the respective divisions of India proper, concludes by saying
that the detailed narration of the countries of Kumaradvipa is now complete.
Further, the list of the Varaha Purana replaces the ninth dvipa Kumara with the
word ‘Bharata’, suggesting the identity of the two. It secms likely, therefore,
that the term ‘Bharatavarsa’ had both a wider and a narrower connotation and
that in the narrower sense it meant India proper. It is well substantiated that

#Sircar, op. cit., p. 55.

3¢ 4in-i-Akbari of Abul Fazl-i“Allami, trans. H, S. Jarrett, revised and annotated by Jadu Nath
Sarkar, Vol. III (Royal Asiatic Society of Bengal, Calcutta, 1948), pp. 36-37.

3Ali, op. cit., pp. 128-30.

8Cunningham’s Ancient Geography of India, ed. S. Majumdar Sastii, Appendix I, pp. 751-54.
WAtra ca kumdridvipa.
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Indian colonies were established in the Far East before the Christian era. ‘For
ncarly fiftcen hundred years, and down to a period when the Hindus had lost
their independence in their own home, Hindu kings were ruling over Indo-
China and the numerous islands of the Indian Archipelago, from Sumatra to
New Guinea.’®” Reference may be made in this connection to four inscriptions
of King Milavarman (¢. fourth or fifth century A.p.) found in East Bornco,
showing that the area was under Indian rule. It is not unreasonable to suppose
that these territories were considered a part of greater India and that they
might have been included as divisions of Bharatavarsa in the Purinic scheme.

The Indian subcontinent has been from the dim past the home of many
raccs and peoples. Throughout the ancient period this movement of peoples
presented a changing panorama. The impact of these tribes and ethnic groups
on the soil of India and their efforts to adjust themselves to the opportunities
which the geographical cnvironment afforded provides the background of
ancient Indian geography. This is perhaps why the Puranas and the astro-
nomical works emphasize the regional conception of geography and take partic-
ular note of thc janapadas and major geographical landmarks. The Puranas
follow the tradition dating back to the Vedas of using tribal names to indicate
the region which particular tribes inhabited. It is clear that such names are
ethnographical in character although territorial or place names are by no
means few. In fact, the people of Bharatavarsa appear in the Puranic texts
only in their relevant geographical setting, which indicates that in ancient
India the different human groups were regarded as so many essential units
of a comprchensive geographical system. The lists of janapadas occurring in
the various Puranas are arranged in an almost identical manner, but there
arc indications that the lists were altered to receive later additions and were
brought up to date from time to time by the inclusion of the names of forcign
invaders. Thus there is mention of the Yavanas, Sakas, and Pahlavas of the
second and first centuries B.c., as well as of the Hinas of the fifth century
A.D. and the Turugkas of the Muslim period. The lists received further altera-
tion with the introduction of the names of jenapadas and geographical landmarks
of newly-cxplored regions or areas of colonization.

Considcrable geographical information about Bharatavarsa and its
neighbourhood is contained in some texts of medieval Indian literature.
Rajadckhara’s Kavpamimansd, as we have seen, supports the view that the
Indian subcontinent (designated Kumaridvipa) was one of the units of
Bharatavarsa. Rajaéekhara devotes one chapter of this work to a detailed
description of the major mountains and rivers, and various regions of Bharata-
varsa. Kalhana’s Rdjatarangini (twelfth century) provides excellent topogra-

¥R, C. Majumdar, H. Raychaudhuri, and K. Datta, An Advanced History of India (Macmillan &
Co., London, 1960), p. 222.
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phical data about the Kaémira region of Uttarapatha (Udicya). A few lexicons
of the period between the eleventh and sixteenth centuries also give some
geographical information. Mention may be made in this conncction of the
following works: Yadavaprakasa’s Vaijayanti (eleventh century), Hemacandra’s
Abhidhana-cintamani (twelfth century), Purusottama’s Trikapdasesa (twelfth
century), and Kesava’s Kalpadruma (sixtcenth century).
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VEDIC MATHEMATICS

EDIC Hindus cvinced special interest in two particular branches of

mathematics, viz. geometry (Sulva) and astronomy (jyotisa). Sacrifice
(yajfia) was their prime religious avocation. Each sacrifice had to be performed
on an altar of prescribed size and shape. They were very strict regarding
this and thought that even a slight irregularity in the form and size of the
altar would nullify the object of the whole ritual and might cven lead to
an adverse cffect. So the greatest carc was taken to have the right shape and
size of the sacrificial altar. Thus originated problems of geometry and conse-
quently the science of gecometry. The study of astronomy began and devcloped
chiefly out of the necessity for fixing the proper time for the. sacrifice. This
origin of the sciences as an aid to religion is not at all unnatural, for it is generally
found that the intercst of a people in a particular branch of knowledge, in
all climes and times, has been arouscd and guided by specific reasons. In the
case of the Vedic Hindu that specific reason was religious. In the coursc of
time, however, those sciences outgrew their original purposcs and came to be
cultivated for their own sake.

The Chandogya Upanisad (VIL.1.2,4) mentions among other sciences the
science of numbers (rdsi). In the Mundaka Upanisad (I1.2.4-5) knowledge is
classified as superior (pard) and inferior (apard). In the second category is
included the study of astronomy (jyotisa). In the Mahabharata (X11.201) we
comc across a reference to the science of stellar motion (naksatragati). The
term gapita, meaning the science of calculation, also occurs copiously in Vedic
literature. The Veddriga Jyotisa gives it thc highest place of honour amongst
all the sciences which form the Vedanga. Thus it was said: ‘As arc the crests
on the heads of pcacocks, as are the gems on the hoods of snakes, so is the
ganila at the top of the sciences known as the Vedanga.” At that remote period
ganitaincluded astronomy, arithmetic, and algebra, but not gecometry. Geometry
then belonged to a diffcrent group of sciences known as kalpa.?

Available sources of Vedic mathematics are very poor. Almost all the
works on the subject have perished. At present we find only a very short treatise
on Vedic astronomy in three recensions, namely, the Arca Jyotisa, Ydjusa Jyotisa,
and Atharva Fyotisa. There are six small treatises on Vedic geometry belonging

1 Yath $ikhd mayirdparh ndgandrm mapayo yathd; Tadvedangasastrandm gapitath mirdhani sthitam. Veddrnga
Jhotisa (Yajurvedic recension), verse 4.

8B, Datta, ‘The Scope and Development of the Hindu Ganita’, The Indian Historical Quarterly,
Vol. V (Calcutta, 1929), pp. 479-512.
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to the six schools of the Veda. Thus, for an insight into Vedic mathematics
we have now to depend more on secondary sources such as the literary works.

ASTRONOMY

There is considerable material on astronomy in’the Vedic Samhitas, But
everything is shrouded in such mystic expressions and_allegorical legends that
it has now become extremely difficult to discern their properf significance.
Hence it is not strange that modern scholars differ widely in evaluating the
astronomical achievements of the early Vedic Hindus, Much progress seems,
however, to have been made in the Brahmana period when astronomy came
to be regarded as a separate science called naksatra-vidya (the science of stars).
An astronomer was called a naksatra-darsa (star-observer) or ganaka (calculator).

According to the Rg-Veda (1.115.1, 11.40.4, etc.), the universe comprises
prthivi (earth), antariksa (sky, literally mcaning ‘the region below the stars’),
and div or dyaus (hcaven). The distance of the heaven from the carth has been
stated diffcrently in various works. The Rg-Veda (1.52.11) gives it as ten times
the extent of the earth, the Atharva-Veda (X.8.18) as a thousand days’ journey
for the sun-bird, the Aitareya Brakmana (11.17.8) as a thousand days’ journey
for a horse, and the Paficavithsa Brahmana (XV1.8.6) as the distance cquivalent
to a thousand cows, onc standing on the other, and again (XXI.1.9) as a
thousand leagucs, besides the two preceding estimates. All these arc evidently
figurative expressions indicating that the extent of the universe is infinite,

There is speculation in the Rg-Veda (V.85.5, V111.42.1) about the cxtent
of the carth, It appcars from passages therein that the carth was considered
to be spherical in shape (I.33.8) and suspended freely in the air (1V.53.3).
The Satapatha Brahmana describes it expressly as parimandala (globe or sphere).
There is evidence in the Rg-Veda of the knowledge of the axial rotation and
annual revolution of the earth.? It was known that these motions are caused
by the sun.

According to the Rg-Veda (VI.58.1), there is only one sun, which is the
maker of the day and night, twilight, month, and year. It is the cause of the
seasons (1.95.3). It has seven rays (I.105.9, 1.152.2, etc.), which arc clcarly
the seven colours of the sun’s rays. The sun is the cause of winds, says the
Aitareya Brahmapa (11.7). It states (I11.44) further: “The sun never scts or rises.
When people think the sun is setting, it is not so; for it only changes about
after reaching the cnd of the day, making night below and day to what is on
the other side. Then when people think he riscs in the morning, lie only shifts
himself about after reaching the end of the night, and makes day below and

3Sce Tarakeswar Bhattacharya’s article in Bhdratavarga, Vol. VII, Pt. 1 (1326 B.S.), pp. 729fT.;
and Ekendranath Ghosh’s ‘Studies on Rig-Vedic Deities — Astronomical and Metcorological’, Journal
of the Asiatic Society of Bengal, Vol. XXVIII (1932), p. 11.
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night to what is on the other side. In fact he never does set at all.’ This theory
occurs probably in the Rg-Veda (I.115.5) also. The sun holds the earth and
other heavenly bodies in their respective places by its mysterious power.

In the Rg-Veda, Varuna is stated to have constructed a broad path for
the sun (I.28.8) called the path of the yta (I.41.4). This evidently refers to the
zodiacal belt. Ludwig thinks that the Rg-Veda mentions the inclinations of
the ecliptic with the equator (I.110.2) and the axis of the earth (X.86.4).¢
The apparent annual course of the sun is divided into two halves, the utfardyana
when the sun goes northwards and the daksipdyana when it goes southwards.
Tilak has shown that according to the Satapatha Brakmana (11.1.3.1-3) the
uttardyana begins from the vernal cquinox.® But it is clear from the Kaugitaki
Brahmana (XIX.3) that those periods begin respectively from the winter and
summer solstices. The ecliptic is divided into twelve parts or signs of the
zodiac corresponding to the twelve months of the year, the sun moving through
the consecutive signs during the successive months. The sun is called by
different names at the various parts of the zodiac, and thus has originated the
doctrine of tweclve ddityas or suns.

The Rg-Veda (IX.71.9 etc.) says that the moon shines by the borrowed
light of the sun. The phascs of the moon and their relation to the sun were
fully understood. Five planets seem to have been known. The planets Sukra
or Vena (Venus) and Manthin are mentioned by name.

The Rg-Veda mentions thirty-four ribs of the horse (1.162.18) and thirty-
four lights (X.55.3). Ludwig and Zimmer think that these refer to the sun,
the moon, five planets, and twenty-scven naksatras (stars).® Macdonell and
Keith do not support this vicw, however.” The Taittiriya Samhita (IV.4.10.1-3)
and other works expressly mention twenty-seven naksatras. The Vedic Hindus
observed mostly those stars which lie ncar about the ecliptic and consequently
identified very few stars lying outside that belt. The relation betwcen the
moon and naksatras was conceived as being a marriage union. The Taiitiriya
Samhita (11.3.5.1-3) and Kathaka Samhita (X1.3) state that the moon is wedded
to the naksatras. Later on when Abhijit became the pole-star, it was counted
as the twenty-eighth naksatra. In the course of time Abhijit ceased to be the
pole-star and the number again came to twenty-seven. The ecliptic was divided
into twenty-seven or twenty-eight parts corresponding to the raksatras, each
of which the moon traverses daily during its monthly course.

It appears from a passage in the Taittiriya Brahmana (1.5.2.1) that Vedic
astronomers ascertained the motion of the sun by observing with the naked

¢A. A.Macdonell and A, B, Keith, Vedic Index of Names and Subjects, Vol. 11 (London, 1912), p. 468.
B, G, Tilak, The Orion or Rescarches into the Antiquity of the Vedas (Poona, 1972), pp. 22-26.
$Macdonell and Keith, op. ¢it., Vol. I, p. 410.

bid.
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eye the nearest visible stars rising and setting with the sun from day to day.
This passage is considered very important ‘as it describes the method of making
celestial observations in old times’.# Obscrvations of scveral solar eclipses are
rpcntioncd in the Rg-Veda, a passagc of which states that Atri observed a total
eclipse of the sun caused by its being covered by Svarbhinu, the darkening
demon (V.40.5-9). Atri could calculate the occurrence, duration, beginning,
and end of the eclipse. His descendants also werc particularly conversant
with the calculation of eclipses.® In the Atharva-Veda (X1X.9.10) the eclipse
of the sun is stated to be caused by Rihu the demon. At the time of the Rg-
Veda the cause of the solar eclipse was understood as the occultation of the
sun by the moon. There is also mention of lunar eclipses.

In the Vedic Sarhhitds the seasons in a year are generally stated to be
five in number, namely, Vasanta (spring), Grisma (summer), Varsi (rains),
Sarat (autumn), and Hemanta-Siéira (winter). Sometimes Hemanta and
Si¢ira are counted separately, so that the number of seasons in a year be-
comes six. Occasional mention of a seventh season occurs, most probably the
intercalary month.!¢ It is called ‘single born’, while the others, each compris-
ing two months, are termed ‘twins’. Vedic Hindus counted the beginning
of a season on the sun’s cntering a particular asterism. After a long interval
of time it was observed that the same season began with the sun entering a
different asterism. Thus they discovered the falling back of the seasons with
the position of the sun among the asterisms. Vasanta used to be considered
the first of the seasons as well as the beginning of the year.!* The Taittiriya
Samhita (V1.1.5.1) and Aitareya Brahmana (1.7) speak of Aditi, the presiding
deity of the Punarvasu naksatra, receiving the boon that all sacrifices would
begin and end with her. This clcarly refers to the position of the vernal equinox
in the asterism Punarvasu. There is also evidence to show that the vernal
equinox was once in the asterism Mrgaéird from whence, in course of time,
it receded to Krttika. Thus there is clear evidence in the Samhitas and
Brahmanas of the knowledge of the precession of the equinox. Some scholars
maintain that Vedic Hindus also knew of the equation of time.!?

GEOMETRY

Sulva (geometry) was used in Vedic times to solve propositions about the
construction of various rectilinear figures; combination, transformation, and

$Tilak, op. cit., p. 34n.
% Atharva-Veda, XI11. 2. 4, 12.36; Satapatha Brakmana, IV. 4. 21.
19Rg-Veda, 1. 164, 1; Atharva-Veda, V1. 61.2; see also Macdonell and Keith, op. cit., p. 111.
1 Taittiriya Brakmana, 1.1.2,6-7: III. 10. 4. 1.
Dhirendranath Mookerjee, ‘Notes on Indian Astronomy’, Journal of the Department of Letters, Vol. V
(Calcutta University, 1921), pp. 277-302; Ekendranath Ghosh, ‘Was the Equation of Time Known to
the Vedic Sages?’, Indian Historical Quarterly, Vol. V (1929), pp. 136-37.
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application of arcas; mensuration of arcas and volumes; squaring of the circle
and vice versa; etc.!* One theorem which was of great importance to them
on account of its various applications is the theorem of the square of the diagonal.
It has been enunciated by Baudhiyana (¢. 600 B.c.) in his Sulvasatra (1.48
thus: ‘The diagonal of a rectangle produces both (areas) which its lengt
and breadth produce separately.’ That is, the square described on the diagonal
of a rectangle has an area equal to the sum of the areas of the squares described
on its two sides. This theorem has been given in almost identical terms in
other Vedic texts like the Apastamba Sulvasitra (1.4) and Katydyana Sulvasiitra
(II.11). The correcsponding theorem for the square has been given by
Baudhiyana (I.45) separately, though it is in fact a particular case of the
former: ‘The diagonal of a square produces an area twice as much.’* That
is to say, the area of the square described on the diagonal of a square is double
its area.

The converse theorem—if a triangle is such that the square on one side
of it is cqual to the sum of the squares on the two other sides, then the angle
contained by these two sides is a right angle—is not found to have been
expressly defined by any Sulvakdra (geometrician). But its truth has been tacitly
assumed by all of them, as it has been freely employed for the construction
of a right angle.

The theorem of the square of the diagonal is now generally credited to
Pythagoras (c. 540 B.c.), though some doubt exists in the matter. Heath asserts,
for instance: ‘No really trustworthy evidence exists that it was actually dis-
covered by him.’®® The tradition which attributes the theorem to Pythagoras
began five centuries after his demise and was based upon a vague statement
which did not specify this or any other great geometrical discovery as due
to him. On the other hand, Baudhdyana, in whosc Sulvasitra we find the general
enunciation of the theorem, seems to have been anterior to Pythagoras.
Instances of application of the theorem occur in the Baudhiyana Srautasitra
(X.19, XIX.l, XXVI) and the Satapatha Brihmana (X.2.3.7-14). There are
reasons to believe it to be as old as the Taittiriya and other Samkhitas.!® With
Biirk, Hankcl, and Schopenhauer, we are definitely of the opinion that the
early Hindus knew a geometrical proof of the theorem of the square of the
diagonal. It is very probable, and also natural, that the truth of the theorem
was first perceived and proved in the case of rational rectangles and then
generalized and found to be universally true. On actually drawing the squares

13More information on early Hindu geometry will be found in the author’s book, The Science of the
Sulva—A Study in Early Hindu Geometry (Calcutta, 1932). This book will henceforth be referred to as
Datta, Sulva.

USee also Apastamba Sulvasitra, 1.5 and Kdtydyana Sulvasitra, 11.12.

BT, Heath, History of Greek Mathematics, Vol. I (Cambridge, 1921), pp. 144ff.
WDatta, Sulva, pp. 120fF.
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on the sides and diagonal of such a rectangle and dividing them into elementary
squares, it will be easily found by calculation that the square on the diagonal
is equal to the sum of the squares on the sides (Fig. 3.1).

A £ B

H F

D G 9
Fig. 3.1 Fig. 3.2

As regards the geometrical evidence, it is natural to prcsume that the
proof of the simpler theorem of the square of the diagonal of a square was
discovered first. It seems to have been discovered in the figure of the paitrki-
vedi (Fig. 3.2).

Here the required square figure EFGH is obtained by joining the middle
points of the sides of a square ABCD drawn previously. The squarc ABCD
is known to be twice the square EFGH in area. It was the usual practice of the
Vedic geometers in constructing a square (or indced any other regular figurce
of given sides) to do it in such a way as to make it lie symmetrically on the
cast-west line EG. This EG is, again, the diagonal of the newly formed square
EFGH. Thus the square ABCD on the diagonal EG of the square EFGH is
twice the squarc EFGH. So this figure leads in a very simple and vivid way
to the discovery and proof of the theorem of the squarc of the diagonal of a
square.

How the early Hindus proceeded next to find a general proof is hinted
at by the two propositions in the Katydyana Sulvasitra (¢. 500 B.c.) preceding
the general theorem of the square of the diagonal of a rectangle (I1.8-9).
It is evident from Fig, 3.3 that the square ABCD is equal to ten clementary
squares, four forming the inner square OPQR and the remaining six formed
of the halves of the four rectangles surrounding it, viz. AFBO, BGCP, CHDQ,
and DEAR, each of which consists of three clementary squares. These can again
be divided into two groups: one group consisting of nine elementary squares
forming the square on the line OB and anothcr group of a single elementary
square on the side O4. Thus it is proved that AB*=042105B2,
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From such instances of rectangles whose lengths and breadths can be
represented by commensurable quantities and in which the truth of the theorem
is proved casily, one can deduce without any difficulty a general geometrical
proof of the theorem. Four rectangles cqual to the given one arc drawn, each
having as its diagonal a sidc of the square on the diagonal of the given rectangle
(Fig. 3.4).

From the above it follows obviously,

& =4(3ba) + (b—a)?
or ¢2=h24a2

This proof reappears in the Bijaganita of Bhaskara IT (b. A.p. 1114).

Another plausible hypothesis about the general proof is as follows: Let
ABCD be a given square. First draw the diagonal AC and then extend 4B to
E to make AE equal to AC. Construct the square AEFG on.AE. Join DE,
and on it construct the squarc DHME. Complcte the construction as indicated
in Fig. 3.5.

G S_F
b, R
AKQ E
H N 1P
M 5'4 DG
Fig. 3.5 Fig. 3.6
Now, square DHME = 4 (triangle DAE)+square ANPQ
= AERD-+ABSG+CRFS
= ABCD+ AEFG.

.. DEB*=DA*+ AR,
Q.E.D.
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In the course of construction of fire-altars, it was necessary to add together
or substract from one another two or morc figures such as squares, rectangles,
and triangles. In the case of the combination of squares, merc application,
repeated when necessary, of the theorem of the square of the diagonal was
sufficient to get the desired result. But in the case of other figures, they had
first to be transformed into squares before the theorem could be applied, and
the combined square was then retransformed into the desired shape. The
method described in the Sulrasitra for the transformation of a square into a
rectangle which will have a given side is very scientific (Fig. 3.6).

Let ABCD be a given square, and M a given length which is greater than
a side of the square. Produce DA and CB to E and F respectively so as to
make DE=CF=M. Join EF. Draw EC cutting AB at P, Through P draw
HPG parallel to ED or FC. Then HFCG is the rectangle which is equivalent
to the square ABCD and whosc side GH is equal to the given length M. For

triangle EFC = triangle EDC,
triangle EHP = triangle EAP, and
triangle PBC = triangle PGC.
parallelogram HFBP = parallelogram ADGP.
Hence parallelogram HFCG = squarc ABCD.
Q.E.D.
When the given length M is less than a side of the given squarc ABCD, the
construction will be as in Fig. 3.7.

Fig. 3.7

GEOMETRICAL ALGEBRA

Vedic geometry contains the sceds of Hindu gcometrical algebra, whose
developed form and influence we find as late as in the Bijaganita of Bhaskara II.
It has a solution of the complete quadratic equation:

ax?4-bx=c.
But its most noteworthy achievements are in the field of indeterminate analysis.!?

To find a square equal to the sum of a number of other squares of the

17Bibhutibhusan Datta, “The Origin of Hindu Indeterminate Analysis’, Archeion, Vol. XIII (1931),
PP. 401-7; Datta, Sulva, pp. 133ff. and 178fF.
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same size, Kityiyana gives a very simple and elegant method in his Sulvastitra
(VL.7). ‘As many squares (of equal size) as you wish to combine into one,
the transverse line will be (equal to) one less than that: twice a side will be
(equal to) one more than that, (thus) forming a triangle. Its arrow (altitude)
will do that.” That is to say, to combine n equal squares of sides a each, we
shall have to form a triangle ABC whose base BC will be equal to (n—1) a and
2 AB=2 AC=(n-+1)a (Fig. 3.8).

A

2,

<
[
x
\7
©

Fig. 3.8

Then if AD be the altitude of the triangle, AD?=na?

Thus (V;)z a* + (n_—__l)’ at = ("_'*;1)2 a®

Putting m? for n in order to make the sides of the right- anglcd triangle free
from the radical, we get

m2a? + (

as the solution of the indeterminate cquation of the second dcgree
2 pyr=22,

If the sides of the right-angled triangle are to be integral as well as rational,
m must be odd. According to Proclus (¢. A.p. 450), a particular casc of this
solution where a=1 was known to Pythagoras.

Putting m=>5 and 2=3 in thc above formula, we get the rational rectangle
(15, 36, 39) which has been applied in the Taittiriya Samhita (V1.2.4.5).

A more general solution of x2-4)?=22 is furnished by the Vedic method
for the transformation of a rectangle into a square and for the enlargement
of a square thus:

o ()

(2mn)? + (m? —n?)? = (m? 4 n2)?

It was also known that if (p, ¢, ) be a rational solution of the equation
x34y2=23, other rational solutions of it will be given by (p, lg, Ir), where I
is any rational number. Thus the Vedic Hindus obtained the complete general
solutions of the rational right-angled triangles. From them they derived
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rational right-angled triangles having a given leg. The method is to reduce
the sides of any rational right-angled triangle in the ratio of the given leg to
the corresponding leg of it. Thus the sides of a rational right-angled triangle

having a given leg a will be ( a, %q , ;—'), where p, ¢, r are the sides of any

rational right-angled triangle. This method of obtaining rational right-angled
triangles having a given leg has been followed in later times in India by
Mahavira (A.p. 850) and in Europe by Lconardo Fibonacci of Pisa (a.p. 1202)
and Vieta (c. A.p. 1580).

Solutions of simultancous indeterminate equations are also found in the
Sulvasatra. To indicate how such equations present themselves we take, for
example, the case of the Syena-cit (falcon-shaped firc-altar). Its total arca (at the
first construction) is 7}a?, where a is equal to one puruga.® It is laid down that
this fire-altar must be constructed in five layers, each layer consisting of 200
bricks, and that the rifts of bricks in successive layers must not be identical.
There is no special injunction about the varieties of bricks to be used or about
their relative sizc. There are differcnt mcthods of construction of this fire-
altar. Baudhdyana has described two methods. In one method four kinds of
square bricks are used, while in the sccond rectangular bricks are also employed.
If we take in gcneral the areas of the four varictics of bricks to be
%lz, :,Tz’ ;-2, and a_;, and if ¥, 3, z, and « denote respectively the number of
bricks of each varicty in a layer, we shall have
2
9

x4+ + 2+ u=200.

In his Sulvasitra (I11.24fF., 41fF.), Baudhayana states four solutions of these
equations as follows:

With constants m=16, n=25, $=36, and =100, the solutions are obtained
when

X v_
atatat g 7% and

(i) x=24, y=120, z=36, and ¥=20
or (ii) x=12, y=125, z=63, and 2=0;
and with constants m=25, n = 50, p =-53—0 , and ¢ = 100, the solutions are
obtained when
(iii) ¥=160, y=30, z=8, and u=2
or (iv) x=165, y=25, z=6, and u=4.

18Pyrusq means the height or measure of a man (considered as a measure of length).
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For the construction of the same altar Apastamba suggests the use of five
different varieties of square bricks.!® His equations

£
b
x+y+z+utv=200
admit of six solutions as follows:
With constants m=16, n=25, p=64, §=100, and r=144, the solutions are
obtained when
(i) x=67, y=58, 7=48, u=18, and v=9
or (ii) x=74, y=45, =52, =20, and v=9
or (iii) x=77, y=42, z=40, u=32, and v=9;
and with constants m=16, n=25, =36, ¢=64, and r=100, the solutions are
obtained when
(iv) x=12, =157, z=9, u=0, and v=22
or (v) x=70, y=45, =9, =56, and v=20
or (vi) x=10, y=159, 2=9, u=8, and v=14.
Vedic Hindus knew the elementary treatment of surds. They were aware
of the irrationality of 4/ and attained a very remarkable degree of accuracy
in calculating its approximate value?® as

x v, v _
;1+71+ +;+;—7%and

— 1 1 1
Vi=l+3+s5g—5am
In terms of decimal fractions this works out to 4/9=1:4142156. . ..According
to modern calculation, 4/9=1-414213.... Thus the Hindu approximation is
correct up to the fifth place of decimals, the sixth being too great.

There have been various speculations as to how the value of V2 was
determined in that early time to such a high degree of approximation,
Nilakantha (a.p. 1500) in his commentary on the Aryabhatiya opines that
Baudhiyana assumed each side of a square to consist of twelve units. Then
the square of its diagonal will be equal to 2.122, Now,

2122 =288 =289 — 1 =172 — 1,

12.V2 =vI7* — 1 ‘
1 .
=17 — 517 approximately.

Hence v2 =1+ % + 3L4 — ﬂl_g[} approximately.

1 Jpastamba Sulvasitra, X1.1T.; sce also Datta, Sulva, pp. 184-85.
9Baudhiyana Sulvasitra, 1.61-62; Apastamba Sulvasitra, 1.6; Katydyana Sulvasdtra, 11.13,
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This same hypothesis has been suggested in recent times by Thibaut.st We

tlpl‘ink that the result was arrived at geometrically in the following way?!
(Fig.3.9):
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Fig. 3.9 Fig. 3.10

Take two squares whose sides are of unit length. Divide the second square
into three equal strips I, IT, and III. Subdivide the last strip into three small
squares III;, IIL,, and III; of sides } unit each. Then on placing I and III,
about the first square § in the positions II’ and III,’, a new squarc will be
formed. Now divide each of the portions III, and IIIj into four equal strips.
Placing the eight strips about the square just formed, on its east and south
sides, say, and introducing a small square (marked shaded in the figure) at
the south-east corner, a larger square will be formed, each side of which will
be obviously equal to

1 1
This squarc is clcarly larger than the two original squares by an amount

2
(3—14) , the area of the small (shaded) square introduced at the corner.

So to get equivalence, cut off from the sides of the former squarc two thin
strips. If x be the breadth of each thin strip, we must have

. 2x(l+-§- +§f—4)—x’ =(I%71)’

whence, neglecting #? as being too small, we get

1
*=gz737 nearly.

91G, Thibaut, ‘On the $ulvasiitras’, Journal of the Asiatic Society of Bengal, Vol. XLIV (1873),
pP. 239, .
1Datta, Sulva, pp. 192fF.
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Thus we have finally

- 1,11
V2=1+ 5 + 535537 nealy.

Procceding in the same way we easily get an approximate value of

V3, namely, V3 =1 + % + 31—5— nearly (Fig. 3.10).

1
3.5.52
This approximate value can be obtained by the method of Nilakantha thus:

= 1 _
V3 = 15 V315

1 VIE—T
= E 62—1
=1 ( ) nearly
K] 2.26
=143+ 55— 5553 Pl
ARITHMETIC

Sources of information on Vedic arithmetic being very meagre, it is difficult
to define the topics for discussion and their scope of treatment. One problem
that appears to have attracted the attention and interest of Vedic Hindus was
to divide 1,000 into 3 equal-parts. According to tradition, only the gods Indra
and Visnu succecded in solving it. And for that they have becn extolled highly
in Vedic literature. The earliest reference to this purported achievement of
Indra and Visnu is found in the Rg-Veda (VI.69.8). It is mentioned also in
other works.28 Thus the Taittiriya Samhita (111.2.11.2) says: | 4OLS2

Ye twain have conquered; ye are not conquered;
Neither of the two of thecm hath been dcfeated;
Indra and Visnu, when ye contended,

Ye did divide thc thousand into three.

It is unknown how the problem could have been solved, for 1,000 is not divisible
by 3. So an attempt has been made to cxplain away the whole thing as a meta-
phorical statement. But a passage in the Satapatha Brahmana (I11.3.1.13) scems
clearly to belie all such spcculations, saying: ‘When Indra and Vispu divided a
thousand into three parts, one remained in excess, and that they caused to be

9 Atharva-Veda, 111.44.1; Maitrdyani Sarihits, 11.4.4; Satapatha Brakmaga, 111.3.1.13.
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reproduced into three parts. Hence even now if any one attempts to divide a
thousand by three, one remains over.’ In any case it was a mathematical exercise.

Vedic Hindus developed the terminology of numeration to a high degree of
perfection. The highest terminology that ancient Greeks knew was ‘myriad’
which denoted 104 and which camc into use only about the fourth century B.c.
The Romans had to remain content with a ‘mille’ (10%). But centuries before
them the Hindus had numerated up to pardrdha (104) which they could easily
express without ambiguity or cambrousness. The whole systemis highly scientific
and is very remarkable for its precision.

From the time of the Vedas the Hindus adopted the decimal scale of
numeration. They coined separate names for the notational places corresponding
to 1, 10, 102, 103, 104, 105, etc., and any number, however big, used to be
expressed in terms of them, But in expressing a number greater than 103 (sakasra)
it was morc usual to follow a centesimal scale. Thus 50.103was a morc common
form than 5.104. For instance, we find sastime sahasrani?t (60.10%), paficasat
sahasram® (50.10%), and dvd-saptatify sahasrani*® (72.10%). Even such forms as
x.10? are not wanting, as, for example, sastik Sata®® (60.10?). Though the term
for the sixth denomination is niynta in Vedic literaturc (except in the Kathaka
Samhitd), it was often called Sata-sahasra (100.103, i.e. hundred thousand). In
the Taittiriya Upanisad (11.8) the centcsimal scale has been adopted in describing
the different orders of bliss. Brahmananda, or the bliss of Brahman, has bcen
estimated as 100 times the measure of onc unit of human bliss.

In cases of actual measurements the Hindus often followed other scales. For
instance, we have in the Satapatha Brahmana (X11.3.2.5 et seq.) the minute sub-

s . S 1
division of timc on thescale of 15. The smallcst unit prana is given as T,.);,of aday.®

In the Vedanga-jyotisa (verse 31) a certain number is indicated as eka-dvi-saptika.
Ifit rcally means ‘two-sevenths and onc’ as it scems to do, then it will have to be
admitted that there was once a septisimal scale.?®
The whole vocabulary of the number-names of the Vedic Hindus consisted
mainly of thirty fundamental terms which can be divided into the following
three groups:
(i) eka, dvi, tri, catur, pafica, sat. sapta, asta, and nava;
(i) dafa, vimsati, trimsat, catvarimat, paficalat, sasti, saplati, asiti, and
navati; and
Ry Veds, 1.53.9; Satapatha Brahmana, X.2.1.11, XII1.4.1.6, etc.
5Rg-Veda, 1V.16.13.
3 Brhadaranyaka Upanisad, 11.1.19.
¥7Rg-Veda, VIL.18.14.
3The Sankhapana Sraulasitra (XIV.75 ef seq.) has a decimal subdivision of the day. Cf. Saikhdyana

Arapyaka, VII.20.
9Centesimal and scptisimal scales are found in the Buddhist work Lalitavistara, X.
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(iii) Sata, sahasra, ayuta, niyuta, prayuta, koti, arbuda, nyarbuda, samudra,
madhya, anta, and parirdha.

In (i) each term stands for a number which is greater by unity than the
number denoted by the term preceding it; in (ii) each term stands for a number
greater by 10 than the preceding term; and in (iii) each term is numerically 10
times as great as the preceding term. The name of any other number is formed
by a combination of the above terms in a well-defined and well-regulated
manner. It should be pointed out that all authorities agree about the names and
their order in (i) and (ii). But in (iii) there is agrcement only up to the term
ayuta (10,000) ; after that there are variations either by the interchange of terms
or by the introduction of one or two new terms.’® As pointed out by Panini
(c. fifth century B.c.) in his Astddkdyi (V.1.59), all the number-names in (ii)
except the first one (dafa) arc formed on a multiplicative principle. Thus
vimsati (20) equals dvau dasatau (2 X 10) ; trimsat (30) equals trayo dasath (3 % 10);
and so on.

The compound name for a number below 100 is formed by two words, one
from each of (i) and (ii). The term from (i) generally precedes that of (ii).
Thus we have ekd-dasa (11), sapta-vimsati (27), asta-trimsat (38), etc. In a com-
pound number-name of this class, the principle involved is that of addition.3
But in certain special cases the principle of subtraction is also in evidence.
Thus 19 is called nava-dasa (literally, 9+4-10) or ekanna-vimsati (literally, 20—1).
Similarly, we get such names as nava-vimisati (9-+20) or ekdanna-trimsat (30—1),
and nava-navati (9+90) or ekanna-Sata (100—1). The principle of subtraction is
found from the earliest Vedic age. It occurs altcrnately with the principle of
addition in the Taittiripa Sarmhita (VIL.2.11) in an interesting way: ekdnna-
vinsati, nava-vimsati, ekdnna-catvarirsat, nava-catvarimsat, and so on. In later times,
however, the terms nava-dasa, nava-vimsati, etc. became obsolete and the terms
involving the principle of subtraction were retained. In these, again, the prefix
¢kanna changed to ekona (‘one less’), so that we get only such forms as ekona-
vimsati and ekona-triisat. Sometimes cven the numerical prefix eka is deleted and
we have una-vimsati etc.

The facts just mentioned will belie, at least so far as the terminology is con-
cerned, the remark of Cajori that the principle of subtraction was not used by
any other people before the old Etruscans of Italy.3 It was, in fact, applied by
the ancient Hindus not less than two millennia before them.

In the formation of number-names above 100, which requires the use of the
terms from (iii), two principles are mainly in evidence: that of multiplication
and that of addition. We have already noticed that the multiplicative principle

9Macdonell and Keith, op. cit., pp. 342-43.

8 4stadhyayi, V.2.44-45, VL.3.47.
3F, Cajori History of Mathematics (New York, 1922), p. 63.
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is present, more or less covertly, in the formation of number-names in (ii),
except the first one. When a small number is placed before a term of higher
denomination, the latter is to be multiplied by the former, but when placed
after, it is to be added.?® Thus it became necessary to stick to a definite order
of arranging the terms of compound number-names representing large numbers.
The usual practice from the earliest time was to put the term of higher denomi-
nation first, except in the case of the two lowest denominations where the reverse
was usually followed. Thus we find such illustrations as sapta Satdni vinsatih (720),
sahasrdni satd dasa(1,110), and sastin: sahasrd navatim nava (60,099) in the Rg-Veda.

As regards the numeral symbolism, we are almost completely in the dark
because of inadequate palaeographic records. Some evidence of the existence of
Vedic numeral symbolism can be gathered, however, from literary sources. A
passage in the Rg-Veda (X.62.7) identifies some cows by the qualifying epithet
asta-karpi. It obviously means ‘having (the sign for the number) 8 marked on the
car’.% The Kathaka Samhita (XIII.10) mentions a certain gold weight called
asta-pruddhiranyam or asta-mydar hiranyam. Both these expressions have the identi-
cal meaning of ‘a picce of gold having (the sign for the number) 8 impressed
on it’.3¢

The seals and inscriptions of Mohenjo-daro show that in the third millennium
before the Christian era numbers were represented in the Indus valley by means
of vertical strokes arranged side by side or one group upon another. There were
very probably other signs for bigger numbers. Those rudimentary and cumbrous
devices of rod-numerals were, however, quite useless for the representation of
large numbers mentioned in the Vedas. In making calculations with such large
numbers, as large as 1012, Vedic Hindus must have found the nced for somc
shorter and more rapid method of representing numbers. This and other
considerations give sufficient grounds for concluding that Vedic Hindus had
developed a much better systcem of numerical symbols, An ancient story
narrated in the Mahabharata (I11.132-34) states that ‘the signs of calculation
(that is, numeral signs) are always only nine in number’ (II1.134.16). This

33Exceptions to this gencral rule and other peculiaritics in the formation of number-names have
been noted in the author’s article ‘Ankanirh vamato gatih’ in Séhitya Parisad Patrikg (1337 B.S.), pp.
70-80.

84],164.11; I1.1.8; and 1.53.9 respectively.

85This obvious interpretation of the tcrm asfa-karni has been disputed by some modern oriental
scholars without sufficient ground. But it is supported by other similar epithets, e.g. karkari-karyah
(having the mark of a lute on the ear), ditra-kargyah (having the mark of a sicklc on the ear), and
sthing-karnyah (having the mark of a stake on the ear), which are found in the Maitrdyant Sarhita
(IV.2.9). See Macdonell and Keith, op. cit., pp. 45-46; and Zimmer, Altindisches Leben, pp. 234 and 348.

30The lengthening of the terminal vowel a of asfa into d as occurs in the compounds agfd-pruth and
astd-mydam in Vedic grammar is found in many cases, e.g. agtd-kapalam and agstd-padim. The root pruth
means ‘to employ force’, and myd, ‘to press upon’. Hence the radical significance of the compounds
agtd-pruth and agta-mydam is *having (the sign for the number) 8 impressed upon’,
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story mentions the names of Uddalaka, Svetaketu, Astivakra, and Janaka, who
figure also in the Upanigads. If it is accepted that these names demonstrate the
truly ancient character of that story, it becomes clear that the decimal place-
value system of numeral notation was known to the Hindus of the Brahmana
period.

From a reference in the Astadhydyi of Panini we come to know that the
letters of the alphabet were used to denote numbers. Another favourite device
of Vedic Hindus to indicate a particular number was to employ the names of
things permanently connected with that number by tradition or other associa-
tions, and sometimes vice versa. Applications of this are found in the earliest
Sarhhitas. This practice of recording numbers with the help of letters and words
became very popular in later times, especially amongst astronomers and
mathematicians,

It appears that Vedic Hindus used to look upon some numbers as particularly
holy.3” One such number is 3. In the Rg-Veda the gods are grouped in three
(I.105.5) and the mystical ‘three dawns’ are mentioned (VIIL.41.3, X.67.4).
Cases of magic where 3 is employed in a mysterious occult manner occur in the
Rg-Veda (VIIL.91.5-7, X.87.10f.) and the Atharva-Veda (IV.3.1, 9.8). Even the
number 180 is mentioned in the Rg-Veda as three sixties (VIII.96.8) and 210
as three seventies (VIII.19.37). The number regarded as most sacred seems to
have been 7. Thus in the Rg-Veda we get ‘scven seas’ (VIIL.40.5), ‘seven rays
of the sun’ (I.105.9), and ‘seven sages’ (IV.42.8, 1X.92.2, etc.); and the number
49 is stated as seven sevens. Instances of combinations of these two numbers also
occur. Thus 21 is stated as three sevens in the Rg-Veda (1.133.6, 191.12) and the
Atharva-Veda (1.1.1), and 1,470 as three seven seventies in the Rg-Veda (VIIL.
46.26).

Numbers were divided into even (yugma, literally ‘pair’) and odd (ayugma,
literally ‘not pair’), but there is no refcrence to further subdivisions of numbers.
There is an apparent refercnce to zcro and recognition of the negative number
in the Atharva-Veda. Zero is called ksudra (XIX.22.6), meaning ‘trifling’; the
negative number is indicated by the epithet anpca (XIX.23.22), meaning
‘without a hymn’; and the positive number by rea (XIX.23.1), meaning ‘a
sacred verse’. These designations were replaced in later times by rna (debt)
and dhana (asset). ‘

Vedic Hindus became interested in numbers forming series or progressions.
The Taittiriya Sarhité (VI1.2,12-17) mentions the following arithmetical series:

M 1, 3, 5,... 19,29.39,...99;
(i) 2, 4, 6,...100;
| o(ii) 4, 8,12, ...100;

9E, W. Hopkins, ‘Numerical Formulae in the Veda and their Bearing on Vedic Criticism®, Foumnal

of the American Oriental Society, Vol. XVI (1894), pp. 275-81.
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(iv) 5,10, 15, ... 100; and
(v) 10, 20, 30, ... 100.
The arithmetical series are classified into ayugma and yugma. The Vijasaneyi
Sarhitd (XVIII1.24.25) has given the following two instances:
@ 1,3, 5, ...31and
(ii) 4,8,12,...48
The first series occurs also in the Taittiriya Samhita (IV.3.10). The Paficavirisa
Brahmana (XVIIL.3) describes a list of sacrificial gifts forming a geometrical
series of some interest:
12, 24, 48, 96, 192, ... 49152, 98304, 196608, 393216. This series rcappcars
in the Srauta-siitras.
Some method for the summation of series was also known. Thrice the sum
of an arithmetical progression whose first term is 24, the common difference 4,
and number of terms 7 is stated correctly in the Satapatha Brahmana (X.5.4.7)
as 756. That is to-say,

3 (24+28+32+...to 7 terms) = 3 x%{2 X244 (7—1) x4} =756.

Inthe Brhaddevata (111.13) we find the summation: 24344 ...1000=500499.
From the method indicated by Baudhayana for the enlargement of a square by
successive additions of gnomons, it is evident that he knew the result:
14345+ ...4+(2n+1) = (n+1)2.
Vedic Hindus knew how to perform fundamental arithmetical operations
with clementary fractions. For example, we take the following rcsults from the
Sulvasitra:®

7+ -21—5 — 1874,

(3 (342 (- 3) 7k e
¢7§=2§.

They dealt also with a fraction of a fraction, c.g.
7% = 15 L of } = 225.

We have seen that Vedic Hindus contributed directly towards the growth
and development of mathematics. In certain respects they anticipated the work
of the great mathematicians of later davs. Their indirect contribution to the
subject through their immediate followers and disciples was also considerable.

3See Datta, Sulva. pp. 212fT.
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POST-VEDIC MATHEMATICS

HE development of a certain Jevel of mathematical knowledge dictated by

the material necds of a society is a common phenomenon of all civiliza-
tions. What is noteworthy is that Vedic Hindus went much farther than what
was warrantcd by such needs and developed a natural love for the subject fully
in keeping with their propensity for abstract rcasoning. That is why we find them
preoccupied with large numbers, problems of irrational quantities and elemen-
tary surds, indeterminate problems and equations, arithmetical and geometrical
series, and the like, while engaged in the practical design and construction of
sacrificial altars., Although problems of architecture, the intricacies of the
science of Janguage such as metre and rhyme, and commercial accounting did
stimulate the development of mathematics, its greatest inspiration doubtless
came from the consideration of problems of reckoning time by the motions of
celestial bodies. In India, as elscwhere, a substantial part of mathematics devel-
oped as a sequel to astronomical advancement; and it is no accident that the
bulk of post-Vedic mathematics has been found only in association with the
Siddhantas, a class of astronomical works. The formative period of Siddhantic
astronomy may be limited to the first few centuries of the Christian era; for in
the fifth and sixth centuries A.D. there appcared Aryabhata’s works and Varaha-
mihira’s summary of a number of astronomical Siddhantas written before his
time. These centuries and possibly the few closing ones of the pre-Christian era
witnessed the development of mathematics required for adequately cxpressing,
describing, and accounting for astronomical elements and phenomena, as well
as for meeting the various nceds of an organized society.!

Jaina priests showed remarkable interest in the study and development
of mathematics. They devoted one of the four branches of Anuyoga (religious
literature) to the elucidation of gapitdnuyoga (mathematical principles) and
prescribed proficiency in sarkhydna (science of calculation) and jyetisa (astron-
omy) as an important prerequisite of the Jaina pricst.? An ea as to the
various mathematical topics discussed at this early age and recognized in
later Jaina mathematical works such as the Ganitasdra-sarigraha of Mahavira
(c. A.D. 850) and Ganitatilaka of Sripati (a.p. 999) may be obtained from
an extant passage (sifra 747) in the Sthandrga-sitra (c. first century B.c.). This

IMahavira gives an interesting account of the application of mathematics to the various fields of
human thought and action in the Gapitasdra-sarigraha, 1.9-19.
3Bhagavati-sitra sitra 90; Uttaradkyiyana-satra, XXV.7,8, and 38,
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passage enumerates: parikarma (fundamental operations), syavakdra (determina-
tion), rajju (geometry—this term, synonymous with the fulva of the Vedic
Sulvasiitras, was replaced by the term ksetraganita, meaning geometry), ras
(heap—includes mensuration of solid bodies), kaldsavarna (fraction), ydvat-tavat®
(linear equation), varga (quadratic equation), ghana (cubic cquati.on), varga-
varga (biquadratic equation), and vikalpa (permutations and combinations).
It will be seen that ganita then comprised all the three principal branches,
viz. arithmetic, algebra, and geometry. Its diffcrentiation into arithmetic
(patiganita or yyaktaganita) and algebra (bijaganita, avyaktaganita, or kuttaka) did
not take place until Brahmagupta (b. A.0. 598) sought to cmph:;size the
importance of the two. Treatises exclusively devoted to arithmetic began to
appear from about the eighth century A.p.f Geometry, which had a some-
what independent career at the time of the composition of the Sulvasiitras,
formed part of gapita and later became largely associated with arithmetic.

ARITHMETIC

Decimal Place-value Numeration: It is well known that the development of
arithmetic largely centred round the mode of expressing numbers. Before the
adoption of numerals with positional values, its progress was everywhere tardy
and halting, as in the case of Greck or Roman arithmetic with its cumber-
some mode of expressing numbers. The early advantage, skill, and excellence
attained by Indians in this branch of mathematics were primarily due to their
discovering the decimal place-value concept and notation, that is, the system
of expressing any number with the help of either groups of words or ten digits
including zero having place-valuc in multiples of ten. An extensive literature
exists on the Indian mcthod of expressing numbers, particularly on the decimal
place-value notation with zero, and on the question of its transmission to
South and West Asia and to Europe leading to its international adoption.
Mathematicians and oricntalists are generally agreed that the system with
zero originated in India and thence travelled to other parts of the world.
‘Our numerals and the use of zcro’, observes Sarton, ‘were invented by the
Hindus and transmitted to us by the Arabs (hence the name Arabic numerals
which we often give them).” In the beginning of the present century a few
scholars, notably George Rusby Kayc and Baron Carra de Vaux, disputed
the general view by questioning the reliability of Indian as well as Arabic

3Sec Bibhutibhusan Datta's article in Bulletin of the Calcutta Mathematical Society (BCMS), Vol. XXI
(1929‘)%:; l?lazl;hshali Manuscript, whose principles appear to have been developed, as believed by
Hoernle, Datta, and others, about A.D. 200, is primarily a work on arithmetic.

$George Sarton, The Appreciation of Ancient and Medirval Science During the Renaissance: 1450-1600
(Philadelphia University and Pennsylvania Press, 1955), p. 151.

37



THE CULTURAL HERITAGE OF INDIA

literary traditions on grounds of chronological uncertainty and on differing
philological interpretations of terms like hindasi and sought to trace the origin
to Greek sources. Their objections and criticisms were, however, adequately
answered by both mathematicians and oriental scholars such as Clark, Datta,
Ganguly, Das, and Ruska.

But the knowledge derived during the last thrity years or so from the
study of Babylonian mathematical cuneiform texts by Neugebauer, Sachs, and
others, and from recent studies of Chinese mathematics by Joseph Needham
and his co-workers calls for a review of the question of origin and develop-
ment of the system with reference to the role of India. The system of numera-
tion in the mathematical cuneiform texts of the Old-Babylonian period (1600
B.C.) has been shown to be based on place-value notation, albeit on a sexagesi-
mal scale, which Neugebauer believes spread to the Greeks and then to
the Hindus who contributed the final stcp, namely, the use of the place-value
notation for the smaller decimal units.® Needham claims that the Shang
oracle bone numeral forms (1400-1100 B.c.) and the method of writing
numbers with them are based on the decimal place-value idea continued in
the rod numerals, and suggests the possibility of the discovery of zero in
South-East Asia (Indo-China and Java) where Hindu culture ‘met the
southern zone of the culture of the Chinese’.? He further thinks ‘that the
“‘emptiness” of Taoist mysticism, no less than the “void” of Indian philosophy,
contributed to the invention of a symbol for Siinya i.e. the zero’.

In examining the question of India’s contribution to the origin and
development of the place-value system with zero, the basic facts established
from literary and epigraphic sources may be summarized as follows:

(a) From the Vedic times the basis of numeration in India has consistently
been ten. Long lists of names for several decimal places are found in the sacred
literatures of the Hindus, Jains, and Buddhists. The Vadjasaneyi (XVII.2),
Taittiriya (IV.4.11.4; VI1.2.20.1), Maitrayapi (11.8.14), and Kdthaka (XVII. 10)
Sarhhitds give denominations up to 13 places (10'?), e.g. ¢ka (1), dasa (10),
Sata (10%), sahasra (10%),...samudra (10°), madhya (10*°), anta (10'1), and
pardrdha (10'?). Buddhist literature continued the same tradition and intro-
duced a centesimal scale (fafottara-ganand), obtaining the name tajlaksana for
the 54th place (10%).° The Jains in the Anuyogadvdra-sitra (¢c. 100 B.c.) called
the decimal places gapand-sthdra, gave a numerical vocabulary analogous to
that of the Brahmanic literature, and mentioned fantastically large numbers up
to 29 places and beyond. By their conception of a time-scale called sirsa-prakelika

0. Neugebauer, The Exact Sciences in Antiguity (Copenhagen, 1951), p. 20.

Joseph Needham, Science and Civilisation in China, Vol. III (Cambridge, 1959), p. 11.

Shbid., p. 12.
’Ialila:sm, ed. R. L. Mitra (Calcutta, 1877), p. 168.
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8,400,000) which they increased to higher powers, they mentioned a number
equal to 8,400,000%.1° Thus the decimal place-value mode of reckoning was
recognized without any ambiguity in the sacred literatures of the pre-Christian
period going back to the time of the composition of the Sarhhitas. This mode
of reckoning we find more clearly stated in the mathematical-astronomical
texts from Aryabhata onwards in such expressions as sthandtsthanan dasagunan
sydt (from one place to the next it should he ten times)!! and dasagunottarah
samffiah (the next one is ten times the previous).1?

(b) The word-numerals and their use in a dccimal place-valuc arrangement
represent another unique development in India, designed particularly to
compress a large mass of numerical data into versified mathematical texts.
The word-names were selected by considering their association with numbers.
Thus 0 (zero) was denoted by kha, akdsa, ambara, Sinya, and their various
synonyms, signifying ‘emptiness’, ‘void’, ‘nothingness’, ctc.; 1 by ecarth
synonyms, e.g. ksiti, dhard, prthivi, or moon synonyms, e.g. indu, candra, abja;
2 by yama, asvin, dasra, aksi, etc.; 3 by rama, guna, agni, etc.; 4 by veda, samudra,
arnava, etc.; and so on.!* Fabrication of word-numerals may be traced to the
Rg-Veda (VII.103.1), and their use without placc-value has been found in the
Satapatha (XI11.3.2.1) and Taittiriya Brahmanas™ (1.5.11.1), the Vedaiga-jyotisa
(Arsa, 4, 19, 31; Ydjusa, 13, 20, 23, 25), and some Siitra texts. Their use in a
decimal system appears in the Agni Purdpa and Pajica-siddhantika (c. sixth century
A.D.). The place-value of a word-numecral for any number used in the Ist,
2nd, 3rd,...etc. places will be expressed by multiplying the word-numeral
by 1, 10, 100,...etc. respectively. These are written from right to left in
accordance with the principle arikdndm vamato gatih (numerals move to the
left). A few examples are given from the Pafica-siddhantika (1.14, 17; IX.2, 3):

1 2 3 4 5 6 7 7654321
(i) nava -vasu -guna -rasa  -rasah 66389
(ii) Sara -nava -kha -indriya-arpava-asah 1045095
(iii) muni -yama -yama-dvi 2227
(iv) Sanya-dvi -paiica -yama 2520
(v) svara-cka -paksa-ambara -svara -rtu 670217
(vi) rasa -visaya-guna -ambara -rtu  -yama-paksa 2260356

Notice how in the above examples the word-numeral yama or paksa, meaning
2 when used to denote a numerical figure, represents the numbers 20, 200,

10Bibhutibhusan Datta, ‘Place-value System of Notation’, BCMS, Vol. XXI (1929), pp. 138-40.
Y Gapitapdda, verse 2.
13Lilgoati, verses 10-11.
13Bibhutibhusan Datta and Avadesh Narayan Singh, History of Hindu Mathematics, Part 1 (Asia
Publishing House, Bombay, 1962), pp. 54-55; Louis Renou and Jean Filliozat, L'Inde classigue (Hanoi,
1953), pp. 708-9,
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2000, 200000, and 2000000 when used in the 2nd, 3rd, 4th, 6th, and 7th
places respectively.

The word-numerals were also used in inscriptions, of which the earliest
records occur in Cambodia, Campa, and Java. A few examples are given
below.

(i) Stone inscription of Phnom Bdydn, Cambodia (A.D. 604):

6 2 5
rasa-dasra-Sarais-fakendravarse—<in the year 526 of the Saka king,

i.e. 526 Saka.
(ii) Stone inscription of Mi-son, Campa (A.p. 609):
9 7 5
nava-saptatyuttarapafica varsasatatita Sakd-vanindra-kalapariménpam=in the
Saka epoch 579, i.e. 579 Saka.
(iii) Stone inscription of Kangal, Fava (a.n. 732):
4 5 6 '
Sakendra tigate Srutindriyarasairangikrte vatsare=in the year of the Saka
king cxpressed by the number 654, i.e. 654 Saka.

In the aforesaid regions of South-East Asia, the word-numerals were soon
followed by numcrals with zero and decimal place-value to express Saka dates.
This will be further discussed in what follows.

(c) Aryabhata I (b. A.p. 476) invented a system of expressing numbers
with the help of consonants and vowels, based again on the decimal place-
value principle. The need for extreme compactness and brevity in using a large
number of astronomical constants in verses with due regard to metrical
considerations led to this intcresting mcthod, cxplained in the paribhdsa stanza
of his Dasagitikd-sitra. In this system, 25 varga letters from ka to ma have values
from 1 to 25, and 8 avarga letters from ya to ka have values from 3 to 10. Their
places are governed by nine vowels [rom a to au, the distinction betwcen short
and long vowels being disregarded. The place-valucs for vowels, however,
differ for varga and avarga letters. Thus the expression khyughr means:15

khyughr=Fkhu+yutghyr
=2x10443% 10°+4 x10¢
= 4,320,000.

At about the same time a similar but somewhat improvea system of
alphabetical notations called kafapayidi was developed and used in mathe-
matical-astronomical texts.!® The system, employing place-value, was known to

UG. Coedes, ‘A propos de L'origine des chiffres arabes’, Bulletin of the School of Oriental Studies, Vol. VI
(London Institute, 1930-32), pp. 323-28.

US. N. Sen, ‘Aryabhata’s Mathematics’, Bulletin of the National Institute of Sciences of India,
No. XXI (1963), pp. 298-302. Sce also J. F. Flcet, ‘Aryabhata’s System of Expressing Numbers’

Journal of the Royal Asiatic Society (FRAS), 1911, pp. 109-26.
18]. F. Fleet, ‘The Katapayidi System of Expressing Numbers’, JRAS (1911), pp. 788-94,
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Aryabhata I; it was used by Bhaskara I (c. A.p. 574) and Aryabhata II (a.p.
950), and applied in the astronomical Faimini-siitras (I1.2.2) of unknown date.

(d) There are several references to zero in literary works before its appear-
ance in inscriptions and texts in association with numecrals. As alrcady stated,
zero appears in word-numerals where it means ‘cmptiness’ or ‘void’. In Pingala’s
(e. 200 B.c.) Chandah-sitra (VII1.29-31) zcro is mentioned in the rules for
calculating the number of long and short syllables in a metre of n syllables.
The Bakhshali Manuscript (¢. A.p. 200)!7 uses zcro in calculation and repre-
sents it by a dot as does the Kashmir recension of the Atharva-Veda. The
Sanskrit name for this zero-dot is S@nya-bindu, as is clcarly stated in Subandhu’s
Visavadatta (c. a.p. 600): ‘“The stars shone forth, ... like ciphers becausc of
the nullity of metempsychosis, scattered in the sky as if on the ink-black skin
rug of the Creator who reckoneth the sum total with a bit of thc moon for
chalk.’’8 Apart from the synonym, the passage indicates the usc of dot to re-
present zero in mathematical calculations. In the Srivijaya inscriptions of
Palembang in Sumatra, a dot is used in writing the zcro of the number 605.
The early Arab writers on the Hindu numeral system, such as Ibn Wahshiya
(¢. A.p. 855) and Al-Nadim (c. a.p. 987), uscd dots to represent zero. The
Hindu term for zero— Siinya, meaning ‘void’—passed over into Arabic as as-sifr
or sifr whose various Latinized versions were ciffre, ziffre (Liber algorismi),
zephirum (Liber abaci), cifra, figura nihili (Sacrobosco), tziphra (Maximus planudes),
circulus (Algoritmi de numero Indorum), and a few others.!®

(¢) The Kharosthi numerals are found to occur in the Aéokan, Saka,
Parthian, and Kuséna inscriptions dating from the fourth century B.c. to the
second century A.D. Strokes and crosses were uscd for the first eight digits.

1 2 3 4 5 6 7 8
| ] m x X X X XX

With the above strokes and crosses and the sign for 10 shown in the follow-
ing table, numbers were built up to 99 on additive principle. For multiples
of 10 up to 100, different symbols were used.

10 20 40 50 80 100

7 3 33 735 3333 11

17See Bibhutibhusan Datta, ‘The Bakhshali Mathematics’, BCMS, Vol. XXI (1929). pp 1-60

18, vidvan ganayato dhatus-sasi-kathinikhandena tamomagisyame ajina iva sarmsdrasyatisinyatvdt S
iva vilikhitdh jagattrayavijigisavinirgatasya makaraketolx ti-k ikirnd... — Vasavadattd, trans. Louis
H. Gray (New York, 1930), pp. 99-100.

1D, E, Smith, History of Mathematics, Vol. II (Dover, 1958), p. 71; Suzan Rose Benedict, 4 Com-
parative Study of the Early Treatises Introducing into Europe the Hindu Art of Reckoning (University of Michigan,
1914).
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The multiplicative principle was used in developing symbols for multiples of
100 up to 900. No sign for 1000 is known. The symbols used for 100, 200, and
300 were as shown below.

100 200 300

1 @ Zm

Intermediate numbers were written on additive principle as shown below:

22 . 74 122 274
13 x7333 13Tl x7333%0
(2+420) (4470)  (2+204100)  (4--70-200)

Where additive principle was applied, numeral symbols were used on the
left-hand side, and in the case of the multiplicative principle, on the right-
hand side. For writing conjugate numbers the left to right method, similar
to the word-numeral arrangement, was followed.

The Brahmi numerals are more sophisticated in their forms. They have
separate signs for numbers 1, 4 to 9, 10 and its multiples up to 90, and for 100,
1,000, etc. Multiples of 100 and 1,000 up to 9,000 are derived onthe multiplica-
tive principle, as in the case of the Kharosthi for multiples of 100. A few
examples are given,

Néndghat:
100 400 700 100 4,000 6,000 10,000 20,000

d of M T ® F & B

Nasik: 100 500 1,000 2,000 4,000 8,000

M ® 9 9 F 99

More than thirty inscriptions giving decimal place-valuc numeral notations
are known. A circular symbol for zero appears in the Gwalior inscrip‘tion of the
reign of Bhojadeva in which the verses are numbered from 1 to 26 in decimal
figures. In another Gwalior inscription the date Vikrama Sarhivat 933 and the
numbers 270, 187, and 50 are given in the decimal place-value system. Those
who are reluctant to rely on any evidence other than the palaeographic in such
matters have emphasized the importance of the Gwalior inscriptions and cited
these as unmistakable proof of the existence in India of a decimal place-value
notation with zero,
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(f) Curiously enough, decimal place-value numerals with a point symbol
($8nya-bindu) as well as a circular symbol for zero appear in three spccimens of
seventh century inscriptions of Srivijaya in the Hindu colonies of South-East
Asia —two at Palembang in Sumatra and one in Banka. These give the Saka
dates 605, 606, and 608 in figures. Another old Srivijaya inscription found in
Sambor gives the Saka date 605 in the same way. In Java two fragments of
inscriptions have been found in Dinaya which express the same date in word-
numerals as well as in figures in the decimal place-value arrangement. Thus the
Saka date 682 is written as nayana-vasu-rasa and is also repeatcd in figures.2®

If one recalls the history of the development of word-numerals in India as
discussed in (b), their appearance later on in inscriptions on monuments
with Saka dates in the Hindu colonies of South-East Asia, and the
subsequent replacement of word-numerals including zero by figures with a
symbol for zero (note also point symbol), it is natural to conclude that the
numerals with zero had originated in India and travelled to South-East Asia
with the Hindu colonizers. According to Coedes, ‘their usc in the Indian colonies
at such an early date clearly points to their existence in India at a date earlier
still’.?! To suggest that the Chinese decimal place-value systcm and the emptiness
of the Taoist mysticism might have stimulated the discovery of zero in South-
East Asia where the Hindu culture met the Chinese can at best be fanciful.
Even the claim that the Shang oracle bone forms (fourteenth to eleventh
century B.c.) indicatc a decimal place-value system is disputable. Much has
been made of the multiplicative principle applied in the development of symbols
for 100, 200, 500, or for 1,000, 3,000, 4,000, and so on. As we have seen already,
the same principle was used in evolving the Kharosthi symbols for 100, 200, and
300 and thc Brahmi symbols for 100 and its multiples, as well as for 1,000 and
its multiples. To express the numbers, say 300, with a symbol is not the same as
using the numerical symbol for 3 in the third decimal place and zero in the
second and first places or even leaving these places vacant as the Babylonians
did. Were it so, the Kharosthi and the earlier Brahmi numerals could also claim
the dignity of the decimal place-value system.

The Babylonian origin of the place-value system now appears beyond doubt.
It is immaterial that they chose a sexagesimal scale. But that the Hindu decimal
place-value was derived from the Babylonian sexagesimal place-value cannot
be definitely said. The discovery of cuneiform inscriptions of the Hittite kings
of Mitanni in Cappadocia (fifteenth to fourteenth century B.c.) and archacologi-
cal finds from Ur, Harappa, and Mohenjo-daro have established India’s
relations with western Asia from the third millennium B.c. There are stray

$9Coedas, loc. cit.

8 Leur emploi dans les colonies indiennes a haute dpoque est neltement en faveur de leur existence dans I'Inde a
une épogque plus hauts encore. Ibid.
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instances of Babylonian sexagesimal parameters appearingin Indian astronom-
ical texts. But the fact that the sexagesimal system was never generally adopted
in India, the very ancient and long Indian tradition dating from the Vedic times
of giving decimal place-names, and the various experiments of expressing
numbers on a decimal place-vlaue plan are nevertheless valid grounds for
believing in an independent Indian origin of the decimal place-value notation
with zero.

Extraction of Square and Cubic Roots: We have stated that the development of
the decimal place-value notation also meant the evolution of a new kind of
arithmetic which Sarton describes as a ‘mcdieval novelty’. This ‘medieval
novelty’ expressed through algorism (Arabic decimal notation) came to
Europc largely through Arabic translations of, or works based on, Indian
treatises and greatly influenced Renaissance mathematics.?? Let us take the
casc of the extraction of square and cube roots of large numbers. Theon of
Alexandria (¢. A.p. 390) gave an approximate and algebraical method of ex-
traction of square roots of sexagesimal fractions. The modern arithmetical
method even partially did not appear in Europc before Catanco (a.p. 1546)
and, in its cntircty, before Cataldi (a.p. 1613), author of the Trattato.?® In
India the method first appeared in the Aryabhatiya (a.D. 499). This was followed
by Brahmagupta (b. A.p. 598) who, howcver, did not give any rule for square
root extracticn. Subsequently, Mahavira (c. A.p. 850), Sridhara (c. A.p. 991),
Aryabhata II (c. a.p. 950), Bhaskara II (c. A.p. 1150), and Kamalikara (A.D.
1658) gave fundamentally the same rules.

The method of extraction of the cube root of any integral number has been
traced to the Gapitapada of the Aryabhatiya. The same method is given by
Brahmagupta in his Brahmasphuta-siddhanta (Ganitadhyaya, 12.7). Subsequent
Indian authors have given the same method in a less cryptic style. Rodet
attached special importance to Aryabhata’s rules for square and cube root
extraction because the very method of dividing the integral numbers in square,
non-square, cubic, and non-cubic places indicates the use of decimal place-
value notation with zcro in Aryabhata’s time and possibly even long before his
advent.* Methods of extraction of square root (khat fang) and cube root (kkai
li fang) with the hclp of abaci or counting boards no doubt appear in the
Chiu-chang Suan-shu (latter half of the first century A.D.).2 Smith, in his discussion
of the origin of the modern methods of extraction of square and cube roots,
overlooked the contribution of Aryabhata and Brahmagupta and mentioned

21Suzan Rose Benedict, op. cit. ; sce also Sarton, op. cit.

23S mith, op. cit., pp. 146-47.

ML, Rodet, ‘Legon de Calcul d’ Aryabhata’, Fournal Asiatigue, Vol. X111 (1879), pp. 393-434.

88Y, Mikami, The Development of Mathematics in China and Japan, pp. 13-14; Needham, op. cit.,
pp. 65-68.
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only Bhaskara’s rule. Even then he misinterpreted the rule by comparing it
with Theon’s method.?¢ Needham pointed out that the method had appearcd
in China long before it did in Europe, but he overlooked the work of Aryabhata,
Brahmagupta, and others.

ALGEBRA

The beginnings of algebra, or more correctly, the geometrical methods of
solving algebraic problems, have been traced to the various Sulvasitras of
Apastamba, Baudhiyana, Kityayana, Minava, and a few others. These
problems involving solutions of linear, simultaneous, and cven indcterminate
equations arose in connection with the construction of different types of
sacrificial altars and arrangements for laying bricks for them. The diffcrentiation
of algebra as a distinct branch of mathematics took place from about the time
of Brahmagupta, following the development of the techniques of indcterminate
analysis (kuftaka). In fact, Brahmagupta used the terms kutfaka and kuttaka-
ganita to signify algebra. The term bijaganita, meaning ‘the science of calculation
with elements or unknown quantities’ (bija), was suggested by Prthidakasvamin
(a.p. 860) and used with dcfinition by Bhéskara II. The Hindu mathematical
literature has various terms for the unknown quantity, c.g. yavat-tavat (Sthanarga-
satra); yadrechd, vafichd, kimika (Bakhshali Manuscript); gulikd (Aryabhatiya);
and avyakta (Brahmasphuta-siddhanta, Siddhinta-Sekhara, and Bhdskariya-bijaganita).

In the Sthandriga-sitra, cquations (samakarana, samikarana, sadrsikarana, etc.)
appear to be classified according to the powers of the unknown quantity, e.g.
yavat-tdvat (simple), varga (quadratic), ghana (cubic), and wvarga-varga (bi-
quadratic). But such classification was not maintained. Brahmagupta gave the
following classifications: (1) eka-varpa-samikarapa —equations in one unknown,
comprising linear and quadratic equations; (2) aneka-varna-samikarana —equa-
tions in many unknowns; and (3) bhdvita —equations containing products of
unknowns. This classification was further elaborated by Prthiiddakasvamin and
Bhaskara II.

Rule of False Position (Regula Falsi): The Rule of False Position, a mcthod of
solving simple linear equations of the type ax+5=0 by substituting guess values
gl, g2, etc.,3” was in extensive use among the Arab and European mathemati-
cians in the Middle Ages. In India its traces are noticed in the Sthandriga-sitra
through the use of the term ydvai-tdvat® and in the Bakhshali Manuscript.®
Al-Khwarizmi, Qusta Qusta ibn Luga, Abu Kamil, and others used a rule called
hisab al-khataayan in Arabic, which appeared as el cataym (Pacioli), elchataym,

MSmith, op. cit., p. 148,
11bid., pp. 437-38.
8sDatta, op. cit., p. 122.
®Jbid., pp. 31.32.
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etc. in medieval Latin treatises. Smith expressed the view that the rule as used
in the Middle Ages had possibly come from India. ‘The ordinary rule as used
in the Middle Ages’, he says, ‘seems to have come from India, but it was the
Arabs who made it known to European scholars.’?

Quadratic Equations: The Sulvasiitras contain problems involving quadratic
equations of the types ax3=c¢ and ax34bx=¢, The Bakhshali Manuscript gives
the solution of a problem in a form which reduces to

None of them gives any rule for solving such cquations. Both Aryabhata I and
Brahmagupta clearly indicate their knowledge of quadratic equations and the
solutions thereof. In connection with an interest problem Aryabhata I gave a
solution, and the result may be expressed in symbols as follows:

v =~V g
2

where p=principal; ¢{=time; g=sum.of interest on principal and interest on
interest in time ¢; and x=intercst on principal in unit time.

A similar quadratic solution for another intcrest problem is given in the
Brahmasphuta-siddhdnta (XII.11.15). Such quadratic problems also airse in
finding the number of terms (n) in an arithmetical progression. Both Aryabhata
I and Brahmagupta give the results correctly which, as Rodet pointed out long
ago in the case of the Aryabhatiya, indicate their knowledge of the solutions of
quadratic equations of the form ax+bx+¢=0.

The method of transforming into a whole square the left-hand side of the
quadratic equation ax?+4-bx=c by multiplying both sides by 44, then adding 52
on each side, and finally taking the square root for the solution, is given by
Sridhara in his Algebra which is lost. But the method is preserved in quotations
in the works of Bhaskara II, Jfidnardja, and Suryadasa,

Indeterminate Equations: The branch of algebra dealing with indeterminate
equations of the first degree has interested Indian mathematicians and astrono-
mers presumably from the time of the Sulvasiitras. These manuals contain
rules and directions which point to the solution of simultaneous indeterminate
equations of the first degree. Thus the Baudhdyana Sulvasiitra prescribes rules for
the construction of a garhapatya vedi (sacrificial fire altar) which lead to indeter-
minate equations of the following types:

9Smith, op. cit., p. 437.
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x4+y=21

x )
T =1

The results are correctly given, although the procedure is not indicated.
Detailed rules of solution are given in the works of Aryabhata I, Brahmagupta,
Bhaskara I, Mahavira, Aryabhata II, Bhaskara II, and later authors and com-
mentators. Indeterminate analysis had an immediate application in astronomy
in the determination of the cycle (yuga) of planets from the elapsed cycles of
several other given planets.

Aryabhata I and Brahmagupta gave rules for finding the value of N from

N=ax+r=by+n,
which is the same as finding the solution of the indeterminate equation
by=ax - (r,—r,)=ax+c

where a and b are called the divisors (bhdgakdra), r, and r, the corresponding
remainders (agra), and ¢ the difference of remainders (agrantara). Mahavira,
Aryabhata II, and Bhaskara II chose the form

ax +c
)=
where a was called the dividend (bkdjya), b the divisor (kdra), ¢ the interpolator
(ksepa), x the multiplicr (guna), and y the qudtient (phala). All the authors
clearly stated that the cquation admits of solution only when a and & are
prime to each other. Methods of solving simultancous indeterminate equations
called conjunct pulverizer (sanmslista kuttaka) of the form

b}’1 = a;X +¢,
byy = ayx Lc;
bys = ag¥ ¢,

are given by Aryabhata II and Bhaskara II.
The great merit of solving, in rational integers, indeterminate equations
of the second degree having the general forms

Nx? fe=)8
Nad f1=»2
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belongs to Brahmagupta. Further refinements, clarifications, and extensions
were due to subsequent Indian mathematicians such as Sripati, Bhaskara II,
and Narayana, and several commentators who made no mean contribution
to this branch of algebra. Hankel, the well-known historian of mathematics,
was not exaggerating the achievement of the Hindu mathematicians in this
field when he observed: ‘It is above all praise; it is certainly the finest thing
which was achieved in the theory of numbers before Lagrange.’s

Hindu mathematicians call indeterminate equations of the second degree
varga-prakrli (squarc-nature), in which N is termed gunaka-prakrti, kanistha-pada,
hrasva-mila, or ddya-mila; y is termed jfyestha-pada, fyestha-mila, or anya-mila;
and ¢ is termed kgepa, praksepa, or praksepaka. Brahmagupta’s formulation of the
equation asindicated in the firstline of his well-known lemma and as explained
by Prthiidakasvamin, Sudhakara, and others says that ‘an optional number (c)
added to or subtracted from the product of the square of a number (x2), and
an optional multiplicr () yields a square root (32)’.%% In clear terms Bhaskara I1
in his Bijagapita (Varga-prakrti, 1) dcfines the equation as follows: “The square
of the optional lesser number (ista hrasva) multiplied by the praksti and increas-
cd or decreased by the positive or negative interpolator (ksepaka) gives a square
root called the greater root (jyestha-miila)’, that is,

Nx? fe=32,

The mcthod adopted by Brahmagupta and other carly mathematicians
was to find a first sct of integral valucs of ¥ and y and form the auxiliary equa-
tion

N L1=RB,

From thesc an unlimited number of integral solutions can be readily obtained
by the lemma of Brahmagupta which was applied by Bhaskara II and later
mathematicians. By this method one can obtain an infinite number of solu-
tions as stated in the rule itself. In Europe, Fermat (¢. A.n. 1640) was once
believed to have been the first to state that an indeterminate equation of the
second degree of the type discussed above has an unlimited number of integral
solutions.?® The cquation with interpolator was mistakenly called the Pellian
equation after John Pell (a.p. 1668), a younger contemporary of Fermat.
In India such equations and full methods of solving them appeared more than
a thousand years before they did in Europe.
81H, Hankel, Qur Geschichte der Math in Altertum und Mittelalter (Leipzig, 1874), pp. 203-4,

33Brahmasphua-siddhinta, XVIII. 64,
#35mith, op. cit., p. 453.
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Cakravala or the Cyclic Method: We have stated that in order to solve the
indeterminate equation of the second degree of the type discussed, it is necessary
to form an auxiliary equation in positive intcgers of g, b, and ¢. Brahmagupta
did it by trial and error method for values of c= + 1,42, and -+4. Bhaskara II
gave solutions of the problem by a method he termed cakravila.® The method
seeks to derive from the equation Na%--¢=42 the following equation:

am -+ b \? m*— N [ bm4 Na\?
N( ¢ )+ c. —( ¢ )

Here m is the multiplier so that m®*—JN is the smallest. This multiplier is deter-

mined by the method of pulverizer (kuffaka), of which the quotient am;l—b

is the lesser root. Note how the pulverizer is formed by taking the lesser root
a as the dividend, the greater root b as the additive quantity, and the inter-
polator ¢ as the divisor.

Recently, Clas-Olof Selenius of the University of Uppsala re-examined
the Hindu cakravala method and concluded that the method could be best
explained in terms of the special new type of half-regular continued fractions.?
Unlike the regular continued fractions used by Euler and Lagrange in explain-
ing the Pell equation, the half-regular continued fractions are of a more general
type and render numerical work maximally economical. The Hindu method,
therefore, envisages a clear appreciation of deep-seated mathematical proper-
ties of continued fractions and of the theory of numbers. Selenius observes that
the cakravila method ‘anticipated the Europcan methods by more than a
thousand years and surpassed all other Oricntal performances. ... The cyclic
method is the absolute climax of the Indian mathematics in historical time
and thereby also of all Oriental mathematics. In my opinion, no European
performance at the time of Bhiskara, nor much later, came up to this marvellous
height of mathematical complexity.’

Permutations and Combinations, Pascal Triangle, and Anticipation of Binomial
Theorem: In the early Jaina canonical literature, permutation was termed
vikalpa-ganita and combination, bkariga. Later on the term chandaseiti was adopt-
ed to signify permutations and combinations. The rules had wide applications
which Bhiaskara II enumerated as follows: ‘It serves in prosody, for those
versed therein, to find the variations of metre; in the arts (as in architecture)

84For the rationale of the rule, see P. C. Sen Gupta, ‘Origin of the Indian Cyclic Method for the
Solution: Nx841=y*, BCMS, Vol. X (1918-19), pp. 73-80.

3Clas-Olof Selenius, ‘Kettenbruchtheoretische Erklarung der zyklischen Methode zur Lésung
der Bhaskara-Pell-Gleichung’, Acta Academiae Aboensis Mathematica et Physica, XX111, 10 (1963), pp.1-44;
“The Old Indian Methods for Solving Equations of the Second Degree’, The Thirteenth International
Congress of the History of Science, Moscow, Proceedings, Section V, pp. 202-6; ‘Rationale of the Chakra-
vila Process of Jayadeva and Bhaskara I1°, Historica Mathematica, Vol. 11 (1975), pp. 167-84.

49



THE CULTURAL HERITAGE OF INDIA

to compute the changes upon apertures (of a building); and (in music) the
scheme of musical permutations; in medicine, the combinations of different
savours. For fear of prolixity, this is not (fully) set forth.’

The Susruta-samhita (LXIII.1-9) correctly gives the sum of combinations
of six tastes taken one at a time, two at a time, etc. up to all at a time. The
Jaina Bhagavati-siitra calculates the number of combinations of #n fundamental
categories taken one at a time, two at a time, and so on. Varahamihira has
stated that ‘an immense number of perfumes can be made from sixteen sub-
stances taken in one, two, three, or four proportions’, and has correctly given
the number of perfumes resulting from sixteen ingredients mixed in all propor-
tions as 174,720.37 The results given in all cases indicate the use of formulas
whose modern forms are:

n nn—1)(n—2).....oviinnnn J(n—r+1)
“ 123......... s r

n

b =ar—l1)ciiiiiiiiiiionnin (n—r1).

r

Varahamihira in his astrological work, the Brhajjataka, applied the same
principle in conncction with planetary conjunctions.

An interesting rule for finding the number of combinations of n syllables
taking 1, 2, 3, ctc. up to n at a time has been given in Pingala’s Chandah-siitra
and is known as meru-prastara. It is the same as what came to be called Pascal’s
triangle in Europe in the seventeenth century®® or Ku fa chhi chhéng fang thu
in China in the fourteenth century.®® Although named after Pascal owing to
its full discussion in his Traité du Triangle Arithmétique published posthumously
in A.D. 1665, it had already appcared in Europe on the title page of the arith-
metic of Apianus (a.p. 1527) and had been discussed by other sixteenth-
century Europcan mathematicians such as Stifel (o.n. 1544), Scheubel (a.p.
1545), Tartaglia (.. 1556), and Bombelli (a.p. 1572). The method is that

the binomial coefficients PP R ., for n=0, B, 2, 3, ...,
[] 1 'n

n can be arranged in a triangular array so that any number in a row cquals
the sum of the two numbers immediately above.
The method given in a cryptic form in the Chandah-stitra has been explained

8 Lildvati, trans. Colebrooke, edited with notes by H. C. Banerjee (Calcutta, 1927), p. 71.

37 Brhat-sarhita, . XXVII.18, 14, and 17. For further exposition see rules 18 to 21.

28Smith, op. cit., p. 508.

%Needham, op. cit., p. 134. This is given in Chu Shih-Chich’s $Su Yuan Yii Chien (A.p. 1303), but
the method is belicved to have been understood by the beginning of the twelfth century a.p.
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12| 2¢, 2¢, 2,

113]3]1 3¢, 3¢, 3¢, 3c,

' 4 6 4 1 4C° qc‘ 4cz 4o3 40‘

1t |s|o]wo]|s |1 Sco Sey Se, Sey Se, Seg

by the commentator Haliyudha (tenth century A.p.). The explanation given
by him very clearly lends itself to the foregoing schematic representation.

1

1(a)+1(5) (a+b)t

: : . ' : 1(a?) +-2(ab)+1(52) (a-+b)z
ST 1(a%) +3(a) +3(ab) +1(8%)  (a+b)3
T e TelaT, 1(a%) +4(a%) +6(a2b?) +4(ab®) +1(8%)  (a-+b)*

[t is important to note that the meru-prastara method is set forth in connec-
tion with the problem of determining the number of combinations of a given
number of syllables in which the short or the long sound in a pada with all the
syllables may occur once, twice, etc. up to the time of the total number of
syllables. In the above exposition, a and b represent the short and the long
sound, and 1, 2, 3, etc. the number of syllables. For example, in the case of a
metre with four syllables, a pada may contain all the four short sounds (at),
three short sounds and one long (a%), two short and two long sounds (a%5?),
one short and three long sounds (a?), or all the four long sounds (4*).

The meru-prastira may be said to have anticipated the binomial theorem
in finding the values of nc,, n¢y, ncy,. . .nc, through the relation

n,,

-l—n,,“ = n+l,,+l.

It is seen that the coefficients of the binomial expression (a+b)» can be readily
determined by this process.4® Thus it is incorrect to say that meru-prastara ‘has

49For a fuller account of the meru-prastdra method in its relation to the science of prosody in Sanskrit
literature, sce A. K. Bag, ‘Binomial Theorem in Ancient India’, Indian Journal of Hislory of Science,
Vol. T, No. 1 (1966), pp. 68-74. fM._\_ )
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nothing to do with binomial coefficients’.#* Pascal’s triangle with its full im-
plication for the expansion of a binomial power (positive integral) series appears
in India from the time of the Chandah-siltra, several centudes before any such
knowledge is traceable in China. There is, therefore, no reason to suppose
that Umar al-khayyami, whose mathematical works bear evidence of Indian
influence, got the idea from some Chinese source.

GEOMETRY

Like other branches of mathematics, geometry in India in the post-Vedic
period was developed in the course of dealing with practical problems. Al-
though there are quite a few examples of important results having been obtained,
the subject never grew into an abstract and generalized science in the manner
it did at the hands of the contemporary Greeks. Problems receiving geo-
metrical treatment were discussed under such topics as ksetra (plane figures),
khata (excavations or cubic figures), citi (piles of bricks), krakaca (saw problems
or cubic figures), and ckdyd (shadows dealing with problems of similarities
and proportions). This mode of treatment continued up to the time of
Bhaskara II or even later. Elements of Greek geometry gradually filtered into
Sanskrit treatises mainly through Arabic and Persian works popular among
Muslim circles in medieval India. Kamalakara’s works bear witness to such
influx. But it was not until the beginning of the eighteenth century that Euclid’s
Elements was translated into Sanskrit by Jagannatha (b. A.n. 1652) under
the title of the Rekhagapita. We shall here briefly discuss some typical geo-
metrical problems which usually interested Indian mathematicians of the
ancient and mecdieval periods.

Solution of right-angled triangles: The solution of right-angled triangles,
whose sides a, b, ¢ are connected by the relation a?+5%=¢?, constituted a
favourite preoccupation of the Indians. Aryabhata I made a gencral statement
of the theorem. Brahmagupta gave general solutions of such triangles, whose
sides can be given in rational numbers in the following form:

a=2mn; b=m3—n?; c=m2+}nt,

L]
where m and n are unequal rational numbers. Other exercises in rational tri-
angles comprised the construction of right-angled triangles with rational sides
when a side a or b was given. The Brahmasphuta-siddhanta (XI1.13) gives the

solution as
vt (5 =0 )(5 +2)
@Needham, op. cit., p. 137, n. a.
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where p is any rational number. Mahavira and Bhiskara II gave their solutions
as

2na (n' +1)a
m—1 —1

a,

The above solutions are simple transformations of Brahmagupta’s results.
In Europe these results are usually credited to Fibinacci and Vieta, but several
centuries before them these results were known to Indian mathematicians.

Area of a quadrilateral: The Brakmasphuta-siddhanta (XI1.36) gives the arca
of a quadrilateral in the following terms: ‘Half the sum of the sides is sct down
four times and (ea.ch time) lessened by the sxdcs the square root of the product
is the exact area.’ In other words, the

area = 4/(s—a) (s—b) (s—¢) (s—d),

where @, b, ¢, and d are the sides and s =} (a+b+¢+d). The result is true
for inscribed quadrilateral only, although Brahmagupta does not say so explic-
itly. Heron (¢. A.n. 200) of Alexandria had given this formula a few centuries
before it appeared in Indian works.

In the Brakmasphuta-siddhanta we come across another remarkable formula
giving correctly the diagonals of a cyclic quadrilateral, d;, and d,, as follows,
where g, b, ¢, and d are the sides:

- (bd + ac) (ab + cd)
a \/ ad-+be

d°=A/(bd+ac) (ad + be)
ab + cd

These relations were given by W. Snell at the beginning of the seventeenth
century in Europe.
TRIGONOMETRY
Trigonometry was developed as an integral part of astronomy. Without
its evolution many of the astronomical calculations would not have been

possible. Three functions, namely, jyd, kojyd (also kotijya), and utkramajya,
were used and defined as follows:

pa AP=R sin 9,
kojya AP=R cos 0,
utkramajy@ AP=R—R cos 6=R versin 6,

where AP is the arc, R the radius, and 8 the angle subtended by the arc at
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the centre. From these definitions a number of elementary formulas were
developed, of which a few are shown below:

sin (90—6)=cos 6

2
sin2g = SO 420+ versm 20

sin (—Z—_:};—é—) = J#ﬂ

sin (4 +-B) =sin A cos B 4-cos Asin B

sin 20=2sin 6 cos6.

Fairly accurate sine tables were worked out and given in most astronomical
texts to facilitate ready calculations of astronomical elements. The usual
practice was to give the values at intervals of 3°45', although other intervals
also were sometimes chosen. Intermediate values were calculated by extrap-
olation. Brahmagupta, Bhaskara I, and others gave formulas for the direct
calculation of the sine of any angle without consulting any table. Credit is
due to the Indian mathematicians of the medieval period for the development
of trigonometrical series and series of the following types:

-}:1—_;-[-%—%-}-—37 ............................ (1)
sm9=0-—-§+% .................................... @)
cosd = 1— o+ F IR @)
"=ff§T§ B(SC‘;z (%%g“. ...... o (d)

These relations are found in four important mathematical-astronomical
works, i.c. the Karanapaddhati, Tantra-sangraha, Yuktibhisa, and Sadratnamala,
all belonging to the period between the fifteenth and eighteenth centuries.
The first and fourth series were rediscovered by Gregory in the seventeenth
century, and the second and third by Newton. Thus in trigonometry there is
evidence of an unbroken tradition of excellence and originality in India
extending over several centuries,
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CALCULUS

Rudimentary ideas of integration and differentiation arc found in the works
of Brahmagupta and Bhiskara II. Bhaskara II, in particular, determined the
area and volume of a sphere by a method of summation analogous to integra-
tion. In the first method, the surface is divided into eclementary annuli by
drawing a series of parallel circles about any point on the surface. The number
of such circles, according to Bhaskara II, can be as many as desired. The arca
of the sphere is given by the sum of areas of the annuli. To find the volumc of
the sphere, it is divided into a large number of pyramids with their bases lying on
the surface of the sphere and their apices coinciding with the centre. The sum of
the volumes of these pyramids gives the volume of the sphere.

In the definition of tdtkaliki gati (instantaneous motion) by Bhaskara II
and in his method of calculating its value, an elementary conception of differ-
entiation is clearly indicated. The problem is presented in connecction with
the question of finding the instantaneous velocity of a planet. Earlier, he had
given methods of determining the mean and true longitudes of any planet for
any instant of time, The results he now gives for such instantancous velo-
cities indicate differentiation of the type: d (sin 6)=cos 6 d 6.

In conclusion, it may be stated that mathematics is a specialized discipline
the knowledge of which must necessarily remain confined to only a few persons
having an exceptional interest in the subject and its application. This was
particularly the case until the advent of modern science and the expansion of
education at higher levels. In India also during the ancient and medieval times
the study of mathematics was the preoccupation of a fcw astronomers-cum-
astrologers scattered all over the country. Nevertheless, thec development of
mathematics to the extent we have seen in the foregoing review must be attrib-
uted to something special in the intellectual efforts of the Indians of this
period.
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ASTRONOMY IN ANCIENT INDIA

HE Vedas prescribcd various yajiias or sacrifices to be performed in different

seasons of the year. The duration of these sacrifices used to vary; some were
seasonal, some four-monthly, some year-long, and others even longer. It was
necessary to calculate the time to begin and end a sacrifice. This presumably
led the Vedic Indian to turn to astronomy. The winter and summer solstices
formed the basis of their seasonal calculations. The ascertained solstice days
almost always coincided with the full moon, new moon, or last quarter of the
lunar month. The seasons were calculated beginning from the uttardyana —the
winter solstice or the first day of the sun’s northerly course. There were six
seasons, each of two months: winter, spring, summer, rains, autumn, and
dews.

Early researchers came across a Vedanga tradition about the position of
the solstices of the Vedic period. It states that the sun turns north at the
beginning of the Dhanistha division and south at the middle of the Aélesa
division —a phenomenon which is known to have prevailed during the period
between 1400 and 1200 B.c. This led them to consider this period as the earliest
phase of the Vedic age. Now, however, the positions of the solstices and equi-
noxes in the successive ages of the Vedic and post-Vedic times have been
ascertained to be as follows:

1. The summer solstice at about 8 Leonis, the winter solstice at about a
Pegasi,! and the vernal equinox near A Orionis suggest a period of
about 4000 B.c., although the Vedic statement gives the position
of the winter solstice alone.?

2. The vernal equinox near a Tauri (Rohini) and consequently the
summer solstice at about & Leonis indicate a period close to 3000 B.c.?

3. The vernal equinox at about 5 Tauri (Krttikds) and the summer
solsticc about a Leonis (Magha) occurred around 2350 B.c. i

4. The summer solstice about the first point of the Magha division and
the winter solstice at the middle of the naksatra Dhanistha suggest a
period near about 1800 B.c.’

1P, C. Sen Gupta, Ancient Indian Chronology (University of Calcutta, 1947), pp. 68 and 79.
SAtharoa-Veds, XIIL.1.6; Sen Gupta, op. cit., pp. 95f.
3Sen Gupta, op. ., pp. 185, 151, 161, and 169.

4Jbid., pp. 15-18, 32, 42, 172, and 174,
$Ibid., pp. 192-93.
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5. Lastly, the summer solstice at the middle of the Aéles3 division and the
winter solstice at the first point of the Dhanistha division took place
about 1400 B.c.¢

The manner in which these positions were ascertained in the Vedic period
may be determined from a passage in the Aitareya Brahmana (XVIII.18) which
says or rather indicates that the sun remained stationary at the rising point or
maintained the same meridian zenith distancc for twenty-one days at the
solstices.” The true solstice day was the middle of these twenty-one days—
madhya esa ekavimsa. .. iti. The twenty-one days in which the sun remained
stationary at the solstice were divided into ten, one, and ten days. The two
periods of ten days at the beginning and at the end were styled virdja. Since
at the end of the sun’s northerly course the sun’s rising point remained stationary
for twenty-one days, it was thought that the middle or the eleventh day was
the true summer solstice day. Similarly, the eleventh day of the solstice at the
end of the sun’s southerly course was the winter solstice day. When the solstice
day fell on a new moon day, the new moon naksatra gave the position of the
solstitial point. Likewise, when the solstice day fell on a full moon day, the
moon’s naksatra gave the position of the opposite solstitial point.The observation
of the retardation in the moonrise after the full moon could exactly settle the
full moon day and also perhaps the instant of the full moon. Similarly, the
observation of the entire period of invisibility of the moon after the new moon
led to the correct estimate of the exact day and perhaps of the hour of the
instant of the new moon.

The observation of the phase of the moon on the solstice day settled the
nature of the Vedic calendar, whether the lunar months were to be reckoned as
ending with the full moon, the new moon, or even with the last quarter of the
lunations. Sometimes after four years the months ending with the full moon
and starting from the winter solstice day were changed into months ending with
the new moon. In four years there are 365:25 x4=1461 days, and in 49-5
lunations there are 29-53 x49-5=1461-75 days nearly. Hence in the observa-
tional methods forming the Vedic calendar, this procedure of changing the
system of reckoning lunar months from months ending with the full moon to
those ending with the new moon and vice versa was quite possible. In the
Mahabharata we have a record of such a procedure.

Again, in six years there occur 2191:5 days comprising 74 lunations plus
6-25 days nearly. A winter solstice on a full moon day in the month of Magha
(January-February) will in six years fall on the seventh day of the dark half of
the month, and the first day of the sun’s northerly course will fall on the next
day, i.e. the day of the last quarter. This idea is supported by the statement

$Ibid., pp. 189-91.
Ibid., pp. 155-58.
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vyastakdyam uttaram (the first day of the next year will fall on the day of the last
quarter) in the Taittiriya Brahmana.

In those days the lunar phase of the solstice day gave the mode of reckoning
the coming lunar months. In ordinary calendars it was generally preferred to
follow the lunar months ending with either the new moon or the full moon.
Sometimes there arose a special necessity for finding the winter solstice day
of a particular year, which led to the determination of the new phase of the moon
for finding the first day of the new year. This settled the dates for beginning the
Vedic sacrifices lasting two or four lunations. Among the sacrifices the jyotistoma
and vdjapeya — the spring and the summer sacrifice respectively — were of two
months’ duration cach. The four-monthly (caturmdsya) sacrifices lasted the four
months of spring and summer. For these, both the solstice days were very
frequently determined in the process mentioned above. The Aitareya Brahmana,
however, speaks of only the summer solstice day. The year-long sacrifices, like
the asvamedha and rdjasiya, began from the spring and lasted twelve lunations,
The beginning of spring was taken at 60 or 61 days after the winter solstice day,?
which was a fair approximation.

The long-period sacrifices performed by the Vedic people sometimes
extended to three, five, or twelve years. In three yeats there was evidently one
additive lunar month,® while in five years there were two.1® Thus in eight years
three additive months had to be reckoned with. Consequently in four years
there were one and a half additive months and in twelve years four and a half
additive months.®! The Srautasiitras also speak of sacrifices which lasted for
thirty-six years or even longer periods.

The Vedic people were keen observers of the motions of the moon amongst
the fixed stars. The ecliptic stars were regarded as so many milestones for the
moon’s motion in a sidereal month. The stars and star clusters about the ecliptic
were probably named and reckoned as twenty-seven or twenty-eight, the
period of revolution of the moon being between twenty-seven and twenty-eight
days. In the Mahabhdrata (111.230.10) the naksairas are stated to be twenty-seven
in number when Rohini (Aldcbaran) is the first star, a phenomenon which may
be dated at about 3000 B.c. Many are the naksalras mentioned in the Rg-Veda,
but we cannot be definite whether all the twenty-seven or twenty-eight naksatras
were recognized before the time of the Taittiriya Sanhita (c. 2446 B.c.). Of the
twelve signs of the zodiac, the Rg-Veda (1.57.1) refers to Mesa (Aries) and
Vrgabha (Taurus). But it may be doubted if such references really point to
anything similar to the signs of the zodiac as conceived by the ancient

8Kaugitaki Brahmapa, X1X.3.

*Katydyana Srautasitra, XXIV.168.
19Baudhdyana Srautasitra, XVIIL11,
1 XGydyana Srautasitra, XX1V.175.
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Babylonians and Greeks. The twelve signs of the zodiac do not figure in the
whole of the Sanskrit literature prior to A.p. 400. In the Makhdbhdrata there is
no mention of the signs of the zodiac. Neither are the days of the week
mentioned in the Mahabkdrata or the Vedas. Each day of the lunar month was
named after the star or constellation with which the moon was conjoined on
that particular day.

In the Aitareya and Kaugsitaki Brakmanas we have a detailed description of the
gavimayana sacrifice. The rules of this sacrifice prescribed the sacrificial days
of the year: 180 each for the northerly and southerly courses of the sun. The
six extra (atirdtra) days were not regarded suitable for ordinary sacrifices. These
atirdtra days were distributed through the year at different intervals, resulting
in varying calculations of the lengths of the sun’s northerly and southerly
courses during the Vedic period as shown in the following table:

ar B.C. Northerly course Southerly course
4000 187  days 178-24 days
3000 186-75 days 17849 days
2000 186-10 days 179-14 days
1000 185-20 days 180-04 days

Both the summer and winter solstice days could probably be determined
in the earliest phase of the Vedic period. In the later phase, however, only
the winter solstice day used to be determined. Although the term gavdmayana
means ‘motion of rays’, it really implies the two courses of the sun’s apparent
motion. These courses are of equal duration when the sun’s apogee or perigee
coincides with either the summer or the winter solstitial point. The approximate
date on which such a conjunction might have taken place is A.p. 1266.

VEDIC ANTIQUITY"

The earliest date in Vedic antiquity has been determined astronomically
to be about 4000 B.c. This same antiquity is suggested in the works of Jacobi
and Tilak. Another view, based on the position of the naksatra Rohini, places

19The dates relating to the Vedic period are controversial and have not found general acceptance
by scholars. The chronology of Vedic literature has always been, and is even now, a matter of great
difficulty. Considering that the whole of Vedic literature must be pre-Buddhist and the Sdtra works
synchronous with the origin and spread of Buddhism, Max Muiller suggested the period between
600 and 200 B.a. for the development of the Siitras, the period between 800 and 600 B.o. for the
development of the prose style of the Brihmanas and Aranyakas-Upanisads, and the period 1000
to 800 B.a. for the compilation of the Sarhhitds, of which the poetry part or the mantras probably
originated in the period between 1200 and 1000 B.a. In his view, the oldest of the Vedas, the Rg-
Veda, could not have been composed carlier than 1200 B.0. Leopold von Schroeder suggested a
much earlier date, 1500 or even 2000 B.c. for the Rg-Veda, while Hermann Jacobi and B, G. Tilak,
on astronomical grounds, tried to date the beginning of Vedic literature in the third millennium
8.0. The period around 1400 or 1500 B.q. for the formulation of the earliest Rg-Vedic hymns has
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the beginning of the Vedic period at about 3000 B.c. Thirdly, on the basis
of the position of the naksatra Krttikdi and the summer solstice at Magha,
the Vedic age has been assigned to 2350 B.c. It was about this time that
the Rg-Veda was supposed to have been completed. It was perhaps also the
latest date referred to in the Atharva-Veda. The Yajur-Veda also possibly dates
from this time. The remaining or the fourth Veda, the Sama, dealing with
melodies (sdman), presents no new features. Regarding Vedic ritual literature,
it has been possible to fix the dates of the Faiminiya Brahmana and the Tandya
or Pajicavirn$a Brahmana at about 1625 B.c., the Sanmkhdyana (Kausitaki) Brahmana
at about 1000 B.C., the Baudhdyana Srautasitra at about 900 B.C., the Satapatha
and Taittiripa Brahmanas at about 756 B.c., and the Kdtydyana and Apastamba
Srautasiitras at about 625 B.c.1® Fourthly, the traditional position of the summer
solstice at the middle of the Aflesa division and that of the winter solstice at
the beginning of the Dhanistha division probably led Max Miiller to estimate
the earliest limit of the Vedic antiquity to be about 1200 to 1000 B.c.

Winternitz placed the Vedic antiquity between 2500 and 2000 B.c. In this
calculation he was probably guided by several statements in the Yajur-Veda
which say that the Krttikas are at the head of the year. Neither Max Miiller
nor Winternitz could recognize the facts that Rohini being the first star and
the line of Parame$in (Brahma) passing through Piirvabhadrapada or e
Pegasi indicated respectively the vernal equinox at about 3000 B.c. and the
winter solstice at about 4000 B.c.

PROGRESS OF VEDIC ASTRONOMY

In Vedic astronomy the solar year was calculated as seasonal and hence
tropical, but the lunar months were apparently sidereal, as the names of the
months bear a purely sidereal character. The Vedic tropical months linked
with the seasons were as follows: Tapas and Tapasya (winter), Madhu and
Midhava (spring), Sukra and Suci (summer), Nabhas and Nabhasya (rains),
Isa and Orja (autumn), and Sahas and Sahasya (season of dews or Hemanta).
The year was further divided into three seasons or cdturmdsyas. Spring and
summer formed the dry caturmdsya, the rains and autumn comprised the moist
caturmdsya, and Hemanta and winter constituted the winter cdturmisya.

The relation of these solar months to the lunar sidereal months at different
periods is shown in the following table:

found a strong support from the clay tablets discovered in Boghazksi, the capital of the ancient
Hittites, who had as their deities some of the common Vedic gods such as Mitra, Varupa, Indra,
and Nasatyau. However, from an analysis of different studies of the Vedic chronology Winternitz
concluded, and this view is now generally followed, that ‘we shall probably have to date the begin-
ning of this development about 2000 or 2500 8.c. and the end of it between 750 and 500 8.0.'— Ed.

1Sen Gupta, op. cit., pp. xviii-xx.
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Season Tropical Solar Monthks Lunar Months
4000 B.c. 3000 B.c. 1400 B.c.
Winter Tapas Caitra Philguna Maigha
Tapasya Vaisakha Caitra Phalguna
Spring Madhu Jyaistha Vaiéakha Caitra
Madhava Asadha Jyaistha Vai$akha
Summer Sukra Sriavana Asadha Jyaistha
Suci Bhadra Sravana Asadha
Rains Nabhas Aévina Bhadra Sravana
Nabhasya Karttika Advina Bhiadra
Autumn isa Mairga Karttika Asvina
Urja Pausa Marga Karttika
Hemanta Sahas Migha Pausa Mirga
Sahasya Phalguna Migha Pausa

The lunar months ended with either the full moon or the new moon, as the
character of the months changed with the fresh determination of the solstice
days of either description at the end of every four years. About 3000 B.c.
a lunar month of Magha was found to have the following distinctive charac-
teristics: it began with the new moon at the Dhanistha (Delphinis) cluster;
the full moon was at the star Magha (Regulus); and the last quarter was
conjoined with the star Jyestha (Antares). In successive ages the winter solstice
days were stated with reference to sevcral phascs of this month of Magha.
These phases according to the Taittiriya Samhita were: the day of ekdstakd,
which was true at about 2934 B.c.;* the day of the full moon at Phalgu,
which occurred about 3500 B.c.; and the day preceding the full moon of
Maigha, which was valid for 2446 B.c. In the Vedangas (1400 B.c.) the
winter solstice day is stated to have been on the new moon day of the standard
month of Magha.

In later times this standard month of Magha ended with the full moon
of Magha conjoined with the naksatra Magha (Regulus). The length of the
year, though tropical, was considered to be 366 days. Similarly, the number
of naksatras was held to be twenty-eight, as the moon’s sidereal period exceeded
twenty-seven days. Prior to the Aryabhatiya (c.A.D. 499) the mean measure of a
naksatra was taken as 13 deg. 10 min. 35 sec., which is equal to the moon’s
mean daily motion. Six such naksatras, namely, Visakha, Punarvasu, Rohini,

Wnid., p. 169.
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Uttaraphilguni, Uttaragidha, and Uttarabhidrapada, had each a measure
of 19 deg. 45 min. 52 sec., which is equal to one and a half mean measure.
Six others, namely, Aflesa, Ardra, Svati, Bharapi, Jyestha, and Satabhisa,
had each a measure of 6 deg. 35 min. 57 sec., which is half a mean measure.
Fifteen more naksatras had each a measure of 13 deg. 10 min. 35 sec., which
is the mean measure. Abhijit, the twenty-eighth naksatra, was assigned a measure
of 4 deg. 14 min. 18 sec.® From the foregoing calculations we find that the
six naksatras, each of one and a half mean measure, accounted for the moon’s
nine daily motions; the six naksatras, each of half a mean measure, accounted
for the moon’s three daily motions; the fifteen naksairas, each of one mean
measure, accounted for the moon’s fifteen daily motions; and Abbhijit
accounted for the moon’s motion in 7:6185 hours. Hence the moon’s mean
period of revolution comes to 27 days 7-6185 hours.

There is evidence that the winter solstice day with the lunar phase of the
lunation was determined very frequently in the Vedic period. However, no
record of these determinations has survived, from which a really accurate
luni-solar astronomy could be evolved. But it is known that in a quinquen-
nium or five-year cycle there were sixty-two lunations and sixty-seven revolu-
tions of the moon and that the year was considered as consisting of 366 days.

In the later Vedic period, only the winter solstice days were determined.
But the fact that the sun’s northerly and southerly courses were never of equal
length docs not figure in the Brahmanas. This is borne out by the YZjusa-
Jyotisa (verse 9) which gives the ten #ithis or lunar days® for the first days of
the sun’s ten courses (i.c. five northerly and five southerly) in a quinquennium
as: 1, 7, 13, 4, 10; 1, 7, 13, 4, 10 — the even numbers representing the fithis
of the dark halves of the months. The year was assumed to be equal to twelve
lunations plus twelve tithis. The rules for the first lunar naksatras of the ten
courses of the quinquennium were based on similar rules and were deter-
mined as follows. In a quinquennium there were sixty-seven revolutions of the
moon, each having twenty-seven naksatras into which the whole circle was
divided. The naksatra durations in the five-year long luni-solar cycle thus came
to 1809, each of the ten courses of the sun being equal to the moon’s passage
through 180-9 naksatra durations, which comprise six revolutions of the moon
or the moon’s transit through 18:9 naksatras. Hence the first lunar naksatras
of these ten courses are stated as: Dhanigtha, Citra, Ardra, Pirvabhadrapada,
Anuradha, ASlega, Advini, Pirvasidha, Uttaraphilguni, and Rohini.'” This
system of reckoning started -around 1400 B.c. and continued till about the
beginning of the period of the Siddhantas. Care was possibly taken to start

WSee Siddhinta-Siromapi, Grahagapita, 2.71-75; Brakmasphufa-siddhinta, XIV.46-52,

18A tithi is a period in which the moon gains 12° over the sun, or 1/30 of a lunation.
17 Ydjuga-jyotisa, verse 10.
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the quinquennium from the day when the sun, moon, and Dhanistha rose
simultaneously above the horizon. In the luni-solar reckoning there was no
idea of the moon’s nodes or of the apogees of the sun and moon. During the
period between 1400 B.c. and the age of the Siddhantas twenty-eight unequal
naksatras were accepted, which was a decided improvement on the idea of
equal naksatras of the Vedanga period.

Time indications which are based on astronomical phenomena like heliacal
risings of the stars, the solstice day of either description in terms of the lunar
phase of a lunar month, the positions of the solstices, and even the equinoctial
positions are available in ancient Indian treatises. In the Tandya and Jaiminiya-
Brahmanas the only time indication is found to be the winter solstice day fall-
ing on the day of the heliacal visibility of the Delphinis cluster, which has
led to their antiquity being set around 1625 B.c. As to the Sarkhdyana or
Kaugitaki Brahmana, three of the above four classes point to their approximate
date being 1000 B.c. The Baudhdyana Srautasitra mentions three classes of time
indications which suggest its date to be about 900 B.c. There is some evidence
that the spring began on the full moon day of Philguna and the summer
solstice day fell on the full moon day of Asidha. From this, the date of these
Brahmanas is inferred to be about 750 B.c. The Katydyana and Apastamba
Srautasiitras have not only time indications similar to those of the Satapatha
and Taittiriya Brahmanas, but also additional indications which suggest their
dates to be about 630 to 624 B.c.

In the Sirya-prajiiapti, a Jaina astronomical treatise, it is said that the sun
turns south at the full moon near Abhijit, which indicates a datc of about
600 B.c. In this work the astronomical methods and constants arc identical
with those of the Veddriga-jyotisa. We find in this work the theory of a flat
earth, with the sun, moon, and stars moving in circles round the pole of the
carth. Four mountain ranges were assumed as emanating from the pole and
as being at right angles to each other. A curious featurc of the astronomy of
this period is that the distance from the earth to thc moon was supposed to

_be twice the distance between the earth and the sun.

POST-VEDIC ASTRONOMY

In this section we propose to discuss the development of Indian astronomy
from A.p. 100 to 500. According to tradition, Vrddha Garga was thc earliest
Indian astronomer. His name is found in the Mahdbharata (1X.37.14-17;
XII1.59.111). When the Mahabhdrata in its present form was compiled (c. fourth
century A.n.), Vrddha Garga had already come to be regarded as a great
Indian astronomer who had lived many centuries earlier. The Vyddha Garga-
samhitd as we have it now, however, cannot be datcd earlier than the second
century A.n. Another astronomer was Lagadha, author of thc Ygjusa-jyotisa,
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who discovered that the summer solstice passed through the middle of the
naksatra ASlesa and the winter solstice through the first point of the naksatra
Dhanigtha. He was followed by Garga and Paraéara who carried on his
tradition as regards the solstices. We learn from Bhattotpala’s commentary
on the Brhat-samhita (111.4) that in Garga’s time the sun turned north before
reaching the naksatra Dhanisthd and in Parddara’s time before reaching the
naksatra Sravana. It is thus clear that Garga lived after Lagadha, and Parasara
after Garga. Parasara lived very probably in the third century aA.n. Among
other astronomers mentioned in Bhattotpala’s commentary are Rsiputra,
Kapilicarya, Kidyapa, and Devala. But there are no indications as to when
they lived or what they achieved in the field of astronomy.

Vardhamihira’s (c.A.n. 550) Paiica-siddhantika is the only available work to
throw light on the development of astronomy during this period. In this work
Varahamihira summarizes the teachings of the Paulisa-, Romaka-, Vasistha-,
and Paitamaha-siddhantas, and improves upon the Sirya-siddhanta by incorporat-
ing the astronomical constants from the ardharatrika system of Aryabhata I.
Vardhamihira states his opinion of the five Siddhdntas which he summarizes,
thus: ‘The Siddhdnta made by Paulisa is accurate; ncar to it stands the Siddhanta
proclaimed by Romaka; more accurate is the Savitra (Sirya); the two
remaining ones are far from the truth,’’8

The Paitamaha-siddhanta, considered to be the most inaccurate of the five
Siddhantas, is described in the Paiica-siddhantikd in five stanzas. The first one
contains all the astronomical constants. According to the Paitdmaha, five years
constitute a yuga of the sun and the moon. The adhimdsas are brought about
by thirty months, and an omittcd lunar day by sixty-two days. In five years
there are sixty solar months; and hence, according to this rule, in five years
therc are two adhimdsas or additive lunar months. The number of lunar months
is sixty-two; thus the number of tithis is 1860, which, when divided by sixty-
two, gives the number of omitted lunar days as thirty. These are the same
as in the Vedanga-jyotisa. The remaining four stanzas give rules for the use of
these elements in calculating (a) the number of civil days elapsed from the
light half of Magha of 2 Saka era, (b) the sun’s naksatra, (c) the moon’s naksatra,
and (d) the number of vyatipatas elapsed of the current yuga. It also notes that
the shortest day was of twelve mukirtas and the longest day of eighteen muhdrtas,
and shows a rough method of finding the length of any given day in mukdrtas.
The Paitamaha-siddhanta does not treat of any other planets.

The Vasistha-siddhanta (c. A.p. 300), the oldest of the five, is discussed in
Chapters IT and XVIII of the Pafica-siddhantika. From this discussion we deduce
that the sidercal month was taken to consist of 27-32167063 days; that the
length of the anomalistic month was considered to be 27:-554 days; that the

18 Pofica-siddhantikd, 1.4.
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period of the moon’s apogee was calculated as 3232:873219 days; and that the
solar year was perhaps taken to consist of 365366 days nearly. It is thus clear
that considerable progress was made at the time in more corrcctly determining
the luni-solar astronomical constants. The courses of the planets are treated
in the following order: Venus, Jupiter, Saturn, Mars, and Mercury. These
planetary courses relate to the direct motion, stationary stage (anuvakra),
retrograde motion (vakra), and again the direct motion, and are given in the
Pajica-siddhantika (XVIII.1-60). From the determination of these courses,
the celestial longitudes of the planets could be calculated. The Vasistha-siddhanta
gives rough rules for finding the lagna or ecliptic point on the eastern horizon
and furnishes the synodic periods in days of the five plancts as follows: Venus,

584 — :_1; Jupiter, 309 — %; Saturn, 378 — :_l; Mars, 780 —2.; and Mercury,

45’
115 days 52 nadikdas 45 vinadikds.*®

In using the signs of the zodiac in place of naksatras, the Vasistha-siddhanta
represents the oldest system of Babylonian astronomy as transmitted to India.
It shows no improvement in its trcatment of spherical astronomy. Chapter II
of the Pafica-siddhintika states the rules for calculating the length of the day as
follows: The shortest day is 26 nadikds 31 palas in length; from the shortest to
the longest, the days are thought to increase by 3 palas every day. This rough
rule is on a par with those given in the Vedanga-jyotisa and Paitamaha-siddhanta.
The other rules for finding the longitudes of the moon and sun and the shadow
of the gnomon at midday are also inexact. No definite method for the calcula-
tion of eclipses occurs up to the time of the Vasistha-siddhanta.

The Paulisa-siddhanta, according to Vardhamihira, maintained that there
are 43,831 days in 120 years. Thus the length of the year was taken to be
365-2583 days. The longitude of the sun’s apogce was taken to be 80° The
mean measure of this periphery of the sun’s epicycle was considered to be about
15°8’, which is near to that acccpted by Ptolemy, viz. 15°. However, the
faulty text of this Siddhdnia prevents us from forming any idea of its views about
the mean motion and the equations of the moon.

As regards the moon’s other elements, the author of the Paulisa-siddhanta

. . 248
knew of the same two convergents to the anomalistic month, viz. %- days and

?% days, as were known to the author of the Vasistha-siddhinta. According

to the Paulifa-siddhinta, the sidereal period of the revolution of the nodes of
the moon was 6794:6854 days. The moon’s greatest latitude was 270’ or 4°
30’, as in all other Siddhantas.

BIn the sexagesimal division of the day, the sub-units are thus related: 1 day=60 nadikds or
dapdas; | nddikd=60 vinddikds or palas; 1| muhidrta=2 nadikds.
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The courses of the planets Mars, Mercury, Jupiter, Venus, and Saturn as
given in the Paulifa-siddhanta are found in the latter portion of Chapter XVIII
of the Paiica-siddhantika. The synodic periods of these planets are stated to be
as follows:

Planet Synodic period in Synodic period in
solar days civil days
Mars : 7683 779-9787
Mercury %;2- 115-875
Jupiter @ 397-968
Venus 575% 583-9061
Saturn 1118 378-11

3

As regards spherical astronomy, this Siddhanta gives the correct method
of finding the length of the day, which is expressed in the equation:

R sin (ascensional difference)=R tan ¢ tan §, where ¢ is the latitude of
the station and 8 is the sun’s declination.

Rough rules for the calculation of the eclipses first occur in this Siddhanta,
The lunar ecliptic limit is stated to be 13° and the sum of the semi-diameter of
the moon and the shadow is assumed to be 55’. The difference of their semi-
diameters is 21’. Hence the semi-diameter of the moon is 17° and that of the
shadow 38’.

In the treatment of solar eclipses we find the parallax in longitude expressed
in time, i.e. the time by which thc observer’s apparent instant of conjunction

. . 4R sin (sun’
differs from the instant of the new moon, and given as R sin (sun’s hour angle)

ghatikas, where one ghatikd= (T(l') of a day and the horizontal parallax of any

planet is supposed to be i of its daily motion. This is also a very imprecise

5

rule. The sum of the semi-diameters of the moon and the sun was assumed '
to be 35'. Hence the diameter of the sun was taken as 18’.

The foregoing is a fairly complete account of the Paulifa-siddhanta as given
in the Pafica-siddhantika. It does not hint at the epicyclic theory, but it shows
distinct improvement on the VaSistha-siddhdnta. The Paulisa-siddhinta seems to
have drawn much of its material from the Greek or Babylonian system of
astronomy.

66



ASTRONOMY IN ANCIENT INDIA

The Romaka-siddhdnta as summarized by Varahamihira in his Paiica-
siddhantikd bears a foreign name and represents perhaps the sum total of Greck
astronomy transmitted to India. According to Varahamihira, the luni-solar
yuga of the Romaka-siddkanta comprises 2,850 years in which there are 1,050
adhimdsas and 16,547 omitted lunar days. From this it is inferred that there
are 1,040,953 civil days and 3,520 synodic months in 2,850 years. The yecar
thus consists of exactly 365 days 14’ 48”, as acccpted by Ptolemy. The length
of the synodic month is equal to 29 days 31’ 50”5’’’ 37w, which is 29-5305816
days. According to Ptolemy, the length of the synodic month is equal to 29 days
31’ 50"8'/’20tv, The Romaka synodic month agrees more closely with that of
the Aryabhatiya, according to which its length is equal to 29-530582 days.
58 days, e, 27554
days. The moon’s motion in anomaly per day is equal to 13° 3’ 53" 58’/ 551
51v 45¥.. According to Ptolemy it is 13° 3’ 53" 56‘’ 29!v 38v 38vL. It is cvident
that in respect of the lengths of the synodic and anomalistic months the Paulisa-
and Romaka-siddhantas, and the Aryabhatiya are very nearly in agreement. The
longitude of the sun’s apogce is stated in the Romaka-siddhanta to be 75°, but
Ptolemy gives it as 65° 30’ and Aryabhata I as 78°. For purposes of comparison,
the following equations of the centres of the sun and moon for their anomalies
at intervals of 15° as given in the Romaka-siddhinta and by Ptolemy are listed.
As can be readily seen, the equations for the sun agree very closely, but this
is not so for those for the moon.

The length of the anomalistic month is expressed as

Anomaly 15° 30° 45° 60° 75° 90°
Romaka
Equation of centre
Sun 34'42" 68'37"  98'39" 122'49"  137'5" 14323~
Moon 1°14"  2°25' 327 4°15' 4°44’ 4°56'
Prolemy
Equation of centre
Sun 35’ 69’ 97'30” 121 136’ 143’

Moon 1err 2019 3°19°30” 4°8' 4°49'30” 4°59’

In the Romaka-siddhanta the revolutions of the moon’s nodes are stated to be
24 in 163,111 days. One revolution thus takes 6,796 days and 7 hours. This
figure according to Ptolemy is about 6,796 days and 11 hours, while Aryabhata
puts it at 6,794-749511 days. The rule for parallax in longitude is the same as
in the Paulia-siddhanta. The rule for parallax in latitude is expressed in the
following equation:
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Parallax _ Moon’s daily motion _, R sin (zenith distance of nonagesimal)
in latitude 15 . '

Evidently the horizontal parallax of the moon is to be calculated as 115- of the

daily motion. The greatest latitude of the moon is taken in the Romaka-siddhdnta
to be 270, as in all the Siddhdntas. According to Ptolemy, however, this is
about 5° or 300’. The mean semi-diameters of the sun and the moon are
recorded as 15’ and 17’ respectively, while Ptolemy states them to be 15'40"
and 17'40".

The Siirya-siddhdnta as it has come down to us seems to have had a precursor
with the same title belonging to the period ¢. A.p. 400. A summary of a work
bearing this name appears in the Pafica-siddhantikd. But it cannot be taken to
represent the Sirya-siddhanta. Since Varahamihira’s summary of the Sirya-
siddhdnta does not give us the exact contents of the old text, it is necessary to
try to find the oldest strata in the version that has come down to us. In the
second chapter of this version there are two distinct planetary theories, of which
the first is a crude one, the second being the regular epicyclic theory. The
first few stanzas of this chapter are as follows:

‘Forms of time, of invisible shape, stationed in the zodiac, called the
conjunction (sighrocca), apsis (mandocca), and the node (pata), are the causes of
the motion of the planets. The planets, attached to these beings (positions) by
cords of air, are drawn away by them with the right and left hand, forward
or backward, according to nearness, towards their own places. A wind, more-
over, called provector (pravaha) impels them towards their apices (ucca) ; being
drawn away backward and forward, they proceed by a varying motion. When
the planets, drawn away by their apices, move forward in their orbit, the
amount of motion so caused is called their excess (dkana); when they move
backward, it is their deficiency (rna).’2°

What has been stated above represents a system of astronomy which
preceded the epicyclic one and is quite distinct from it. According to this
system, the ucca is of two classes. The first, mandocca (apsis), in the case of the
sun and the moon where the angular motion is slowest, means the apogee;
and in the casc of other planets it is the aphelion point of thé orbit. The other
type of ucca is Sighrocca (the apex of quick motion or the conjunction), which
in the case of the superior planets coincides with the mean place of the sun,
and in that of the inferior planets is an imaginary point moving round the
earth with the same angular velocity as the angular velocity of the planet
round the sun. Its direction from the earth is always parallel to the line joining
the sun and the inferior planet.2! Ptz means the ascending node of the orbit.

9 Sirya-siddhdnta, 11.1-5 (trans. Burgess, Calcutta University, 1985).
bid., 1.29; XI1.85-87.
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The action of mandoccas on the mean position of the planets may be cxplained
thus: Let UPMNM'’ (Fig.5.1) bethe circularorbit of the sunor the moon round

M
P

!
M p'
Fig. 5.1

the earth E; and let U be the position of the god of mandocca who is supposed
to be sitting facing E, the earth. When the mcan planct is anywhere at M
in the half circle of UMW, it is drawn to a point P which is nearer to U. The
pull, or rather the displacement, is MP and negative. Hence, according to
this theory, the equation of the centre is negative from the apogee U to the
perigee M. In the other half circle NP'U, the pull is exerted by the left hand,
the mean planet M’ is drawn forward to the point P’, and the equation of the
centre is now positive. Thus so far as the character of the cquation is concerned,
this theory was deemed sufficient. The mean motion was thought to be pro-
duced by the planets being beaten by asterisms. The strings of air by which
the god of apogee produced the displacements were given the name pravaha.
It is further evident that the ideas of ‘attraction’ and the consequent ‘displace-
ment’ were not fully distinguished. To sum up, this rcpresents a system of
astronomy which recognized only the inequalities due to apsis and tabulated
the equations according to the position of the mean planet relative to the
apogee. The other planetary inequality was considered to take place under
the attraction of the god of fighra or the quick apex. The older theory tells us
that this god also draws the planet towards himself. This is separately illustrated
for inferior and superior planets in the following paragraphs.

Sighra of inferior planets: Let E, H, and V (Fig. 5.2) be the respective positions
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of the earth, the sun, and an inferior planet in superior conjunction. From the
line EHO, cut off ES equal to HV, the radius of the orbit of ¥; then § is the
position of the Sighra of V. After some days let E’ and ¥’ be the respective
positions of the earth and the inferior planet. From E’ draw E’S’ cqual and
parallel to HV’; thenS§' is the new position of the Sighra.

vl
sl
E S f /V >0
S,
Fig. 5.2

The inferior planet is seen {rom E’ in the direction E’'V’. The Sighra god
has, as it were, drawn the mean inferior planet from the direction E’H to the
direction E'V’, and the displacement produced is measured by the arc HM
shown in the figurc and is in the dircction of §'; the line E'H is, as it were,
turned towards E'S’ to the position E'V’. In other positions of E, ¥, and §
the displacements duc to §ighra arc also readily explained.

Sighra of superior planets: Let E, H, and J (Fig. 5.3) be the respective positions
of the earth, the sun, and a superior planct at conjunction. Let £’ and ¥’ be
the positions in the respective orbits of the carth and superior planet after
some days. The superior planct is now seen in the direction E’'} from E'.
From E’ draw E’O parallel to EHf, and E'J, equal and parallel to Hj'.
Here the Sighra is H. The planet, instead of being seen in the direction E’¥,,
is actually scen from E’ in the dircction E’7’. This displacement due to the
Sighra H is represented by the angle 7'E’J, or the arc ¥, M shown in the figure.
The turning of the line E’}, into the position E’J’ is towards E'H of the Sighra.
Similarly, in other positions of E, H, and ¥, the displacements due to Sighra
are readily explained in the diagram (Fig. 5.3). )

It is evident that the imagined displacements due to this god of $ighra
are always towards himself and are sometimes positive and sometimes negative.
This state of development of astronomy gives a picture of the older planetary
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theory in the Sarya-siddhanta regarding the presumed action of the gods of
manda and Sighra on the motion of the planets. It is apparently pre-epicyclic.
It shows that both the planetary inequalities were separated, howsoever imper-
fect this separation might have been.

>0

Fig. 5.3

The action of the patas or ascending nodcs on planctary movements is thus
described in the Sarya-siddhanta (11.6-8):

‘In like manner, also, the node Rahu by its proper (own?) force causes
the deviation in latitude (viksepa) of the moon and the other planets, north-
ward and southward, from their point of declination (apakrama). When in the
half orbit behind the planet, the node causes it to deviate northward; when
in the half orbit in front, it draws it away southward. In the case of Mercury
and Venus, however, when the nodc is thus situated with regard to the con-
junction (Sighra), these two planets arc caused to deviate in latitude, in the
manner stated, by thc attraction exerted by the node upon the conjunction
($ighra).

In the case of the inferior plancts a very great advance was made when
their celestial latitude was recognized as depending on the distance of the
S$ighra from the node. This step must have had a long history behind it which
is now lost. The Sirya-siddhanta (11.12-13) speaks of different kinds of planetary
motions. As translated by Burgess, it says that ‘thc motion of the planets is
of eight kinds, retrograde (vakra), somewhat retrograde (anuvakra), transverse
(kutila), slow (manda), very slow (mandatara), even (sama), also very swift
(atisighra) and that called swift (sighra). Of these, the very swift, the swift, the
slow, the very slow, and the even are forms of the motion called direct (rju);
the somewhat retrograde is retrograde.’s These eight ways of planetary motion

MThe concluding portion of the last stanza does not appear to bave been properly translated

by Burgess. The last sentence should have been: ‘What are retrograde motions have been enumer-
ated in proximity to anuvakra motion.’ The last stanza means that the last five sorts of motion
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may reasonably be considered as a relic of a forgotten history of Indian astron-
omy. These arc referred to by Brahmagupta.?® The Paijica-siddhantikd (XVIII)
while describing the course of planets (grahacara) speaks of the vakra and anu-
vakra motions, the latter motion taking place when the planet is reaching
the next stationary point.

The planctary theory, according to the older strata of information found
in the Sirya-siddhanta, was based on rccords derived from observations with
the help of which the positions of planets could be ascertained to a certain degree
of approximation. It undoubtedly contained methods of calculating the eclipses
and solving some problems in spherical astronomy, but we have no way of
knowing what these methods were. The old Sirya-siddhdnta developed in India
about A.p. 400 and very probably held its place of honour till a.p. 499 when
Aryabhata I began to teach the epicyclic astronomy.2

ARYABHATA I

Scientific Indian astronomy dates from the ycar A.p. 499 when Aryabhata I
of Kusumapura (Pataliputra or Patna) began to teach astronomy to his pupils.
Amongst his dircct pupils, mention may be made of Piapdurangasvamin,
Litadcva, and Nih$anka. One Bhaskara, whom we shall refer to as Bhaskara I,
was perhaps also a dircct pupil of Aryabhata I; or he might have been a pupil
of his direct pupils. Bhaskara I was thc author of thc Laghubhdskariya and the
Mahabhaskariya which treat of Aryabhata’s system of astronomy. He also
wrotc a commentary on the Aryabhatiya. He is mentioned by Prthiidaka in
his commentary on the Brahmasphuta-siddhanta (X.26) of Brahmagupta. Among
the direct pupils of Aryabhata I, Latadeva, cxpounder of thc old Romaka-
and Paulifa-siddhantas, got the appellation of sarva-siddhanta-guru, i.c. tcacher
of all the systcms of Siddhantas. No mention of his pupils of lesser fame is
found in any available works, Aryabhata I was original in the construction
of his ncw science. He was the author of two distinct systems of astronomy,
the audayika and the drdhardtrika. In the first, the astronomical day begins at
the mean sunrise at Lanki, and in the other, it begins at the mean midnight.
The Aryabhatiya tcaches the audayika system, and the Khandakhadyaka the
ardhardtrika system. A comparison of the astronomical constants of the Greek

enumerated in the twelfth stanza are dircct and the first three are retrograde. Burgess’s observa-
tion on this is worth quoting. He says: ‘This minute classification of the phases of a planet’s motion
is quite gratuitous so far as this Siddhdnta is concerned, for the terms here given do not occur afterward
in the text.” We think he could have also said that the conception of the gods of manda and sighra for
explaining planetary inequalities was equally so.

23 Brahmasphuta-siddhdnta, X1.9; see also the Brkat~samhitd, VIII.15-16 and Bhattotpala’s com-
mentary thereon.

848irya-siddhanta, trans. E, Burgess. Introduction by P.C. Sen Gupta (Calcutta University, 1935),
P- xxviii.
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and the Indian systems points unmistakably to the conclusion that the Indian
constants determined by Aryabhata I and his successors are in almost all
cases different from those of the Greeks. As regards doctrine, the material
available at present makes it impossible to ascertain which part of it also belongs
to the Indian astronomers.

Theory of Planctary Motions: Aryabhata teaches his theory of planctary
motions as follows: ‘All planets move in eccentric orbits at the mean rates
of angular motion, in the direction of the signs of the zodiac from their apogces
(or aphelia) and in the opposite direction from their $ighroccas. The eccentric
circles of planets are equal to their concentrics, and the centre of the eccentric
is removed from the centre of the earth. The distance between the centre of
the earth and the centre of the eccentric is equal to the radius of the planct’s
epicycle; on the circumference (of either the epicycle or the eccentric) the
planet undoubtedly moves with the mecan motion.’?

(a) Eccentric Gircle Construction: It was known that the planets move uni-
formly in circles round the earth. If the motion appcared to be variable,
it was due to the fact that the centres of such circles (i.e. the cccentric circles)
did not coincide with the centre of the earth. To illustrate the point, let E
(Fig. 5.4) represent the centre of the earth and APM represent the sun’s circular
orbit or concentric; let A and P be the apogee and the perigee respectively.
From EA, cut off EC equal to the radius of the sun’s epicycle. With C as the
centre and with the radius equal to E4, describe the eccentric 4'P'S, cutting
PA and PA produccd at P’ and A'. Here 4’ and P’ are the real apogee and
perigee of the sun’s orbit. Let PAM and P'S be any two equal arcs measured
from P and P'.

Fig. 5.4

% Aryabhafiya, Kdlakriya, 17-19; sec also Brahmasphufa-siddhanta, X1V. 10-12 and Siddhdnta-siromani,
Golddhydya, 5.7,10-32.
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The idea is that the mean planet M and the apparent sun § move simul-
taneously from P and P’ in the counter-clockwise direction along the concentric
and the eccentric circle respectively. They move with the same angular motion
and arrive simultaneously at M and S. In the above figure EM and CS are
parallel and equal, hence MS is equal and parallel to, EC. Let SH be drawn
perpendicular to EM. The angle PEM is the mean anomaly and the angle
P'ES the true anomaly; the angle SEM is the equation of the centre and is
readily seen to be + from P’ to A’ and — from A’ to P’. Thus as regards the
character of the equation, the eccentric circle is quite right. We now turn
to examine how far it is true as to the amount.

Let the angle SEM be denoted by E and the angle PEM=the angle P'CS=.

D Bl AAC— pe T _SH _ psind
EP=CP'=qa; EC=MS=p; then tan E = HE = a—pcos 6

' E = l;sm0+ Vi sm20+ p:sin30+....

Now the truc valuc of E in elliptic motion is given?® by

E—(2e——)sm0+——e sin 2 6 |—13—a51n30+

3
If we now put % -2e — -%- , as a first approximation — =2e,

=2¢?, which is greater than 3 e by } e

Hence 7

P2
242
In the casc of the sun, if the value of p be correctly taken, the error in the
co-cfficient of the sccond term becomes 4 3'; similarly, in the case of the

moon the corresponding e1ror becomes + 8. Again, if _‘:_ =2¢, the centre of the

eccentric circle is the empty focus of the cllipsc; i.e. the ancient astronomers
assumed the plancts to be moving with uniform rcgular motion round the
empty focus. This was not a bad approximation.

Also, ES=r=EI approximatcly.

. r=a (l—% cos 6).

But in elliptic motion?
r=a(l—e cos 0).
Hence the error is not very considerable here either. This is the way in
which the ancient astronomers, both Greek and Indian, sought to explain
the inequalities in the motion of the sun and the moon. In the case of the moon,

#H, Godfray, A Treatise on Astronomy (Macmillan & Co., 1894), p. 149.
%7 Jbid.
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3
these astronomers took the co-efficient 2¢ — Y =300’ nearly; thc modern value

of it is 377’ nearly. The reason for this is that the moon was observed correctly
only at the times of eclipses.? During the eclipses or syzygies the evection
term of the moon’s equation diminishes (numerically) the principal elliptic
term by about 76’.

(b) Epicyclic Construction: Planetary motion under the cpicyclic construction
may be explained thus: Let AMP (Fig. 5.5) be the circular orbit of the sun
having E, the centre of the earth, as the centrc. Let the diameter AEP be
the apse line, 4 be the apogee, and P the perigee. Let M be the mean position
of the sun in the orbit. With M as the centre, describe the epicycle UNS
which cuts EM at N. Extend EM to cut the epicycle UNS at U. Now the
construction for finding §, the apparent sun, is given thus: Make angle UMS=
angle MEA;the arc US is measured clockwise, whereas the arc AM is measured
counter-clockwisc.

From this construction MS is parallel to E4. Along EA towards the apogee
4, measure EC equal to MS, the radius of the epicycle. Then GS is a constant
length and C a fixed point. Hence the locus of § is an eqyal circle with the
centre at C. Thus both (i) the eccentric and (ii) the epicycle and the con-
centric combined lead to the same position and orbit of S. It is thus clear
that the two assumed constructions shown in Figure 5.5 give the same position

U

Fig. 5.5
K hangdakhddyaka, trans, P. C. Sen Gupta (Calcutta University, 1934), p. 162.
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for a planet. The eccentric-circle construction appears to have preceded the
epicyclic construction.

With regard to the five superior planets—Mercury, Venus, Mars, Jupiter,
and Saturn—Aryabhata I and other Indian astronomers give only one method
for finding the apparent geocentric position. Each of these ‘star planets’ is
believed to have a twofold planetary inequality: (i) the inequality of the
apsis and (ii) the inequality of the $ighra. With regard to the superior planets,
the fighra apogee or the Sighrocca coincides with the mean position of the sun.
As Varahamihira observes: ‘Of the other planets beginning with Mars, the
sun is the so-called sighra.?®

Let AMSP (Fig. 5.6) be the concentric of which the-centre E is the same
as that of the carth; A’M,P’ be the cccentric circle of the apsis of a superior

Tig. 5.6

planet of which the centre is C; 4, M, S, P be respectively the*apogee, mean
planet, direction of the fighra, and perigee in the concentric; and 4’, M,, P’
be respectively the apogee, position of the planet as corrected by the equation
of the apsis, and perigee in the eccentric. The arc AM=arc A'M;; MM, is
parallel and equal to EC. Thus both the eccentric and the concentric are of
the same radius.

Here, the mean planct M in the concentric is taken to be deflected to M,,
owing to the true motion in the eccentric circle. Join EM,, cutting the con-

 Pafica-siddhdntikd, XVII.1.
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centric at M,. Now let ES be joined and let §’ be taken along ES, so that
ES’_ Sighra periphery of the planet in degrees
ES 360

sun’s mean distance from the earth
planet’s mean distance from the sun or the earth

ES’ thus determined is called the radius of the fighra epicycle of the superior
planet.

With §’ as the centre and the radius equal to ES or EA, let us describe a
circle which is called the $ighra eccentric, cutting ES produced at $*. Now
measure the arc $"M; in the eccentric equal to SMj in the concentric. The
apparent superior planet is seen in the direction EM, from the earth, This is
the construction used in Indian astronomy for calculating the geocentric
longitude of any star planet.

It is evident that in the case of a superior planet the cccentric which has
§’ for the centre and whose radius=EA=R—the standard radius for any
circular orbit—is the'mean orbit of the planet and that §’ is the mcan position
of the sun. In other words, in the case of a superior planet the $ighra eccentric
represents the mean orbit round the sun. If the parallelogram CES’C’ is con-
structed, then an equal circle described with C’ as the centre is the apparent
eccentric orbit of the superior planet.

In the actual method for calculating the geocentric longitude of a ‘star
planet’ there are four operations, the first two of which have the effect
of changing the arc MA or rather the point 4.3 The last two operations relate
to the two displacements MM, and M,M,. We have here followed solely
the construction by the eccentric circles; the same geocentric position of a
superior planet can as well be obtained by the epicyclic construction.

In describing the method of finding the position of an inferior planet we
shall follow the epicyclic construction only. Let E (Fig. 5.7) be the centre of the
earth, AMS the orbit of 2 mean inferior planct or the mean sun, E4 the direction
of the apogee of apsis, and ES the direction of the §ighra. The inequality of the
apsis takes the mean geocentric planet from M to M,, so that MM, is parallel
to EA. Let EM, be joined, cutting the concentric at M,; M, is taken as the
centre of the $ighra epicycle, or the real circular orbit in which the apparent
planet moves. With M, as the centre and the radius of the inferior planet’s
S$ighra epicycle as radius, the circle NVU is described which is here the Sighra
epicycle or the real circular orbit. In it the radius M,V is drawn parallel to
ES; then V is the geocentric position of the inferior planet. Here the first
displacement, MM,, is due to the inequality of apsis and is for finding the

#P, C. Sen Gupta, “Aryabhatiya’ (trans.), Journal of the Department of Letters, Vol. XVI (Calcutta
University, 1927), pp. 36-39.
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position of M, the centre of the real circular orbit. The idea was that the
apparent planet moved in a circular orbit of which the centre was very near
the mean position of the sun. The first operation in this construction was
calculated to determine the centre of this so-called circular orbit of an inferior
planet.

Fig. 5.7

The Sighra of an inferior planet moves round the earth at the same mean
rate in which the inferior planet moves round the sun; hence the line ES
in the figure is always parallel to the line joining the sun to the mean helio-
centric inferior planet, and in our construction it is parallel to M, V.3

Spherical Astronomy: The theory of spherical astronomy of Aryabhata I is
contained in the Golapdda section of the Aryabhatiya. Aryabhata I explained the
methods of representing planetary motions in a celestial sphere. Such terms as
prime vertical, meridian, horizon, hour circle, and equator are defined in this
section. Aryabhata I was the first Indian astronomer who referred to the
rotation of the earth to explain the apparent diurnal motions of the fixed stars.
Some of the stanzas of the Golapida dealing with spherical astronomy together
with six of the equations on the subject as found in the Golapdda are discussed
below. The first two of these rules are as follows:

. . Rcosw XRsinl
(i) Rsin R.A, = - “Rooss
(i) Rsin8 _ Rsmw;Rsml
"bid,, Vol. XVII, pp. 35-36.
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These are the ¢wo equations for finding the right ascension and declination
of any point on the ecliptic of which the longitude is /. Here w and § are re-
spectively the obliquity of the ecliptic and the declination of the point. The first
rule is given in stanza 25 of the Golapada which also hints at the second.

The third rule, occurring in stanza 26, states:

__ RXRsin ¢ XRsin 8

~ Rcos ¢ XRcoss

Here ¢ is the latitude of the station and § is the sun’s declination. The three
aforementioned rules, coupled with stanza 27 of the Golapdda, indicate the
method by which the duration of the rising of the signs of the zodiac may be
found.

According to the fourth rule as given in stanza 28 of the Golapada:

(iv) Rsin (altitude of the sun) =

Rsin (time from sunrise) X R cos § X R cos ¢
RxR :
This is a rough equation connecting the altitude of the sun and the time that
has elapsed since sunrise.®? Stanza 29 shows the method of finding the saikvagra,
which led to the correct altazimuth equation by subscquent writers, specially
Brahmagupta and Bhaskara II.

The next two equations which were correctly obtained by Aryabhata I
are given in stanzas 30 and 31 of the Golapada as follows:
Rsinw XRsinl

Rcos ¢ ’
(vi) Rsin (altitude of the sun in the prime vertical) =
R sin w X R sin [ XR cos ¢
R cos ¢ XRsin ¢

Stanzas 33 and 34 of the Golapada contain the rules for parallax in longitude
and latitude as given by Aryabhata I. But they are not intelligiblc owing to the
faulty text. Stanza 35 explains how to perform the drkkarma®® opcrations. The
rule for dksa drkkarma is approximately correct, while that for dyana drkkarma
is wrong. Stanzas 39 and 40 accurately express the angular diameter of the
earth’s shadow at the moon’s orbit, and 41 and 42 show the method of finding

(iii) R sin (ascensional difference)

(v) Rsin (sun’s amplitude) =

#3The correct equation, occurring in the Pafica-siddhdntika (1V.45-47), was presumably first found by
Aryabhata's pupils.

33 Drkkarma denotes astronomical operations to find the longitude of the orient point of the ecliptic
which rises simultaneously with a planct. The process is divided into two parts: dyana and dksa drkkarmas.
The first relates to the transformation of the celestial longitude and latitude of the planet into what
are called the polar longitude and polar latitude in Indian astronomy. In this case, the polar longitude
is the orient ecliptic point for the observer on the equator. The second process reduces the polar longi-
tude of the planct to the orient point of the ecliptic point at the latitude of the observer and is called
dksa drkkarma. The first is due to the obliquity of the ecliptic and the second to the latitude of the
observer.
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half durations of eclipses and of total obscuration. As Argabhata’s rule for
dyana drkkarma is incorrect, his rule for dyana valana is also incorrect.

VARAHAMIHIRA, BRAHMAGUPTA, AND OTHERS

Varahamihira’s redaction of the old Sarya-siddhdnta is a wholesale borrowing
from the ardhardtrika system of astronomy of Aryabhata 1.% But his work is
valuable from the viewpoint of the history of Indian astronomy. He mentions
the names of the following astronomers who preccded him: Latadeva or
Latacarya, who was a direct pupil of Aryabhata I; Simhicarya, of whom we
know very little except that he considered the astronomical day to begin from
sunrise at Lanka;® Aryabhata I; Pradyumna, who studied the motions of Mars
and Saturn; and Vijayanandin, who made special observations of thc planet
Mercury.? According to the Brahmasphuta-siddhanta (X1. 48-51), Vijayanandin
was the author of a work called the Vasistha-siddhanta, perhaps a revision of the
old Vasistha-siddhanta of the Paiica-siddhantikd. It is not quite certain whether
Pradyumna and Vijayanandin preceded Aryabhata I.

Brahmagupta (b. A.n. 598) wrote his Brahmasphuta-siddhanta in c. A.p. 628
and his Khandakhadyaka in A.p. 665. The second work gives easier methods of
computation of the longitude of planets according to Aryabhata’s ardharatrika
system of astronomy. In his first work he has corrected all the erroneous methods
of Aryabhata I and has in more than one place corrected the longitude of the
nodes, apogees, and other astronomical elements of planets. Indeed, after
Aryabhata I the next name of significance is undoubtedly Brahmagupta, who,
coming 125 years after the former, did not find much scope for the further
development of Indian astronomy. Thus being jealous of the grcat fame of
Aryabhata I, he made some unfair criticisms of his work. Besides his corrections
of Aryabhata’s system, Brahmagupta’s other chief achievements in his
Brakmasphute-siddhanta consistedin: (i) finding the instantaneous daily motion of
planets affected by both the manda and sighra inequalities (II); (ii) ascertaining
the correct equations for parallax in longitude and latitude (V.2-5); (iii)
working out the altitude of the sun on the S.E. and S.W. verticals on any day
(II1.54-56); (iv) determining more correct equations for the drkkarmas (V1.3-4) ;
and (v) giving a more correct expression for the valanas (IV.16-18). In addition,
in his Khandakhadyaka (1X.8,12-13) he demonstrated the more correct method
of interpolation by using the second differences. Indeed, his methods have been
accepted by all the subsequent famous astronomers like Bhaskara II and have
been incorporated into redactions of the Siddhintas.

Brahmagupta mentions two writers, Srisena and Vispucandra, who were

Sirya-siddhinta, trans. E, Burgess, pp. ix-xii.

88 Pafica-siddhantiks, XV.18
8 Jbid., XVIII. 62.
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respectively the authors of new recasts of the Romaka- and Vafistha-siddhantas.
Both these writers lived after Aryabhata 1, as they borrowed much from him.

THE ORIGINALITY OF INDIAN ASTRONOMY

Concepts of scientific astronomy in India were not borrowed wholesale from
cither Babylonian or Greek science. In planctary theory, for instance, the
term Sighra or the ‘apex of quick motion” has not thc same meaning as ‘conjunc-
tion’ with which it has been identified. Then the term mandocea, the ‘apex of
slowest motion’, does not mean a point farthest from the carth as ‘apogee’ docs,
though ucca means ‘a high place’. Thus the meanings of the terms $ighrocca and
mandocca show some originality of thinking by Indian astronomers. We are not
suggesting, however, that the Indian cpicyclic astronomy as it was devcloped
by Aryabhata I and his pupils was uninfluenced by Babylonian and Greck
sciences. But the problem of discerning how far the Indian astronomers were
original as regards planetary theory appears insurmountable. As we have alrcady
said, they were siitrakaras or writers of aphorisms who stated only their results
but not the methods by which thcy obtained them. These mcthods were at
first transmitted through generations of teachers, and in the course of ages they
were lost. Aryabhata I furnished only one stanza (Golapada, 48) regarding his
astronomical mcthods, which says: “The day-maker has been determined from
the conjunction of the earth (or the horizon) and the sun; and the moon from
her conjunctions with the sun. In the same way, the “star planets” have been
determined from their conjunctions with the moon.’3” No other Indian astrono-
mer has lcft us anything of the Indian astronomical mcthods. In A.p. 1150
Bhaskara I tried to explain how the number of sidereal revolutions of ‘planets’
could be verified,®® but his expositions arc not satislactory and are in places
faulty. There is no doubt that Greck astronomy came to India before the time
of Aryabhata I. Varahamihira has given us a summary in his Paiica-siddhantika
of what was known by the name of the Romaka-siddhanta, but nothing of the
epicyclic theory is found in it. A verbal transmission of that theory together
with that of a few astronomical terms from a forcign country was quite possible.
It must be said to the credit of Indian astronomers that they determined all the
constants anew. Even in the lunar theory, Maifijula (aA.p. 932) discovered the
second inequality and Bhaskara II the third incquality, viz. ‘variation’.* The
Indian form of ‘evcction equation’ is much better than that of Ptolemy and

71t has been shown in a study of the above stanza that by these methods the sidercal periods of the
sun, Mars, Jupiter, and Saturn, as well as the synodic month and hence the sidereal months, may be
determined. Also the geocentric sidereal periods of Mercury and Venus may be found to be the same as
the sidereal period of the sun. See Bulletin of the Calcutta Mathematical Society, Vol. X11, No. 3.

8Siddhdnta-Siromani, Grahagapita, Bhaganadhydya, 1.5 and commentary thereon.

3 Khapdakhadyaka, pp. 162-70.
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stands on a par with that of Copernicus. It is from some imperfections also that
this originality may be established. For instance, the early Indian astronomers
recognized only one part of the equation of time, viz. that due to the unequal
motion of the sun along the ecliptic. It was only in A.n. 1028 that Sripati first
discovered the part of it which was due to the obliquity of the ecliptic.t® In
Greck astronomy hoth the parts were detected by Ptolemy. In regard to the
methods of spherical astronomy, the Indian astronomers were in no way indebted
to the Greeks. The Indian methods were of the most elementary character,
while those of Ptolemy were much advanced and more elegant. Yet the Indian
astronomers could solve some problems where Ptolemy failed. For instance,
they could find the time of day by altitude and the altitude from the sun’s
azimuth.4! Thus, although scientific Indian astronomy is dated much later
than the time of Ptolemy, barring the mere idea of an epicyclic theory coming
from outside India, its constants and methods were all original.

40 Siddhdnta-Sekhara, ed. Babuaji Misra (Calcutta University), Vol. I (1932), p. xii; Vol. II
(1947),pp. xxxiv-xxxviii.

4P, C. Sen Gupta, ‘Greck and Hindu Methods in Spherical Astronomy’, Journal of the Department
of Letters, Vol. XXI (Calcutta University, 1932). See also Khapdakhadyaka, pp. 172-93.
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THE foregoing pages by late Professor P. C. Sen Gupta reproduced from the
first edition of the Cultural Heritage of India were written in the thirtics of the
present century when our knowledge of Indian astronomy was largely confined
to the works of Aryabhata I, Brahmagupta, Bhaskara II, and a few other
ancient astronomers. Sen Gupta himself contiibuted significantly to our under-
standing of ancient Indian astroncmy through his work on Vedic chronology;
by editing, translating, and commenting upon the texts of Aryabhata I and
Brahmagupta; and by writing various articles on the subject including an
admirable introduction to Burgess’s translation of the Sirya-siddhanta published
by Calcutta University. During the last forty to fifty ycars, specially after
World War II, scveral new astronomical manuscripts, both original works and
commentarics, have been critically cdited, translated, and commented upon
by a number of able scholars in India and abroad throwing ncw light on the
subject. It now appcars that the originality of Indian astronomy did not cease
with the astronomical and mathcmatical productions of Bhiskara II in the
beginning of the twelfth centiry, that both before and after him important
works and commentaries were produced, and further that the medicval period
from the twelfth to the eightcenth century, thovgh largely marked by the
secondary activitics of the commentators, did occasionally preduce brilliant
minds with significant contributions to their credit.

PERIOD BETWEEN BRAIIMAGUPTA AND BHASKARA II

Between the period of Brahmagupta and that of Bhaskara II, we must notice
the works of Bhaskara I, Govindasvimin, Sankarandraysna, Aiyabhata II,
Sripati, and Satdnanda.

Bhaskara I, who flourished around ¢. A.p. 600, was a contcmporary of Brak-
magupta and possibly the greatest cxponent of Aryabhata’s audayika and
ardhardtrika systems of astronomy. From stray and insufficient references in
his works it is not possible to determine with certainty his place of birth. His
association with both the Aémaka country in South India, possibly Kerala,
and Sauristra in western India is equally probable. His fame rests on three
works, namcly, the Mahabhdskariya, the Laghubhdskariya, and a running
commentary (bhdsya) on Aryabhata I. Though bascd on Aryabhata’s system,
the Mahabhaskariya is a full-fledged work dealing with (i) mean longitudes
of planets and indeterminate analysis, (ii) methods of finding true longitudes
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(in Chapters II and IV), (iii) the three questions relating to time, place, and
direction, and discussion of spherical trigonometry, latitudes, and longitudes
of junction stars, (iv) solar and lunar eclipses, (v) rising, setting, and conjunction
of planets, (vi) astronomical constants taken from his master’s two systems,
and (vii) lunar day and miscellaneous examples. He gives a new method called
pratyabda-sodhana for finding mean longitudcs of planets, the conjunction points
(ighra) of Venus and Mercury, and the moon’s perigee and node. He also gives
a full discussion of the method of indeterminate analysis with numerous exam-
ples and its relation with astronomical problems. The Laghubhdskariya, as the
name implies, is a shorter manual intended as a text for the beginner,

Govinda$vimin (¢. 800-850) is mainly noted for his commentary on the
Mahibhdskariya and, therefore, for his mastery of the Aryabhatan system. He
was the court astronomer of King Ravivarman of Kerala, Besides the com-
mentary, he is credited with an original work on astronomy and mathematics
called Govindakrti of which references arc known but the original manuscript
is still untraceable.! Govindasvimin’s disciple and younger contemporary,
Sankaranariyana (¢. 825-900), also rose to eminence through his commentary
on the Laghubhaskariya, and was appointed chief court astronomer of Ravi-
varman of the Cera dynasty of Kerala (possibly the same king who patronized
Govindasvamin).

Vateévara (b. 880), whom al-Biriini referred to as VitteSwara in his India
(Kitab Tahgig ma li-‘l-Hind), was another Aryabhatan scholar who flourished
in North India. We learn from his own statement that he was the son of
Mahadatta Bhatta, a native of Anandapura in the Punjab. His Siddhanta is
a voluminous work divided into three main sections, cach subdivided into a
number of chapters. It is well known that Brahmagupta in his Brakmasphuta-
siddhanta, written at a young age, indulged in invectives against Aryabhata
for his sophisticated theories, e.g. the rotation of the earth and the equal division
of the mahdyuga, which occasioned bitter criticism of the Arab indologist and
encyclopaedic scholar al-Birini in spite of his overall admiration for Brahma-
gupta. About 250 years later Vateévara returned similar invectives against
Brahmagupta in a full chapter(X).?

" Aryabhata II (c. 950) did not have the merit of his namesake and illustrious
predecessor. His Mahdsiddhanta is a compendious work based largely on ortho-
dox views, showing some originality in the treatment of indeterminate equations.
The reputation of versatile Sripati (¢. 999), son of Nagadeva, is based on his
(i) Dhikofi, a Karana work on the Aryabhatiya, (ii) a fuller astronomical work

1K, V. Sarma, A Hutory of the Kerala School of Hindu A y (Vishvesk dI

Hoshiarpur, 1972), pp. 44-45.
1See Vapedvara-siddhanta, ed. Ram Swarup Sharma and Mukunda Mishra, Part I (Indian Institute

of Astrc ical and Sanskrit R ch, New Delhi, 1962).
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entitled Siddhanta-Sekhara, and (iii) a mathematical treatise, Ganitatilaka. He is
credited with the discovery of the moon’s second inequality. Satinanda (c.
eleventh century) hailed from Puri in Orissa and wrote a Karana work called
Bhdsvatt, more or less in the style of the Sirya-siddhanta. This work enjoyed great
popularity among the astronomers and almanac-makers of the castern region.

PERIOD FROM THIRTEENTH TO EIGHTEENTH CENTURY

Despite a few original works, this period witnessed by and large the produc-
tion of a number of commentarics and secondary works. It would, however,
be unrealistic to characterize this period as one of commentaries only. This
type of literature started appearing from the eighth or ninth century, if not
carlier. Utpala was a great commentator who specialized on Varahamihira.
In the ninth century Prthiidakasvimin (c. 860) produced two important com-
mentaries on Brahmagupta, namely, the Brahmasiddhanta-vasanabhdsya and
Khandakhidyaka-vivarana. In the same century Govindasvimin and Saikara-
nirayana were popularizing in the South the works of Bhiskara I and thercby
Aryabhata’s astronomical system.

In the thirteenth century another Aryabhatan scholiast, Siryadcva Yajvan
(c. 1191-1250) of the Nidhruva gotra, hailing from Kerala, produced a number
of commentaries on the Aryabhatiya, Mafijula’s Laghumdnasa, and the works
of Bhaskara I. His commentary on Aryabhata has recently been published,
in the critical edition of Aryabhatiya, by the Indian National Science
Academy on the occasion of the fiftcen hundredth birth anniversary of the
great savant. Siiryadeva was also an astrologer of repute and commented on
Varihamihira’s Mahdydtra and Sripati’s Karmapaddhati.

The fourteenth and fifteenth centuries are remarkable for the production
of both commentaries and original works. Mahcndra Sari (¢. 1320), a
disciple of Madana Siiri and native of Bhrgupura in North India, was one of the
principal court astronomers of Firozshah Tughluq. The Siri family mastered
the theory and technique of the astrolabe, the versatile astronomical instrument
and computer of which we shall say more in what follows. This is borne out
by the Yantrardja or Yantrargjagama compiled by Mahendra Siri from Persian
sources. Malayendu Siri, his disciple, prepared a useful commentary on the
tract.

In the South (Kerala) flourished Madhava of Sangamagrama (¢. 1340-
1425), who later on received the appellation ‘Master of Spherics’ (golavid).
In his Vepvaroha he developed an easy and facile procedure for dctermining
the true position of the moon every 36 minutes. The motion of the moon is
not only the fastest among planets and stars, but is marked by maximum and
rapid changes which render extremely difficult the determination of its correct
position at any intermediate time during the day. He developed an accurate
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moon-mnemonics, correct to the second, which gradually became widely
accepted by Keralan astronomers. This ingenious method became the subject
of several tracts, c.g. the Candra-sphutapti, Venodrohakriyd, and Drg-venvdrohakriya,
all anonymous, and another work, Vepvdrohdstaka, ascribed to Putumana
Somayiji.? In the Vepvdroha Madhava uses an epoch beginning from a.p. 1400
on the basis of which his time has been ascertained without much ambiguity.
The Venvaroha is not his only work. He is credited with several other works
such as the Lagnaprakarapa, a table of moon-mnemonics, Mahdjyanayana-
prakara, Madhyamanayana-prakdra, Aganita, and Agapita-paiicanga, about the
definite identification of which some disputes still persist.

Parame$vara (c. 1360-1455), another versatile astronomer and prolific
commentator of Kecrala, developed a drk system of computation following
Haridatta’s carlier parahita system with a view to ensuring better agreement
between observations and theoretical computations. A disciple of Rudra,
he belonged to a family of astronomers who lived in the village of Allatur
(Advatthagrama, lat. 10°15’) near the confluence of the river Nila with the
Arabian Sca. His original works include Dygganita (1430), Goladipika (1443),
Vakyakarana, Grahandstaka, Grahanamandana, and Candracchayd-ganita, most of
which are small but useful tracts. His detailed running commentarics on the
Aryabhatiya, Mahabhaskariya, Laghubhdskariya, Siiya-siddhanta, Laghumanasa, and
Lilgvati clearly show his mastery of traditional astronomy of the Siddhantic
period and at the same time his indefatigable encrgy as a commentator. From
the point of view of clarity and brevity of expression he was probably unrivalled.

Paramcs$vara’s son, Damodara (¢. 1410-1510), imbibed his father’s
interest and scholarship in astronomy. Damodara’s works have not yet come
to light, but that he did writc certain astronomical works is attested by the
statements of his illustrious disciple Nilakantha Somayaji (1444-1545). Nila-
kantha is also known by other titles such as ‘Somasutvan’, ‘Somasut’, and their
Malayalam version ‘Comatiri’. As a commentator and innovator, he attained
widespread fame which compares well with that of Parame$vara. From the
scanty biographical details given in the colophon of his commentary on the
Gapita section of the Aryabhatiya and from a Malayalam work, Laghuramayanam,
we learn that he was a Namputiri of the Garga gofra dnd hailed from
Siikundapura or Srikundagrima (Malayalam, Tr-k-kanti-ylir) near Tirur
in South Malabar, a place which in medicval times rosc to be an important
scat of Sanskrit learning, specially astronomy and mathematics. As to his
tcachers, besides Damodara, he mentions another preceptor, Ravi, versed
in Vedanta. In his Siddhdnta-darpana he refers to these two teachers as follows:
Srimaddamodaram natva bhagavantanv ravir tath|yatprasadanmayd labdharis jyotiscari-
tamucyate (1 bow down with reverence to my teachers Damodara and Ravi by

3Sarma, op. cit., p. 51.
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whose grace I have acquired the knowledge of astronomy which I am going
to discuss here).

Of the several works penned by Nilakantha, special mention may be made
of Golasdra (Essence of the Sphere), Siddhinta-darpana (Mirror of Astronomy),
Candracchdya-ganita (Computations of thc Moon’s Shadow), Tantrasangraha
(Collection of Astronomical Works), and Aryabhatiya-bhdsya (Commentary on
the Aryabhatiya).¢ Moreover, he wrote commentaries on his own Siddhdnta-
darpana and Candracchdyd-ganita. Some other minor works of Nilakantha include
the Grahana-nirnaya (Determination of Eclipses) and Sundararaja-prasnottara
(a dcbate with the Tamil astronomer Sundararija on the method of v@kyakarana
and other astronomical proccdures). And this by no mcans exhausts the list
of his writings, some of which are yet to be traced.

Nilakantha’s commentary on the Aryabhatiya is 2 masterpiece despite several
other commentaries on this text by renowned astronomers like Bhaskara I,
Parameévara, and Siiryadeva Yajvan. He not only elucidated with singular
clarity many cryptic verses composed in the sitra style, but cxpressed his
profound admiration for Aryabhata for his insistence on periodic obscrvations
in order to ensurc accuracy. ‘The picture of Aryabhata which Nilakantha
presents’, observes K. V. Sarma, ‘is appropriately cnough, that of an obscrver
and experimenter. Referring to certain methods enunciated by Aryabhata,
Nilakantha says, “The principles have all been implied in (the sitra beginning
with) the three words: The Sun through the conjunctions of the Sun and the
Earth, (the Moon) through the conjunctions of the Sun and the Moon, etc....
Employing the principles implied here, it is possible for thc intelligent to
conduct the experiments, duly.” Nilakantha is more explicit when he says:
“Hence Aryabhata has composed his Siddhdnta only to cxemplify the methods
of experimentation and expound the corpus of principles necessary therefor.”’ s
Nilakantha himself kept up this spirit and advocated without reserve the im-
portance of astronomical observations, specially during eclipses. He emphasized
that such ‘cxperimentation should continue to be donc by successive genera-
tions of disciples and grand disciples’ (Sisydnam grahagatipariksasamarthyapada-
nameva Sdstraprayojanam).

Interestingly cnough, Roger Billard in his rccent computer studies of
several Indian astronomical texts has confirmed that thesc texts were from
time to timc actually based on observations which were remarkably accurate
for the times as also for the instruments then available, About Aryabhata’s

4Ibid., pp. 55-57.

8 Jyotirmimarnsd, ed. K.V. Sarma (V,V.B. Institute of Sanskrit and Indological Studies, Hoshiarpur.
1977). Nilakaptha’s actual ts run as follows: (a) Padatrayena sakald yuktayah pradarsitah ksitivavi-
yogad dinakrd ravinduyogdditi; atroktabhiryuktibhireoa buddhimadbhih samyak pariksaparir kartum $akyam.
(b) Tasmdadaryabhatah pariksdprakarar tadupayogiyuktikalapar ca pradariayitumeva siddhéntarh cakdra.
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observations he writes: One cannot fail to notice the astonishing precision of
these mean positions as a wholc during the period of their observations. This
precision certainly represcnted the limit of accuracy of ancient astronomical
methods, of the instruments in use, and of the mathematical models then
available. That is to say, despite the speculation of the yuga system, Aryabhata
is certainly one of the greatest figures in the history of astronomy.®

In the fifteenth-sixteenth centuries, although the extreme South—Kerala
and Tamil countrics—had the pride of place in astronomical research and
in keeping the subject alive through commentarics, the astronomers of countries
south and north of the Vindhyas were no less active. Gangadhara, author of
Candramana (1434), lived south of the Vindhyas and Makaranda of Varanasi,
who compiled handy tables based on the Sirya-siddhinta, became popular
with almanac-makers, as did Lakymidasa for his Ganitatattva-cintdmani (1500),
a commentary on the Siddhanta-siromani? of Bhaskara II. We also hear of
scveral families of astronomers and mathematicians, some of whom were pro-
lific writers. Thus Jiidnaraja (¢. 1503), son of Ndganatha, flourished at Partha-
pura, a small village on the Godavari, and wrote an astronomical work, the
Siddhanta-sundara, in eighteen chapters. His son Siryadasa popularized Lildvati
and Bijaganita of Bhaskara II. More versatile was Gane$a Daivajiia (c. 1507)
of Nandigrama ncar Bombay, whose activities and range of scholarship can be
gauged from his works such as Grahaldghava, Brhattithi-cintamani, Laghutithi-
cintdmani, and Siddhanta-Siromani-vyakhya. Divakara, a Maharashtrian Brahmana,
son of Rima and student of Ganefa Daivajiia, founded a line of astronomers
whose activitics encompasscd four gencrations® The family hailed from
Golagrama on the northern bank of the Godavari. Three of Diviakara’s five
sons, Visnu, Mallaii, and Vi$vanatha, produced Karana works and commen-
tarics on the Grahalaghava, Sirya-siddhanta, and a few other works. Visvanitha
was the most activc of the five. Divakara’s grandson Nrsimha (by Srikrsna)
worked at Variapasi and wrote commentarics on the Sirya-siddhdnta and
Siddhdanta-Siromani. Nrsihha (¢c. 1586) had four sons: Divikara, Kamalikara,
Gopinatha, and Ranganatha. Kamaldkara’s (c. 1616) fame rests on his
Siddhanta-tattvaviveka, a voluminous exposition of the Sirya-siddhanta written in
verse in which was incorporated much material from Arab asfronomical and
geometrical texts. Ranganatha (¢. 1640) produced a running and detailed

4On ne q pas de remarquer I'e | te précision des ces bles de positi 0y pendant
la période des observations. Celte précision était certainement & la limite des moyens de 'a<tronomie ancienne, & la
limite de ses instruments t de ses modeles mathématigues, C’est & dire des & present qu'en dépit de la spéculation yuga,
Aryabhata est certai) t Punc des grandes figures de I'histoire de I'astronomie.’—Roger Billard, L' Astronomis
Indienne (Ecole Frangaise d’Extreme-Oricnt, Paris, 1971), p. 83,

1Sce S, N. Sen, ‘Astronomy’, 4 Concise History of Science in India, ed. D. M., Bose, S. N. Sen. and
B. V. Subbarayappa (Indian National Science Academy, 1971), pp. 99fF.

4 Jbid.
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commentary on the Sirya-siddhdnta, which was used by Burgess in preparing
his well-known translations and notes.

It is intercsting to note that while Aryabhata was popular among, and
dominated the astronomical thinking of, scholars in the South, the Sirya-
siddhanta attracted the greatest attention of the astronomers of the North.
The works of Bhaskara II, Siddhanta-Siromani, Lildvati, and Bijaganita, werc
popular throughout India. By comparison, the neglect of Brahmagupta and
his scholiasts and of a few other works of merit is not easy to understand.

With Kamalikara and Ranganitha we step into the seventeenth century.
From the time of Mahendra Siri in the fourteenth century up to that of
Kamalakara in the seventcenth, during which some astronomers were closcly
associated with the House of Tughlugs and later on of the Moguls, many
opportunities arose for the cxchange of astronomical and mathematical idcas
between the two streams of scholarship, of which the fullest advantage was
obviously not taken. In my judgement this poverty was due largely to India’s
failure to produce a scholar of the rank of al-Biriini among either the Hindus
or the Mohammedans. A bctter synthesis was attempted towards the end
of the seventeenth and the beginning of the cighteenth centuries under the
inspiring patronage of Sawai Jai Singh II (1686-1734), who was himself an
accomplished astronomer and was able to attract a number of distinguished
scholars of different religious faiths. Morc of this later.

Nilakantha was succeeded in the South by several astronomers who con-
tinued the tradition of preparing commentaries as well as independent works
between the sixteenth and eighteenth centurics. Sankara Variyar (c. 1500-
1560), a disciple of Nilakantha, produced a commentary entitled Laghuviorti
on the Tanlra-sasigraha. His contemporary, Jyesthadeva, (¢. 1500-1610) is noted
for his Yuktibhdsa, a popular work on mathematics and astionomy in
Malayalam. There is also a Sanskrit version of the work under the title
Ganita-yuklibhdsa, whose authorship is also ascribed to him. Then we have
another popular yet comprchensive astronomical treatise in ten chapters,
the Karanapaddhati by an anonymous Somoydji of the Putumana family of
Sivapuram (Trichur), who flourished between ¢. 1660 and 1740. Its wide
popularity is attested by the availability of a number of commentaries in
Malayalam, Tamil, and Sanskrit., Putumana also wrote a number of other
astronomical tracts, e.g. the Nydyaratna, Venvarohdstaka, and Padicabodha.

ORIGINALITY OF MADHAVA, NILAKANTHA, YUKTIBHASA, AND KARANAPADDHATI

We have seen that Miadhava of Sangamagrama was recognized in the
medieval South as the golavid or ‘master of spherics’. It appears that from
his time efforts were made to determine more accurate values of # and trigono-
metrical functions such as sin8, cosé, etc. This led to the discovery of a number
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of series, generally attributed to Taylor, Gregory, and others, several centuries
before these appeared in European mathematical works.
The well-known Taylor series is expressed as follows:

S(x+6)=f(x) +6f (x) + a7 f”(x) + ..

Its particular cases arc:

sin (x4-6) —-sin x| jg— cos ¥ — 2!; .sin x

2

cos (x { 0) =cos x -- sin X €Os X,

R - 2RT

These particular cases arc derivable from rules given by Madhava and

fully discussed by Nilakantha. Thus in his commentary on the Aryabhativa

and in his Taentiasaiigraha, Nilakantha gives the rule,? which, as translated by
R. C. Gupta, 1cads:

‘Placing the (sine and cosine) chords ncarest to the arc whose sine and
cosine chords are required, get the arc difference to be subtracted or
added. IFor making the correction 13751 should be divided by twice the
arc difference in minutes and the quoticent is to be placed as the divisor.
Divide the one (say sine) by this (divisor) and add to or subtract from
the other (cosine) according as the arc difference is to be added or
subtracted. Double this (result) and do as before (i.c. divide by the
diviso1). Add or subtract the result (so obtained) to or from the first
sinc or cosinc to get the desired sine or cosine chords.’10

Other forms of sine and cosine series in ascending odd and even powers
of the arc or angle, given below and attributed to Newton (1642-1727), have
been traced to Madhava (e. 1340-1125) and fully claborated in the Yuktibhdsa
and the Aaranapaddhati:

K8 x5
sinx = x — 30 ]5—'
,‘ Aoh L ntsdh. h b, "(

Tre du .mua)aw nyasya Lurmrl'uua:[hdnm dhanuh;
Duighna- talltplda[rtada-.mla:a:la- sikhindavah.
Nyavydccheddya ca tatsarisharavidhitsayd,
Chittvaikar prk ksipejiakyat taddhunusyadhikonake.
Alya.gyamatha tdris dvighnam talha'.gyn‘mzh sariskrtih;
Its te kytasammshar
105¢e ‘Sccond Ordcr Interpolnuon in Indian Mathematics up to the Fifteenth Century®, Indian

Jownal of History of Science, 1\ (1969), pp. 86-98.
90




ASTRONOMY IN MEDIEVAL INDIA
xt  xt
cosxy =1 _2_§+4Tg""

Nilakantha in his Aryabhatiya-bhdsya discussed the irrationality of = and
gave, without proof, the expression
- 1,1
c=1—=_ 4 —....
4 3 + 5
This series, attributed to James Gregory (1638-75) in Europe, has been

traced to Madhava to whom is ascribed the following verse regarding the
circumfercnce of a circle:

Vyase varidhi-nihate rapahrte vydsasagardbhihate;
Tri-Sarddi-visamasamkhyd-bhaktamrnair svam prthakkramat kuryat.

Translated, the verse reads: “Multiply the diamcter by 4. Alternately, deduct
from and add to it four times the diamecter divided by the odd integers 3, 5,
ctc. (to get the circumference).’

This means,

id  4d
ﬂ(l—"‘([—‘-g—'*"—s'—"....
or7=l—l+_l.—-
4 3 5

A proof of this expression is given in the Yuktibhasa through three lemmas as
follows:t

G

B_1B1

Fig. 6.1

11For a fuller mathematical proof see C. T. Rajagopal, ‘A Neglected Chapter of Hindu
Mathematics', Scripta Mathematica, XV, Nos. 3 and 4 (1949), pp. 201-9. Sce also C. T. Rajagopal and
T. V. Vedamurthi Aiyar, ‘On the Hindu Proof of Gregory's Serics’, Scripta Mathematica, XV1I (1951),
pp. 65-74.
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Lemma 1: If BC (Fig. 6.1) be a small arc of a circle of unit radius with
centre O and if OB and OC be produced to meet the tangent at any point 4
of the circle in points B, and C, respectively, then the arc BC is approximately
given by

B C,
arc BC ~ [TAB3
Lemma 2:
lim =  tn
arc tan ¢ = "—’Gz,l T
r=0
|arc tan t}| < %—;

Lemma 3:

lim 1 24

;o1
n—»anprlzﬂ Tp Il

r=0

From thesc lemmas the Yuktibhasa easily derives the following relationship:

5
.u'ct.mt_t—t—+ ey IS L

‘I'his relationship is also found in the Karanapaddhati.'*

These m, sine, cosine, and tangent series were found in Europe by mathemati-
cians like Roberval (1634), Gregory (1638-75), Newton (1642-1727), and
Leonhard Euler (1707-83). Indian mathematicians of the fourteenth and
fifteenth centurics had already hit upon and developed these series for purposes
of refinement of their astronomy. In this connection we must recall the great
contribution of C. M. Whish, who first identificd these scrics in the Tantra-
saiigraha, Yuktibhdsa, Karanapaddhati, etc.’3

VAKY.1M METHOD OF COMPUTATION OF ECLIPSES

An interesting and rapid method of mechanical computation of eclipses
was developed by Tamil calendar-makers. This involved the use of shells to

1 ]bid.
13C, M. Whish, ‘On the Hindu Quadrature of the Circle and the Infinite Seriesof the Proportion
of the Circumference to the Di in the Four Sastras etc.', Transactions of the Royal Asiatic Society

of Great Britain and Ireland, V, No. 3 (1835), pp. 509-23.
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represent various numbers and their sexagesimal fractions and artificial words
and syllables for memorizing the entire lunar and solar tables required for
such purposes. The French astronomer Le Gentil, who visited Pondicherry
for observing the transit of Venus during 1769, spent some time in India,
studied Indian astronomy from Tamil calendar-makers, and recorded the
results of his study in his Mémoire sur I'Inde. The study was not based on any
manuscript material but on oral information conveyed to him. In 1825 John
Warren, an astronomer under the East India Company, followed the example
of Le Gentil in compiling his Kalasamkalita (with the subtitle ‘A Collection of
Memoirs on the Various Modes According to which the Nations of the
Southern Part of India Divide Time’). He obtained information from onc
Sashia, a calendar-maker of Pondicherry, whom he found after a long scarch.
This Sashia showed him how to compute a lunar eclipse with the help of shells
arranged on the ground and from a number of tables which he reproduced from
memory with the help of a few artificial words and syllables (sakyam). In fact,
he computed the lunar eclipse of 31 May-1 June of 1825 with an error of -1
minutes for the beginning, —23 minutes for the middle, and —52 minutes for
the end. The various numbers gathered from such sources and the tables
compiled on the basis of oral information were recently studied by Neugebauer'
and Van der Waerden,* giving a very clear exposition of the sdkyam process.

To predict cclipses it is necessary to compute the longitudes of the sun and
the moon and also the occurrence of the moon at the node. In the vdkyam
process the Tamil calendar-makers start with a given ycar and a given
longitude of the sun. This epoch is the Kaliyuga bcginning 18 February
3101 B.c. Then there arc sets of numbers indispensable for computations,
These are:

V = 16009844 v = 212°0'7"

R = 123724 r = 297°48°10"
C = 30314 ¢ = 337°31'l"
D = 248 d = 27°44'6".

Van der Waerden has shown that the number V (1600984 days) represents the
ahargana, that is, the number of civil days that elapsed from the beginning of
the Kaliyuga up to 22 May of A.n. 1282. He has further shown that the sakyam
process is applicable only after this date, and that it was therefore developed
towards the end of the thirteenth century. The numbers represented by R, C,
and D are each an approximate multiple of the anomalistic month 274 days

10, Neugebauer, ‘Tamil Astronomy—A Study in the History of Astronomy in India’, Osiris, X

(1952), pp. 252-76.
BB, L. Van der Waerden, ‘Tamil Astronomy’, Cenfaurus, IV (1955-56), pp. 221-34.
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(or 27, 33, 16, 26, 11 days in sexagesimal fractions) and contain 449, 110, and
9 such months. These three periods are further related by

R=4C4D.

The figures in degrees, minutes, and seconds represented by o, 1, ¢, and d
are the corrcsponding motions of the moon. To find the longitude of the moon
the ahargana a from the beginning of the Kaliyuga up to the date of the eclipse
is calculated by the usual methods discussed in all Indian astronomical texts.
Then a is divided by V, the remainder by R, the remainder by C, and the
remainder of the last division by D. In the example given by Le Gentil for the
lunar cclipse of 23 December 1768, the aharganais 1, 778, 701 and the respective
quoticnts are 1, 14, 1, and 5, the last remainder being 238 days. Therefore,
a can be written as:

a=V-+14R-+C+5D 1238,

In the next operation the quoticnts of the divisions by V, R, etc. are multi-
plied by o, 7, etc. so as to obtain the sum

v F14r Fe4-5d.

To this sum is added the motion of the moon during the remaining 238 days.
This last quantity to be added is taken from a lunar table given by Robert Penn
Warren (b.1905) under the description ‘Daily Motion of the Moon During the
248 Days’. The final result gives the longitude of the moon. This method of
calculation is the vdkyam process,

Waerden verified that by applying the same process, the longitude of the
moon for ahargana 1600984, i.e. for ¥, worked out exactly to 212°0°7" as given
for v.

For computing longitudes of the sun, Warren has given solar tables which,
upon critical analysis, reveal the use of the epicyclic model of finding incquality
such as we meet with in the Aryabhatiya. In other words, trigonometrical
mcthods introduced into Indian astronomy from the time of Aryabhata were
in use in these computations as well.

L
SYNTHESIS BETWEEN HINDU AND ARABIC ASTRONOMY

Reference has already been made to sporadic efforts on the part of Hindu
astronomers to incorporate clements of Arabic astronomy and mathematics
in Sanskrit works, At least there were ample opportunities for studying Greek
works in Arabic translations. In 1259 Hulagu Khan, after the conquest of Persia
and establishment of his capital in Maragha, south of Tabriz, decided to set up
on the top of a hill ncar his new capital an astronomical observatory. With
royal patronage and the devoted labour of a number of leading astronomers
of his time, the observatory developed into a fine and most well-equipped centre
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for first-rate astronomical work. Nasir al-Din at-Tusi, a rcnowned astronomer
and mathematician, was its first director, and the Syrian engineer and astrono-
mer al-Dimiski, as well as al-Khalati of Tiflis, al-Maraghi, al-Maghribi, Abi’l
Fariz, ibn al-Futi, and several other astronomers and mathematicians worked
here and produced the famous astronomical table al-Ilkhdni. It also built up an
unrivalled library. Unfortunately the observatory did not last long, for we do
not hear further about it from the fourteenth century onward. In the following
century Ulugh Beg, another Mongol prince in the direct line of Tamerlanc
and great patron of learning, particularly of astronomy, compensated for the
decline of Marigha by establishing another grand observatory in Samarkand
in Central Asia,

These examples had some effect in India only in the beginning of the
cighteenth century when Sawai Jai Singh I11(1686-1734), an able statcsman and
astronomer, dccided to build in Jaipur, Delhi, Ujjain, and a few other places
observatories equipped with masonry and other instruments for the purpose of
making more accurate observations and preparing more reliable astronomical
tables. In all this he followed the methods and practices of Arab astronomers,
retaining at the same time many standard methods given in traditional Sanskrit
texts. His masonry instruments included a giant right-triangular gnomon
fitted with a graduated quadrant called Samrd} Yanira; a hollow hemispherical
dial, the jai prakas, provided on its concave surface with a number of coordi-
nates; a cylindrical instrument called RamaYanira, provided with graduations on
its inside wall and on the floor believed to be a type of cylindrical astrolabe;
and other instruments to serve the purpose of the meridian circle, meridional
arc, zodiacal circle, etc. Jai Singh greatly appreciated and valued the small
brass instrument called the ‘astrolabe’ in the manufacture of which Islamic
instrument-makers had specialized. He encouraged fabrication of such instru-
ments with Sanskrit inscriptions and himself wrote a small tract on the subject.

The research programme he and his able astronomers and obscrvers under-
took included the compilation of an improved astronomical table, Zij mukammad
shahi, and translation into Sanskrit of Ptolemy’s Almagest, Euclid’s Elements, and
a few other texts from their Arabic versions. The first two were rendered by
Jagannatha (b. 1652) who, at the instance of his patron, mastered Arabic and
Persian to carry out this important task. Jai Singh also came in contact with a
number of Christian missionaries and learnt from them the progress made in
astronomy through new types of instruments such as the telescope. He took steps
to procure through Jesuit channels the latest astronomical works by Europcan
authorities. We know from Tieffenthaler, a Jesuit missionary who visited India
just after the death of Jai Singh, that many Jesuit astronomers, including himself,
had intended to work in Jai Singh’s observatories and initiate a process of
exchange of ideas and methods of immense consequence for the future develop-
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ment of Indian astronomy. That, however, was not to be due to the premature
death of the patron and astronomer king and the darkening political clouds soon
to engulf the country into a century of strife and uncertainty.

The astrolabe to which reference has becen made a number of times arrived
in India with Muslim astronomers or astronomical instrument-makers. The
information as to when and how it came to India and the extent of popularity
attained by it in astronomical circles is very imperfect. As to the origin of the
instrument itsclf] it appears to be a Greek invention —Hipparchus (150 B.c.),
Apollonjus (260-200 B.c.), and Eudoxus (350 B.c.) being variously credited
with the knowledge of stereographic projcction, the basic principle of the in-
strument. No less an authority than Vitruvius would have us belicve that
‘according to some, Eudoxus, the astronomer, invented the arachne, according
to others, Apollonius® (dicitur invenisse arachnen Eudoxus astrologus; nonnulli dicunt
Apollonium).1¢ Curiously enough, the instrument is not mentioned in the Almagest.
But Ptolemy was certainly acquainted with the instrument, for he wrote a tract
on stereographic projection which was translated into Arabic in the tenth
century and from Arabic into Latin in the twelfth. In the fourth century a.p.
Theon of Alexandria wrote a small tract in which the term ‘little astrolabe’ was
first used. The first full-fledged work on the astrolabe is that of Philloponus (c.
A.D. 530). About a hundred years later Severus Sebokht produced another tract,
clearly based on Theon’s work.

The credit of rcal development in astrolabe-making, however, goes to Arab
astronomers and instrument-makers, starting from around the ninth century.
Thus al-Faziari (¢. 800), one of the earlicst Muslim astronomers, wrote a tract
on the subject. Other notable carly astronomers of Arab culturc areas who wrote
important tracts on the astrolabe include Abu’l-Ma’shar, Umar al-Balkhi,
‘Ali ibn Isa of Baghdad, al-Farghani (. 830), al-Birini (973-1048), al-Majriti of
Cordova (¢. 1000), al-Zarkali (¢. 1029), and Nasir al-Din at-Tusi (1201-74).
Al-Birtini’s two tracts on the instrument, Kitdb fi ist’iab al-wujih al-Mumkin fi
san’at al-asturldb (Comprchensive Study on Possible Mcthods for the Construc-
tion of the Astrolabe) and Kitdab al-tafhim li-awa’il sind’at al-tanjim (The Book
of Instructions in the Elements of the Art of Astrology), attaincd great popularity
and arc available in translations in European languages.’?

18Dg Architectura, Book I1X, Ch. 8, quoted by H, Michel in Traité de I'asirolabe (1947), p. 6.

E, Wiedemann, ‘Einlcitung zu dem Werk Uber dic cingchende Behand lung (istilib) aller
moéglichen Methoden filr die Herstellung des Astrolabs®, Das Weltall, XX (1919), pp. 24-26 (contains
translation of the introductory part). The more general parts dealing with construction are dealt with
by F. Wiedemann and Josef Frank in ‘Allgemeine Betrachtungen von al-Biriini in seinem Werk
itber dic Astrolabien’, Sitzungsber. der Physik Medizin ... in Erlangen, L1I (1922), pp. 97-121; Z. fiir Instru-
mentenkunde, XLI (1921). 4! tanjim was translated by Ramsay R. Wright as The Book of Instruction
in the Elements of the Astrology by al-Birint Written in Ghaznal 1029 A.p.; English translation with Arabic
text (Luzac and Co., London, 1934).
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Of the three main types of astrolabes, i.e. the flat or planisphacrum, spherical,
and linear, the first type is the most common. Its essential parts are (i) a thick
circular disc, generally of metal, of a diameter varying from 5 to 50 cm., called
mater or ‘mother’ (Arabic 'umm); (ii) a star map called ‘spider’, aranea or rete
(Ar. ‘ankabat); (iii) a number of circular plates called tablets or tympans (Ar.
safihah); and (iv) a ruler fitted with a sighting device called dioptra or alidade
(Ar. al-‘idade). All the pieces are pierced at the centre so that they can be held
together with an axis or pivot (Ar. mihwar or quth) and fixed by a bolt called
‘horse’ (Ar. faras). The ‘mother’ is a thick circular plate with a hollow space so
designed that the star map and the various tablets can be exactly fitted within
it. The ‘mother’ has a raised rim graduated in 360 degrecs or in four quadrants
each divided into 90 degrees. The inside surface is inscribed with place names
and thcir latitudes and longitudes. This is usually done by drawing several con-
centric and radial lines, dividing the space into several groups of three, one for
writing the name of the place and the other two for its latitude and longitude.
The back of the ‘mother’ is provided with several computing devices. Some
common features arc a zodiacal calendar, altitude scales, a square for measuring
shadows and heights, a circular cotangent scale, sine graph, and declination
graph. Spccial tables for astrological computations are also provided.

The rete or “spider’ is the most conspicuous and at the same time ornamental
part of the instrument. It looks like a spider because several arcas of it are
scooped out leaving a number of pointed and curved projections, each inscribed
with the name of a prominent star. These projecting picces are called shazaya
in Arabic. The ‘spider’ is really a star map in projections and contains an ecliptic
circle uncqually divided into twelve parts to represent the twelve signs of the
zodiac: Aries (al-hamal), Taurus (al-thir), Gemini (al-jiza), Cancer (al-saratan),
Leo (al-asad), and so on. The cclestial latitudes and longitudes of the stars can
be easily read with the help of a special tablet called safihah mizan al-‘ankabit
(tablet for stellar measures). Other tablets arc cngraved with stereographic
projections of the tropics, the equator, the altitude and azimuth circles, hour
lines, etc. By the skilful use of the astrolabe with its plates and various gradua-
tions, it is possible to tell time during day and night, find positions of the sun
and stars, solve problems of heights and distances, make other computations,
and, above all, teach the elements of astronomy.

India has a good collection of astrolabes, imported as well as locally made.
Among the old astrolabes, a thirteenth-century one inscribed in Kiific characters
and abjad numerals is now kept in the collection of the Archaeological Museum
at the Red Fort, Delhi. Gunther informs us that in the last century Professor
Wilson at Benares had in his possession a thirteenth-century astrolabe con-
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structed by Mahmud Ben Ali Ben Yusha Alri in 1270.2 During the sixteenth
and seventeenth centuries India produced a number of highly skilled astrolabe-
makers whose instruments are to be found in this country and in various
muscums of the world, particularly the History of Scicnce Museum at Oxford.
A large number of them bear the names of the members of the family of Shaikh
Allah-Dad (¢. 1570), who established his reputation as a master astrolabist in
Lahore during the reign of Humayan.*® Allah-Dad’s son Mulla ‘Isa (c. 1600),
flourished during the rcign of Akbar., His two sons Qa’im Muhammad (c. 1630)
and Muhammad Mugim (¢. 1640) attained great reputation during the reign
of Jahangir and Shah Jahdn and left behind a number of astrolabes cngraved
with their names, now the prized possession of several museums. This tradition
continucd with distinction in the fourth generation by Allah-Dad’s great grand-
son Diya al-Din Muhammad (¢. 1650). During 1971-74 I carried out a survey
of astrolabes in India in conncction with a research scheme relating to scientific
instruments of historical importance under the auspices of the Indian National
Science Academy and also had the privilege of visiting and working at the
Muscum of History of Science in Oxford. Over thirty astrolabes were then
located in India. Besides the members of the Allah-Dad family,
somc other Indian astrolabists known from their engravings include Muhammad
Silih of Tatta (¢. 1660), Muhammad Zaman al-Mumdjim (¢. 1660), Ibn Muhibbh
Haqiqah (c. 1653), J’afar bin ‘Umral Kirmani, Muhammad Amin ibn Muham-
mad Tahir, Sayyid ‘Abd al-Baqi Sayyid Husain (¢. 1790), and Gulam Qadir
of Kapurthala (¢. 1840). Gunther has recorded cight astrolabes with Sanskrit
inscriptions, somc of which were described by Kaye and Morley.

When the Hindu-Arabic synthesis was thus taking place, the ancicnt and
medicval science of astronomy had lost much of its force and value. Europeans
had alrcady arrived and started their survey and other scientific operations with
much improved and more powerful instruments. In Madras and Calcutta
telescopes appeared on the rooftops of houses of a few private individuals and
some resourceful officials of the Company. Henceforth our attention became
fixed on the scicntific activities of Europe.

1R, T, Gunther, The Astrolabes of the World, Vol. I (Oxford, 1932), pp. 61-81.
1S, Nadvi, ‘Somc Indian Astiolabe Makers’, Islamic Culture, 1X (1935), pp. 621-31; and Nabia
Abbott, ‘Indian Astrolabe Makers’, Islamic Culture, XI (1937), pp. 144-46.
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PHYSICS AND MECHANICS IN ANCIENT AND MEDIEVAL INDIA

HYSICS, mechanics, and related branches of science are of comparatively

recent origin. In Europe they started taking definite shape around the end
of the sixteenth and beginning of the seventcenth centrurics. That docs not,
however, mean that the ancient world was quite barren of all kinds of thought
and speculation about what later on came to be recognized as physics. Fx-
periences of the material world, of propertics or behaviour of matter, of motion,
light, sound, clectricity, and so on were bound to, and did, generate speculations
and lead to certain efforts at systematization quite early in man’s intellectual
history. This is more or less truc of all early civilizations, for whatever culture
cvinced interest in understanding man’s physical environment could not fail
to be intrigued by the material content of it. In the case of the ancient Indian
civilization we find abundant evidence of this situation in its carly litcrary and
philosophical productions. Wondering at the eternal mystery of the creation of
the universe, the authors of these works went deep into the question of the nature
of matter and its behaviour and not infrequently provided answers to problems
which sometimes appear refreshingly modern.

Take the question of the physical reality of matter which attracted the
attention of all philosophical schools in India as clscwhere with varying degree
of intensity. The Nyaya-Vaisesikas approached the problem from a fixed number
of physical realitics, the categorics, six in number and headed by dravya (sub-
stance). The Vaisesika conception of matter is embodicd in this very term which
includes as criteria ability to act as a substratum ol qualities, to be endowed with
motion, and to provide an inhcrent or material cause. Substance cxists in nine
different types, viz. earth, water, fire, air, cther, time, space, soul, and mind.
The Vaisesika-siitra and one of its carliest expositions, the Padarthadharma-saigraha
of Praastapada, also known as Prafastapada-bhasya,! have dealt with the problem
of matter at grcat length, rccognizing its atomic character and the role of atoms
and their aggregates in various physico-chemical rcactions.

Primarily concerned with the origin and evolution of matter, the Sarmkhya
system developed the concept of Prakrti and its threc gupas, sattva, rajas, and
tamas, representing respectively the essence or the intelligence stufl, the dynamic
principle, and the inertia or the restrictive principle inherent in matter. The
great merit of the system s its recognition of the energy principle and its conscr-
vation in the conception of matter.

Receding considerably from the realism of the Vaiéesikas and the exponents
of the Samkhya system, the Jains and Buddhists none the lcss speculated from

1Ed. Gopinath Kaviraj and Dhundiraj Sastri, Chowkhamba Sanskrit Series, 1930.
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their respective metaphysical standpoints upon the nature of matter. Pudgala,
the Jaina term for substance, isin a continuous state offlux undergoing integra-
tion and disintegration all the time, processes which are rendered possible by-
the atomic character of matter and the working of various inter-atomic forces.
To the Buddhists matter is to be comprehended through their forms (riipa) and
qualitics such as sound, odour, taste, touch, etc. which are responsible for the
substancchood of matter. While opposed to the Vaisesika concept of atoms, the
Buddhists, particularly the Sarvistivadins, belicved in some kind of atomism.

MECHANICS—MOTION OF BODIES

While speculating on matter, the Vaiesika realists did not fail to notice
the fundamental importance of motion. In fact, one of their definitions of sub-
stance rccognizes motion as an inherent quality of substance (kriyavattva).
Moreover, motion (karma) is acknowledged as one of the six categories with which
to comprchend the physical world. In attempting to survey the development of
concepts in physics we may do well to start with the subjcct of motion in which
the ancicnt Indians made notable progress.

The basic concepts of motion were introduced during the formulation of the
Vaiéesika aphorisms (¢. 300 B.c.). Unfortunately, no further study of the nature
of motion was undertaken by the later exponents of the school until Pradastapada
(¢. A.D. 600) rcvived the ideas in his Paddrthadharma-sangraha. Pradastapada’s
definition of motion involves discussion of its characteristic properties. These
propertics, as enumerated by Sen,? may be stated as follows: (i) peculiarity of a
single motion affecting a single body (at a time) - -ekadravyatva; (ii) instantancity
—ksapikatva; (iii) property of appertaining to corporcal bodies only—miirta-
drayya-vrititva; (iv) lack of qualitics—agunavattva; (v) property of being generated
by gravity, fluidity, volitional effort, and conjunctions- —gurutva-dravatva-prayatna-
satiyogajatva; (vi) property of being opposed by conjunctions caused by them-
selves —svakdrya-sariyoga-virodhitva; (vii) property of acting as independent
causc of conjunctions and disjunctions —samyoga-vibhdga-nirapeksakarana;
(viii) property of acting as non-inherent cause —asamavdyi-karanatva; (ix)
property of initiating effects (by conjunctions and disjunctions)ein their own
as well as in other substrates—svaparasraya-samaveta-karyarambhakatva; (x) inabil-
ity to initiate its own kind —samdna-jatiyandrambhakatva; (xi) inability to
generate motion in other bodies — drayyandrambhakatva; and (xii) classificability
into distinct types characterized by directions of initial motion—pratiniyata-

Jatiyogitva, digvisista-karydrambhakatva.

Prafastapada defines motion as the change of place of particles as itemized

in (vii). He regards motion as instantaneous (ksanika) in its simplest form (item ii)

3718. N. Sen, ‘The Impetus Theory of the Vaifegikas’, Indian Journal of History of Science, Vol. 1 (1966),
p- 97.
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distinguishing it from impressed motion, monentum (vega), whichis a persistent
tendency (sariskdra) and implics a series of motions.® This concept does not
readily correspond with Galileo’s (1564-1642) concept of uniform motion in a
straight line. That motion is not a mere displacement (saryoga-vibhiga) but is
endowed with directional properties (diguisista-karyarambhakatva) or a vector
quantity is indicated in (xii).

Although Praastapada was aware of the nature of vectors, he did not explore
their properties. In any case, he may be considered to be a pioncer in vectorial
concept. The Vaiéesika school also holds that when a body moves, its motion
belongs to itself alone (ekadravyatva) and so one event of motion cannot initiate
another. This postulate has been more forcefully expressed by Sridhara (c. A.p.
991) in his asscrtion that there can be only one cvent of motion in any body at a
given time (ekada ekasmin dravye ekameva karma vartate). Prasastapada has described
other types of motion besides rectilincar, viz. curvilinear motion (gamana),
rotatory motion (bhramana), and vibratory motion (spandana). We meet with
Prasastapdda’s interesting statements about the motion of falling hodies. Such
motion is produced by gravity alone. This leads to an impressed motion (sazs-
kdra) in the same direction. As the force of gravity continues to opcrate, the
motion of the falling bodies is due to gravity as well as sariskdra. The resultant
motion is one, but both the causes must be conceived as contributing to the
resultant. According to Seal,t a good foundation was thus ‘laid for the ex-
planation of accelcrated motion of falling bodics, but Galileo’s discovery was
not anticipated, as Galileo’s observations and mecasurements of motion were
wanting’. Had the Vaifcsikas explored the rcsultant motion of a vertically
falling body experimentally, they would in all probability have discovered
Newton’s forcc-acceleration relationship as represented in the equation Fz=ma,
where F is the force, m the mass, and a the acceleration.

Unfortunately, no instrument was available then for an accuratc determina-
tion of small intervals of time. Indeed, the frce fall of bodics is too fast to be
studied in any detail without sophisticated modern cquipment such as instru-
ments for fast photography. It is intercsting to note, however, that Galileo
decided to ‘dilutc the force of gravity’ by making a ball roll down an inclined
plane. Hc also measured the time taken by the ball to cover different distances
by means of a water clock. The time was measured by the amount of water
pouring out through a little opening ncar the hottom of a large container.

Now, gravity isstated to be one of the causes of motion, the other causes heing
fluidity, volitional effort, and conjunction (gurutva-dravatva-prayatna-saniyogajatva).
Here conjunction means a special type of contact of which examples are impact
(abhighdta) and impelling push (nodana). Being causes of motion, all these agents

3B. N. Seal, The Positive Sciences of the Ancient Hindus (Delbi, 1958), p. 129.
4Ibid., p. 141.
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can be regarded as forces. The word gurutva (gravity) has also been used in the
sensc of heaviness or weight, but there seems to be no correlation between gravity
and mass of the substance as there is no corrclation between any type of force
and acccleration,

Uddyotakara (c. sixth century A.p.) states in his Nydyavarttika that a heavier
body falls to the ground with greater vega than one that is lighter. Since
Uddyotakara’s definition of zega is not clear, it is improper to identily it with
velocity. For instance, if vega implics something like momentum his statement
may be taken as objectively correct; because under identical initial conditions
bodies falling freely under gravity will reach the ground with the same velocity.
However, the heavier body will have greater momentum. Strangely enough,
Uddyotakara holds, and Sridhara agrees with him, that the gravity as a whole
of'a body composed of particles (avapavah) is not the same as the sum of gravities
of the particles. There is a difference in amount which is, however, so small as
to be imperceptible. This is a curious metaphysical speculation in the context
ofmodern theorics. The Vaidesika explanationofobjects is obviously qualitative,
considering as it does the motion in terms of change with reference to space
only. Nowhcre does it take cognizance of the time factor. The general idea was
that motions were caused by the qualities in the substance.

Concept of Vega: A motion has been generally conceived as a change of place
in a particle, instantancous and incapable of producing another motion. But
when a motion is caused by impact (abhighata) or impelling push (nodana) it
develops a samskdra or persistent tendency to motion. This persistent tendency
of a moving body to continuc its motion has been called vega. That vega is a
sariskdra has been clearly stated by Pradastapada. According to him, samskdra
is of three types, viz. vege, bhdvand (mental impression), and sthitisthapaka
(clasticity). This vega closcly fits in with the modern concept of momentum as
has been shown by Scen.®

The Vaisesikas accept onc and the same samskdra (impressed motion or
momentum) lasting till the cessation of motion. Uddyotakara and other writers
of the Nyaya school suppose a series of samskaras, cach generating the one that
succeeds it. It appears that the Nyaya view implies something appgoaching our
modern idea of acceleration. The power of saniiskdra diminishes by doing work
(karyakarandt) against counteracting forces and when the samskdra is in this way
exhausted the moving body comes to rest. Thus rega corresponds to inertia in
some respects and to momentum (impressed motion) in others. This is the
nearest approach to Newton’s first law of motion.

Units of Space and Time, Co-ordinales: The solar day was taken as a natural
measure or division of time. In the Nyaya-Vaiéesika school the day of 24 hours
(solar) is stated to contain 1,944,000 units of time (ksana). The Nyaya unit of

8Sen, op. cit., pp. 39-41.
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time therefore measures 044 second. It may be recalled that the modern time

. 1 .. . .
is defined as 86400 of a mean solar day; it is the same in the metric and English

systems. The smallest measure of time used by ancient Indian astronomers is
truti which is 2:9623 X 10 of a second, undoubtedly an exccedingly minute
interval of time that could be conceived anywhere at that time. According to
Scal,® the perception and its range and limits were carefully studied by the
ancient Hindus. However, finer instruments of mcasurcment were wanting
and this was a principal cause of arrested progress. Indeed, their approach to
the study of mechanics was by and large qualitative, being predominantly
subjective without depending much on accurate measurcments or experimenta-
tion.

The natural measure of length was the cubit (hasta) of which there were two
fixed standards, thegreater and the lesser cubit. It may be recalled that the early
British unit of length was the foot. The smallest measurc of length mentioned

s & . S 1 .
in Silpadastra (technology) is paramanu which is about 349595 of an inch.

This is the same as trasarenu of the Nyaya-Vaidesika school, which stands for
the thickness of thc minimum visible (the finest mote perceptible in the sunbeam
as it comes slanting into a dark room through a chink). According to Variha-
mihira (. sixth century A.p.), 89 trasarenus when placed side by side cover up a
distance which cquals one anguli (about three-fourths of an inch). He also
assumes that 64 frasarenus equal the thickness of a filament of hair. Such inade-
quate methods of standardization of quantities could hardly yicld quantitative
results.

According to Bhaskara? (c. A.p. 1150), average velocity (sthilagali) is
measured in accordance with the formula v=s/t where v is the average velocity,
s the distance traversed, and ¢ the time. But no unit of velocity appears to
have been given. There is no clear idea of acceleration, as already stated, and
of course no mecasurcment of force. Mahaviracarya (¢. A.p. 850) gives formulac
for computing the space traversed in cases of sarikalitagati (velocity with regular
increment at stated intcrvals), but this does not amount to acceleration as the
intervals are not indefinitely small.

Where the velocity is uniform, the interval of time may be of any amount
(sthiilakdla), but where the velocity is variable an indefinitely small amount of
time (siksmakdla) must be taken. In other words, the positions of the particles
in two successive instants must be considercd and the velocity must be supposed
to be uniform during this interval (conceivea as indefinitely small). It is in this
way that Bhaskara determines the instantaneous position of a planct. According

$Scal, 0p. cit.,
"See Bhiskara s S:ddlxanla-ﬁmmam, Ganitddhydya.
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to Scal® Bhaskara’s method of determining the differential of a planet’s
longitude is not merely analogous to, but virtually identical with, that of the
differential calculus.

In order to conceive position in space, Viacaspati Miéra (¢. A.p. 840), in
his Nydyasiici-nibandha, takes three axes. The position in space of one particle
relatively to another may be indicated by distances measured along three axes.
This remarkable analysis by Vacaspati Mifra anticipates in a rudimentary
manner the foundations of solid (co-ordinate) gcometry eight centuries before
Decscartes (A.p. 1644).°

GENERAL PHYSICS

Elasticity: While dealing with sariiskdra as a cause of motion we have referred
to elasticity, sthitisthapaka, which acts upon bodies in the same way as docs vega.
All real objects suffer deformation to some cxtent under the action of force.
The external force applied to any picce of matter, when suitably measured, is
called stress. The cxtent of yicld of the sample, when suitably mcasured, is
called strain. Provided that the strain is not too great, it may be said for any type
of deformation that strain is proportional to stress as cmbodied in Hooke’s
(1635-1703) law. This is of course the modern version.

The VaiSesikas recognize clasticity as a form of samskara. This property is
assumed to reside in tangible and at the same time densely packed substances
in particular. According to Sridhara,’® the constituent molecules are closcly
packed in a dense solid substance. When such substances are deformed through
displacement (of their constituent parts), this property helps them in reverting to
their original position. Thus sthitisthdpaka is that property of a substance which
restores to original form its own substratum which has been dcformed. There
is, therelore, no difficulty in identifying it with elasticity. However, clasticity
is not only a form of samskdra, it is also a cause of motion. In the act of bending
a bow, for example, by the application of impelling pull, a tendency to oppose
the pull is generated and stored in the body, which becomes active as the pull
is withdrawn. It not only restores the bow to its original position but also ini-
tiates a motion in much the same way as vega causcs motion. It feems that the
Vaifesikas concentrated more on the second aspect of motion than on the
study of the first aspect which is the basis of Hooke’s law.

Properties of Fluids—Fluid Motion: A solid, besides resisting volume changes,
opposes changes in shape, while shapeless fluid can resist volume changes only.
According to the Prafastapada-bhasya,* fluidity is considered to be the property

8Seal, op. cit., pp. 149-50.
S Ibid.

105ee Sridbara’s Nydyakandali (Varanasi, 1963).
11Varanasi edition (1963), pp. 70-71.
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of three types of substances —earth, water, and firc. It is expressed by the
action of flowing as gravity is exprcssed by the action of falling of bodics.
Fluidity is of two types: natural and incidental. The former is the specific
property of water. Even so, water is said to lose this quality on solidification
(in the form of snow or hail). There is cven a view that the fluidity of water
atoms is brought about by somc external agency likc subtle supernatural fire.
Fire is also regarded as a substance possessing the quality of fluidity, for fluidity
of melted butter or gold is caused by fire. Fluidity, as already notcd, is a causc
of motion.

Viscosity: The cause of cohesion and smoothness of water is attributed to
viscosity (sdndratd). This property counteracts any tendency of the particles to
disperse. Thus it is an operative causc of conjunction. According to modern
ideas, viscosity resists sliding of the fluid even when finite velocities are
involved. A fluid which possesses no viscosity is called a perfect fluid, an idcal
statc unknown in nature.

Surface Tension: The phenomenon of capillary motion (abhisarpana) is
recognized by Sankara Miéra (c. A.p. 1500), who illustrates it in his Upaskdra
by two examples: (i) the ascent of the sap in plants from the root to the stem,
and (ii) penetrative diffusion of liquids in porous vessels. However, the cause of
surface tension as being the attraction of liquid molecules at the surface by
others within the bulk was unknown, and so it was ascribed to adrsta (lit.
unseen cause) which cannot be ascertained by cither observation or inference
including hypothesis.!?

Evaporation: In evaporation (@rohana), the fluid particles are dispersed
and they remain in a finc state of suspension. The dispersion is duc to the
impelling push (nodana) or impact (abhighdta) of the heat particles in the sun’s
rays and the upward movement is due to this impulse or impact in contact with
the air. Sankara Miéra® notes that in the process of boiling there is a similar
upward movement of water particles under the impact of heat corpuscles
(tejah-paramanu). The formation of clouds in the upper atmosphere duc to the
condensation of water vapour escaping from the surface of seas and occans
through evaporation by the sun’s heat and subsequent production of rain are
mentioned in Vedic literature.

Hydrostatics: Ancient Indians appear to be silent about the principle of
Archimedes (c. third century B.c.). In his Nydya-lilavati, Vallabhacarya (c.A.p.
1200) speaks of a peculiar resistance (or gravity) offered by water to a sinking
body. This may explain the tendency in certain objects to float or come up to
the surface of water, but the description does not reflect any awareness of

18§ idhara, op. cit.
182k :a oijr:'g e ts in Upaskdra on Vailesika-sitra, V. 2. 5-6.
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Archimedes’ principle, namely, that a body immersed in a fluid is buoyed up
by a force equal to the weight of the displaced fluid.

HEAT

According to the Rg-Veda (V1. 16), Atharvan, also known as Angiras, was
the first discoverer of fire. It is interesting to notc that the term arigdra (charcoal)
has a striking resemblance to the name Angiras. Atharvan’s firc was first har-
nessed by Viévamitra who devised a mechanical method of producing fire by
friction (IT1.29). Although the production of fire by the friction of two sticks
was well known during the Vedic period, succeeding generations did not trace
the link between the apparent disappearance of mechanical energy and its
appcarance in the form of heat as formulated in Joule’s law.

It is truc that Pradastapada conccived of molecular (atomic) motions
(parispanda) which involved whirling or rotatory motion, a circling motion,
and also simple harmonic motion (c.g. vibration). It was also rcalized that all
action or opcration or work (kriyd, vydpara) is ultimatcly traced to this form of
subtile motion lodged in the atoms or in the matter stufl. The Nyaya-Vaiéesika
school postulates that motion (parispanda) is present in all forms of matter except
dkdsa which is regarded as non-atomic, not subject to any change, and in-
capable of any activity (miskriya). In fact, all atoms arc in a state of incessant
motion. According to Raghunitha Siromani (c. fiftcenth centwy A.p.), the
world at bottom is an infinitude of continuously whirling or vibrating particles.
This hypothesis anticipates the kinetic theory of matter develcped in the nine-
teenth century. But the equivalence of mechanical eneigy and heat was not
realized. In his Upaskdra, Sankara Misra claborately discusees the various pro-
pertics of heat. During his time, however, there was no scientific instrument
for its mecasurement. The first rcally scientific instrument for temperature
measurement was invented in 1592 by Galileo.

The function of heat in chemical combinations is reccognized by Vitsydayana
(¢. fourth century A.p.).1 In the case of combustion, Vijfidnabhiksu (seventeenth
century A.D.) explains heat as latent in the earth substance, the fuel frem which
it breaks forth. Udayana (¢. tenth-cleventh century A.p.) points eut that solar
heat is the source of all stores of heat required for chemical change in the world.

Physico-chemical Changes through the Action of Heat: It was well known from
quite carly times that physico-chemical changes wcre gencrally brought
about by the application of hcat. The Vaidesika and Nyiya schools considered
some of these problems in considerable detail and attempted to explain such
changes on the basis of their favourite theory of the atcmic constitution of
matter. About the atomic constitution, Prasastapada had already argued that
tryanukas and higher aggregates were formed out of diads. Thesc molecular

WVitsydpana-bhaypa, IV. 1. 47.

108



PHYSICS AND MECHANICS IN ANCIENT AND MEDIEVAL INDIA

groupings may be densely or loosely packed leading to molecular groupings or
collocations (zyithas) which arc profoundly affected by the action of heat pro-
ducing various kinds of chemical changes. This heat is sometimes called the
tajjasa element, atomic in structure. The process of physico-chemical change
by the action of heat particles is described in the Nydya-Vaiéesika literature
as paka, and depending upon the mode of action, two thcorics, viz. pilupakavada
and pitharapakavida, have been propounded.

The baking of an carthen pot is a commonplace cxperience. During the
proccss not only is the plastic pot hardencd into a solid and strong pot, but it
undcrgoes at the same time a colour change. How do all these changes take
place? The Vaidesikas explain that the firc particles at first stike the pot
with forces already noted as abkighdta and nodana, disturb their molecular
groupings, and eventually reduce them into atoms. Further action of the fire
particles upon the atoms brings about a transformation of the colour {from the
original black into red. In the third stage, a lurther sct of heat particles brings
about conjunction of the newly transformed atoms leading to the lormation ol
diads, triads, and higher aggregates. The whole theory is called pilupakavida
from the action of fire particles on isolated atoms or pilus.

Here the Naiyayikas raised an objcction. 1f the heat particles are to react
upon isolated atoms for the colour change and the first sct of heat particles is
to reducc the molecular aggregatcs into atoms, the whole carthen pot should
disintcgrate into an atomic state and disappear from the view, which is,
however, not the experience of the potter. For if one were to keep a watch
through a hole on the pot within the furnace, the pot would be found to retain
its shape throughout the heating opcration. So they advocated a somewhat
modified theory maintaining that the fire particles entering the pot through
its numerous minutc pores carricd out the processes of atomic disjunctions and
conjunctions throughout the pot as a whole. This is called pitharapikavida,
that is, the theory of thermal action on the body as a whole.

LIGHT

The nature and propertics of light and its interactions with material
bodies obviously attracted the attention of ancicnt Indian philosophers.
Gautama introduced the subject in his Nydya-sitra’® in order to discuss the
physical nature of light and its impact upon visual organs. It is postulated
that light rays emanatc from the eye and get into contact with objects, large or
small, even as there is contact between light rays (emanating from a burning
lamp) and the object on which they arc incident. This conception secmed to
derive its support from the prevailing belief that light rays appcar to cmanate
from the eyes of ‘night walkers’ like cats and other felinc animals.

8 [bid., 111. 1. 38-70.
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The subject was further elaborated in the Vatsydyana-bhasya. According to
the Nyaya-VaiSesika school, the tjas (light) of the burning wick of a lamp
gradually spreads in increasing circles and illuminates the objects of various
sizes; similarly the fejas from the cye gocs out and spreads in wider circles
apprchending the objects of different sizes. It is held by the Mimarhsaka school®
that vision, like light, goes on expanding gradually, its range depending upon
the extent of the stretch. The cxtent of the stretch itself is said to terminate at
the object, perhaps cncompassing it.

The Mimarsakas also think that the flame is the collection of a large quan-
tity of light particles (photons) at the burning zone of the wick. These corpuscles
are believed to be in high motion and constitute a sort of radiation diffused by
the flame and procecding away from the burning wick. According to Uddyo-
takara,'” a ray of light is supposed to imply the rectilinear propagation of
indcfinitely minute particles in all dircctions with inconceivably large velocity
and a sort of conical dispersion. On the other hand, Cakrapini points out
that light waves travel in all directions like sound waves but with higher speed.

Thus Jight was supposed to consist of small corpuscles shooting out from the
luminous body with high spced and also considered as waves of radiation
spreading out from the luminous source through some medium bclicved to
permecate all space. Today we have a sort of combination of these two ideas
with subtly varying interprctations.

Reflection of light has been explained by Varahamihira as being due to
the impingement of light corpuscles on thc atoms of a suitable material and
the subsequent back-scattering (kirapavighattana, mircchana). Viatsyayana calls
it ra$miparavartana. This hypothcsis has been suitably modified to explain
degrees of opacity, the property of casting shadows, etc. However, Sufruta
(c. first century A.p.) was already aware of the fact that the ray which impinges
upon the retina serves the double purpose of illuminating the eyc and the
external world, and is in itself converted into the sensation of sight.

On the other hand, refraction is explained as being due to the penetration
of light rays or corpuscles through inter-atomic spaces of a translucent or
transparent (svaccha) material. Uddyotakara calls it tirpaggamana (deflection
or refraction) and compares it with parispanda, the phenomerfon of fluids
penetrating the porous bodies (tatra parispandah tiryaggamanan parisravah pata
iti). It is doubtful whether the laws of reflection and refraction of light were
really known.,

The ability to perceive and recognize colour is a characteristic feature
of human vision. The perception of colour was stated to be due to the presence
of several components (dispersion) and also the basic character of colour

1K umdrila Bhana s Slokavdrttika, trans, G.N.Jha (Bibliothcka Indica Series, 1909), 1V. 47-48.
17Uddyotakaia’s commcntary on Viatsydyana's Parispanda-parisravau, 111. 1. 47.
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itself. Thus light, in general, was stated to possess diverse characteristics as
given below:
(i) Both colour and touch are perceived. The sun’s rays arc simulta-
neously perceived by the eye and felt by the skin.
(ii) Colour is manifested while touch is not, just as light from the lamp
or moon is seen by the eye only but not detected by the skin.
(iii) Touch is manifested and colour is not, as in the case of water heated
by sunlight.
(iv) Both colour and touch are unmanifested in the case of the rays
from the eye itself.

It appears, therefore, that the phenomenon of dispersion or the true concept
of colour was not understood in its proper perspective. Incidentally, the
mysterious scnsation of colour by our visual organ is still a very much contro-
versial subjcct as has been pointed out by Raman.®® Of particular interest
are the different ancient views about the characteristics of the visual sense-
organ itsclf. The Nyaya-Vaidesika school' holds that the cycs are constituted
mainly from the ultimate particles of tgjas as determined by adrsta so that they
can comprchend colour. According to the Buddhists, however, the cye-balls
physiologically represent the visual organs. These cye-balls are material bodics
which can perccive external objects through the agency of cxternal light beams.
They did not subscribe to the idea of light beams emanating from visual organs
and falling on objccts situated at a distance.

SOUND

Ancient Indian thinkers held different views about the origin and
propagation of sound. Followers of the Mimimsaka school held that the
physical basis of sound was a series of air movements (vdyusantana). According
to Uddyotakara and Vacaspati Miéra, air particles flow in a current in all
directions and are obstructed in their path by the impact of matcerial bodies;
eventually the movement ceascs as it does in the case of an wrow when the
moving force is exhausted. Sabarasvamin (. fifth century A.p.),*¢ howcver,
thinks that sound is a wave motion in air, being the transmission of
conjunctions and disjunctions in the minute particles of air, the wave
originating in the first impact and being continued by the successive impacts
of minute particles. According to this view, the particles of air are subject
to a vibratory motion, a sort of parispanda, in the production of sound.!

Early Nyaya writers held that the sound wave had its substratum in dkdsa

18C, V. Raman, The Plumlag 'y of Vision (Indian Academy of Science, Bangalore, 1968).
18cal, op. cit., pp. 115-1

20, nbambhayn
1Sce }vjmyanmnjan of Jayanta.
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(cther) and not in odyu (air). Later writers (e.g. Vacaspati Miéra) added that
sound itsclf as a phenomenon was not to be conceived as a mode of motion,
for akdsa was incapable of motion. Praastapida’s hypothesis was that sound at
any moment formed a circle in d@kdfa and the propagation of sound was carried
on in the air by means of ever-expanding circles as in the case of waves in water.
The Mimarsakas, on the other hand, explained the physical aspect of sound
and the mod€ of its propagation as being due to condensation and rarefaction
of air moleculcs, This was also the view of Bhartrhari. In his Tattva-cintamani,
Gangeéa (fourteenth century A.p.) explains the velocity of sound on the basis
of movements of air wavcs, vehicles of sound.

Echo (pratidhvani) was supposed to be a reflection of sound in the same way
as an image in water or in a mirror is duc to the reflection of light.

Pitch, Intensity, and Timbre: Sounds diffcr from one another (tdramanda-
dibheda) by intcnsity (tivramandadibheda) and quality or timbre (asadharana-
dharma). The diffcrences in pitch (tones and overtonces) as well as in intensity
were ascribed to the variations in sariiskdra (momentum, vega) of the vibrations
(kampasantana-sariskara) of molecules swinging to and fro and becoming feebler
and fecbler.

Sounds also differ from onc another in volume in the casc of coalescence
(samdna-jatyopacaya) or synchronization of phase. Sabarasvimin explains
volume (mahattva) as duc to nddavyddhi, the coalescence of differcnt air waves
affecting a larger tract of ear-drum.

Musical Sounds: The distinguishable pitches werc called $rutis. These were
belicved to be associated with momentum (vega) and frequency of vibration
(kampanasarmkhyd). The ratio of a note to its octave (in respect of pitch) was
given as 1:2. An indcfinitc number of Srutis could be interposcd between a
note and its octave. Twenty-two such Srutis werec named and recognized for
musical purposes. ASruti was conccived as a simple (unmixed) and fundamental
tonc of a certain pitch whercas an ordinary musical tone (svara) is really com-
posed of a fundamental tone (sruff) and certain partial toncs (harmonics,
anuranana).® The relation between a Sruti and a svara is variously conceived as:
(i) nodal change (parindma), (ii) manifestation (upafijana), (iii) relation of genus
and species (tadatmyan jativpaktyoriva), (iv) reflection (vivartana), ahd (v) relation
of cause and cffect (kdryakdranabhdva).®

The musical tones are related to one another in four ways. The explanation
of these in terms of melody and harmony is altogether unknown in medicval
compilations. On the other hand, modern western music cultivates mostly
harmony. It was Helmholtz (1821-94) who found that only sources giving a
number of well-developed harmonics are musically pleasant. He also pointed

1Diamodara’s Saiigita-darpana, 1. 49.
83Scal, op. cit., p. 166.
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out that, mathematically, the consonant intervals are those which give coinci-
dences among these harmonic ovcrtones. While Indians concentrated on
melody, i.e. pleasing succession of notes, western musicians cultivated harmony,
i.c. pleasing combination of notcs.

MAGNETISM

The discovery of magnctism is attributed to the Greck philosopher Thales
of Miletus (640-546 B.c.). But the polarity of magncts and also repulsion
between like magnetic poles were unknown to the ancient Greeks. There is
hardly any reference to the study of magnetic phenomena by ancient Indian
philosophers. However, Sankara Miéta notes thc movement of an iron needle
towards a magnct and discusscs in his Upaskdra the preparation of magnets by
the process of rubbing (sammdrjana) and the placing of magncts right along
the magnetic poles (rjusthapana). Bhoja’s Yuktikalpataru (c. A.n. 1100) adviscs
shipbuilders against using iron in holding or joining togcther the wooden
planks of the bottoms of sea-going vessels, for the iron would cxpose them
to the influence of magnetic rocks in the sca. However, there is no clear men-
tion of a magnetic needle in carly Indian litcraturc.

ELECTRICITY

Sankara Miéra in his Upaskdra (V.1.15) notes that amber attracts grass,
straw, ctc. Evidently, this is an example of clcctrostatic attraction. But, as
in the casc of magnetic attraction of iron, this phenomenon was attributed to
adrsta and was considered to be an example of unexplained motion in matter.
William Gilbert (1540-1603), an Englishman, was the first to use the terms
‘electric force’ and ‘electric attraction’,

MACHINES AND MECHANICAL CONTRIVANCES

Ancient Indians devised many contrivances for obtaining mcchanical
advantage. Mechanical advantage makes it possiblc to obtain a large force
by the application of a small one, although the work donec by both the forces
is the same. We have already noted that the first fire was produced by Atharvan
by mechanical means. Vi§vamitra first harnessed fire by devising an apparatus
of attrition. The Rg-Veda (I11.29) mentions adimanthana as an apparatus of
attrition consisting of a stick and a string placed upon two pieces of wood.
Prajanana is described as the gencral method of producing fire. The Satapatha
Brahmana refers to chariot races. Many mechanical devices and implements
of Vedic times connected with grinding and pounding corn, macerating it
with water, squeezing out its juices and extracts through various types of
strainers, etc. have been catalogued by Satya Prakash.?¢ A large variety of war

Satya Prakash, Founders of Scienses in Ancient India (Rescarch Institute of Ancient Scientific Studies,
New Delhi), p. 53.

113



THE CULTURAL HERITAGE OF INDIA

weapons and mechanical contrivances for hurling projectiles against the
enemy have been described in Kautilya’s Arthadastra (c. 300 B.c.). In the
Yuktikalpataru diverse subjects of secular interest such as construction of build-
ings, selection of sites for the same, and making of articles of furniture are
discussed. The samec text gives elaborate directions for decorating and fur-
nishing ships so as to make them comfortable to passengers.

Several types of machines have been referred to in the Samararigana-sitra-
dhara (c. a.p. 1100) of Bhoja. Perhaps the most fundamental technical deve-
lopment is the description of chronometers or time-indicating devices. It may
be noted that Galileo tried and failed to discover the means of finding longitude
at sea because he had no accurate time-measuring instrument. Hooke and
Huygens (1629-95) had this in mind in their attempts to improve the per-
formance of existing clocks. Indeed, the first pendulum clock was invented
by Huygens during the middle of the seventeenth century. And so it is rather
surprising to find descriptions of mechanical time-measuring instruments like
chronometers (putrika-nadiprabodhana) with periodic chiming devices in the
Samararngana-siltradhdra. Many other mechanical devices like wooden robots,
astronomical models of heavenly bodies in motion, vehicular contrivances, and
water supply plants have been described in detail in the same text.
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BOTANY IN ANCIENT AND MEDIEVAL INDIA

HE study of plant life or botany in India can be traced to very ancient

times. Dependence on plants for food and shelter drew pre-Vedic Indians
to this study. In addition, plants were intimately connected with trade and
commerce. The Indus valley civilization had commercial intercourse with
West Asia, East Africa, and other centres of civilization. Most of the com-
moditics involved in that trade were plant products, and even the transport
vessels were made of wood. This nccessitated a scientific study of plants and
plant life.

Agriculturc was the primary occupation of the people during the Vedic
period (¢. 1500-600 B.c.). As their knowledge and technology in such diver-
sified fields as medicine, trade, and civic affairs increased, so did the scope
and application of their knowledge of plants and plant life. There are indi-
cations that agriculture, medicine, and arbori-horticulture developed to a
great extent during the Vedic period. Even at this early stage, knowledge of
descriptive botany and rudimentary plant physiology became necessary for
the successful cultivation and propagation of plants. We find in Vedic litera-
ture a large number of terms used to describe plants and their parts, including
their external features and internal structures. A definite attempt at the classi-
fication of plants was also made. There is evidence that manuring and rotation
of crops were practised for the improvement of soil fertility and plant nourish-
ment. There is even indication in the hymns of the Rg-Veda that contemporary
Indians had some knowledge of the process of preparation and absorption of
food by plants through the action of light, and that of the storage of energy
in the body of plants.

References in post-Vedic litcrature show that the sciences of medicine,
agriculture, arbori-horticulture, and sylviculture were greatly developed in
India during this period. The science of botany on which all these sciences
were based must have undergone a corresponding development. This science
was called Vrksiyurveda, the knowledge of tree life, or Bhesajavidya, the
knowledge of medicinc, as the major portion of the medicinal substances came
from plants. Both these terms occur in ancient Sanskrit texts like the Agni
Purdpa and Brhat-samhitd. In Kautilya’s Arthasdstra we get the term gulmavrk-
sayurveda, and in the Dhanvantari-nighantu the term bhesajavidya. The gulmavrk-
sdyurvedajiia or applied botanist, according to the Arthalastra, Agni Purana,
Brhat-samhita, and other Sanskrit texts, had to know the arts of seed collection
and selection, soil selection, sowing, seed germination, propagation such as
grafting and cutting, planting, nursing, manuring, crop rotation, cultivation
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under favourable meteorological conditions, plant treatment, plant classifica-
tion and identification, landscaping, and so on. As an illustration, we may
citc the test to which Bhiksu Atrcya, the celebrated teacher of medicine at
the university of Taxila, put his equally celebrated pupil Jivaka, later physician
of Bimbisara. In the course of the examination, he was asked to seek a yojana
on either side of Taxila and bring whatever plant he could see which was not
medicinal. Jivaka could not discover any plant which did not have medicinal
propertics. When he reported this to his teacher, he was declared successful.!
Thus it is apparent that botany in India has becn a continually developing
science since ancient times.

No systematic work on Vrksayurveda or Bhesajavidya belonging to the
carly period is cxtant now. There are, however, scattered references on this
subject throughout Vedic, Sanskrit, and Pali literatures from which it is possible
to partially reconstruct an account of this science. This matcrial, culled from
various sources, has been arranged according to modern botanical terminology
in the following order in the section covering the Vedic period: (i) classification
and morphology, (ii) anatomy, (iii) physiology, and (iv) cvolution.

VEDIC PERIOD?

Classification and Morphology: The Rg-Veda (1.164.20, 22; X.97; 1.67.9)
divides plants roughly into three broad classes, namely, vrksa (tree), osadhi
(herb useful to man), and virudh (minor herb). According to another classifica-
tion based on their form of growth, plants are divided into urksa and druma
(tree), visgkha (shrub with spreading branches), sasa (herb), amsumalin (sprcad-
ing or deliquescent plant), stambini (bushy plant), vratati (climber), pratanvati
(creeper), and alasdla (crceper spreading on the ground). The Atharva-Veda
(VIII.7.4) divides sasa further into prasirnati (expanding), ekasuriga (onc-
shcathed or spathed), ansumati (having many stalks or branches), and kandini
(jointed).

Different parts of a plant body are mentioned in the Rg-Veda at many
places. The Atharva-Veda (VII1.7.12) gives an almost complete enumeration
of these parts in a hymn which says: ‘Rich in sweets the roots, rich in sweets
the tips of them, rich in sweets the middle of the plants (stem); rich in sweets
the leaves, rich in sweets the flowers of them.” Again (XII.1.27), ‘Rich in
flowers, rich in shoots, rich in fruits, also those lacking fruits. ...’

More complete and systematic accounts of the parts of a plant are found
in the Taittiriya Sarhita (VI1.3.19.1; 20.1) and Vdjasansyi Samhita (XXII.28),

1Sec History and Culture of the Indian People, Vol. 11, ed. R, C. Majumdar (Bombay, 1980),
P 58?Innthlc compilation of this section of my artlcle I have drawn largely from the Vedic Index of

Names and Subjects, 2 Vols. (London, 1912) by Macdonell and Keith. I gratefully acknowledge my
indebtedness to the authors.
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according to which plants comprise mila (root), tile (shoot), kdnda (stem),
valSa (twig), puspa (flower), and phala (fruit), while trees have in addition,
skandha (corona), sakhd (branch), and parpa (leaf).?

Descriptive terms for the various parts of a tree or plant, its texture and
colour, fruits and flowers, etc. are also found in Vedic texts. The trunk of a tree
is called kdnda; plants having trunks are called kdndinah; and the term ata-
kapda is used in describing darbha grass. Sakhd is the branch of a tree, skandha
the corona, and stipa the crest or crown over the trunk. Valsa is the twig of
a plant; the terms fatavalSa and sahasravalsa are used to describe plants with
many twigs. Sikhandin indicates a crested tree such as the asvattha or nyagrodha.
A plant having a hairy stem is described as lomasa-vasana; one of golden colour
hiranya-varna; a tawny one, kari; a ruddy one, arupa; and a brown one, babhru.
Plants with thorns are described as kantakinah. The leaf is called parna; a many-
leafed plant is called sakasra-parna; and a plant with spotted leaf, citraparni.
A leafless plant is called karira. The root is called mila; a fibrous rootof darbha
and other grass is called bhirimila; and a hanging root of banyan and other
trees, vayd. Salaka is the edible root of the lotus plant, and bisa is the lotus root
fibre. The flower is called puspa; a blossoming plant is called puspavati;
and the term prasiivari is used in describing a plant with fragrant flowers.
Stamba means a bunch or cluster of grass. Fruit in general is called phala;
and the fruit of a tree, vrksya. Some special terms are also used to describe
particular types of fruit, such as pippala or pippali for berry and urvdru for
cucumber. A fruit-bearing plant is called phalini or phalavati. The sced is des-
cribed as bija, such as dhdnya-bija. The terms dhana, dhdnya, and sasya arc all
used for grains. The Brhaddranyaka Upanisad (V1.3.13) enumerates ten cultivat-
cd grains (gramyani): vriki (rice), yava (barley), &ila (sesamum), masa (bean),
anu (millet), priyarigu (panic seed), masiira (lentil), godhima (wheat), khalva
(pulse), and khalakula (vetch).

Vedic Indians sometimes named areas according to the particular kinds
of plants which thrived there. Thus in the Vdjasaneyi Samhita (XXX.16) and
Taittiriya Brahmana (111.4.12.1) the term nadvala (bed of rceds) is used in the
description of a locality abounding with that species, Similarly, in thc Sadvimsa
Brahmana (I111.1) a place overgrown with Sipala (Blyxa octandra) is named as
Sipalya.

Anatomy: Detailed study of the anatomy of plants was not possible in the
Vedic period due to lack of instrumental facilities. The study of their gross
structure and features, however, advanced to a considerable extent. In the
Rg-Veda (V1.3.4), the wood of a tree (ddru) is distinguished from its softer outer

3See aiso Taittiriya Sarhitd, VI1.30.20,1; Rg-Veda, 1.32.5; and Atharva-Veda, X.7.38.
4See also Atharva-Veda, VI1.12.3,
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part. The Taittiriya Samhita (11.5.3.5 et seq.) considers the bark of a tree to
consist of two parts, the outer (valka) and the inner (vakala). The Brhadaranyaka
Upanisad (111.9.28) compares a trec to the human body and speaks of its leaves
as hair; the outer bark as the skin; the sap as blood; the inner bark as the
flesh; the innermost layer of bark as the nerves; its wood as the bones; and
its pith as themarrow. The internal structure of a stem comprises the outer
skin (epidermis and dry bark) and inner wood between which stands a soft
tissue, the bast (inner and outer) and its fibres. The wood encloses the soft
pith. This is indeed a far more detailed description than what we get in
Theophrastus, who is regarded as the father of plant anatomy.

Physiology: It appears that the Vedic people had someknowledge of the
preparation and absorption of food by plants and of the role played by light
in this regard. They were aware of the phenomenon of storage of energy in
the body of plants and also knew that plants draw nourishment from manure
like cowdung (karisa, fakrt).5 According to the Taittiriya Samhita (V.1.7.3),
they practised rotation of crops by fallowing the land and by sowing different
crops alternately in the same field. Roxburgh believes that for the latter
practice the western world is indebted to India.t

Evolution: Vedic thinkers believed that plants had preceded animals,
particularly man, in the process of evolution. This is indicated clearly in a
hymn of the Rg-Veda (X.97.1). In the Taittiriya Upanisad (I1.1), this idea of
evolution is suggested by the following passage: ‘From that very Atman ether
came to be; from ether air, from air fire, from fire water, from water the earth,
from the earth herbs, from herbs food, and from food the person came into
existence.” Similar ideas also occur in the Chandogya Upanisad (1.1.2) and the
Brhadaranyaka Upanisad (V1.4.1).

POST-VEDIC PERIOD

The study of botany made further progress in the post-Vedic period
(¢. 600 B.C.-a.D. 600). Indian literature of this period bears ample evidence
of the post-Vedic people’s knowledge of the morphology (both*external and
internal), physiology, ccology, taxonomy, etc. of plants. The Caraka-sarihitd
(1.1.122), for instancc, obscrves that only a person who is well acquainted with
the names and external features of plants and able to utilize this knowledge
is to be called an expert physician. The Amarakosa, it may be mentioned, has
a chapter on plants which enumerates more than three hundred species.

Morphology: Turning to morphology, we find that the Susruta-samhita

SRg-Veda, 11.1.14; VII1.43.9; 1.161.10. See also Atharva-Veda, 111.14.3.4; XIX.31.3; and
Taittiriya Sarnhitd, V11.1.19.3.

$Sce G. P. Majumdar, Upavana-vinoda (Calcutta, 1935), p. 115.
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(IT1.2.33) mentions that rfu (proper season, i.e. suitable temperature), ksetra
(good soil), and ambu (water) are prerequisite conditions for the germination
of seeds. Gunaratna’s commentary on the Saddarfana-samuccaya further mentions
that the seeds of banyan, afvattha, and nimba sprout during the rainy season
under the influence of water and air. Thus it is clear that post-Vedic Indians
knew that air, warmth, and water are nccessary for germination. The term
utténapdda used in connection with germination is also significant as it is the
pdda or root that is seen to come out first in the process of germination. Post-
Vedic literature gives detailed descriptions of the parts of a plant as it grows.
An instructive description of the importance of the various parts of a plant
is given by Sukricirya in his Sukraniti (V.24-26) where the king is compared
to the root of a tree, the counsellors to stems or trunks, the commanders to
branches, the troops to leaves and flowers, the subjccts to fruits, and the land
to the seed. The Mahkdbhdrata (1.1.65-66) also contains an analogy which
refers to the various parts of a tree including the trunk, branches, nodes, leavcs,
flowers, fruits, and seeds. The Vispu Purapa (11.7.37-39) classifies the principal
parts of a plant into mala or pada (the subterranean part) and tila or vistdra
(subaerial part). That mila is the most important part of the rooted plant
is noted in the Sukraniti (V.22-23), which speaks of a tree withering away
when its roots decay. The use of the word padapa (drinker of rasa or fluid from
the soil by roots) for plants shows that the real function of the root was known.
Besides milla, the primary root, various other kinds of adventitious roots are
referred to; for instance, S@kha-siphd, siphd, or jata. Bulbous roots are mentioned
in the Arthasdstra (11.24). Thus the terms used to describe the diverse kinds
of roots are suggestive of the knowledge of their functions.

Tiila or vistdra comprises two parts, namely, kdnda (stem or axis) and parpa
(leaf). The former may be with parva (internode) or with granthi or parvasandhi
(node) from which the leaf springs. Plants may be sakdnda (with stem) as also
aprakdnda or stamba (without stem). A branchless stem or caudex is called
sthanu or Sanku. A bushy plant is described as ksupa. Sakha, pratisakhd, and
anusdkhd are terms used for branches in descending orders. Kanda is the name
for an underground stem which looks like the root, though it is not really so.
It is, rather, a means of propagation. 4luka (yam, potato) and lasuna (garlic)
are two examples of kanda. The bud is called pravila.

Parna or patra may be savrnta (petiolate) or avrntaka (scssile). A leaf, again,
may be ekapatra (simple, unifoliate), dvipaira, tripatra, or saptaparpa, and so on,
according to the number of'its leaflets. The shape of the leaf is also distinguished
as appears from such terms as asvaparnaka (like the ear of a horse), mdsika-
parpi (resembling the ear of a mouse), kiaparna (like a monkey’s ear), and
hansapadi (like the foot of a duck).

Puspa, prasiina, and sumanas are terms used to indicate flowers, An un-
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opened flower bud is called kalikd or koraka; an opened flower bud, mukula
or kutmala; and a full-blown flower, vikaca or sphuta. A bunch of flowers, if
cymose, is called stavaka or gucchaka, and if racemose is called maiijari. Some
particular types of inflorescence are called Srihastini (helicoid) and chatraka
(umbel). The flower stalk is called prasava-bandhana, that is, that which binds
flowers and fruits to the mother-plant. Floral members are called puspacchada
(sepal), puspadala (petal), kefara (stamen), and paraga or kesara-renu (pollen).
The last two terms at once show that pollen is dust-like and is carried far. It
seems that the gynaeceum had not yet been recognized, as no suitable term
differentiating this organ from the male androecium is found in the literature
of this period.

Phala (literally, the result of a previous process) is the term for fruit. A
green fruit is called salatu; a fleshy fruit, jalaka or ksiraka; a dry one, vana; and
a legume, $imbi. Fruits are also named individually, such as dmra (mango),
jambu (a kind of berry), adtiguda (fruit of the drigudi tree), and vainava (that of
bamboo). The components of the bija (sced) from which the plant germinates
are described. The seed-coat is called bijakosa; the kernel or endosperm, fasya;
and the cotyledon, bijapatra or bijadala.

Different kinds of plants are referred to. The creeper is called lata, valli,
or vratati. Crecpers are of two kinds: those that climb upward and those that
spread along the ground. They are further classed as valli, a type which  twines
round a stem or support; vrksdruha, i.e. epiphyte; and vrksddini; i.e. parasite.
Algae and mushrooms are recognized as plants and arc respectively called
Jalanili and chatrdka. Moss is called Saivila.

Indians of the post-Vedic period distinguished five regions in the body
of a plant, namely, fvac (skin), mdnsa (soft tissues or bast), asthi (wood or bone),
majja (pith), and snayu (fibrc in the bast). The healing up of wounds by natural
recuperation is mentioned in Sankara Miéra’s Upaskdra (IV.2.5) and in Guna-
ratna’s commentary on the Sukraniti.

Physiology: That plants absorb food from the soil in a state of solution
was known, as the name padapa for plants suggests. The greatest achievement of
the ancient Indians in the field of botany was the discovery of the phenomenon
of absorption, transport, and preparation of food in the leaves in the presence
of solar energy and air. This process of photosynthesis is described in two
stanzas of the Mahabharata (X11.177.16, 18) as follows:

‘Just as water may be drawn upby sucking through the lotus petiole applied
to the mouth, so also plants (with roots) drink (absorb and draw up the
stem) water (watery solution) with the help of air.’

‘With the help of agni (solar energy) and air (CO,) this water (soil sap
which is absorbed through the roots and conveyed to the leaves) is digested
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(i.e. prepared into food proper). And it is on account of the assimilation

of this food that plants attain development and become graceful.””

Thus what Stephen Hales demonstrated in A.p. 1727 seems to have been
known to post-Vedic Indians.

The phenomenon of the circulation of sap was discovered by Harvey in
the seventeenth century. But Kanida discussed it in his Vaisesika-sitra long
before the Christian era. Much later Sankara Miéra (¢. A.p. 1500) noted it in
his Upaskdra, which says: ‘Water poured at the roots goes up in all directions
through the interior of a tree. Neither impulse, nor impact, nor the sun’s
rays prevail there, How then is it caused? The phcnomena of osmosis and
diffusion were not known to them. Hencc we find them cxplaining it thus:
‘The action by which water rises and causes the growth of the tree results
from destiny (of the soul born as the trec) as its efficient cause, and water
as its coherent causc.” The exudation of sap (rasasruti), again, has been clearly
described in the Rdjanighantu. The phenomenon of phosphorescence in plants
was also noticed. This hasbeen mentioned in Kalidasa’s Kumarasambhava (1.10).
The importance of light, food, and water for the growth and sustenance of
plants was well known. The maximum age of a tree is given as ten thousand
years, and the causes of dcath are cited as unsuitable food, accident, and
disease. That plants move towards what is favourable and away from what
is unfavourable was known. Post-Vedic Indians also noticed that some plants
close up their leaves at night as if sleeping, that plants arc sensitive to touch,
and that various kinds of flowers open their petals at different times of the
day.

Plants have been regarded as living beings since Vedic times. A concise
but clear discussion on the existence of life in plants is given in the Mahdbhdrata
(XI1.184). Further evidence is to be found in Gunaratna’s commentary on
the Sukraniti, Udayana’s Kirapdvali, Sankara Miéra’s Upaskdra, and the
Bhagavata Purana.

All the methods of propagation now known were common knowledge.
Mention is made of propagation by seeds (bijaruha), roots (milaja), cuttings
(skandhaja), graftings or layerings (skandhe ropapiya), apices (agrabija), and
leaves (parpayoni). All these methods arc referred to in treatises like the Brhat-
sanhitd, Arthasdstra, Manu-samhita, Abhidhana-cintamani, and Sumarigala-vildsini.

The idea of sexuality in plants seems to have bcen only vaguely known,
though there is a discussion in the Sarirasthana (1.12-14) of the Harita-samkita
as to how seeds are produced in plants. Only in one instance are a male and

Wi palandle

o paranssatdia pduh ot bt (16)
Tena tajjalamddattath jarayatyagnimarutau;
Ahdr sneho vrddhilca jayate.

(18)
8Sacred Books of the Hindus, Vol. VI (Panini Office, Allahabad), p. 177; cf. Bhdgavata Purdna,
111.10.19-20.
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a female plant distinguished, and that is in the case of ketaki (Pandanus
odoratisasimus). The male plant is called sitaketaki viphald or dhilipuspikd, and
the female, svarpaketaki.

Ecology: Caraka and Sufruta classified lands according to the nature of
the soil, climate, and vegetation into three categories: jargala, anipa, and
sadhdrana. Jagala is described as a region of open spaces where a steady, dry
wind blows. It is pervaded by expansive mirages, has few rivers and rivulets,
abounds in wells, and consists mainly of dry and rough sands. The plants
common to the region are khadira (Acacia catechu), asana ( Terminalia tomentosa),
and badari (Zizyphus jujuba), among others. The aniipa region is a marshy tract
bordered by seas. Swept by cold wind, it is impassable owing to its network
of rivers (nadimatrka) and sheets of accumulated rain-water. Some of the plants
of this region are vafijula (cane or reed), hintala (a kind of palm), and ndrikela
(coconut). The Amarakosa mentions the following plants as growing in the
water of this region: saugandhika, kahlara, hallaka, indivara, kumuda, padmini, and
kokanada (various varieties of lotuses and water lilies) ; vdriparni (Pistia stratiotes);
milsika-parni (Salvinia cucullata) ; jalanili (algae) ; and saivala (moss). The sadhdrana
or intermediate region has some of the features common to the other two
regions. A few of the plants found in this region are manddra or parijataka
(coral tree) and santdna (kalpa tree). The rainfall in these regions is given in the
Arthasdstra (11.24).

Taxonomy: In the naming of plants a scientific and rational procedure
was followed. For example, plants were named in accordance with their special
association, medicinal and other properties, morphological characteristics,
environmental association, and other noticeable peculiarities. Sir William
Jones observed that ‘Linneus himself would have adopted them had he known
the learned and ancient language of this country’. Some plants derived their
names from historical events. For instance, bodkidruma (‘tree of enlightenment’)
received its name on account of its being the tree under which Buddha sat
when he attained nirvdna. Medicinal properties were utilized in naming plants
like dadrughna (‘curer of cczema’) and arsoghna (‘curer of piles’). Examples of
naming plants on the basis of some domestic utility are danta-dhamna (‘cleaning
of teeth’, i.e. a kind of tree of which the twig is used as a toothbrush) and
lekhana (‘writing reed’). Morphological features were embodied in tripatra
(‘three-leafed’), paficdngula (‘five-fingured’), and satamili (‘hundred-rooted’).
Magadhi (‘native of Magadha’) and ¢dmpeya (‘native of Campa’) were based
on local association. The names maruvaka (‘desert crane’, i.e. a desert plant
of which the flower rescmbles the shape of a crane) and jalaja (‘water plant’)
emphasized environmental association. Special features and other characteris-
tics are reflected in the naming of plants such as phenila (‘lather-forming’,

i.e. soapberry) and $dradi (‘autumnal’).
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Sometimes plants were given two names, one for their identification by
the common people and the other to convey their medicinal or other pro-
perties. The former was called paricaya-jidpika samjiid and the latter, guna-
prakasika samjiia. Thus the plant sesbania is called vakra-puspa (‘with papiliona-
ceous flowers’) and orapdri (‘antidote to boil’). Similarly, Ricinus communis
is called citra-bija (‘with painted sceds’) and watdri (‘antidote to rheu-
matism’).

Classification was based upon three distinct principles: botanical (udbhida),
medicinal (virecanadi), and dietctic (annapanadi). Botanical classification can be
traced to the Rg-Veda (X.97) and Atharva-Veda (VIIL.7.4). Manu gives an
claborate classification, as do Caraka and Suéruta. Their classifications include
such divisions as: plant bearing fruit without flowers (vanaspati) ; plant bearing
both flowers and fruits (vanaspatya or vrksa); annual plant (osadhi); creeping
plant (virudh) ; herb with succulent stem (gulma); and grass, including bamboo
(trna).

Plant families as such were not rccognized. But allied plants or varictics,
or even different species, were grouped together into what may be called a
genus, based on floral characters. The specific characters were taken primarily
from the colours of flowers. Thus the genus koviddra includes the white-,
yellow-, and red-flowcred species. The first one is, again, divided into two
varieties. Similarly, bala includes four species: bald, atibald, mahabald, and
ndgabala.

Caraka divides plants of medicinal value into two main groups: purgatives
(virecana) and astringents (anupdna), the number of the former being 600 and
that of the latter 500. The astringents, again, are divided into fifty groups
under ten vargas or major heads. These include every item of therapeutics.
Suéruta, however, classifies plants undcr thirty-seven sections or gapas. All
plants known to be of medicinal value up to his time are placed under one
group or another.

Caraka classifies plants of dietetic value under seven vargas: Sukadhinya
(cereal), Samidhinya (pulse), Saka (pot-herb), phala (fruit), harita (generally,
green or yellowish vegetables or fruits), dharayogin (oil), and iksu (sugar-cane).
Sufruta classifies plants of dietetic value into fiftecn vargas: Salidhdnya, sasthika,
vrikidhanya, kudhdnya (all cereals of different classes), vaidala (pulse), tila
(sesamum), yava (barley), simba (bean and its varieties), phala, Sdka, puspa,
udbhida (mushroom), kanda, taila, and iksu. He mentions more than thirtcen
varieties of sugar-cane.

Heredity: The concept of heredity was known to ancient Indians. In the
Caraka-sarhhitd, and earlier still in the Brahmanas, ‘an explanation for the
phenomenon of hereditary transmission was sought. Caraka and Sufruta,
following Dhanvantari, hold that all the organs are potentially present at
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the same time in the fertilized ovum and unfold in a certain order.

Pathology: Ancient Indian botanists made contributions to the study of
plant pathology. The Atharva-Veda (VI.50) refers to the destruction of corn
by pestiferous insects. Sdyana’s commentary on this gives a long list of such
pests. Mention of blight and mildew occurs in Vinaya texts. The Sukraniti
speaks of grains which are likely to be attacked with poison, fire, or snow,
or caten by insects. The Arthasastra, Agni Purapa, and Brhat-sarihitd have each
a chapter on Vrksayurveda. In the last-named book, etiology, diagnosis, and
trcatment of plants are given. According to Bhattotpala, Kadyapa gives a
prescription for diagnosing plant diseases. Among the remedies suggested are
the removal of affected parts and the taking of preventive measures against
fresh infection through the wound. Barrenness of plants was also considered
a disease, for which certain remedies were prescribed.

MEDIEVAL PERIOD

During the period A.p. 600 to 1563 some medical treatises were composed
which testify to further advance in the knowledge of botany. In these works,
plants are more systematically classified from the medicinal point of view.
The most outstanding work of the period was the Sdrigadhara-paddhati by
Sarngadhara (¢. A.p. 1300). A chapter of this work called the Upavana-vinoda
treats of many aspects of plants. Some of the topics discussed are classification
of plants, sclection of sceds, sowing, planting, watering after planting, pro-
tective and curative mcasures, proper nourishment, proper fertilizer content,
and methods of propagation.

Botanical Research: Botanical rescarch also received attention during this
period. The possibilitics of developing new specics, alrcady mentioned in the
Brhat-sambhita, were further explored in the Sanigadhara-paddhati. Like Luther
Burbank of the modern world, ancient Indian botanists tried to transform
scentless flowers into very fragrant ones. Cotton plants were specially treated
to produce fibres as red as burning fire, as yellow as the feather of a suka bird,
and as bluc as the sky. The Brhat-sarhitd and Sarigadhara-paddhati also mention
that the study of plant life with reference to its environment was ihtensively
madec.

European Contribution: The study of botany in India from the middle of
the sixteenth century was carricd out by the Europeans who came to this
country. The first to come were the Portuguese. Garcia d’Orta’s Cologuios Dos
Simples E Drogas Da India, published in 1563, contains descriptions of a large
number of plants used as drugs. Another work which deals with medicinal
plants, the Tractado de las Drogas (1578), is by C. Acosta.

The first contribution of genuinc scientific value, however, was made by
Henry Van Rheede, the Dutch Governor of Malabar, in his book Hortus
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Malabaricus published between 1686 and 1703. An amateur botanist, Van
Rheede had acquired a large collection of Indian plants. Notable contributions
were also made by other Dutch botanists such as George Everhard Rump
(Herbarium Amboinense), John Borman (Saurus Zelanicus—plants of Ceylon and
Peninsular India), Hermann (Flora Zeylanica), and Nicholus Burman (Flora
Indica).

John Gerard Koenig, a Danish botanist, arrived in India in 1768. With
Heyne, Klein, and Rottler he formed a society called ‘The United Brothers’
for promoting the study of botany in India. The membership grew and before
the close of the eighteenth ccntury many others like Flemming, Hunter,
Andecrson, Berry, John Roxburgh, Buchanan-Hamilton, and Sir William Joncs
had joined. They used to exchange specimens amongst themselves and send
specimens to botanists of established reputation in Europe. In this way many
Indian plants came to be described by Retz, Roth, Schrader, and others in
Europe. One member of this society, Rottler, published in Berlin descriptions
of some of the new species. With the establishment of the French settlement
at Pondicherry, Sonnerat and other French botanists sent out from time to
time large collections of plants to Paris. These were described chicfly by
Lamarck and Poiret.

A significant event was the founding of the Asiatic Socicty of Bengal in
1784 by Sir William Jones, a member of ‘The United Brothers’. For morc
than a century the Journal of the Asiatic Sociely was the only organ in India
for the publication of botanical rescarch. The establishment of the Royal
Botanic Gardens at Calcutta in 1787 through the efforts of Lt.-Col. Robert
Kyd gave a new fillip to the study of botany in India. In the course of time
it became the first recognized ccntre of botanical activity in India. Kyd was
succeeded by Roxburgh who has been described as ‘the Indian Linnacus’.
Roxburgh’s first contribution was The Plants of the Coast of Coromandel (1795).
In his monumental work, the Flora Indica, a systematic account of Indian plants
was given for the first time in India. In addition, he compiled the Hortus
Bengalensis, a catalogue of plants cultivated in the Royal Botanic Gardens,
as well as detailed drawings of 2,533 species of plants indigenous to India.
Among other important contributions of this period which grew largely out
of the many collecting expeditions undertaken by botanists are the Prodromus
Florae Nepalensis (1825) by Don, based on the Nepalese collections of Buchanan-
Hamilton; a catalogue of plant collections by Nathanial Wallich; and the
Icones Plantarum, Spicilegium Nilghirense, and Prodromus Flora Peninsulae Indicae
by Robert Wight, the last in collaboration with G. A, Walker Arnot.

The work done by Griffith in the collection, description, and morphological
analysis of thousands of species is notable. In the Linnaean Transactions, his
researches on the ovules of Santalum, Loranthus, Viscum, and Cycas were published.
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He also collected and wrote much on mosses, liverworts, marsiliaceae, and
lycopods. After his death, his manuscripts and other studies were published
in six volumes. William Jack’s Malayan Miscellanies, Thomas Thomson’s collec-
tions of the flora of north-west Punjab, north-west Himalayas, and Tibet
incorporated in Kew’s Flora Indica and Flora of British India, Royle’s lllustration
of the Botany of the Himalayan Mountains, and Voigt’s Hortus Calcuttensis are some
of the notable botanical works of the period based on wide surveys conducted
by the writers. It may be mentioned that Jameson introduced the China tea
plant in India during the first half of the nineteenth century.

Survey of the flora of the Indian subcontinent and neighbouring
arcas continued unabated with the progress of the nineteenth century. Sir
Joseph Hooker cxplored the Sikkim and Khasia Hills. His monumental work
in scven volumes, Flora of British India, was published between 1872 and 1897.
Hooker discovered the magnificent species of rhododendron and wrote a
superbly illustrated monograph on them. Two other monographs by Clarke,
an associate of Hooker, on Indian Composetae and Cyrtandrancae
were excellent contributions to the botanical literaturc of the period. Thomas
Anderson introduced the cultivation of the quinine-yiclding specics of cinchona.,
Sulpiz Kurz published in two volumes The Forest Flora of Burma in 1877.
Aitchieson’s List of Punjab Plants was published in 1867. The study of systematic
botany by Lindsay Stewart, Col. Beddome, Brandis, and others is also note-
worthy. Stewart published his Punjab Plants (1869), Brandis his Forest Flora
of the North West Provinces of India (1874), and Beddome his Flora Sylvatica of
the Madras Presidency (1869-73), Ferns of Southern India (1863), and Ferns of
British India (1865-75). Talbot published A List of Trees, Shrubs and Woody
Glimbers of the Bombay Presidency. Gamble’s contributions include his Systematic
Account of the Indian Bambuse and Manual of Indian Timbers. Other cxcellent
works of the period are Duthie’s Upper Gangetic Flora (1871) and Prain’s Bengal
Plants and Flora of 24-Parganas and Sunderbans (1897).

In the field of economic botany, Royle, Falconer, and Jameson were
responsible for the successful introduction of excellent apples and many
European vegetables. Much work was done for the improvement of fibre-
yielding and other plants of economic importance. But the most noteworthy
enterprises of the century in which botanists took the leading part were the
cultivation of tca and rubber, introduction of cinchona, and development of
forest resources. In 1883 the Government of India founded the ‘Department
for Dealing with the Economic Products of the Indian Empire’, and George
Watt was appointed its first Reporter. His monumental work, The Dictionary
of Economic Products, is still unsurpassed as regards information and detail,
and the economic section of the Indian Museum bears eloquent testimony
to his magnificent researches and ideas.
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Brongniart, the great French palaeobotanist, was the first to describe Indian
fossil plants in 1828. In 1832 Hugh Falconer contributed his Exploration and
Classifications of Tertiary Fossils of the Sewalik Range. Another important study
was Forbes Royle’s Illustrations of the Botany of the Himalayan Mountains which
appeared in 1839.

The Indian Forest Department was cstablished first in the Bombay Presi-
dency in 1807. Growing interest in Indian forests led to its expansion in other
Presidencies as well during the middle of the nineteenth century. In 1842 and
1847 codes of forest laws were drawn up. Botany was included in the course
of study of the Department and several members of the Department subse-
quently made valuable contributions in botanical research.

The foundation of the Medical College in Calcutta in 1835 marked the
beginning of the study of botany by Indians in Bengal, if not in the whole of
India. Jadugopal Mukherjee was the first Indian to write a book on botany,
Udbhid-vicara (1869). The Indian Association for the Cultivation of Science
was founded in 1876 by Mahendra Lal Sircar. Among other subjects, botany
was taught in the laboratories of this institution. The Botanical Survey of India
was established about 1890.

Mention may be madc here of a number of Indians who made valuable
contributions to the study of botany during the nineteenth century. Among
them are: N.N. Banerjee, U. C. Datta, K, L. Dey, I. Jaykrishna, J. Mukherjee,
T. N. Mukherjee, and J. B. Singh.
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VEN as a dweller in caves and forests in the early Stone Age, man acquired

considcrable knowledge of animals, birds, fish, insects, and other creatures.
As he gradually adopted a pastoral and agricultural life in the late Stone Age
or carly Bronze Age, several common species of these animals and birds were
domesticated by him for the purposes of agriculture, transport, and food. The
maintenance of domesticated animals necessitated a morc thorough knowledge
of their habits and needs. Thus, through observation, the acquaintance with
animal life gradually became more systematic, leading to attempts at classifica-
tion and the formulation of some basic concepts regarding thc animal kingdom.

PRE-VEDIC AGE

The carliest cvidenc: of interest in animal lifc in pre-Vedic India (4000-1500
B.C.) is provided by the findings of cxcavations in Baluchistan, Sind, and thc
Punjab. Various articles such as seals, terracottas, clay figurines, amulets,
and potteries bearing engraved or painted representations of animals have-becn
unearthed in these excavations. The figure of the humped bull is most
commonly pictured. Other animals met with include the rhinoceros, tiger,
lion, water-buffalo, bison, ram, hare, and ibex. Some species of birds and fish,
and even the scorpion, arc also portrayed. These demonstrate the familiarity
of pre-Vedic Indians with a variety of domesticated and wild creatures.

Animal remains have also been discovered at various lcvels of these excava-
tions. Thirty-nine different species have been identified, of which twenty-six
are vericbrates and thirteen invertebrates. Among the vertcbrates are the bull,
buffalo, elephant, camel, horse, ass, goat, pig, dog, sheep, fowl, bear, jackal,
monkey, wolf, squirrel, gavial, deer, mongoose, crocodile, tortoise, and some
freshwater and marine fish. Some of the invertebrates arc the snail, coral,
mollusc, sponge, freshwater bivalve, and gastropod.

VEDIC AGE

The Rg-Veda, Atharva-Veda, and Taittiripa Samhitd mention the names of
many kinds of animals as well as a few varietics of birds, reptiles, worms,
insects, and fish. In some of these texts, horses and deer of different colours have
been described.! Mention is also made of twenty-one varieties of peahen and
even thirty-four ribs in a horse.? Some observations on the particular character-
istics and activities of a few animals are noted in the Atharva-Veda: for instance,

1Rg-Veda, VI1.42.2, 11.34.3; and Taittiriva Sarihita, VI1.3.18.1; V.5.15.1,16.1.
3Rg-Veda, 1.191.14, 1.162.18.
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the impotence of a bull due to castration (III. 9.2); the croaking of frogs during
the rains, their four-footed structure with speckled arms, and the three varictics
of she-frogs (IV.15.13-15) ; cows devouring up their own foetal membrane after
delivery (VI.49.1); the agility of the mongoose in fighting snakes (VI.139.5);
the scorpion stinging with claws and tail (VII.58.8); insccts injecting poisons
by biting (VIL.58.3.6); and thc existence of twenty nails in the paws of a
tiger (IV.3.3). The peoplc of the Vedic age, thercfore, apparently had an
acquaintance with most of the creatures of the country at the time.

Some carly attempts at the classification of animals are recorded in the
Taittiriya Samhitda and Atharva-Veda. The Taittiriya Samhita (V1.5.2.2) classifies
animals mainly into two divisions: (i) those supported by bones (vertebrates)
and (ii) those supported by flesh (invertebrates). Another classification (11.6.2.2)
is on the basis of teeth: (i) those having incisors on one side and (ii) thosc having
them on both sides. A third classification?® is based on the colour and number
of limbs. Classification of snakes* and worms® in the Atharva-Veda is based mostly
on colour, form, and anatomical structure. Snakes arc stated to possess two
pairs of teeth, a pair of jaws, and a pair of tongues (VI.56.3). Twenty-one
varieties of adders have been distinguished in the same text (1.27.4). References
to the anatomical structure of the ox and horse are found in the Atharva-Veda
(IX.12.1-18) and the Taittiriya Samhita (V.7) respectively. More than fifty
anatomical parts of the ox and about eighty of the horse are enumerated.

A fairly broad classification of animals has been made in the Chdndogya
Upanisad (V1.3.1), which divides all living creatures on the basis of their seed
(bija), in a general sense their mode of origin, into the following threc main
groups: (i) jivaja (viviparous), (ii) andaja (oviparous), and (iii) udbhijja
(of vegetable origin). It was believed that the udbhijja animals arose from
vegetable organisms. All mammals belong to the first group and all birds,
reptiles, insects, and worms to the second group. The third group comprises
minute animal organisms.

As members of a pastoral society, Vedic Indians were particularly in-
terested in animal life and in the taming, training, and breeding of livestock.
Special attention was given to the cow, bull, goat, sheep, and horse. Cows were
highly valued for giving milk, and oxen for farm work. Stallions were sometimes
gelded, while mares were exclusively used in driving war-chariots. Dogs were
used for guarding houses and for hunting purposes. Sheep and goats were kept
for their wool and flesh. Leather prepared from slaughtered animals was used
for various purposes such as slings, bow-strings, chariot-traces, rcins, and
whips.

'Tal'm:n'ya Samhits, V.5.22.1; V.6.12.1, 13.1, 14.1, 18.1, and 19.1.
4111.27.1-6, V.13.5-8, VII.58.4; cf. also Tai. S., IV.2.8.3, V.5.10.1-2,
SI1.31.4; IL. 32.2, 4-6 V.23.4, 6, 8, 9, 11-13.
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POST-VEDIC AGE

Post-Vedic Indians acquired a much more comprehensive and detailed
knowledge of animals, particularly in connection with the study of medicine.
The Caraka-sarihité (IV.3.16) classifies all animals into four main divisions:
(i) jardyuja —born from the uterus (viviparous); (ii) andaja —born of an ovum
or cgg (oviparous); (iii) svedaja or usmaja —born of moisture and heat, sponta-
neously or ascxually generated; and (iv) udbhijja —born of vegetable organisms.
An almost identical classification occurs in the Susruta-samhitd (1.1.22). But
according to the commentator Dallana (c. tenth-eleventh century), the divisions
are not exclusive. For example, although bats and some varieties of cranes and
herons fly, they are really viviparous. Similarly, among snakes the ahipatdkas,
a species of non-venomous colubrine snakes, are viviparous.

Caraka has also classified creatures according to their characteristics as
follows: (a) krmi —parasites found in living creatures; (b) kita —wingless insccts;
(c) patariga —flying insects; (d) ekasapha —solidungulate animals; (e) dvisapha —
cloven-footed animals; (f) myga —herbivorous animals; (g) kravydda —carni-
vorous animals; (h) Svdpada— dangerous beasts of prey; (i) sydla -- beasts of
prey; (j) gomdyu —creatures with poisonous fangs or stingers; and (k) sarpa
—snakes.8

Caraka and Suéruta also made classifications of animals according to their
food habits and habitats. Caraka (1.27.35-52) mentions the following groups:
(1) Prasaha —crcatures which grab and tear off their food. This group comprises
carnivorous as well as non-carnivorous land quadrupeds and birds. Twenty-
nine species have been referred to such as the lion, bear, camel, dog, tiger, wolf,
vulture, osprey, hawk, horse, mule, panther, ass, cow, fox, and cat. (2) Bhiami-
$aya or bileSaya — burrowing animals. Thirteen varieties of this category com-
prising mammals and reptiles have been noted, some of which arc the frog,
lizard, hedgchog, python, small mongoose, and porcupine. (3) dnipa —crea-
turcs that dwell in marshy and wet lands. In this group are nine varicties of
mammals like the elephant, yak, rhinoceros, buffalo, and pig. (4) Varisaya —
aquatic animals including mammals, reptiles, crustacea, and fish. Mention has
been made of ten species in this class, like the tortoise, crab, crocodile, whale,
oyster, and dolphin. (5) Jalacara or ambucarin — creatures that live around or on
the surfacc of water. The cranc, swan, flamingo, and pelican arc some of the
twenty-nine varicties in this group. (6) jarngala —herbivorous animals, mostly
decr, living in dry and hilly jungle lands and forests. Seventcen varieties of thesc
have been named. (7) Viskira —gallinaceous birds that scatter their food in the
process of eating. Nineteen species of this category have been noted, like the
peacock, pheasant, partridge, sparrow, and quail. (8) Pratuda —birds that

°I.13.11; 1.19.9; 1.22.27; 1V.8.59; VI.17.115; V1.23.7-8, 201.
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pierce or tear their food (worms and fruits) with their beaks. Thirty different
kinds of these birds are mentioned, for instancc, the bulbul, pigeon, Indian
koel, kingfisher, mynah, woodpecker, and green parakeet.

Suéruta (1.46.29), on the other hand, classifies animals on the basis of their
food habits and habitats into two main divisions: an@pa and jangala. Andpa is,
again, subdivided (1.46.49) into five groups: kilacara, plava, kosastha, padin,
and matsya. The kilacaras are herbivorous quadrupeds that frequent the banks
of rivers and ponds, for instance, the clephant, rhinoceros, and buffalo. The
plavas arc amphibious birds like the goose, duck, and cranc. The kosasthas
comprise molluscs such as the conch, pearl-oyster, and snail. The pddins are
aquatic animals with pedal appendagecs, for instance, the tortoise, turtle, croco-
dile, and crab. The matsyas comprise {reshwater and sea fish. The jangala group
comprises eight categorics: jaiighdla, viskira, pratuda, guhdsaya, prasaha, parnamrga,
bilesaya, and gramya. The janghdlas are wild, herbivorous quadrupeds that are
strong-legged and quick-footed, rcpresenting various spccies of deer and
antelope. The viykiras are birds that scatter their food while eating. The pratudas
are birds that pierce or tear their food with their beak. The guhasayas are
carnivorous quadrupeds living in natural caves or hollows, and comprise the
lion, tiger, wolf, hyena, bear, panther, cat, jackal, and others. The prasahas
are birds of prey like the vulture, kite, hawk, and owl. The parnamrgas arc
arboreal animals such as the ape and squirrel as well as some specics of reptiles
and carnivora. The bilefayas are animals that live in holcs or burrows, likc some
species of rodents, insectivora, and reptiles. Finally, the gramyas are domesti-
cated quadrupeds like the horse, mule, ass, camel, goat, cow, and sheep.

The Susruta-samhita (V.4.2-17) classifies snakes into five diffcrent genera or
families. Of these, four—darvikara, mandalin, rajimat, and vaikarafija—arc venom-
ous while onc is non-venomous. Of the four venomous familics, three arc
purc or unmixed and one is hybrid. The darvikaras, comprising twenty-six
varieties, are hooded, swift in their movements, diurnal in their habits, and
bear on their hoods or bodies the marks of chariot wheels, ploughs, umbrellas,
cross-bands, goads, and so on. They are most deadly when young. The mandalins
(vipera), comprising two varicties, are thick, without hoods, slow-moving, and
nocturnal in their habits, and bear circles or rings on their bodies. They arc
most dcadly when middle-aged. Ten varieties of rajimats are noted. ‘They are
without hoods, nocturnal in their habits, and often of variegated colours on
their upper parts and sides, and bear serics of dots or marks. They arc most
deadly when aged. The wvaikarafijas, of which ten varieties are named, are
hybrid snakes. Of these, three are produced by the union of certain venomous
species and seven are secondary derivative types. The nirvisas or non-venomous
snakes are of twelve varieties. Though without venom, they can kill, however,
by strangulation and the crushing of bones. According to the Agni Purdna
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(CCXCIV.11-12), the total number of teeth of a snake is thirty-two, of which
four (two on each sidc) are fangs.

Among other creatures mentioned in the Susruta-sarhita are twelve varieties
(1.13.5) of leech (jalauka) of which six are poisonous and six non-poisonous,
sixteen varicties (V.8.50-51) of spider (l@ta), and the glow-worm or indragopa
(V.1.12).

In his Mahabhdsya (11.4.1-4) Pataiijali (c. 150 B.c.) speaks of ksudrajantus
(small animals) and dcfines them variously as (i) animals without bones, (ii)
animals without any blood of their own, (iii) animals so minute in size as to
number morc than a thousand in a palmful, (iv) animals not easily crushed,
or (v) all animals up to the ichncumon in the animal series.

A more comprchensive classification of creatures is found in the ancient
Jaina work Tattvarthadhigama-siitra of Umasvamin (c.A.D. 40). This classification
is based on the number of scnses—two, three, four, or five—possessed by the
animals. Crcatures with two senses, namely, touch (as evidenced by contracti-
bility of tissues) and taste (as indicated by their selection and rejection of food)
aresubdivided into (a) apadaka (vermes without lateral appendages); (b) nilpuraka
(ring-like creaturcs with pendants, i.c. vermes with unsegmented lateral append-
ages); (c) gandipada (knotty-legged arthropoda including crustacea, myriapod,
and others); (d) some forms of mollusc like $aiikha (conchifera) and suktika
(pcarl-oystcer); and (c) jalaukd (lccch).

Insccts with three senses—smell, touch, and taste—comprise (a) pipilika
(ant); (b) rohinika (rcd ant); (c) upachika, kunta, and tupuraka (bug and flea);
(d) trapusabija and karpasasthiké (cucumber- and cotton-weevil and louse);
(c) Satapadi and uipalaka (spring-tail); (f) trpapatra (plant-louse); and (g)
kastha-haraka (termite and whitc ant).

Crecatures with four well-developed and active senses—sight, smell, taste,
and touch—include (a) bhramara, varata, and sarariga (bee, wasp, and hornet);
(b) maksika, puttika, damsa, and masaka (fly, gnat, gad-fly, and mosquito);
(c) vrscika and nandydvarta (scorpion and spider); (d) kita (butterfly and moth);
and (c) pataiiga (grasshopper, cockroach, and locust).

Animals with five well-developed and active scnses, besides man, arc
(a) matsya (fish) ; (b) uraga (apodal reptiles including snake) ; (c) bhujanga (limbed
reptiles and frog); (d) paksin (bird); and (e) catuspada (quadruped).

Animals of the first threc categories are invertebrates and those of the
last are vertebrates. The vertebrates are subdivided on the basis of their mode
of reproduction into three classes: andaja, jardéywja, and potaja. Andaja (oviparous)
compriscs such animals as the snake, lizard, chameleon, fish, crocodile, and
bird. Fardyuja (viviparous) animals are mammals born with a placenta; for
instance, man, cow, buffalo, goat, sheep, horse, tiger, bear, dog, and cat.
Potgja animals are a class of mammals with deciduate placenta which is thrown
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off as an afterbirth. These include the porcupine, clephant, hedgehog, hare,
squirrel, ichneumon, mouse, bat, and insectivora.

Prasastapada (c. fifth century A.p.) in his Paddrthadharma-sarigraka classifics
animals into two main divisions: (1) asexually generated animals (ayonija)
and (2) sexually generated ones ( yonija). The latter are subdivided into vivi-
parous (jardyuja) and oviparous (apdaja). The aponija classification of Prasas-
tapada corresponds to the svedaja group of Caraka.

The Ramayana and the Mahdbhirata mention a great variety of animals
including birds, snakes and other reptilcs, insects, and fish. More than one
hundred and twenty such names are enumerated in the Ramayana. As in the
Chandogya Upanisad, the Mahabhdrata (1.2.396; 11.37.23) classifics mobile, living
creatures into three divisions: jardyuja (viviparous), andaja (oviparous), and
svedaja (born of moisture). It describes fourteen different types of animals,
seven domesticated and seven wild (VI.5.10-17). Thesc animals are divided
on the basis of their anatomical features into (i) thosc having many legs and
(ii) those having two legs (XII.229.13). Interesting observations on diseases
and certain natural habits of some animals are also found in this epic (XII.
212.48, 274.52-53).

Caraka and Sufruta lay special stress on the use of fish as a valuable article
of food. Suéruta classifies edible fish into freshwater and salt-water varieties.
Five varieties of fish and other aquatic animals arc rcferred to in the Asokan
Pillar Edict V (¢. 246 B.c.). These are (i) anathikamacche, (ii) vedaveyake, (iii)
gangapuputake, (iv) sarmkujamacche, and (v) kaphatasyake. Thesc five varicties of
fish have been identified by Hora as (i) the shark, though the word anathika-
macche literally means cartilaginous or boneless fish like the prawn, shrimp,
jelly-fish, and starfish; (ii) the eel or ecl-like fish; (iii) the freshwater porpoise;
(iv) the skate and ray-fish; and (v) the globe-fish.?

In the Arthasistra of Kautilya (c. 300 B.c.) there are several references to
fish and fisheries as well as to the rearing of such animals as the cow, buffalo,
goat, sheep, horse, and elephant. In the chapter on the superintendent of cows,
Kautilya defines as one of the duties of the superintendent the classification of
cattle as calves, steers (tameable ones), draught oxen, bulls for ploughing,
breeding bulls, cattle fit for the supply of meat, buffaloes and draught buflaloes,
female calves, young cows, heifers, pregnant cows, milch cows, barren cows,
etc. In another chapter Kautilya discusses the breed, age, colour, marks,
group or class, etc. of horses. Kautilya also speaks of elephants in a scparate
chapter and classifies them into four groups on the basis of the training they
are given: damya (tameable), sanndkya (trained for war), aupavahya (traincd for
riding), and wydla (rogue elephants). Each of these is again subdivided into
several groups.

*S. L. Hora, Journal of the Asiatic Society of Bengal, XV1 (1950), pp. 43-56.
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Some ancient treatises of uncertain dates like the Hastydyurveda (Gajdyurveda)
by Palakdpya, Asvdyurveda by Gana, and Asvacikitsd and Asvasdstra by Nakula
deal with the treatment of diseases of elephants and horses. The Asvaddstra,
concerning the anatomy, life, characteristics, and training of horses, is based
on the obscrvations of Salihotra, the author of an earlier work of the same name
who is believed to be the founder of veterinary science in ancient India.

The Tamil Sangam literature of South India abounds in references to a
great variety of mammals and birds, and a few species of insects, reptiles, and
fish. The composition of the various works constituting this literature, accord-
ing to some scholars, spreads over the period from the fourth to the eighth
century A.D., while others ascribe to them a much earlier date commencing
from sevcral centuries before the Christian era. The descriptive accounts of
animal life recorded in these works reveal attempts at a serious study in natural
history by the pcople of India in those early days. The habits, modes of life,
and ecological distribution of many animals and birds can be gathered from
these accounts. Several varieties of parrots are recognized, some noted for
imitative speech, some for carrying messages, and some others for use as orna-
mental pets. They are said to be specially fond of the fruit of the nimba tree. It
is recorded that soaring kites and vultures have the power of sighting their prey
from a great height and of swooping down on them, picking them up in their
sharp beaks, and then of soaring back to the sky. There are references to the
habit of monkeys in sharing their food with their mates and to that of the
male clephant of the desert region in peeling the bark of a tree called yam
to squeeze out its water for the female to drink.

From the foregoing account it is clear that the Indians of the post-Vedic
age had considerable knowledge of animal life.

MEDIEVAL PERIOD

During the medieval period (a.p. 600-1700) the study of animal life made
little progress, though a few works deserve consideration. The Bhavisya Purina
(¢. seventh century A.p.), for instance, gives some fresh information about the
life of snakes. It is stated that the mating season of ndgas (snakes) is the months
of Jyaistha (May-June) and Asidha (June-July), and that the gestation period
is the rainy months that follow. They lay about two hundred and forty eggs
in the month of Karttika (October-November). Most of the eggs are eaten
up by the parents. Those that arc left, hatch in about a month or two. Eggs
which are of a golden hue produce male offspring, those of a somewhat paler
colour and an elongated ovoid shape female ones, and those of a different hue
(like that of the Sirisa blossom) hermaphrodite ones. After a week of their
birth the young snakes turn dark; after a fortnight or three weeks their teeth
and fangs appear. The venom reaches its maximum potency after twenty-
five days. The snakes shed their skin in six months, When snakes move on the

134



ZOOLOGY IN ANCIENT AND MFEDIEVAL INDIA

ground, the folds of their skin on the under-surface altcrnately expand and
contract, resulting in the projection and withdrawal of fine, filament-like legs,
about two hundred and forty in number, the same as those of the joints on the
skin (scales or scutes). A venomous snake is said to live for a hundred and
twenty years, but the life span of the non-venomous species is somewhat shorter,
about seventy-five years.

In the Garuda Purana (c. A.p. 900) diseases of animals, particularly of horses
and elephants, and their trcatment have been described (CXCVII). The Sali-
hotra by Bhoja (c. eleventh century A.p.) is another treatise of this period on
discases of horses and their treatment. The Afvavaidyaka by Jayadattastri
(c. sixtecnth century) is a comprehensive treatisc on the same subject.

Dallana in his Nibandha-sarigraka, a commentary on thc Sufrula-samhild,
gives some precise and detailed descriptions of deer and birds bascd on their
colour, habits of life, and other featurcs. The sources of his information, how-
cver, are not mentioned. He also quotes from an ancient writer, Ladyayana,
a system of classification of kitas (insects and reptiles). According to this classi-
fication, kitas are to be distinguished from one another by their peculiaritics as
follows: (i) dottings or markings, (ii) wings, (iii) pedal appendages, (iv) face
with antennae or nippers, (v) claws, (vi) sharp-pointed hair or filaments, (vii)
stingers in the tail, (viii) hymenopterous character, (ix) humming or other
noise, (x) size, (xi) structure of the body, (xii) sexual organ, and (xiii) poison
and its action on human bodies.

The Muslim rulers of India showed great interest in animals and their
habits and modes of life as well as in their ecological distribution in and around
the country. Considerable information on animal life is recorded in the memoirs
of Babur and Jahangir as well as in the din-i-Akbari of Abi’l-Fazl, the court
historian of Akbar. Abw’l-Fazl mentions silkworms and certain animals of
which no earlier record is known. These include a specics of tailless ape (orang-
utan) found in Bengal, a species of deer with two tusks but without horns
occurring in the Kumaon hills (probably musk deer), and civet cat which
emits a fragrance of which the Mogul emperors were particularly fond.

Jahangir, who was a lover of animals, contributed notably to the study of
zoology. He made minute observations of their habits, behaviour, ccology,
geographical distribution, and anatomy. He maintained a large menageric and
aviary which enabled him to study in detail the various animals kept there.
He often dissected animals to verify popular notions about their anatomy.
Among his original contributions are his studies of the sarus crane and the
gestation period of the elephant. He is said to have made somc experiments on
hybridization between the ibex and the Barbary goat.
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HE beginnings of the science of chemistry in India can be traced to ancient

times. Chemical processes were first utilized in practical arts such as the
manufacture of decorated earthenware and porcelain, burnt bricks, glass beads,
alloys, and medicines. The craftsmanship in these industries was of a high
order suggesting that the artisans had a good working knowledge of the chemical
processes involved. But it is doubtful if the understanding of thcoretical chemical
principles had developed to a great extent. Nevertheless, philosophical specula-
tions about the cosmogenesis and nature of matter by ancient Indian
thinkers led to the formulation of the concepts of the atom and chemical
combination, which were not, however, supported by experimental data.

The origin and development of chemistry in ancient and medicval India
may be studied with reference to the following periods: (i) pre-Harappan,
Harappan, and post-Harappan; (ii) Vedic; (iii) post-Vedic; and (iv) Medieval.

PRE-HARAPPAN, HARAPPAN, AND POST-HARAPPAN PERIODS

Copper articles and specimens of burnt clay which have been unearthed
in Baluchistan and the neighbouring areas of Sind? show that the people who
settled there around the fourth and third millennia B.c. laid the foundation of
chemistry in India. Excavations at Mohenjo-daro in Sind and at Harappa in
the Punjab® have shown that the people of the Indus valley civilization (c. 2500-
1800 B.c.) were skilled in employing a wide range of chemical processes. Bricks,
water-pots, vessels, jars, earthcnware, faience, terracotta, jewellery, metal
implements, seals, painted polychrome and glazed pottery, and other items
have been found. The glaze was made of a fusible silicate (sodium silicate
made from fusing soda with sand) mixed with colouring matter like ferric oxide
and some types of copper ore. Quartz with clay was used for the body material.
According to Mackay, the glazed pottery found at Mohenjo-dafo represents
the earliest specimens yet discovered, thus suggesting the possibility that glazed
pottery is of Indian origin.® But there is evidence that the people of the Indus
valley civilization had communications with those of the Sumerian culture
in Mesopotamia and the Nile valley civilization in Egypt. Seals found in the

3History of Chemistry in Ancient and Medieval India incorporating the History of Hindu Chemistry by
Acharya Prafulla Chandra Ray, ed. P. Ray (Indian Chemical Society, Calcutta, 1956), pp. i-ii.

3Ibid., pp. 1-7.

3bid.. pp. 9-33; cf. P. Neogi, ‘Copper in Ancient India’, Bulletin of the Indian Association for the
Cultivation of Sciencs (Calcutta, 1918).

$Ray, op. cit., p. 17.
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excavations had glazes made of a fused mixture of powdered cornelian and soda.
Oxides of manganese, copper, and iron were used for making coloured faicnce.
Brown glazed pottery articles, both slip-glazcd and paint-glazed, were the
common varieties. The Indus valley pcople used lime, gypsum, and sand as
constituents of mortar. They employed gypsum cement as plaster for houses.

In metal-working, the Indus valley people applied the processes of casting
and forging. Among the metals used, copper and bronze were utilized for
making tools, weapons, domestic utensils, statuettes, bangles, finger-rings, ear-
rings, amulets, wires, and rods. Bronze was made from the smelting of mixed
ores of copper and tin. Crude copper, first smelted in clay-lined pits in which
charcoal was used as fuel, was later refined in clay crucibles. Crude copper,
copper-arscnic alloy, and copper-arsenic-lecad alloy were used for making
cast objects, and refined copper for vessels and sound casting. A copper-tin
alloy or bronze was preferred for sharp-cdged tools. Gold was used for jewellery,
and silver for jewellery and ornamental vessels. A gold-silver alloy, elcctrum,
was found at Mohenjo-daro. Silver was extracted from an argentiferous
lead ore.

A large variety of minerals and ores was known to the Indus valley pcople.
These include lapis lazuli, turquoise, rock crystal, limestonc, soapstone, ala-
baster, hacmatite, amethyst, slate, agate, jasper, chalcedony, onyx, bitumen,
steatite, sodalite, jade, lollingite, arsenical pyrites, and several others. Most
of these were found in the forms of ornamental beads, pendents, and other
kinds of jewcllery. Some like steatite were often coated with a glaze. Lollingite
and leucopyrites were utilized for the preparation of arsenious oxide and
arsenic. Cerrusite and cinnabar found at Mohenjo-daro were probably used
for cosmetics and medicinal purposes. White lead was possibly utilizéd for
plasters, eye-salves, and hair-washes. Galena was employed for the prepara-
tion of eye-salves and paints. The art of dycing cotton with the red colouring
matter of the madder root was also known. Excavations in southern Baluchistan
have unearthed specimens of iron implements belonging to the post-Harappan
period (c. 1800-1500 B.c.), indicating the knowledge of the use of iron in
India even before the advent of the Aryans.®

VEDIC PERIOD

In the Rg-Veda there is mention of gold, silver, copper, and bronze. Golp
was used for ornaments like anklets and rings. Metal vessels, tools, and
armour were made mainly of bronze. All this affords evidence of the
knowledge of metal-working. We also find reference to the tanning of
hides for making slings, head-strings, reins, and whips. The dyeing of garments

8Ibid., pp. 31-33; N. G. Majumdar, ‘Exploration in Sind’, Memoirs of the Archaeological Survey of
India, No. 48.
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with certain natural vegetable colouring materials and the preparation of
fermented drinks from soma juice, barley grain, and milk (curd) are also
mentioned in the same text. The Yajur-Veda speaks of lead and tin among
other metals. Gold, according to the Atharva-Veda (XI1X.26), was regarded
as an cffective agent for the prolongation of life. Lead was looked upon as
an antidote to the spell of sorcery. Thus it may be inferred that several chemical
processes were utilized during the Vedic period (c. 1500-600 s.c.).

POST-VEDIC PERIOD

The post-Vedic period (¢. 600 B.c.-A.D. 800) forms the most flourishing
and fruitful age as far as it concerns the development of the science of chemistry
in ancient India, Chemistry was then closely associated with medicine. More-
over, these two subjects were dominated by the abstract philosophical theories
and systems of the Upanisads. The physical and chemical theories of cosmic
evolution as well as the methodology of science, for instance, were influenced
by them.

Theory of Five Elements:® The Samkhya-Patafijala system of philosophy
dealing with the process of cosmic evolution gives an account of thc origin
of the five elements (bhitas)—earth (ksiti), water (ap), fire (tjas), air (vayu),
and spacc or cther (@kasa). This concept of five elements as the basis of the
material universe is, however, much older. It occurs in the Aranyakas and
the Upanisads (¢. eighth century B.c.), and thus antedates the Greek theory
of four elements—earth, water, air, and fire—formulated by Empedocles
(¢. fifth century B.C.).

These five clements postulated in the Sammkhya-Patafijala system represent
five abstract principles, or rather a classification of substances on the basis
of their properties and states of aggregation. For instance, earth, water, and
air may be viewed as comprising all the clements or compounds of chemistry
in the solid, liquid, and gaseous states respectively. According to Sarhkhya,
these elementary substances consist of ultimate units called apus (atoms)
which are madc up of infra-atomic particles known as tanmdtras. It admits
that the properties of each of the paficabhitas vary with the egrouping of
tanmdtras in the atoms of cach.

In the Samkhya-Pataiijala view, dkdse functions in two different aspects:
non-atomic and atomic.? In the non-atomic form it might be said to correspond
to the hypothctical ether—an all-pervasive, ubiquitous medium—of nineteenth-
century physics. Atomic dkdsa (karyakasa) is a derivative of non-atomic dkdsa
(karapakasa). The former is charged with vibration potential, and the latter

*Vyisa, Yoga-bhdgya, 11.19; 1V.14; also Vijidnabhiksu, Sdrkhyapravacana-bhdsya, 1.62 and Yoga-

vdrttika, TI1.40,
1Vijiianabhiksu, Yoga-vdrttika, 111.40.
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behaves as a universal medium identified with spacc (avakdsa). The akdsa atom,
however, serves as the starting-point for the building up of the atoms of the
other four elements. A similar view about the two different aspects of dkdsa
is found in the Vedanta philosophy where they are distinguished as purdnan
kham and vayuram kham. The former rcpresents the kdranakasa, the motionless,
ubiquitous, primordial matter-stuff or matter-rudiment (known as bhatddi
in Samkhya). The latter represents the karyakdsa, a materialization from
non-atomic akdsa.?

The twofold aspect of akasa, non-atomic and atomic, related to cach other
as cause and cffect with the atomic dkdsa serving as the basis of all other material
atoms, may be regarded as a very significant concept of ancient Indian
philosophy—a concept which seems to have some rescmblance to modern
ideas of continuous generation of matter in space and of spacc heing filled
with radiation as the starting-point of material creation.

Atomic Theory of Kapada: Kanada, founder of the Vaifesika system of
philosophy, primarily concerned himself with the concepts of atoms and
molccules and their characteristic properties. He postulated four kinds of
elementary atoms: ksiti, ap, tejas, and vayu. Regarded as material, these four
clements arc of two types, eternal and non-cternal. In his view, dkdsa, which
is non-material, is one and all-pervasive, has no atomic structure, and scrves
merely as an inert and ubiquitous substratum of sound without taking any
part in material evolution. An identical view is cchoed in the Nyaya system.
The Nyaya-Vaidesika system, too, elaboratcly discusses atoms and their
properties.

According to Kanada, atoms are cternal, ultimate, indivisible, and
infinitesimal. They possess certain characteristic properties and potentials of
sense stimuli. Ksiti has fourtecen qualities, namely, colour, taste, smell, touch,
numerical unit, mass, weight, conjunction, disjunction, distance, proximity,
gravity, fluidity, and faculty; among them its unique quality is smell. 4p has
the qualities of ksiti with the exception of smell, instead of which viscidity is
added; its special quality is taste. Excepting smell, taste, and weight, all the
other cleven qualities of ksiti are in tejas, its distinguishing quality being colour.
Touch is the special quality of vayu, which has the qualities of ksiti excepting
smell, taste, and colour.?

Kanida’s conception of atoms bears many points in common with that
of the Greck philosopher Democritus (¢. 470-360 B.c.). But the atomisms of
Kanada and Dcemocritus failed to make any tangible contribution to the
growth of science in India and Greece, because they were, by and large, mere
speculations, though based on rational, systematic, and logical thought re-

8B, Seal, The Positive Sciences of the Ancient Hindus (Motilal Banarsidass, Delhi, 1958), p. 121.
The Vaidesika Aphorisms of Kanida, trans, A, E. Gough (Oriental Books, New Delhi, 1975), p. 138,
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garding the nature of matter and the structure of the universe, as also on the
observation of some natural processes by the unaided senses.

Combination of Atoms: According to the Nyaya system, atoms possess a
spherical shape (parimandaliya). Vacaspati Mifra (¢c. A.p. 840) indicates the
position of one atom in space with reference to another by a geometrical
analysis of the conception of three-dimensional space. He holds that in the
original physical arrangement of atoms each spherical atom is surrounded
by six others. Variations of this arrangement in the collocation of atoms and
molecules give risc to the variety of mono- and poly-bhautika compounds. A
conception of the arrangcment of atoms in space constitutes an essential part
of Kanada’s theory that chemical combination occurs under the influence of
heat corpuscles. In the Nyaya-Vaiécsika view, atoms, though eternal in them-
selves, are non-eternal as aggregates which may be organic or inorganic.

According to the Vaidesika system, atoms possess an intrinsic vibratory or
rotatory motion (parispanda). By its original tendency, an atom combines
with another atom to form a binary molecule (dvyanuka). The binary molc-
cules thus formed by the combination of the atoms of the same element in pairs
will possess the homogeneous qualities corresponding to the original qualities
of the atoms only if there is no chemical transformation under the action of
heat corpuscles. Combining among themselves by threes, fours, fives, etc.,
these binary molecules produce larger aggregates resulting in a variety of
elementary substances. Another view in the Vaidesika system maintains that
the combination of atoms, which takes place either directly or by the successive
addition of one atom to each preceding aggregate, may be in pairs, triads,
tetrads, ctc. to form accordingly a binary (dvyanuka), ternary (tryanuka),
quarternary (caturanuka), and so on. A variety of substances results from the
same element due to the differences in the molecular composition and con-
figuration, particularly in the grouping (vyitha) or collocation (avayavasannivesa).
The elementary substances thus formed by the primary molecular combination
may undergo qualitative changes and be decomposed into the original homo-
gencous atoms under the impact of heat corpuscles, which transform the
character of the atoms and make them reunite in diffcrent groups or arrange-
ments with different characteristic properties.

Two or morc substances belonging to the same bkiita or to different bhitas
may also combine to form mono-bkautika or hetero-bhautika (simple and quasi)
compounds. Homogeneous atoms of different substances of the same bkhita
may unite to form mono-bhautika compounds, while bi- or poly-bhautika (hetero)
compounds may be produced by the combination of heterogeneous atoms of
substances belonging to different bhitas.

Buddhist View of Atoms: The Vaibhasika and Sautrantika schools belonging
to the Hinayana sect of Buddhism accept the atomic view of matter. They
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consider gross matter as a conglomeration of atoms that are impenetrable,
indivisible, intangible, and unanalysable. These atoms, either simplc or com-
pound, are dynamic forces and undergo a continuous phase-change. The
four types of elements—uayu, tejas, ap, and ksiti—formed by aggrcgation from
their corresponding atoms with characteristic properties are known as funda-
mental atoms, while the four sensible qualities—touch, colour, taste, and
smell—are secondary atoms. These elcments combining with cach other give
rise to aggregates that arc inorganic and organic substances.

Atomic Theory of the Jains: Matter, called pudgala in Jaina philosophy, acts
as the vehicle of energy in the form of motion. It can exist in two forms: atomic
(anu) and aggregate (skandha), the latter being formed from the former. Anu,
an infinitesimal, eternal, and subtle particle having no parts, is both cause
and effect. A skandha, being an aggregate of atoms, is not considercd to be
absolute and beginningless. A variety of skandhas from a dyyanuka skandha or
dvipradesa (binary aggregate) to an anantdpuka (infinite aggregate) is formed
by cither the decomposition of large skandhas or the successive addition of an
anu to the previous skandha. A skandha may, therefore, be madec up of (i) a
definitcly large number of apus that may be counted (samkhyeya), (ii) an
indcfinitely large number of anus (asarikhyeya), (iii) an infinitely large number
of anus of the first order (ananta), (iv) an infinitely large number of apus
of the sccond order (anantdnanta), and so on.

Every atom possesses an infra-sensible or potential taste, smell, and colour,
and two infra-sensible tactile qualitics—roughness or smoothness, dryness or
moistness, hardness or softness, hcaviness or lightness, heat or cold. A skandha,
however, posscsses in addition the following physical characteristics: sound,
atomic linking, dimension, shape and configuration, divisibility, opacity, and
radiant heat and light.

A very significant feature of the Jaina atomism relates to thc mechanism
of chemical combination and atomic linking. For the occurrence of chemical
combination a mere juxtaposition of two atoms is not sufficient. They will
combine under the following conditions: (i) when thc atoms are endowed with
opposite qualities such as roughness (ruksatva) and smoothness (snigdhatva),
provided the opposite qualities arc not very fecble; or (ii) when atoms of similar
character differ widely in the strength or intensity of their qualities. The prop-
erties of the atoms undergo change as the result of their chemical combination.

A detailed presentation of the atomic theory and chemical combination
found in Umasvimin’s (¢. A.D. 40) Tattvarihadhigama-sitra (V.26) may remind
one of Empedocles’s idea of four elements. It is also interesting to note that the
Jaina theory of chemical combination bears some crude resemblance to the
‘dualistic hypothesis’ of Berzelius propounded in the early part of the
nineteenth century.
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Chemical Action and Heat: Many ancient Indian philosophical works,
particularly of the Nyaya-Vaiéesika system, have noted the close association
of chemical change with heat. According to Vitsyayana (c. fourth century a.p.),
chemical change may occur cither by the application of external heat or due
to the cffect of internal heat. It was believed that the heat generated by the
combustion of fuel existed in the fuel before in a latent form. In his Kirapdvali,
Udayana (¢. tenth-cleventh century a.p.) considered solar heat to be the
ultimate source of all heat required for chemical change occurring on the
earth. He thought that this solar heat was responsible for the change of colour
in the grass; for the ripening of mangocs bringing about changes in their colour,
smell, and taste; for the rusting of metals (combustion duc to solar heat—
siryapdka) ; and for the conversion of food into blood. All these are instances
of chemical transformation by heat.

Many early philosophers conceived of heat and light rays as consisting of
infinitely small particles radiating in straight lines in all directions with in-
conceivably high velocity and with a sort of conical dispersion. These, on
striking atoms, may break up their groupings, transform their physico-chemical
character, and bring about chemical changes.

Indian and Greek Atomisms: In both ancient India and Grecce, philosophical
and scientific concepts werc developed independently on parallel lines with
distinctive features of their own. The Indian conception of the nature of
matter and the structurc of the universe, like that of the contcmporancous
Grecks, followed a double tradition, viz. materialistic and religious. These two
traditions were, however, often blended together, particularly in the casc of
the Indians.

The conception of dgkdfa as both non-atomic and atomic is a distinctive
feature of the atomic thcory of ancient Indians. In both the VaiSesika
and Greek views, atoms are indivisible. In the Samkhya-Patafijala system,
however, atoms arc not indivisible in the strict sensc of the term since they
are madc up of lanmatras in different proportions for cach typc of clement.
The atomism of the Nydya-Vaisesika school differs in conception as well as
configuration from the Greck atomism. The Greek ideca that atoms are real,
of various dimensions, and in cternal motion is not found in ‘the Nyaya-
Vaifesika atomism. According to the Indian thcory, atoms have qualitative
differcnces, but in the Greek view they differ quantitativcly. A sort of
mechanical concept of the universe postulated in Greek atomism is not at all
mentioned in the Indian system. Furthermore, the soul, which is regarded
as a4 composition of atoms in Greek atomism,is non-material, having no
atoms, in the Indian view. However, the atomism of Kanada as well as of
Democritus, which anticipated the formulation of Dalton’s atomic theory by
several centuries, receded to thc background for reasons already stated.
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Kautilya, Caraka, and Susruta: Literary and technical compositions of the
post-Vedic period contain considerable information regarding chemistry,
metallurgy, and medicine. The treatises of Kautilya, Caraka, and Susruta arc
extremcly rich in this respect.

Kautilya’s Arthasdstra (¢c. fourth century B.c.), although mainly a work
on polity, is also a source-book of many branches of sciencc in ancicnt
India. This work describes the ores of gold, silver, copper, lead, tin, mercury
(probably imported), and iron; the processes of extraction of their metals;
and the preparation of their alloys. It explains the procedure of gold and
silver working, and a process of silver purification in which silver and lead
are heated in a skull-—a technique somewhat resembling the modern cupella-
tion process. It also describes a variety of gems like diamond, coral, sapphire,
ruby, emerald, opal, and pearl. The composition of a variety of liquors is also
discussed.

A definite progress in the chemical knowledge of the ancient Indian is
found in the two well-known medical treatiscs, the Caraka-samhitd and the
Susruta-samhita, belicved to have been originally composed in about the first
century A.D. but rcvised in subscquent recensions. Minerals like sulphate of
copper, sulphate of iron, realgar, orpiment, rust of iron, sulphur, and pyrites
have been mentioned in the Caraka-samhitd. The text also describes the use
of coral, lapis lazuli, ashes of conch-shell, calces of iron and copper (oxides),
and sulphide of antimony (as an ingredient of collyrium). The roasting of
metals like iron and copper with sulphur is described as the ‘killing’ of these
mectals, meaning the formation of their sulphides. The preparation of various
kinds of fermented liquors and of almost anhydrous alcohol by distillation
has also been described.

An claborate déscription of the preparation and properties of alkali car-
bonatcs and caustic alkali as well as of the ncutralization of the alkali by an
acid is given in the Susruta-samhitd. This description is so perfect in detail that
it could almost be transferred bodily to a modern textbook of chemistry.
Caustic alkali was madc by boiling a weak variety of alkali carbonatc with a
solution of lime.

Suéruta recommended as drugs the oxides (calces) of tin, lcad, copper,
silver, iron, and gold, which were prepared by roasting the metals with
minerals like alum earth and red ochre. The poisonous property of thc com-
pounds of arsenic such as white arsenic and orpiment was known (o him.
Suéruta described a crude method known as ayaskrti (action affecting the metals)
of preparing metallic oxides or oxy-salts by roasting the metals with common
salt, saltpetre, and sulphate of magnesia. It seems that mercury was not well
known in Suéruta’s time inasmuch as he only vaguely refers to it once or
twice.
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In the writings of the medical schools of ancient India originating from
Caraka and Sufruta, references are often found to chemical composition and
decomposition by more or less crude processes of calcination, distillation,
sublimation, stcaming, fixation, ctc. On the basis of Sarhkhya philosophy
Caraka developed theorics of chemical combination and the formation of
compounds, and distinguished between chemical compounds and mechanical
mixtures. Sufruta followed Caraka in this matter.

Caraka and Sufruta classified organic substances into two groups: vege-
tablc and animal. Caraka made reference to vegetable as well as animal oil.
Viscous (oily) substances were grouped under four heads: butter, oil, fat,
and marrow. Salts were divided into mineral and vegetablc types. Susruta
arranged poisons into two classes: vegetable and animal; but several poisons
cxpressly termed as mineral poisons were included under the first category.

The chemistry of digestion has been elaborately discussed in the Caraka-
samhitd, but a morce dctailed discussion is found in a medical treatise of a much
later date, the Astangahrdaya-samhita by Vagbhata (scventh-eighth century).
The latter describes many preparations of gold, silver, copper, iron, tin, and
lead.

Glass and Pottery: The process of mclting, refining, and colouring glass
was known in India as early as the sixth century B.c. This is borne out by
the discovery of the earliest specimen of true glass in India (c. fifth century
B.c.) which was unearthed at Taxila in the Bhir mound. Further evidence is
provided by the find of the site of an ancient glass factory, believed to be of
about the fifth century B.c., at Kopia in the Terai region of Uttar Pradesh.
Samples of glass beads, fragments of earthen crucibles with glass sticking to
the inner side, and lumps of glass of different colours in various stages of
formation were recovered from that site. Excavations at Piprahwa near Kopia
also unearthed glass bcads in a Buddhist stiipa.’® According to Pliny, the art
of making glass and of colouring it with the help of metallic salts or oxides
was well known to the ancient Indian. This is evident from the results of
analysis of certain porcelain-like fragments found at Taxila. Reference may
be made to an observation by Pliny about the Indian glass as being superior
to all others.* Grecn and blue glass bangles, generally opaque But occasionally
transparent, belonging to the Saka-Parthian and Kusana periods (c. 300 8.c.,
A.D. 100), have also been recovered at Taxila.!? Similar bangles of the Andhra
culture (c. first century A.p.) have been found at Brahmagiri and Chandravalli
in the Chitaldurg district of Mysorc and at Sisupalgarh near Bhuvaneswar
in Orissa.

WRay, op. cit., pp. 73-76; M. M. Nagar, U. P. Information (15 August 1949), p. 79.

11Pliny, Natural History, XXXVI, p. 66.
11Ray, op. cit., p. 78.
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Specimens belonging to the second century A.p. which were uncarthed
at Taxila reveal that the art of making painted, decorated, and glazed pottery
was fairly well developed during the post-Vedic period. Excavations at
Ahicchatra and Bhita in Uttar Pradesh and at Bangarh in Bengal have yielded
specimens of similar pottery warc helonging to ¢. 300 B.c. - A.p. 1100. Most
of these are wheel-made with a fair percentage of mould-made pots. Terracotta
objects, beads, plaques, moulds, figurines, toys, large rings for the construction
of wells, and other items belonging to the Sunga, Kusina, and Gupta periods
have also been recovered at Bangarh. In addition, lime and powdered bricks
of the Gupta period which were used as mortar for making rammed concrete
on the floor of buildings, as well as decorative bricks of the Pala period, have
been found there. Specimens of ancient pottery, mostly local, have been dis-
covered during excavations at Arikamedu in Tamil Nadu. The local pottery
recovered there is to a great extent wheel-turned, excepting large tioughs,
storage jars, and a type of portable oven. The imported pottery, mainly from
Italy and many Mediterranean ports, found at Arikamedu belongs to the
carly Christian era. Both black-and-red and black-and-grcy wares resulting
from firing under oxidizing and reducing conditions respectively have been
discovered. They are slip- and salt-glazed, giving rise to very picturesque
effects. Beads of semi-precious stones, faience, and various coloured glass werce
manufactured on a large-scale at Arikamedu in those days.

Excavations at Brahmagiri and Chandravalli have uncovered specimens
of painted slip- and salt-glazed, hand-made pottery of the Stone Age. These
bear no resemblance to the Indus valley ceramics. Slow-wheeled pottery of
the Iron Age (c. 200 B.c.-A.p. 50) and fast-wheeled varieties of the Andhra
culture have also been unearthed in Brahmagiri. Wheel-turned, plain, and
polished pottery belonging to ¢. A.p. 50 has been found by cxcavations at
Sisupalgarh.

Copper Working and Casting: The craftsmanship and remarkable achieve-
ments in copper metallurgy of the ancient Indians are confirmed by both
extant monuments and archaeological evidence. In the Rampurwa Asoka
pillar near the frontiers of Nepal, a solid bolt of pure metallic copper (c. third
century B.C.) has been found, which measures 24} inches in length with a
circumference of 14 inches at the ends. A seven-foot high pure copper statue
of Buddha weighing about one ton and belonging to the fifth century A.p. was
found at Sultanganj in Bihar and later removed to the Birmingham Museum.
This statue is provided with an outer garment sufficiently transparent to make
the body visible, The figure scems to have been cast in two layers, the outer
layer having been cast over the inner one presumably by the cire perdue process.
The casting of the inner body was effected on an earthen mould in segments
held together by iron bands. Lumps of copper ore and other small copper
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figures found in the vicinity suggest that the smelting and casting operations
were conducted at the site.}?

The Chinese traveller Hiuen Tsang describes a colossal 80-foot copper
statue of Buddha which stood near the famous Nalanda university in Bihar. It
is believed to have been constructed during the reign of a king Piirnavarman.
This figure of remarkable metallurgical skill must have disappeared very
shortly afterwards as n6 further mention of it is found in later chronicles.

There is archaeological and other evidence that punch-marked and stamped
or cast copper coins were issued by the Maurya, Suniga, Kugana, and Gupta
kings. Large copper plates have been in use in India from very early times,
particularly during ceremonies associated with land grants. The Sohgaura
plate (c. third century B.c.) discovered in Uttar Pradesh bears testimony to
this. Silver and gold jewellery with granulation and filigree work which was
made on copper and bronze moulds or dies has been found at Taxila (¢. third
century B.c.). Copper utensils were commonly used in religious ceremonies
in ancient India.

Smelting of copper on an extensive scale about two thousand years ago
is corroborated by geological evidence found in Chotanagpur in Bihar.
Deposits of copper slags have been found in abundance on the hills all around
the area. Many extinct copper mines are found in Rajasthan from which
the metal was evidently obtained in ancient times. Copper mines were worked
and copper smelting done in Madhya Pradesh, Uttar Pradesh, and Madras.
Nepal was an important source of copper in ancient India.

Among copper alloys, bronze and brass were extensively used in ancient
India for making utensils, water-vessels, coins, ornamental articles, images
of deities, and other itcms. Brass was manufactured by heating copper with
calamine and carbonaceous matter or by smelting mixed ores of copper and
zinc. From the records of Hiuen Tsang, it seems that there was an unfinished
brass temple of Buddha near Nilanda (c. seventh century A.p.).

Iron and Steel: Although the preparation and use of steel were known in
ancient India, wrought iron was mostly produced. This is because the heat
resulting from the charcoal fuel which was used in a crude form of blast
furnace was insufficient to melt the iron resulting from the reduction of the
ore and thus to absorb carbon to form pig iron.

Specimens of many iron implements and a large variety of weapons believed
to have been produced in the fourth century m.c. were discovered by the
excavation of numerous burial grounds in the gravelly mounds at Tinnevelly
in Tamil Nadu. Iron slag and clamps belonging to the third century s.c.
have been found at the Bodh Gaya temple. Archaeological excavations carried

13P, Neogi, Copper in Ancient India (The Indian Association for the Cultivation of Science, 1918)
pp. 20-21.
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out in the forties in many sites in the Doab, e.g. Ahicchatra, Hastinipura,
Rupar, Panipat, Atraiijikhora, and Alamgirpur, led to the discovery of painted
grey ware with which iron was associated. Radio-carbon dating of these
objects, which include arrow-heads, spear-heads, and axes of different shapes,
places them between 1025 and 537 8.c. Iron implements found in many mega-
lithic burials in South India at Tekwada, Brahmagiri, Piklihal, Maski, and
other places also date from the cleventh and twelfth centuries B’c.

Excavations at Bangarh and Taxila have led to the discovery of a large
number of objects made of iron belonging to the Sunga, Kusina, and Gupta
periods. The famous wrought iron pillar near Qutb Minar in Delhi, a notc-
worthy testimony to the skill and special technical abilities of the early Indian
metallurgists, has withstood for ccnturies the onslaught of weather without
any sign of corrosion. .This twenty-four-foot high pillar with a diameter of
16-4 inches at the bottom and 12 inches at the top and a weight of more than
six tonnes is supposed to have been constructed in the early fourth century
A.D. The extensive use of iron clamps and beams in the temple at Bhuvaneswar
(¢. A.p. 640) provides another instance of large-scale production and working
of wrought iron in early India.

Steel of a fairly high quality used to be prepared in ancient India by a
technique very similar to the modern cementation process. It was deemed
to be very precious. The reported presentation of a piece of steel weighing
about 30 lb. to Alexander the Great by the Indian ruler Porus corroborates
this.14 The use of fine steel implements is suggested by the nicely and precisely
carved stone inscriptions of Asoka. Descriptions given in the Sufruta-samhita
indicate that steel surgical instruments were also used. The steel produced
in Hyderabad, Mysore, and Salem was exported to western countries as early
as the beginning of the Christian era and was used for the preparation of the
famous Damascus blades. The art of tempering stecel was also known to the
ancient Indians!® from whom the Persians and, through them, the Arabs learnt
the operation.

Dyes, Paints, Cosmetics, and Cement: The use of dyes like indigo, lac, turmeric,
madder, resin, and red ochre was known to the ancient Indians. Varadhamihira
(c. A.p. 550) in his Brhat-sarithita refers to mordants like alum and sulphate
of iron for the fixing of dyes on textile fabrics. Relics of the fourth to the second
century B.C. excavated at Taxila and Andher as well as the inscriptions in
Kharosthi (. first century A.p.) from Khotan bear evidence of the use of
carbon or black ink.!® The Ajanta cave paintings (c. fifth century A.p.) testify
to the use of colouring materials.

WSee Journal of the Royal Asiatic Society, Vol. V (1839), p. 395,

WSee Varihamihira, Brhat-sarhitd, XLIX.23-26.

Report of the Archatological Suroey of India, 1929-30, p. 209; cf. P. K. Gode, History of Ink Manu-
Jacturs in Ancient India, Vol. 111 (Prachyavani, 1946), pp. 1 and 10-11.
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The Brhat-santhita (LXXVI) alludes to cosmetics, scented hair dyes, frank-
incense, delicately blended perfumes, etc. It also contains information on
various cement preparations which may be classified under two heads: rock
cement (vajra-lepa) and metal cement (vajra-sarhghata). These varieties of cement
were applied primarily to the walls and roofs of temples and other buildings.

- CHEMISTRY IN MEDIEVAL INDIA

Chemistry in medicval India was closely associated with alchemy which
was an integral part of the Tantric cult. Although the origin of alchemy in
India may be traced to a date as far back as that of the Atharva-Veda, or even
that of the Rg-Veda, practical alchcmy reached its acme only during the
Tantric period. Alchcmy, as is well known, has a twofold objective: (i) the
preparation of an elixir of life and (ii) the production of the philosophers’
stone for the transmutation of base metals into gold. Tantric treatises, both
Brahmanic and Buddhistic, abound in recipes for such transmutation of base
metals, particularly of mercury into gold. The Rasa-ratnakara, attributed to the
famous Buddhist alchemist Nagarjuna (¢. eighth century A.p.), contains de-
scriptions of alchemical processes and preparations of many mercurial com-
pounds. It gives an account of many chemical processes like the extraction
of zinc, mercury, and copper, and the preparation of crystalline red sulphide
of mercury (svarnasindiira or makaradhvaja). This medicament is still used as a
panacea for many ailments by physicians in India following the indigenous
system of medicine. The treatise also describes more than two dozen varieties
of apparatuses (yaniras) for carrying out various physico-chemical processes
like distillation, sublimation, cxtraction, calcination, digestion, evaporation,
filtration, fumigation, fusion, pulverization, heating by steam and by sand,
and the preparation of many metallic compounds.

The Rasarpava or Devi-Sdstra (twelfth century), a Tantra of the Saiva cult
dealing with alchemy and chemistry, gives a description of the colours imparted
to flames by various metallic compounds like those of copper, tin, lead, and
iron. A varicty of minerals and ores, the cxtraction of copper from pyrites
and zinc from calamine, the distillation of alum (possibly giving rise to sul-
phuric acid), and the purification of mercury by distillation are described in
this Tantric text.

The alchemical ideas and treatiscs of India found their way to China and
Tibet. The Dhdtuvdda (¢c. cighth-ninth century), a Tantric text in Sanskrit,
found translated in the Tanjur division of Tibetan literature, gives an account
of the deposition of copper on iron from a copper salt solution and the prep-
arations of amalgams of copper and of white lead. The Sarvesvara-rasdyana,
another Téantric text in Sanskrit of the same time which is also translated in the
Tanjur, explains the process of making cuprous sulphide. The preparation of
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antimony by heating a mixture of stibnite and iron is mentioned in the Rasendra-
ciddmani (thirteenth century). This shows that the process was known in
India much earlier than its discovery in Europe by Basil Valentine (1604).
The preparations of calomel and of oil of vitriol (sulphuric acid) from alum,
the use of alum as a mordant for dyes, and the extraction of zinc from calamine
are described in the Rasaprakasa-sudhakara (c. thirteenth century).

The ideas of the alchemists about the possibility of transmuting basc metals
into gold gradually lost their charm because of repeated failure of experi-
ments. But the numerous preparations of mercury, iron, copper, and other
metals obtained in the process came to be used in medicine. As a result, the
compilation of a number of medical treatises dealing with the use of metallic
preparations followed. One such work, the Buddhist treatise Rasaratna-samuccaya,
contains a vast mass of the then existing chemical information but very little
that is new and of intrinsic valuc. It treats of mercury, minecrals, mctals, gems,
liquefaction, incineration, construction of apparatuses, purification of mctals,
and extraction of cssences (active principles). A beautiful description of the
location, construction, and cquipment of a chemical lahoratory is recorded
in this treatise. A method of preparing mincral acids, particularly aqua regia
(Sarikha-dravarasa), by distillation has been given in the Rasa-pradipa (c. 1535).

Unlikc what happened in Europe, alchemy in India failed to develop into
rational, scientific chemistry. As a result, it gradually became cxtinct.

Practical Arts: There is plenty of evidence of the application of chemical
knowledge and processes in the medicval period, particularly relating to metal-
lurgy and metal-working, gunpowder, saltpetre, mineral acids, alum, paper,
ink, soap, and cosmetics. Heavy guns and cannons madc of copper, bronze,
and brass werc used by the Mogul ecmpcrors. Instances of working with wrought
iron on a large scale by means of forging and hammering are provided by
the following: the iron pillar at Dhar (fourtcenth century); the pillar on
Mount Abu (fourtecnth century); the large iron beams at Konarak and in
the templcs of Puri (c. twellth century); and the big iron guns and cannons
of the Mogul period as found at Bijapur, Hyderabad, and Murshidabad.
Records of the preparation of stcel swords at various places in India arc found
in the Yuktikalpataru (c. eleventh century) and Sarigadhara-paddhati (c. four-
teenth century).

The tinning of copper vesscls gained currency in India from the Middle
Ages, possibly after the arrival of the Muslims. An alloy made of copper, lead,
and tin, or of copper, lead, and zinc known as bidery (from Bider, a town in
Andhra Pradesh), produced during this period, was used to make vascs, basins,
cups, etc. which were then inlaid with gold and silver. These products were
made largely in Hyderabad, Bengal, and North-West India. Enamelling on
gold and silver ornaments in different colours with mctallic oxides mixed with
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soda-lead glass was known all over India. From the beginning of the seventeenth
century, or possibly even earlier, a method of recovering gold remaining as
waste of gold working was in vogue. In this process the waste materials were
boiled in an aqueous solution of a mixture of nitre, common salt, and alum.
This solution evidently contained agua regia. Gunpowder was introduced in
India about the time of Babur (c. 1483-1530). Formulas for the manufacture
of fireworks are found in the Kautuka-cintdmani and the Akisa-bhairava-kalpa of
the fifteenth century.!” The preparation of mineral acids (dilute aqua regia) is
described in several medical works composed in the sixteenth and seventeenth
centuries.

Paper-making was introduced in India from China through Nepal in about
A.D. 1000 and became a flourishing industry during the Mogul and Peshwa
periods. The raw materials used were mainly worn-out clothes, old tents,
barks of certain shrubs and trees, and similar substances. These were beaten
into a pulp in a lime-lined water reservoir and then made into paper sheets with
the help of moulds. Soap, made in India for the first time during the Mogul
period, was prepared from trona or natron, common salt, sesamum oil, and
goat’s suet. The preparation of black ink in solid and liquid forms from lamp-
black, gum, and the infusion of gallnut in water has been described in the
Rasa-ratnakara of Nityanitha (thirteenth century). The preparation of cosmetics
and perfumes was known from the sixth century A.p. A detailed description of
several aromatic ingredients for the preparation of cosmetics and perfumes,
and the technical processes and recipes for the preparation of different per-
fumed products are given in the Gandhasara and the Gandhavada, which were

composed around A.p. 1000 on the basis of earlier texts dating from A.p. 500
to 1000.1

CONCLUSION

Chemistry in India was developed empirically and occupied itself, more
or less, with the collection of accidentally discovered facts associated with
various practical arts like ceramics, metallurgy, metal-working, and medicinal
preparations without any rccognition of the chemical principlgs or nature of
the chemical changes involved in their pursuit. The result was that the thoughts
and ideas could not germinate into scientific laws and theories based on ex-
perimental observations and verifications. Likewise, the mechanical skill dis-
played in the pursuit of practical arts could not develop into technology in the
absence of guidance and suggestions from scientific knowledge. Chemistry was
dominated more by seeing and believing than by thinking and knowing. After

11See P. K. Gode, “The History of Fireworks in India’, Transactions of the Indian Institute of World
Culture, No. 17 (Bangalore, 1953), pp. 1-26.

1Sce P. K. Gode, ‘History of Indian Cosmetics and Perfumery’, Studies in Indian Cultural History,
Vol. I, pp. 297-308; Vol. III, pp. 1-12.
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the age of Nagarjuna, Indian treatises provide very little new chemical informa-
tion, though quite a large number of commentarics and compilations were
composed till the end of the sixteenth ccntury. Nevertheless, India’s achieve-
ments in the use of minerals, metallurgical tcchniques, processing of chemicals
of everyday use, extraction of metals from their ores, and craftsmanship in the
manufacture of certain metal products, which required mastery of some chemical
processes, were quite remarkable. Some of the technical shills exhibited by
ancient Indian chemists and mectallurgists were indced noteworthy.
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AYURVEDA

YURVEDA, the traditional system of Indian medicine, is a special branch
Aof knowledge on life dealing with both body and mind. This is implicit in
the two components of the term dyurveda: dyus and veda. The former means
Jivita or ‘life’,! and the latter, ‘knowledge’ or more precisely ‘science’. The
scope of the term dyus extends to the understanding of life in all its conditions
and bearings. According to the Caraka-sanhita (1.1.41), dyus compriscs sukha
(happiness), dukkha (sorrow), hita (good), and akita (bad). Sukhamdyuk or a life
of happiness is free from physical and mental diseasc; endowed with vigour,
strength, energy, and vitality; and full of all sorts of enjoyment and success.
Asukhamayul; or a life of dupkha is just the opposite, Hitamayuli, a good life, indi-
cates a lile of honest disposition, self-control, and self-restraint, which is prone
to do what is beneficial to this world and the ncxt. The opposite of this is
ahita. Ayus is also defined by Caraka as life with a body, scnse-organs, three
basic principles, and the soul; it is also a cycle of nityaga and anubandha, i.e. of
perpetual change and progress (1.1.42). Ayurveda deals with these four condi-
tions of life. It is also concerned with the prolongation of life.

SCOPE OF AYURVEDA

The scope of Ayurveda is not limited to physical health alone. It also secks
to promote a totality of physical, mental, and spiritual health in the context
of man’s interaction with his environment. Ayurveda is concerned with the
origin of life and intelligence which are cternal. The wide scope of Ayurveda,
in general, covers (i) ‘cosmological and ontological speculations about the
intrinsic relationship between matter and lifc; (ii) biological theories con-
cerning (a) embryonic conception, (b) body, life, and soul, and (c) rules of
genetics; (iii) physiological and pathological theories; (iv) food; (v) rules of
hcalth and longevity; (vi) discases, their diagnosis and trcatment; (vii) poisons
and antidotes; and (viii) ethics.

ORIGIN AND ANTIQUITY

The origin and antiquity of Ayurveda have been cxamined from two
considerations: (1) myth and tradition; and (2) historical analysis. Tradition
has it that Ayurveda is of divine origin from Brahma who later on communi-
cated this knowledge to the Agvins,® and from the twin divinities it came to

YThe term dyus is derived from 1, ‘to go’. Ayus therefore means ‘continuity of existence’.
2Advins - -two celestial physicians represented as twin sons of the Sun.
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Indra.? Its human tradition began with the transmission of this divinc know-
ledge to two mythical personages, Bharadvija and Dhanvantari, who in their
turn were responsible for the two streams of Ayurveda, i.e. medicine and
surgery. Traditionally, Bharadvaja specialized in both medicine and archery
or falya, that is, surgery.4 It therefore appears that the two strcams originated
not from two persons but from one under two appellations. This is corroborated
by the association of Dhanvantari with his incarnated name Divodasa and
subsequently with Bharadvija in the Rg-Veda and later Vedic texts.5 It is also
believed that their two successors, Atreya and Suéruta, werc not two different
persons, Sufruta, alias Bahusruta, meaning ‘an extremely learncd person’.®

- The divine origin of Ayurveda has been mentioned by Caraka and Sufruta
as well as by later authorities.? Possibly some common sources werce relied
upon by thesc two medical authorities in this regard.® Caraka (1.30.27) holds
this divine knowledge of Ayurveda as eternal, but considers itto have a begin-
ning from its first systematized comprehension or instruction.

While tradition would have us believe in the cternity of Ayurveda, historical
considerations lcad us to trace its origin to pre-Aryan times. In fact, diflcrent
strcams of thought and idcas are found to have been incorporated through ages
in the various branches of Ayurveda. Its medical corpus is an cxtension and
systcmatization of earlier medical knowledge of thc pre-Aryan and Indo-
Aryan peoples. Its philosophical speculations and logical deliberations in the
understanding of the creation of the world in the context of material compo-
nents of the body and in finding out the actiology of diseases arc borrowed
from different philosophical systems, particularly the Sarmkhya and the
Nyaya-Vaiéesika. These contributed to the development of Ayurveda as we
have it today.

Pre-Aryan Medical Elements: Archaeological remains concerning pre-Aryan
medical elements unearthed from different sites of Indus and pre-Indus
cultures testify to rudimentary ideas about some medical and surgical practices.
Surgical activitics are inferred from trephined human skulls and curved knives
from two pre-Indus sitcs, viz. Burzahom in Kashmir and Kalibangan in
Rajasthan.? Mecdical practices inclusive of some health and hygicnic mcasures

3 Astangahrdaya-sarihitd, 1. 1.3; T.A. Wisc, Commentary on the History of Ilindu Medicine (Thacker,
Spiuk & Co., Calcutta, 1845), pp. 2 and 5.

S Mahdbharata, X11. 203.19.

$Rg-Veda, 1. 116.8; VI. 16.5; V1. 31.4; Saikhdyana Grhyasitra, 11. 14; J. Filhozat, The Classial
Doclrine of Indian Medicine-- -Its Origins and Its Gicck Parallels, trans. Dev Raj Chanana (Munshiram
Manoharlal, 1964), p. 6.

SFilliozat, op. cit, pp. 6-8.

TAnima Sen, Ayurvede Samkhyaprabhdvah (Calcutta, 1963), pp. 5-6.

sFilliozat, op. cit., p 8.

*H. D. Sanknlia, Some Aspects of Pre-Historic Technology in India (Indian National Science Academy,
1970), p. 64.
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are indicated in excavations at Mohenjo-daro and Harappa. These comprise
elaborate sanitary measures, arrangements for bath in specially-built chambers,
and medicinal substances consisting of stag-horn, cuttle-fish bone, and bitu-
men.!® The craniotomic operation described in the Susruta-sanihita (IV.15.6-7),
hygienic rules and regulations as part of medical practice, application of vapour
bath in medical treatment,!! and utilization of animal and mineral substances!?
in medical prescriptions are some of the instances of borrowing by the
Ayurvedic system from earlier cultures.

Indo-Aryan Medical Elements: While pre-Aryan elements led to the develop-
ment of some medical practices in Ayurveda, Indo-Aryan medical elements
facilitated the growth of some concepts and theories. These are mainly noticed
in (a) cosmo-physiological speculations about the three basic constituents of
living organisms, viz. vdyu, pitta, and kapha; (b) ideas about the actiology of
discases; and (c) belief in the association of medical treatment with god-
physicians.

(a) Cosmo-physiological speculations relate to the humoral theory of
Ayurveda which propounds that wind (vdyu), bile (pitta), and phlegm (kapha)
are the three basic elements activating, sustaining, nourishing, and maintaining
the life-principle. The origin of this theory may be traced to Indo-Aryan
speculations regarding the three world-components, viz. air, fire, and water,
which similarly sustain, maintain, and motivate the world. The cosmic element
of vdyu or vdta (air) is considered the motor par excellence which activates the
entire universe.!® Its physiological manifestation is the vital breath or prapa
which, according to Ayurveda, regulates all functions of life.4 Pitta, which
maintains the thermal balance of the body, is a manifestation in living organisms
of the cosmic principle of agni (fire).'® The cosmo-physiological aspect of agni
is suggested by the Vedic epithet vaisvdnara and the Avesta expression vahu-
Jfrayan, both mcaning ‘the fire of digestion present in all animate bodies’.’® The
Ayurvedic notion of fire (fgjas) in the body is nothing but an extended idea of
the Indo-Aryan concept of vaisvanara. The term kapha, meaning that which
results from water, corresponds to the cosmic primordial water (gp). This
primordial element was viewed by both the Indo-Aryans and Indo-Iranians
as ‘mother’, as a ‘vivifying liquid’ (nectar). Some other epithets show it

1Filliozat, op. cit., pp. 32-34.

11]. Jolly, Indian Medicine, trans. C. G. Kashikar (Munshiram Manoharlal, New Declhi, 1977),
pp. 33-34.

1P, Kutumbia, Ancient Indian Medicine (Orient Longman, 1962), p. xxviii.

18Filliozat, op. cit., pp. 61-62.

WSusruta-sarmhitd, 1. 14.4; Caraka-sarihita, 1. 18.49; Caraka-sanhitd (Shree Gulab Kunverba Ayurvedic

Society, Jamnagar, 1949), pp. 538-39.

Caraka-samhitd, 1. 12.11, 21.9; Susruta-samhits, 1. 21.10.

Filliozat, op. cit., pp. 56-59.
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as the ‘fluid matrix’ from which the birth of living organisms was possible.!?
Its physiological element kapha in the human body is also credited with the same
properties. Both ap and kapha signify the fluid-matrix in which all the operations
of life are possible,

(b) Ayurvedic theories and ideas about the aetiology of diseases are of
two kinds, rational and irrational. The first kind is formulatcd on the basis of
pathological conditions, while the second is rooted in the notion of super-
human and malefic agencies being the cause of discases. Maladies classed
under the second group are known as ddhidaivika. Ayurveda owes much to the
Indo-Aryan or Vedic medicine for this idca of the irrational cause of diseases.
Moreover, the elaborate theory of dogas, i.e. abnormal conditions of the three
basic elements as the main cause of disease, which developed in Ayurveda, is
also suggested in a passage of the Atharva-Veda (1.12.3).

(c) The other Indo-Aryan element present in Ayurveda is the association
of godheads with medical treatment. The important god-physicians of the
Vedic medicine finding prominence in Ayurveda were Brahma, Indra, Rudra
(as Siva), Siirya or Agni, and the two Aévins. Their active role as physicians in
the Vedas is replaced by the Ayurvedic medical formulae which allude to
different godheads for the cure of specific diseases.!® This association of divin-
ities with healing was a common aspcct of ancient medicine throughout the
world.20 The authors of Ayurveda in order to glorify the medical prescriptions
appear to have associated them with the renowned Indo-Aryan god-physicians.

AYURVEDA AND THE VEDAS

In its conceptual aspects Ayurveda has greater affinity to Rg-Vedic notions,
while in practice it draws much from Atharva-Vedic medicine. Its relation
to the Atharva-Veda is seen in its (i) twofold objective of the curing of disease
and the attainment of a long life;2! and (ii) anatomical and physiological ideas.
Under the second category may be cited (a) three types of bodily channels—
hird, dhamani, and nddi—used in the sense of duct in the Atharva-Veda and
corresponding to $ird, dhamani, and nadi of Ayurveda which mentions an addi-
tional channel (srotas);*? (b) ideas of five vital breaths common in the two
systems;2? (c) osteological ideas in connection with the number and nomen-

bid., pp. 54-56.

8Caraka-sarmhitd (Jamnagar ed.), Vol. I, pp. 522-25.

G, N. Mukhopadhyaya, History of Indian Medicine, Vol. I (Calcutta University, 1923), pp.
1-176.

WH. E. Sigerist, 4 History of Medicine, Vol. 11 (Oxford University Press, 1961), pp. 154-55.

9P, Ray, History of Chemistry in Ancient and Medicval India (Indian Chemical Society, Calcutta,
1956), p. 87.

1S, N. Dasgupta, 4 History of Indian Philosophy, Vol. 11 (Cambridge, 1952), pp. 290-91.

8 Atharva-Veda Samhitd, X. 2.13; Caraka-sarikita, 1. 12.8.
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clature of bones;?* and (d) ¢jas (albumen), the vital element in the body recog-
nized in Atharvan medicine and in Ayurveda.®s

The main points of difference between Ayurveda and the Atharva-Veda are
in the concept and mode of treatment of discases. The Atharva-Veda stresses
the wrath of gods and influence of malefic agents as the causes of diseases more
than imbalances in bodily elements which are given primary importance in
the diagnosis of discascs in Ayurveda. Hence drug treatment predominates in
Ayurveda whereas treatment by charms is emphasized in the Atharva-Veda. 2o

Ayurveda, which incorporates different traditions, has a distinct place
alongside of the Vedas. It forms a uparnga®’ of the Atharva-Veda and upaveda
associated particularly with the Rg-Veda. It is sometimes called a paiicama-veda
or fifth Veda. The cpithet updriga is presumed to have come into use on account
of the resemblance betwcen Ayurveda and the medical portion of the Atharva-
Veda. This relationship has been noted by Suéruta (I.1.5) himself and later on
by others. Its appellation as a upaveda or minor Veda of the Rg-Veda occurs
in the Carapavyiiha.?® Ayurveda is mentioned as a fifth or distinct Veda in the
Brakmavaivarta Purana (1.16.9-10). Modern writers consider it as a Vedanga
or an appendage of Vedic literaturc.?® All the aforementioned epithets of
Ayurveda point to its cxistence in some form during the composition of Vedic
literaturc.®

Although glorified as an appendage of Vedic literature, Ayurveda as
such is not mentioned there. A later Vedic text designates a'medical treatise
as subkesaja.®* The Mahabharata first refers to Ayurveda with its eight branches
of knowledge. It spccifically mentions Ayurveda composed by Krsnitreya.’
Buddhist texts name a number of diseases and their remedies,?® but they do
not refer to the idea ol ‘scicnce of life’. Jaina texts categorize Ayurveda as
hina-$dstra.®t

DEVELOPMENT AND DECLINE OF AYURVEDA

Ayurveda as systematized into cight parts appears to have developed

M])cviation is noticed in Sudruta’s system of numbcring bones, which are 300 in place of 360
maintained by others. A. F. R. Hoernle, Studies in the Mcdicine of Ancient India, Pt. P (Oxford, 1907),
p. 113,

3B Atharva-Veda Sanhitd, 11. 18; Caraka-sanhita, 1. 30.7-12; Susruta-samhita, I. 15.18-27.

0V, W. Karambclkar, The Atharva-Veda and the Ayurveda (Nagpur, 1961), p. 11.

37 The term updiiga has been defined as asigameva alpatvat upangam, i.e. an y or small supy
mentary work having the same scope as the Atharva-Veda. Dasgupta, aop. cit., p. 279n.

3Karambelkar, op cif, p. 10.

» Jbid., p. 11.

3°Dasgupta, op. ¢it., p. 276.

N Rg-Veda Pratisakhya, XVI. 34.

83 Mahdbhdrata, 11. 11.25; XII. 203.19; Karambclkar, op. cit., p. 31,
33Karambclkar, op. cit., pp. 24-26.

34 Ibid., pp. 26-27. .
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abruptly, but this impression is due to paucity of written records concerning the
early state of Ayurveda. These early treatises were superseded by the present
recensions because of their growing popularity. A list of the early recensions is
preserved, however, in the Brakmavaivarta Purana.®

The history of Ayurveda may be divided into four stages: (a) the heginning
period (devakala), (b) the period of compilations (rsikala or sasithitakala), (c) the
period of epitomes (sarigrahakala), and (d) the period of decline. These four
periods arec marked by three distinct types of Ayurvedic treatises.

Beginning Period: In this period Ayurvedic works were attributed to mythical,
divine, and semi-divine, personages. These works are all lost. Important among
them were the Brahma-samhita composed of 100,000 slokas, Piajdpati-samhita,
ASvi-samhita, and Balabhit-sarhhita.

Period of Compilations: This period (¢. 500 B.c.-a.D. 500) witnessed the
compilation of the works of ancient teachers who were the founder-writers of
different aspects of Ayurveda. These aspects or eight parts of Ayurveda include
Kayacikitsa (therapeutics), Salya-tantra (major surgery), Salakya-tantra (minor
surgery), Bhiitavidyd (demonology), Kaumarabhrtya-tantra (pcdiatrics),
Agada-tantra (toxicology), Rasayana-tantra (geriatrics), and Vijikarana-tantra
(virilification).

(i) Kayacikitsa relates to treatment of diseases affccting the whole body,
which are supposed to originate mainly from disturbances of the three humours.
The first and foremost compilation was the Agnivesa-tantra of Agnivesa, based
on the teachings of Atreya Punarvasu. This work dealt primarily with thera-
peutics but touched upon other aspects of Ayurveda excepting sdlakya. The
original compilation existed up to thc time of Cakrapanidatta (¢. eleventh
century A.D.). The present available recension redacted by Caraka and Drdha-
bala (ninth century A.p.) is the Caraka-sanhit, originally composed between
the second century B.c. and second century A.p. Drdhabala redacted the last
seventeen chapters of the Cikitsdsthana and the seventh and eighth books.
This work was translated into several foreign and regional languages, the
earliest among them being Persian (prior to the eighth century A.p.). Of the
eight commentaries on this treatise written between the sixth and twentieth
centuries A.D., the most important was the Ayurveda-dipika by Cakrapanidatta.
A second work also based on the teachings of Atreya is the Bhela-samhitd, quite
possibly the earliest extant medical treatise.?® Lost works belonging to the
Atreya school and quoted by different commentators on the Caraka-samhita
include the Fatikarna-tantra, Harita-samhita, Pardsara-samhita, and Kharandda-
sarhhita. All these existed up to the time of Sivadasa (c. fiftcenth century A.p.),

38Dasgupta, 0p. cit., p. 432.

3See R. C. Majumdar, ‘Medicine’, 4 Concise History of Science in India (Indian National Science
Academy, New Delhi, 1971), p. 222,
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commentator on the Caraka-samhitd. Other works on therapeutics were the
Visvamitra-samhitd, Atri-samhitd, Kapila-tantra, and Gautama-tantra.

(ii) Salya-tantra (falya literally means ‘arrow’) deals with the methods of
removing foreign bodics; obstetrics; the, treatment of injuries and diseases
requiring surgery; and the use of surgical instruments, alkalis, bandages, etc.
The Susruta-sarishita is one of the great classics on Indian surgery, belonging
to the Divodasa-Dhanvantari school. The present recension is a redaction by
Niagarjuna. Various commentaries on this work were composed between the
sixth and twelfth centurics A.D. Among them, Dallanacarya’s Nibandha-satigraha
found prominence. Lost works of other sages of the Dhanvantari school quoted
in commentaries on Sufruta as late as the twelfth century A.p. included the
Aupadhenavata-, Puskaldvata-, Vaitarana-, Gopuraraksita-, and Bhoja-taniras. Apart
from these works, mention may be made of two other works on surgery: the
Karavirya-tantra and Bhaluki-tantra. The latter was mistaken as the Bhela-sanhita.

(iii) Salakya-tantra is concerned with the trcatment of diseases of the body
above the clavicle and use of thin bars, small sticks or probes, etc. as instru-
ments. The nine texts belonging to this group, viz., Videha-, Nimi-, Karikayana-,
Gargya-, Galava-, Satyaki-, Saunaka-, Karala-, and Kysndtreya-tantras, are all lost.

(iv) Bhitavidya trcats of mental derangements and other disturbances
said to be caused by demons and prescribes prayers, oblations, exorcism, drugs,
and so forth as remedies. No separate works appear to have been composed
on this branch of Ayurvedic medicine. But various chapters devoted to this
subject found in larger works include the Amanusapratisedha adhyaya of the
Susruta-sarhhitd, Unmadanidana adhyaya of the Caraka-samhita, and Bhitavijiianiya
and Bhitapratisedha adhydyas of the Astangahyrdaya-samhita of Vagbhata II.

(v) Kaumarabhrtya-tantra gives methods of treatment of child diseases
caused by demons. Works in this branch, which are all extinct today, dealt
with both child and female diseases. These included the fivaka-, Pardvataka-,
Bandhaka-, Kaumarabhytya-, and Hiranyaksa-tantras.

(vi) Agada-tantra discusses methods of diagnosis and treatment of the bites
of poisonous snakes, insects, etc. and of herbal or other poison cases. Works on
this branch of Ayurveda mentioned in the commentaries one Sufrutz and
Caraka include the Kasyapa-, Alambdyana-, Usana-, Sanaka- or Saunaka-, and
Latyayana-sarhitas. The originals of these are lost.

(vii) Rasdyana-tantra deals with methods of preservation and increase of
vigour, restoration of youth, improvement of memory, and prevention of dis-
eases. Five works on this subject referred to in commentaries and works on
alchemy and iatro-chemistry are the Sddhana-tantra; three manuals ascribed to
Vyadi, Vasistha, and Mindavya; and the Nagarjuna-tantra, all of which are
lost.

(viii) Vijikarana-tantra concerns the means of increasing virile powers. The
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known texts on this aspect of Ayurveda, now lost, were the Kucumdra-tanira,
Agastya-samhitd, and Kaupdlika-tantra. The last-named was primarily a work
on surgery.

Period of Epitomes: The Sangrahas, appearing from about the seventh
century onwards, were epitomes of earlier texts. These summarics were of
two types: complete and partial. The eight complete texts extant today are
the Astanga-sangraka®of Vagbhata I, Astangahrdaya of Vagbhata II, Gadanigraha
of Soghala, Siddhayoga of Vinda, Sanigadhara-sanhitd of Sarngadhara, Cikitsasara-
saiigraha of Vangasena, and Yogaratnakara and Bhdvaprakdsa of Bhavamiéra.
Partial summaries include numerous works relating to aetiology, treatment of
particular diseases, materia medica, science of pulse, diatetics, etc. Some of
the extant works of prominence are the Rugvinifcaya or Madhava-nidana of
Madhavakara, Arkaprakisa of Ravana, Cikitsdsdra-sangraha of Cakrapanidatta,
Navanitaka (Bower Manuscript), Yogasataka of Srikanthadasa, Rajamartanda of
Bhoja, and Satasloka of Vopadeva.

Apart from the three aforementioned classes of Ayurvedic treatises, there
exist two other separate types of work, viz. Rasagranthas or iatro-chemical
texts and Nighantus or medical lexicons. Rasagranthas (from c. seventh century
AD.) are primarily concerned with rituals, alchemy, and chemistry. Their
value as medical literature lies in the exposition of the medical philosophy
of the Rasaastra school, particularly of its iatro-chemical ideas and practices,
and the concept of inorganic remedies. Among the important works are the
Rasaratnakara and Arogyamafijari of Nagarjuna; Rasakydaya of Govinda; Rasa-
raindkara of Nityanitha; Rasaratna-samuccaya of Vagbhata; Rasarnava; Ayurveda-
prakasa of Madhava; Rasendra-cintamani of Ramacandra; and Rasendra-cidamani
of Somadeva. Nighantus (from ¢. tenth century a.n.) were developed for
defining the medicinal substances mentioned in Ayurvedic texts. Some of
them are the Dhanvantari-nighantu, Madanavinoda- or Madanapala-nighantu, Rdja-
nighantu, Drayyaguna-sanigraha, Rdjavallabha-nighantu, Sodhala-nighantu, and
Ratnamala.

Period of Decline: The decline of Ayurveda began in the period of the
Sangrahas when medical authorities started summarizing the classics and
codifying them as separate treatises. This process accclerated in the post-
Saiigraha period with the total absence of new redactions, commentaries, etc.
The disappearance of ancient Sarhhitds made the later Sangrahas faulty.??
The decadence of Ayurveda is believed to have been caused by the following
factors: (i) disappearance of the practice of dissecting dead bodies, which
resulted from either Buddhist influence in the seventh and eighth centuries
A.D. or disturbed political conditions or lack of encouragement and patronage

$Caraka-sarmhitd (Jamnagar ed.), Vol. I, p. 151; Gananath Sen, Ayurveda Paricaya (Visvabharati
Granthalaya, Calcutta, 1944), pp. 25-26.
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by Muslim rulers, producing an incrcasing number of poorly trained Ayurvedic
physicians; (ii) lack of facilities for clinical studies due to want of hospitals
during the medieval period; (iii) growing popularity of Unani medicine
under the patronage of Muslim rulers; and (iv) popular apathy to the Ayur-
devic system.38

BIRTH OF RATIONAL AYURVEDA .

The birth of rational Ayurveda may be traced to thc appearance of re-
censions of earlier medical texts by Caraka and Suéruta.’® The datc of re-
daction of the Caraka-samhitd may be assigned to the first century A.p. on the
identification of Caraka with one having the same name who happened to
be the court physician of Kaniska.®® Susruta’s original tcxt is believed to
have been redacted by one Nagarjuna®* between the third and fourth centuries
A.D. These two Samkhitds bear testimony to the scientific research, patient
investigation, and cxperimentation which preceded them and served as works
of reference to students and research workers alike, This is also attested by
Caraka (I.4.20).

Each of these two Sanmhitds deals with, among other subjects, anatomy,
physiology, toxicology, psychic therapy, personal hygiene, and medical ethics.
Some differences are noticed in their presentation and treatment. Caraka, an
cnormous compendium suffering from repetitions, contains a vast amount
of floating tradition of considerable historical value whereas Susruta, while
sufficiently emphasizing earlier traditions and knowledge, is a much more
compact and systcmatic work. In the treatment of subjects the two compendia
follow two traditions—Caraka that of Atreya, and Susruta that of Dhanvantari.
The former is divided into cight sthanas (books), namely, Sitra, Nidina, Vimana,
Sarira, Indriya, Cikitsd, Kalpa, and Siddhi. The latter is arranged into five sthanas,
viz. Sitra, Nidana, Sarira, Cikitsa, and Kalpa, the sixth sthana, Utlaratanira,
being a supplementary work containing Salakya-tantra, Kaumarabhrtya, and
Bhatavidya. Susruta’s division of six sthanas has been adopted by Vagbhata 1
and Vigbhata II in their respective works.

Both Caraka and Susruta discuss the cight branches of Ayugveda mentioned
carlier, taking into account the following factors: (a) the organism (Sarira);
(b) means of its maintenance (riti), i.e. proper conduct, moral as well as

38Curaka-sarmhitd (Jamnagar ed.), Vol. I, pp. 181-82; Pratyaksa-sarira, ed. Gananath Sen, Pt. I
(Calcutta, 1940), English Intro., p. 2 and Sanskrit Intro., pp. 14-25.

3Kutumbia, op. cit., p. xxx.

Filliozat, op. cif., pp. 17-18, 22-25. The identification of Caraka with Patafijali (second century
B.C.) is debatable.

aJbid., pp. 12-14. There were three or four Nagirjunas, but which of them was the redactor
of this medical compendium is still an open question.

#5ce Kutumbia, 0p. cit., p. xix.
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physical; (c) causes of diseases; (d) nature of pain and diseascs; (e) action
(karma), i.e. treatment; (f) effect (kdrya) or the restoration of the patient
to his normal state; (g) time (kala), i.c. duc rcgard to the influencc of the
seasons; (h) agent (karfr), i.e. the physician and his professional require-
ment; (i) mecansand instruments (karapa); and (j) prescription (vidhiviniscaya).*®

PHILOSOPHICAL BASIS OF AYURVEDA

Physical and metaphysical speculations about matter and life form the
philosophical basis of Ayurveda. It accepts that man, the subjcct of its treat-
ment, is a part of the cosmic existence and rcpresents the cosmos in miniature.
In this respect, the Samkhya-Vedanta view of cosmogony and the allied
Vaifesika view of inherent naturc of substances have been incorporated in
Ayurvedic treatiscs. All material bodics, according to Sarhkhya and Vedanta,
are evolved from the intcraction of Prakrti and Purusa, the dynamic (also
material) and static (also conscious) principles of the universe respectively.
Prakrti is the substratum of three clementary components (gunas) of creation:
sattva (intelligence stuff), rajas (energy stuff), and tamas (matter stuff). The
process of creation is said to be initiated in Prakrti by the transcendental
Purusa through a disturbance in the equilibrium of the three gupas. The
gunas thus form the inherent components, though in varying degrecs, of every
living object.

Every living being may be represented as karmapurusa (individuated soul)
in union with mind, sense-organs, and material body. This matcrial body
is composed of gross clements in the form of kala (protective layer), dhatu
(component matter), mala (climinations), three dosas (humours), agni (digestive
firc), and kriya. Each of the fundamental components and primary elements
constitutes the living organism, imparting its specific nature and propertics
to the individual in the proportion in which it is present.** The matcrials
(dravya) which form food and drugs, being compounds of the five mahabhitas,
arc also mutations of Prakrti.%

Life and matter, both having their source in Prakrti and Purusa, are
similarly constituted. The five gross elements (mahdbhitas), viz. dkdsa (space),
vdyu (air), tejas (fire), ap (water), and prthoi (earth), together with their subtle
aspects (si@ksmabhilias) form the common constituents of all objects, animate
and inanimate. Caraka, following the Vedantic view, declarcs cach of the
gross bhiitas to be a peculiar ultra-chemical compound of five original subtle
bhiitas.® Each of the gross bhiitas, according to Sufruta, is mixed up with

$H. R. Zimmer, Hindu Medicine (Johns Hopkins University, Baltimorc, 1948), pp. 90-91.

USusruta-samhita, 111. 1; Uttaratantra, LXIV. 2-3.

48Susruta-samhita, I11. 1.12-14.
4%Caraka-sammhitd (Jamnagar ed.), pp. 521-22.
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other bkfitas. Every substance is in reality penta-bhautic, and it is only the
relative predominance of a particular bhdta or bhiitas in any substance that
determines its class.4?

Substances which possess sense-organs are animate, and those without
them are inanimate. The role of the five elements in living and non-living
entities is described in different Ayurvedic texts, particularly the Susruta-
sarmhitd. In living bodies gkasfa, constituted mainly of the sattva principle, is
responsible for sound, the sense of hearing, porosity, bodily cavities, and
functional subdivisions of the blood vessels and sinews into minute capillaries,
etc. Vdyu, constituted mainly of the rgjas principle, accounts for physical
and physiological activities, and imparts the senscs of touch and lightness.
Tejas, constituted mainly of the saltva and rajas principles, is responsible for
visibility of objects, the sense of sight, colour, continuity, digestion, anger,
instantancous response, and courage. 4p, composed mainly of the sattva and
tamas principles, bestows the faculty of taste and accounts for fluidity, weight,
coldness, unctuousness, and thc formation of semen. Prthvi, formed mainly
of the famas principle, imparts solidity, weight, and the sensc of smell.%

In a perfect body these five elements are in a state of equilibrium. But
this state is almost impossible. Hence health is a state of optimum balance.
The greater the approximation to this statc, the better the health. Discased
and pathological conditions are but imbalances and deficiencies in these
components.*®

In non-living organisms prthvi contributes density, heaviness, and solidity;
ap provides coldness, heaviness, softness, mobility, compactness, and unc-
tuousness; fejas imparts roughncss, dryness, and lightness; sq@yu gives, in
addition to what is contributed by feas, subtlety and tactility; and dkdsa
confers softness, diffusion, porosity, etc.®®

Among living beings, man possesses something more in addition to the
aforesaid general attribates of the five clements. It is the mind with its faculties
like the emotions of pleasure and pain, volition, perception, will, reasoning,
memory, reflection, and imagination. Due to different combinations of the
gunas, these mental faculties also differ from man to man and from time to
time in the same man.™

Method of Induction: Ever since its very origin Ayurveda has concerned
itself with the causes, symptoms, and remedies of diseases. Knowledge of
these three aspects of diseases was considered essential in medical practice.
Caraka, for instance, accepts the Nyiya theory of pramanas (sources of know-

41Sudruta-sarnhits, 1. 41.2, 8.
4obid., 1. 42.2; I11. 1.20-21.
“Majumdar, ‘Medicine’, op. cit., p. 237.
80Susruta-samhita, 1. 41.3-7.
$1Majumdar, ‘Mcdicinc’, op. cit., p. 237.
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ledge) based on the law of causality associated with concomitant variations
as well as the method of induction in determining the nature of a discase.
Pramanas are of four types: aplopadesa (testimony of trustworthy persons),
pratyaksa (perception), anumdna (inference), and yukti (reasoning).’? The
first, however, is not given as much importance as the other three. Pratyaksa
is based on contact with a thing by sense-organs. It is the basis of inference
as the first concomitance of ketu (cause). Anumdna is based on cause and effect
relationship obtained in three ways: from effect to cause, from cause to effect,
and from attendant causes. Yukti correlates a set of causes or circumstances
with an effect based on common sense.®

Ayurveda in its own way interprets the law of causation and the method
of induction in the context of diseases. As regards the law of causation, two
principal kinds of inference were adopted by Ayurvedic physicians in the
diagnosis of diseases: (a) cause to effect, in which a disease was inferred
from previous causes; and (b) effect to cause, by which a specific malady
was attributed to certain conditions and habits of the patient. In addition,
therc was another type of inference in which a discase was diagnosed through
early indications of its symptoms. A fourth type of inference was based on
the study of variations in symptoms due to multiplicity of causes.

In the method of induction three types of knowledge were employed,
namely, the cause and effect relations (niddna), invariable prognostication
(pirvaripa), and concomitant variation (upasaya).’® The method was indis-
pensable for diagnosis of diseases, ascertainment of their causes, and prescrip-
tion of cures.

Logical Speculations in Medical Assemblies: The other aspect of logical and
dialcctical speculations concerned medical assemblics which used to be held
for the advancement of knowledge and for overcoming opponents.’® Both
Caraka and Suéruta followed the Nyaya method in their arguments with
opponents.

Three types of argumentation, excluding tarka of Nyaya, are met with in
mecdical deliberations. These are vdda (academic discussion for arriving at
right conclusions), jalpa (disputation in which a man in the wrong tries to
defend himself by unfair means), and vitapda (disputation in which attempts
are made to find fault with the opponent’s view without offering any alter-
native thesis). These three methods were employed in Ayurvedic assemblies,
friendly and hostile.s? The Caraka-samhité was an outcome of such friendly

83Caraka-sarhhita, 1. 11.7.

83Dasgupta, op. cit., pp. 374-75.

84Jbid., pp. 395-98.

8 ]bid., p. 397.

sJbid., pp. 377-84.
% Ipid., pp. 377-78.
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discussions between Atreya and his pupils. This was also the case with the
Susruta-sammhita (I11.3.18). According to Caraka, scientific and honest deli-
berations should have pratijiia (a thesis to be established) and sthapana (establish-
ment of the thesis).s

DISEASES: PRINCIPLE, DIAGNOSIS, AND TREATMENT

Discase, according to Ayurveda, is a condition of the body and mind
which results mainly from abnormal states of the fundamental elcments
(dhdtus) of the human system. Restoration of normalcy depends on proper
understanding of the factors leading to physical and mental growth and
dccay. .

Causes of Growth and Decay, Physical and Mental: Physical growth depends
on the cquilibrium of the three dhatus of the body comprising vdyu, pitta, and
kapha. Decay of the body is caused by imbalances in the dhdtus. These two
conditions of equilibrium and imbalance are known as dhatu-samya and dhatu-
vaisamya respectively. When the amount of these dhdtus is in normal mcasurce
(prakrta-mana), i.c. dhatu-samya, they are prasada-dhatus and growth follows.
When there is excess or deficiency in their normal mcasure (dhatu-vaisamya),
they become mala-dhatus and cause decay. To help keep the dhatus in balance,
Ayurveda prescribes food of different rasas (tastes), thus avoiding excess or
deficiency of any particular kind of substance in thc body.®® Apart from
substances inducing imbalances in the proportion of dhatus, several other
factors are considered responsible for organic decay. These include: (a) exces-
sive (atiyoga), inadequate (ayoga), and wrongful (mithydyoga) contact with
sense-objects; (b) climatic variations of heat and cold; (c) misuse of intelli-
gence; and (d) three dosas (deranged humours).%

The mind (manas), which is included in the category of sensc-organs, is
believed to be made up of the three gupas—sattva, rajas, and tamas. Growth
and dccay at the mentallevel arc said to be due respectively to the predominance
of rajas and tamas. The factors responsible for organic decay as enumerated
above also cause mental deterioration. The humour sdyx in @ normal state
bestows mental energy; in an abnormal state it causes decay in mental func-
tions. The observance or non-observance of the regimens of life prescribed
by Ayurveda also affects mental growth or decay.

Vayu, Pitta, and Kapha: The concept of the three humours—udyu (gaseous
clement), pitta (fiery element), and kapha (liquid element)—forms the basis
of Ayurvedic medicine. According to Caraka, these are generated in the body

s8bid., p. 379.

8 ]pid., pp. 319-20; P. Ray, H. N. Gupta, and M. Ray, Susruta-Sarhita—A Scientific Synopsis

(Indian National Science Academy), pp. 32ff.
“Dasgupta, op. cit., pp. 320-21.
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as waste products in the process of assimilation of the various rasas or cssences
contained in food. Of all the waste products, 2dyu, pitta, and kapha are regarded
as being the most important, since they sustain the functions of the body
when in proper measure or retard them when in a state of imbalance. In a
balanced state they are termed dhatu (that which upholds) and in an un-
balanced state they are called praksti-dosa (constitutional dosa or deranged
humours).®! In appropriate proportions, these dhdtus contribute to the effi-
ciency of all sense-organs and to the strength, colour, and health of the body,
thus making for a man’s longevity.

Vayu, in its five forms, has the properties of dryness, coldncss, lightness,
immeasurable latent power, and great speed. It maintains a desirablc equilib-
rium among the dosas (humours), dhdtus (physiological elements), and agni
(heat) present in the body. Hence, Ayurveda declares that the body can
function normally only when 24y is in an undisturbed state. Pitta, in its five
types, contributes to the process of agnikarma (metabolic combustion). Some
of the functions of agnikarma arc separation of digested food elements as chyle,
excreta, urine, etc.; supplying colour matter to blood; and imparting motion
to body activities, vision to the eye, and lustre to the skin. The principal
activities of kapha or Slesman, in its five forms, are strengthening and promoting
bodily endurance and contributing to proper and healthy functioning of the
body. Disturbance or balance in the normal proportion of the three elements,
vayu, pitta, and kapha, is stated to be caused by climatic conditions, the quantity
of food consumed, abnormal or normal life-style, incongenial or congenial
environment, and unfavourable or favourable natural phcnomena.®?

Dogsas are at the root of all diseascs. The intensity of aggravation of a
diseasc depends on the extent to which the three humours are deranged.
Every dosa does not, however, result in all its possible associated cffects. In
diagnosing a disease the physician studies the distinctive symptoms indi-
cating derangement of one or more humours. There are five stages of dosa
in the development of a disease. Sufruta (I.21.18-39) enumerates them as
(i) caya, the stage of aggression or accumulation of dosas in general; (ii) prakopa,
the stage when the accumulated dosas are spread throughout thc system;
(iii) prasdra, fermentation of dosas; (iv) pirvanipa, manifestation of premonitory
symptoms; and (v) ripe, full manifestation of the diseasc.

Digestion and Metabolism: Digestion and metabolism have an active role in
the promotion or prevention of diseases. Proper and improper digestion depends
on three factors: nature and quantity of food, body heat, and wind. Food
produces body heat, and nourishes and maintains the organism through its
metabolic transformations, Ayurveda divides food into two types, light and

81Jbid., pp. 326, 334-35; Caraka-sarihita, 1. 7.38.41.
Susruta-sarmhitd, 1. 1.24-25.
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heavy. Light food is easily digestible on account of the predominance in it of
tejas (fire) and vdyu (air), the two principal factors helping digestion. Heavy
food, owing to the predominance in it of £siti (earth) and ap (water, rasq, etc.),
is incapable of promoting digestion.®® Digestive fire (pacakdgni) is created and
maintained by three vital vdyus: prana, apina, and samana. Digestion takes
place in the stomach after the food substance is propelled there by prana-vayu
and is affected by heat, air, water, and fat in the system. On being thoroughly
digested, food substances are turned into a form of food-chyle which is converted
into an energy-giving bodily fluid known as rasa. This rasa—sweet, frothy,
and mucus-like—becomes acid, issues out of the stomach, and excites the
secretion of bile. According to Ayurveda, this rasa is pumped by the heart
through twenty-four major channels and permeates the entire system. The
nature and course of this rasa which runs through the whole system can be
inferred from the growth, attenuation, or other modified condition of the body.
Rasa also tranquillizes, lubricates, and vitalizes the system.* Rasa is first
transformed into blood which is then converted successively into flesh,
fat, bone-marrow, and finally semen. Each stage of transformation takes 3,015
kalds of time (80-4 hours). Hence rasa takes 18,090 kal@s (about three weeks)
to be converted into semen or menstrual fluid.®

Rasa obtains its colouring matter as it flows through the spleen and liver.
In this coloured form, the potent rasa is known as rakta (blood). Sufruta declares
blood to be endowed with the properties of smell, fluidity, red colour, and
lightness. Different factors are responsible for the derangement of blood, e.g.
those affecting pitfa as also improper food, exposure to the sun or heat, excessive
fatigue, and deranged condition of vdyu.® It may be noted that the metabolic
process leads to the expulsion of malas (wastes or excretions).

Diagnosis of Diseases: Diagnosis of diseases involves proper knowledge about
the patient’s constitution, his strength and life expectancy, and the root causes
of the malady. The patient’s strength is ascertained from (a) his normal constitu-
tion in health; (b) the abnormality that has set in; {c) the predominance of the
particular element or essence (s@ra) in his constitution; (d) his compactness or
lack of it; () his proportions such as stature; (f) things agreeable to his
constitution; (g) his mental disposition; (h) his power of assimilation; (i) his
age; and (j) the season of the year.

Having completed the preliminary examination, the physician proceeds
to determine the state of humoral derangement of the patient. According to
Caraka, the dosas in any disease may coexist in different strengths and in as

9Caraka-samhitd, 1. 5.3,

4Jbid., VI. 15.5-10; SuSruta-sanhitd, 1. 14.4-7.
$8Susruta-samhita, I. 14.12-13.

Jbid., 1. 14.9; 21.23-30.
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many as sixteen possible combinations. The principal dosa in a combination is
the one whose symptoms are all manifest and whose origin and alleviation
conform to its diagnosis. That which is endowed with the characteristics of an
opposite kind is called an accessory in the combination. The coexistence of
two dosas is called samsarga and of all the three, sannipatika.s? Ayurveda also
accepts that a particular disease may be the cause of another disease. In such
cases, several diseases are commingled and the primary ones are difficult to
distinguish.e8

Caraka recognizes three special aids to diagnosis: dptopadesa (instructions of
the wise), pratyaksa (observation), and anumdna (inference). By dptopadesa is
meant verbal instructions on diseases regarding thcir strength, origin, symptoms,
aggravations, development, etc. Pratyaksa implies knowledge about a patient
obtained through sense-organs, e.g. seeing his outward appearance, hearing
changes in the voice and the sound of breathing as also the rumbling of the
bowels, feeling the temperature and smoothness or roughness of the skin,
tasting the urine, and smelling the exhalation. Under anumana Caraka adopts
the three traditional methods of induction mentioned earlier, viz. nidina,
pirvaritpa, and upasaya.

For diagnosis of a disease Susruta takes into account the following: time and
season of its first appearance; the caste of the patient; things or measures giv-
ing comfort to the patient; cause of the disease; aggravation of pain; strength
of the patient; the nature of digestion and appetite; emission of stool, urine,
and flatus or their stoppage; and maturity of the disease in regard to time.

The aforesaid diagnostic processes prevailed till the medieval period
when the science of pulse (nddivijidna) came to be applied in the diagnosis of
diseases. The objective of diagnosis by pulse is to determine the condition of
the three dosas. This science is believed to have been borrowed from Arabia
or Persia.® Two supposedly ancient treatises bearing testimony to this science
of pulse, however, are the Nadipariksa of Ravana and Nddivijiigna claiming to
embody the teachings of Kanida and Gautama. The Sanigadhara-samhita
(¢. fourteenth century A.p.) and Bhdvaprakasa (c. sixtcenth century A.p.) mention
this science but give no details of its application.

Treatment of Diseases: According to Caraka and Suéruta, success in Ayurvedic
treatment depends on the physician, patient, medicincs, and attendant.
Factors governing the treatment are purusa (patient), vyddhi (disease), osadhi
(medicine), kriya (processes), and kala (seasonal and climatic factors as well as
the time and frequency of medication or surgical treatment).” In treating a

$1Caraka-sarikitd, I11. 6.11-13.
8 bid., I1. 8.10-40.

o*Jolly, op. cit., p., 22.

0 Sufruta-sarikitd, 1. 1.27. -
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patient, his age, sex, physiological and mental strength, and constitution have
to be taken into consideration. Surgical treatment is strictly prohibited for the
weak, old, infirm, infants, and expectant mothers.

Discases are classified as dgantuja (cxtraneous) and Sdrira (constitutional);
or, again, as @dhyatmika (generated inside the organism or the mind), adhibhautika
(due to adverse external causcs), and ddhidaivika (duc to fate, malign influenccs,
or non-observance of rules of health).™ According to the degree of intensity of
a discase it is sddhya (curable by medical trcatment or requiring surgical treat-
ment), asddhya (non-curablc), or yapya (relievable by trcatment).” Physicians
are advised not to take up treatment of non-curable diseases. Signs of curable
and non-curable types have been fully enumerated in Ayurvedic treatises.
Sugruta includes general paralysis, leprosy, piles, fistula, urinary calculus,
abdominal dropsy, and other diseases in the latter catcgory.

Susruta (I.35.13-14) speaks of three stages in the development of a disease:
anyalaksana (a prcliminary stage serving as an indicator of the approaching
primary discase), prdk-kevala (the primary stage of the main disease), and
aupasargika (secondary stage, appearing as a symptom derived from the main
disease). He prescribes treatment in relation to six stages of doga: (i) accumula-
tion or aggravation, (ii) derangement, (iii) spread in the system, (iv) premoni-
tory symptoms of appearance of discasc, (v) developed discase, and (vi) mani-
festation in the form of a sore. Commencement of treatment is advised at
the first stage, failing that, at the second stage. Caraka examines the seriousness
of a discase from three successive seats of affection, viz. external inclusive of the
skin and the dhdtus except rasa; vital parts, i.e. the arms, brain, and bone-
joints; and internal (kostha). Diseases are to be treated before they reach the
sccond and third seats of affection.

Drugs (ausadha) are material aids to the treatment of diseases. Ayurveda
classifies drugs into two types: those giving strength and thosc curing
discases. Both of these are subdivided into three categories: plant substances,
animal products, and minerals, which help replenishment of specific deficiencies
or ncutralization of several elements in excess in the patient’s body or improve-
ment of some bodily functions. Sufruta enumerates the specific physical
propertics of five elements in drugs and their physiological actions when taken.
He classifies soil according to physical properties and suggests the soil suitable
for growing medicinal plants.

The inherent properties of a substance, namely, rcsa (taste), guna (quality),
virpa (potency), vipdka (assimilability), and prabkdva (inherent nature), may
vary in different samples. But its real character remains unchanged even after
drying, pulverizing, pasting, and other operations. Rasa pacifies deranged

nJbid., 1. 24.4-9.
"Ray et al., op. cit., pp. 48-49.
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humours; gupa causes a particular effect when used either internally or exter-
nally; virya induces physiological actions; vipdka causes digestion of drugs;
and prabhdva is a peculiar active force producing a characteristic physiological
effect. The inherent properties help the curative action of any drug by augment-
ing, reducing, or balancing any loss, excess, or derangement of humours.

Rasas are six in number: sweet, acid, saline, pungent, bitter, and astringent.
These tastes result from the prescnce of the elements of earth, fire, air, and
ether in variable quantities along with water which serves as the origin of
taste. Ayurveda specifies their respective physiological actions, on the basis of
which they promote the cure of a particular diseasc.

Sudruta divides all drugs into two categories, viz. sarmsodhana (purificatory)
and samsamana (pacifying). Apart from these two divisions, Caraka divides
drugs into fifty vargas (groups) according to their supposcd action on the
different organs of the body or on particular symptoms of thé disease. In
addition to these vargas, Caraka describes two other classcs of medicine:
rasdyana and vdjikarana.

Kriyas or processes involved in treatment aim at the correction and paci-
fication of deranged humours. The two processes given by Caraka, viz. sanlar-
pana and aptarpana, coincide with the four processes of Suéruta, viz. dhdra
(proper diet), deara (right conduct and medical regimen), samsodhana (elimi-
native or cleansing treatment), and samsamana (sedative treatment). The first
two are included under santarpapa, and the last two along with dosavasecana
(draining out of excited dosas) come under aptarpana.™

Ahara consists of substances agreeing with the constituent elements of the
patient, which retain their inherent properties even in combination with other
substances. Susruta dwells at length on thc merits and demerits of different
kinds of food and drink with reference to their cffects on thc human system.
Acara implies observance of hygienic rules and a code of correct conduct as
well as taking of prescribed medical diet. Hygienic rules comprises cleansing
the teeth, washing the face, bathing, nail-paring, care of thc hair, exercise,
massage, etc. Correct conduct involves regulation of sex life, avoidance of
slecp in day-time, correct posture for sitting, etc. Apart from these, Ayurveda
lays down several rules for seasonal observances suitable for keeping the three
dogas in balance.

Sanm$amana treatment, divided into threc sub-groups, vdyu, pitta, and kapha,
consists in the administration of medicines which rectify the deranged dosas
and calm their excitement without promoting excretions, i.c. they ‘suppress’
the disordered dosas. Samsamana is useful in the treatment of dhdtu-vaisamya in
its early stage. The process of samdodhana involves intake of medicines which
remove collections of deranged dosas through excretions, i.e. they ‘clear up’

"Susrula-samhit, 1. 1.20; Caraka-samkitd, 111. 3.57-62.
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the accumulated dosas. This treatment involves five purificatory processes:
vamana (use of emetics), virecana (use of purgatives), Siro-virecana (use of errhines
to promote nasal secretions), dsthdpana (dry enemata) and anuvdsana (oily
enemata) known collectively as vastikarma, and rakta-moksana (blood-letting).

Apart from these five purificatory processes, Caraka describes six other
supplementary modes which include lasighana (lightening or attenuating aggra-
vated dhatus and dosas by fasting and physical exercise); brmhana (promoting
nutrition by nutritive food, massaging, etc.); ruksana (imparting roughness and
paleness of body in the case of rheumatism and such diseases); snehana (pro-
moting secretions of oily matter and impurities by internal and external use
of oleaginous substances); and svedana (causing perspiration). Mention is also
made of spiritual guidance, propitiatory measures for obtaining divine grace,
and exorcism to overcome evil influences.

In mental diseases, which result from derangement of the three dosas along
with disorders in the three gupas, the treatment resorted to was the same as in
the case of physical ailments, supplemented by performance of auspicious
rites, sacrifices, expiatory ceremonies, etc.

Surgical Treatment: Salya (surgery) in its denotative sense implies the
removal of foreign bodies embedded in the system. In its connotative sense it
includes treatment of diseases of a serious type, not amenable to medical
treatment. Surgical treatment in Ayurveda is done in three stages, one follow-
ing the other: (i) pirvakarma (preparatory measures), consisting in fasting or
light feeding of the patient, placing him in a suitable posture, and keeping
ready surgical instruments and aids; (ii) pradkdnakarma (principal measures),
inclusive of surgical operations, expulsion of morbid matter, application of
medicinal paste, bandaging, etc.; and (iii) paseatkarma (post-operative measures).
Susruta has given much importance to post-operative measures as they promote
proper healing.?

There are eight principal surgical operations, viz. chedana (excision),
bhedana (incision), lakhana (scraping), esapa (probing), vedhana (puncturing),
dharana (extraction), visravapa (draining of fluids), and sivana (suturing).®
Twenty-four other processes are associated with operations. These include
different methods of pulling out the extraneous matter; injecting into, or filling
up, a cavity; cleaning or draining a body canal; sucking out the morbid
matter; cleansing the cavity of a wound;; etc.

Sufruta enumerates eighteen methods, apart from proper surgical opera-
tions, of removing foreign bodies embedded in the system. These involve use of
instruments and appliances as well as techniques like water-flushing, blowing

“Ray et al., op. cit., pp. 82-84.
BJbid., p. 83; Caraka-sarhhitd, 1. 10.15-18.
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in air or spraying cold water, and squeezing.” Four different types of instru-
ments and appliances are recommended for different purposes. These are
Sastras (cutting instruments), yaniras (blunt instruments), upayantras (accessories),
and anusastras (minor instruments). Twenty different types of Sastras are asso-
ciated with eight types of surgical operations. The shapes, working ends, and
types of the instruments were fashioned according to requirement. Suéruta
formulates proper modes for holding and using the instruments. Yantras of 101
varieties distributed in six main types were used for operations on the outer
surface of the body, probing the affected parts, and suction or injection of
liquids from or into bodily orifices. The working ends of these instruments were
mostly shaped in different types of animal faces. All types of instruments, both
sharp and blunt, were made of hard metal or a suitable substitute and con-
structed according to the dircctions of experts. Tempering of iron instruments
with alkaline solutions, oil, or plain water, honing of sharp instruments, and
keeping them in receptacles after use are advised. There werc twenty-five
upayantras, some among them being a magnet, thread, bandage, and hammer.
Among anusastras, some were leeches, cautery and fire, glass, and rock-crystal.
Sufruta recommends their use in special cases as substitutes for proper instru-
ments and for delicate operations on young children and nervous patients.”

In surgical treatment special care is to be taken to avoid any injury to the
vulnerable parts of the body. These are centres distributed all over the body
where veins, arteries, ligaments, joints, and muscles unite to form a special type
of plexus (marma). Susruta (I11.7.14-31) stresses that spccial skill and experience
are required of a surgeon in diagnosing a marma injury. These marmas arc the
seats of vdyu, kapha, and pitta as well as of the three fundamental gupas. Suéruta
asserts that a thorough knowledge of marmas consitutes 2 major part of all surgical
knowledge. Out of 700 minor veins, 98 are specially vulnerable. Physicians are
strictly forbidden to open, sever, or pierce them on any account while surgical
operations are being carried out. Some special types of surgical trcatment
recognized in Ayurveda are grafting (rhinoplasty), resctting of bones, removal
of piles and fistulas, ophthalmic surgery, and dental surgery.

Two opctational methods were in vogue which did not call for the usc of
surgical instruments: (a) cauterization by the application of heat or alkali,
specially recommended for patients unable to undergo surgical opcrations;
and (b) blood-letting by the application of leeches in pitta disorders, cupping
with gourd-vessels in kapha disorders, and suction with implements made from
hollowed animal horns in vdyu disorders. Blood-letting by venesection was also
practised in serious types of blood-poisoning.

The post-surgical measures, according to Sufruta, are sivana (suturing),

"Ray et al., op. cit., pp. 93-95.
"Ibid., pp. 85-87.
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bandhana (bandaging), and dlepana (plastering). Sivana involves joining of open
wounds by means of metal ncedles and threads of vegetable substances, animal
skin and sincws, and horse mane. Fourteen different types of bandhana, making
use of cotton, linen, chinese silk, and woollen fabrics, are recommended for
diffcrent parts of the body. Two types of alepana, absorbent and non-absorbent,
arc suggested for inflammation.

PRINCIPLES OF MEDICINAL PREPARATIONS

The preparation of medicines with special reference to their tastes, potency,
inherent efficacy, and rcactionary properties forms an important part of
Ayurveda.”™ The science of pharmacy aims at retaining the medicinal pro-
perties of the ingredients of drugs with necessary modification. This modi-
fication, Caraka (VII.1.2) declares, is brought about by dilution, application
of heat, clarification, emulsification, storing, maturing, flavouring, impregna-
tion, and preservation, as also by the material of the receptacle. Drugs are
derived from three sources: vegetable, animal, and mineral. Some of the
important factors considered in preparing drugs are (a) correct estimation
of the proportion of different ingredients; (b) preparation of medicines of high
potency; and (c) digestibility and agreeability. When prepared, a medicine
is named after its basic ingredient.

According to Caraka (VIIL.3.6), a medicine is to be administered after
taking into account the patient’s age, physical condition, and digestive power
as well as the state of the humours, blood, and medication. According to
Sufruta (VI.64.30-33), a medicine may be taken on an empty stomach, just
before meals, immediately after a meal, during a meal, in between two major
meals, mixed or compounded with ordinary food, immediately before and
again immediately after a meal, at repeated intervals of time irrespective of
food, or divided into small portions with every morsel or mouthful of a meal
or with alternate morsels. These timings are prescribed according to the nature
and severity of the disease as well as the physical condition and constitution
of the patient.

Ayurvedic medicines are generally compounded with bases ljke ghrta (clari-
fied butter), taila (oil), water, and milk. They are available as kasdya or kvitha
(decoction),™ vatika or gutika (pills and balls), modaka (sweet uncooked pills),
putapdka (roasted vegetable medicines given either as a pill or powder or as
vegetable juice mixed with honey), ciirna (powder), kalka (paste of a plant),
svarasa (natural vegetable juice), leka or lehya or avalehya (thick plant extracts
with sugar to be taken by licking), yavagu (gruel mixed with medicinal stuff),

8 Susruta-samhitd, 1. 40.

WThis decoction is prepared by mixing one part of medicine with four to sixteen parts of water
and then boiling the mixture until one-fourth remains.
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arista or dsava or surd (fermented drink mixed with medicinal stuff), and
kaiijika (fermented rice-gruel). Healing substances in these different forms were
used in two types of medicine, tonic and curative.s0

GENETICS AND EMBRYONIC DEVELOPMENT

Ayurveda pays due attention to human genetics. Bodily and mental
characteristics of the future child are supposed to be predetermined, some
derived from the father, others from thc mother. The child owes all the stable
components of its body like the hair, bones, nails, tecth, veins, arteries, and
nerves to its father and the soft components like the muscles, blood, fat, bone-
marrow, heart, umbilicus, liver, and spleen to its mother. Bodily strength,
complexion, shape, robustness, delicacy of build, etc. are due to the nutrient
fluids in the mother’s body, while the faculty of sensc-perception, wisdom
and knowledge, the capacity for enjoying pleasure or suffering pain, and
longevity are derived from the father. Health, constitution, hrightness of
complexion, intellect, and valour arc said to be the result of physiological and
spiritual harmony of the parents.8!

Ayurvedic texts provide details about the various stages of development of
the embryo. In the first month the foetus is a small mass of five clements. In
the second month it becomes a solid ball, a lengthwise flesh excrescence, or a
round mass, indicating the male, female, or neuter sex character respectively.
The head, arms, bones, and consciousness grow in the third month. All the
limbs, including the heart, take a definite shapc in the fourth month. At this
stage the foetus first acquires a consciousness of its surroundings through the
action of its heart and begins to long for sense-objects. This longing is expressed
vicariously through the mother, who is said to acquire a second heart. If at
this stage of pregnancy or later the desires of the mother are repressed or made
to remain ungratified, congenital defects are caused in the foetus and the
future child may be paralytic, hump-backed, dwarf, lame, crooked-limbed,
blind, or suffering from defects of the sensc-organs. In the filth month flesh and
blood increase to a greater extent than in other months. The soul also beccomes
more animated in this month. In the sixth month hair on the head and body,
nails, bones, sinews, arteries, etc. are formed, and the vigour and complexion
of the foetus increase. Sufruta maintains that intellect develops at this stage.
In the seventh month the limbs and organs of the body approximately attain
their future shapes. In the eighth month the vital force in the heart of the
foetus becomes restive and has a tendency to move to and fro between the two
hearts of the mother and the child. Hence a child prematurely born at this
stage stands the risk of immediate dcath due to possible lack of vital life-force.

9Jolly, op. cit., pp. 30, 85-36.
81Ray et al., op. cit.,, pp. 11-12.
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The delivery takes place in the ninth month or later, but an unusually
prolonged period of gestation, carried late into the eleventh or twelfth month,
is said to be a pathological condition requiring medical treatment or surgical
interference. The foctus lies in a doubled-up position with its head downwards
in the uterus. Hence under normal conditions at the time of childbirth the,
hecad should emerge first. Any departure from this is abnormal and a patho-
logical condition.®?

CODE OF CONDUCT FOR PHYSICIANS

Ayurvedic texts lay down certain rules for practitioners. The physician
is expccted to trcat a patient as best as he can. One restriction is that only
‘descrving’ persons are to be treated. Both Caraka and SuSrutastatc that habitual
sinners, persons who are morally degraded, or who indulge in killing as a
profession arc not to be considered as ‘deserving’ persons. The physician is
reminded that his paticnts trust him for their lives. He should rcciprocate this
trust by taking thc utmost carc in treating them, looking upon them as his
own children. But he should refuse to take up a case where he is convinced
that the diseasc is incurable. He is advised to provide his patients with proper
mecdical and nursing facilities. The physician is forbidden to attend to a woman
paticnt in the absence of her husband or guardian. He is not to say or do
anything which may impart a mental shock to the patient or his relations.
All professional information is to be considered strictly confidential. The
Ayurvedic physician is cxpected to have devotion to his profession and to learn
by experience all through his life. He should develop an attitude of compassion
towards his patients and, above all, a philosophical outlook in respect of the
cases which prove fatal.

APPLICATION OF AYURVEDA TO OTHER FORMS OF LIFE

Ayurvedic theories and practices were also applied to animal and plant
lite. There are voluminous medical treatises on plant life (Vrksayurveda),
horses (Aéviyurveda), elephants (Hastyayurveda), and the bovine species
(Gavayurveda). Besides thesc, general books on medicine also cbntain some
portions dealing with vcterinary science. Medical lexicons like the Rajamdrtanda
of Bhojaraja (¢c. eleventh century A.p.) contain extracts from the above treatises
and also touch upon other animals. The Yogasudhanidhi of Vandimiéra contains
a chapter on conception, obstetrics, and special diseases of female animals.

The principal work on Aévayurveda is the Salihotra-sarhitd of uncertain date.
Extracts of it are found in the Agni Purdga. The Salihotra-samuccaya of Kalhana
(¢ twelfth century A.p.) is believed to be a redaction of the Salikotra-sanihita.
It is a volumnious work in sixty-eight chapters throwing light on different

831bid., p. 20; Jolly, op. cit., pp. 66-68.
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aspects of the horse inclusive of anatomy, physiology, and pathological condi-
tions requiring medical and surgical treatment and including information
relating to breed, sex, age, and so on. The medical and surgical methods
follow the classical precepts of Ayurveda. Other works were the Asvavaidyaka
by Jayadattasiiri and Asvaddstra by Nakula. The latter was known for its
illustrations of horses and knowledge of equine anatomy. Anothcr work, the
Cikits@-satigraka, contains a glossary of terms and materia medica.

The extant exhaustive treatise on Hastydyurveda, the Palakdpya-samhita
attributed to sage Palakapya, is a voluminous work written in thc form of
questions and answers between the sage and his disciple Romapada. This work
deals with anatomy, physiology, pathology, major and minor discases with
medical and surgical treatments, and drugs and diet. Thc other work on this
branch of knowledge is the Matarigalild by Nilakanthacarya.

A trcatise on Gavayurveda attributed to Gotama was presumably cxtant
until the Middle Ages as quotations from it occur in the Rdjamartanda. Apart
from diseases and their trcatment, the text contained information on dict,
breeding, calving, lactation, and milk.

The importance of Vrksayurveda may be assessed from discussions on this
subject in works like the Arthasdstra, Brhat-samhita, Agni Purapa, and Visnudhar-
mottara Purapa. The information contained in thcse texts mostly relates to
sowing and germination of seeds, manuring, growth, classification of plants,
and their treatment in diseased conditions. The two available works on this
branch of knowledge are the Vrksdyurveda of Surapila (c. tcnth century A.p.)
and the Sanigadhara-sanhita (c. fourteenth century A.p.), a medical compendium
containing a chapter called Upavana-vinoda which deals with different aspects
of plant life and concentrates on the aetiology, diagnosis, and trcatment of
plant discases. Surapila’s work adopts the thcory of #ridosa in the diagnosis and
treatment of intcrnal diseases of plants.

LATER DEVELOPMENT OF AYURVEDA

A new type of Ayurvedic treatment, rasacikitsd, which incorporated iatro-
chemistry or metallic compounds, came into vogue from ¢. A.p. 1300. It sought
to utilize bodily fluids (rasa) for repelling diseases and preventing senility, and
thereby acquiring a long life. Numerous preparations of mercury, iron, copper,
and other metals as formulated in alchemy were found to be helpful accessorics
in medicine. At first they were used cautiously and tentatively in combination
with the recipes of Caraka and Suéruta mainly based on medicinal plants.
Later, these preparations supplanted the old Ayurvedic herbal treatment. Mer-
cury became a principal healing substance, of which numerous preparations
are described in different iatro-chemical texts and even in general works on
Ayurveda of the medieval period. Opium and several other foreign drugs werc
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incorporated into Ayurvedic pharmacology in about A.p. 1500. Mineral acids,
tinctures, and essences also came to be used about the same time.#

SPREAD OF AYURVEDA OUTSIDE INDIA

The concepts and theories of Ayurveda have their parallels in the con-
temporary medical systems of Iran, Hellénic countries, and Mesopotamia.
The influence of Ayurveda on Greek medicine is noticed particularly in respect
of the theory of pneuma physiology. Both recognize the importance of wind
as the propeller of all movements in the body inclusive of fluid circulation;
as the causc of many discases, particularly those of the nervous system; in
building up the anatomy and physiology of the foetus from the moment of
conception; and in the circulation of the mother’s vital breath through the
cmbryo. Apart from the pneuma theory, the Ayurvedic concept of humoral
origin of diseases also occurs in Hippocratic manuals, but the trcatment is
less sophisticated. It is reasonable to conclude that thesc ideas ‘were imported
into Grecee along with many other Ayurvedic concepts’#¢ The medical treat-
ment of eye discases of clephants referred to by Megasthenes (¢. fourth century
B.c.) is found to have been based on ideas borrowed from the Hastydyurveda
of Palakapya. The use of drugs like dry pippali (long pepper) as a cure of eye
discases, and many other facts and logical inferences show that Ayurveda
spread into Greece. Conversely, some ideas associated with Grcck medicine
might have been incorporated in Ayurveda.

The spread of Ayurveda in Hellenic countries is to some extent inferred,
but in the casc of Arab countries and other parts of the world it is evident as
Ayurvedic texts or their translations are found there. Some renowned Ayurvedic
texts were translated into Arabic and from Arabic into Persian. The Susruta-
sahitd was translated by an emigrant Indian physician under the title of
Kitab-Samural-hind-i. Aliibn Zain translated the Caraka-samhitd under the title
of Sarag. The Astanigahydaya was translated as Astankar and the Madhava-nidana
as Badan. Ayurveda thus came to be a well-known science in Arabia from where
it spread into Persia.

There is evidence of the spread of Ayurvedic concepts and téts in Iran,
Central Asia, Tibet, Indo-China, Indonesia, and Cambodia. Several Ayurvedic
texts have been found in Central Asia. Mention may be made of the famous
Bower MS. unearthed from Kuchi or Kucha and of the part of a bilingual MS.
of Yogasataka ascribed to Nagarjuna or Vararuci.® '

®p, Ray, History of Chemistry in Ancient and Medicval India (Indian Chemical Society, Calcutta,
1956), pp. 158-63.

Majumdar, ‘Medicine’, op. cit., p. 259.
881hid., pp. 257-62. .
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GRICULTURE came to be practiscd when man gave up his nomadic
Ahabits and settled in favourable climatc and topography. Initially depend-
ing on wild roots, fruits, and seeds for his sustenance, man cventually adopted
the practice of tilling the land to grow crops. The process of evolution from
the nomadic to the farming stage was slow, and the ancient man undoubtedly
had to learn many things by trial and error. From the coarse elementary
stone implement was developed the ploughshare to till the soil. That crops
would respond to thc use of manure like cow-dung or decomposed plant
material perhaps dawned on the ancient farmer only by chance. Animals
were initially killed for their flesh and skin, but it came to be realized that
they had uses for farming as well. Thus began the domestication of animals.

Although it has not been ascertained when the early inhabitants of India
took to farming as their chicf occupation, the practice of agriculture has heen
traced back to the Indus valley civilization. Thus, for at least the last 4,500
years the Indian society has been primarily an agricultural one. The variety
of topography and climate of the subcontinent has afforded a great diversity
in the crops cultivated in different regions. Morcover, the country possesses
vast arable land. Indeed, India’s agricultural wealth in tcrms of variety and
production has significantly influenced the course of her history.

PRE-VEDIG PERIOD

The Indus valley civilization was one of the carliest civilizations of the
world. Agriculture, besides being extensive, was the corner-stone of its economy.
The soil of the valley was alluvial and fertile. Although no definite information
is available as to the actual method of cultivation in voguc in those days, it
seems likely that a toothed harrow, which is apparently depicted on one of
the Indus script ideograms, served the purpose of the plough. The discovery,
again, of some stone implements ‘much too heavy to have served as weapons’
suggests that these were ploughshares ‘quite efficient in the stoneless alluvial
soil of the Indus plains’.! Two incomplete curved blades of copper recovered
from Mohenjo-daro were probably used as sickles for harvesting purposes.

Agriculture depended partly on rainfall and partly on flood irrigation.
Among the crops cultivated were wheat, barley, field peas, lentils, flax, and
cotton, while melon and date were among the fruits grown. The wheat un-

1Ernest Mackay, Early Indus Civilization (Luzac and Company, London, 1948), p. 132,
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carthed at Mohenjo-daro belongs to Triticum vulgare and Triticum compactum,
and that from Harappa to the dwarl variety, Triticum sphaerococcum. Some
of these varieties are still cultivated in the Punjab. The discovery of charred
rice grains at Rangpur and Lothal in Gujarat suggests that rice was used in
India around 2000 8.c. This is the oldest record of the use of rice in the world.?

Information on animal husbandry in the pre-Vedic period is as scanty
as that on agriculture. However, the figure of a bull on a Mohenjo-daro seal
is interpreted as indicating that great importance was attached to cattle
breeding in those days. The skelctal remains of the humped bull, buffalo, sheep,
elephant, and camel unearthed in the Indus valley area show that these animals
werc domesticated.

VEDIC PERIOD

In the Vedic period agriculturc was the chief occupation of the people.
The term krsi (ploughing) occurs in the Rg-Veda quite a number of times,?
indicating their familiarity with cultivation. It mentions sowing of grain by
means of the plough (I.117.21), which appears to be an improvement upon
the toothed harrow or the ploughshare of the Indus valley civilization. The
plough was drawn by oxen in tcams of six, cight, or twclve. The Rg-Veda
(I.100.18, 127.6; IV.41.6) refcrs to arable land as urvard or ksetra. Mention is
madc of the use of manure (fakan, karisa). The importance of irrigation was
recognized. Ancient Indian cultivators used to conserve rain-water in tanks
and reservoirs and sought to supplement it by digging wells. According to the
Rg-Veda (X.101.6), well-water was raiscd by mcans of a strap and water
pail. Another method cmployed a number of pots tied to a rope which moved
over a revolving wheel (X.93.13). There is mention in the Rg-Veda (X.101.7)
of an apparatus which involved the operation of a wheel made of stone (asma-
cakra) for lifting water from a well (avata). This text also refers to other contri-
vances for lifting water from wells and lakes.

References to a few food grains arc found in the Rg-Veda. These include
_yava (barley), tokman (oats), and dhdnya (a common name for all food grains).
Rice (vrihi) is not mentioned in the Rg-Veda. Rotation of crops ang fallowing
of the land to restore its fertility are prescribed by the Rg-Veda (VII1.91.5-6).
According to some scholars, a verse in the text (X.131.2) gives an idea of the
practice of crop sequence, line-sowing, and harvesting. The Satapatha Brahmana
(I.6.1.3) clearly sums up agricultural operations as ‘plou hing, sowing, reaping,
and threshing’. The ripe grain used to be cut with a sickle, bound in bundles,
and beaten out on the floor of the granary. The grain was finally separated

3K. A. Chowdhury, ‘Plant Remains from Pre- and Proto-Historic Sites and Their Scientific
Significance®, Science and Culture, XXXI, No. 4 (1965), p. 177.
91, 23.15, 176.2; X. 34.13, 1172.7; etc.
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from the straw and refuse. A hymn of the Rg-Veda (X.27.8) in praise of land,
bullocks, seeds, and peasants indicates the importance attached to crop
husbandry with different types of ficld grasses for food and fodder.

The Yajur-Veda mentions twelve grains: (i) vriki, (ii) nivdra (a form of wild
rice), (iii) yava, (iv) godkiima (wheat), (v) priyaigu (a kind of small millet),
(vi) anu (another kind of millet), (vii) §ydmaka ($yama grass), (viii) mdsa (pulse),
(ix) mudga (pulse), (x) masira (lentil), (xi) khalva (perhaps a wild grain),
and (xii) #la (sesamum). The word tksu (sugar-cane) is found in the Taittiriya
Samhita (VI1.3.16) and Atharva-Veda (1.34.5). It is not certain, however,
whether sugar-cane was cultivated or grew wild.

A passage in the Taittiripa Samhita (VI1.2.10.2) discusses the seasons of
agriculture. Barley, for instance, is stated to ripen in summer, rice in autumn,
beans and sesamum in winter. It is mentioned that in the course of a year two
crops are harvested from the same field (V.1.7.3). The Atharva-Veda has several
passages on farming and the use of manure.* It also speaks of spccific crop
problems such as damage caused by insects and animals, excessive rain, and
drought, and recommends charms to prevent such calamities (VI.50.1-2;
VIL.11).

Vedic literature is replete with references to domesticated animals, partic-
ularly the cow or ox (go). In Vedic India the cow was a major source and
measure of wealth and one of the standards of exchange. Largc herds of cattle
were common. Cow’s milk (ksira) was processed into clarified butter (ghrta)
or curd (dadki) and was an important ingredient of daily diet as well as Vedic
sacrifice. The Taittiriya Samhitd (VIL.5.3.1) mentions that cows were milked
thrice daily: morning, forenoon, and evening. The first milking provided con-
siderable milk, the later two milkings less. The flesh (mamsa) of both cows and
bulls was sometimes eaten. Oxen or bullocks were used for ploughing and
drawing carts and wagons. The Rg-Veda (1. 62.9) notes that the cattle were red
(rohita), light (Sukra), dappled (prsni), or black (krspa) in colour. Ownership
of cattle was indicated by markings made on the cattle’s ears. The herds were
tended by a herdsman (gopa, gopala) while in the fields.

POST-VEDIC PERIOD

Post-Vedic literature provides more detailed information on agriculture
in its different aspects: land and soil, manure, tillage, crops and seeds, irriga-
tion, protection of crops from diseases and pests, and animal husbandry.

Land and Soil: Panini (c. fifth century 8.c.) in his 4stadhydyi speaks of culti-
vated land (karsa) and two kinds of uncultivated land, viz. dsara (wasteland)
and gocara (pasture). Classification of land was also made at this period on the

4I1. 4.5, 8.3; VL. 91.1; VIIL 2.19; X. 6.12; etc.
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basis of the crops grown and the quantities of seed required for sowing. In
this regard, the land where $7li is grown is termed Saileya; similarly, the land
which grows tila is called tilya; that growing vriki vraiheya; and so on. He also
prescribes the quantity of sceds required to be sown on a given measure of land.
By the time of Kautilya (c. 320 B.c.) people appear to have developed an
awarencss of the agricultural properties of land. According to his Arthasdstra,
land could be rsta (cultivated), akrsta (uncultivated), sthala (high and dry
ground), kedara (ficld sown with crops), milanapa (field for growing roots),
and so on. He also classifies various regions according to annual rainfall.
Pataiijali (¢. sccond century B.c.) in his Makabhasya (I11.3.119) refers to arable
land (ksetra) and pasture (gocara). Land under the plough is described as halya
or sitya (L. 1.72).

Both Sudruta and Caraka, belonging to the first century A.p., divide land
into threc general classes, viz. jarigala (barren), anipa (moist), and sadhdrana
(ordinary). Exposed to gusts of dry wind, jdngala land has a flat surface with
scanty growth of scattered thorny bushes. Aniipa land consists mostly of marshy
or swampy areas thickly overgrown with forest trees. Sadkarana land abounds
with crecpers, plants, and trees. In addition, they make classifications based
on the capacity of the land to yield plants of medicinal valuc. The Susruta-
samhitd (1.37.2) states that the best soil for growing medicinal herbs and plants
is one which is ‘glossy, firm, black, ycllowish or red and does not contain any
sand, potash, or any other alkaline substance’.

The Kasyapiya-kysisikti of unknown date attributed to Kaéyapa speaks of
five kinds of land, namely, brahmana, ksatriya, vaisya, Sidra, and land of mixed
qualitics.5 Another classification of the post-Vedic period was on the basis
of the productivity, rainfall or inundation, and terrain of the land. Classifica-
tions were also made according to the colour of the soil, namely, grey, black,
white, red, or yellow; taste of the soil, namely, sweet, sour, bitter, or pungent;
and its texture, stony or soft. It was known that the best soil was dark in colour,
full of organic matter, and in the proximity of water. Wet lands were consi-
dered suitable for the cultivation of paddy and dry lands for other crops.

Manure: Manuring was widely practised in the post-Vedic peried. Kautilya
(I1. 24) mentions bonc and cow-dung as manure. He also recommends that
secdlings should be manured with fry and the milk of the snuhi plant (Euphorbia
antiguorum). The Brhat-samhitd (c. sixth century A.p.) and the Agni Purdna
(c. eighth century A.p.) refer to the application of such manure as animal
cxcreta, fish, bone, beef, and various kinds of decoction. The Brhat-sanhitd
describes in detail how sceds should be soaked in specially prepared solutions
and how they should be treated before they are sown. The Agni Purdpa says

8See Agriculture in Ancient India, ed. D. Raghavan (Indian Council of Agricultural Research,
Delhi, 1964). p. 5.
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that the soil should be manured with powdered barley, sesamum, and the
offal matter of goats, and soaked in washings of beef for seven nights at a
stretch. Sprinkling of the washings of fish on the seeds is also recommended.
The knowledge in respect of manurc in those days was obviously the result
of practical observations. It is now known that the loss of nitrogen from a
dung-heap is minimized if the heap is kept undisturbed. It is significant that
Parafara in his Kysi-pardsara (c. A.p. 950) also advises that a dung-hcap should
remain undisturbed up to the month of Migha (January-February), i.c.
for ten months of the year. The Vrksdyurveda (c. tenth century A.p.) by
Surapiala has numerous references to manurc and the process of manuring.
Milk and extracts of cereals and pulse, apart from animal cxcreta, arc consi-
dered efficacious in the nutrition of specific crops and various plants and
trees. The Sukraniti (c. fourteenth to sixtcenth century A.n.) states that for
healthy growth a plant should be nourished by water, meat, and the excrcta
of goats, sheep, and cows. The Sukraniti also speaks of the application of water
mixed with barley, sesamum, and the cxcreta of goats and sheep to the roots
of plants. If the solution is applied after it is kept for seven days, the Sukraniti
says, it promotes the growth of flowers and fruits.

Tillage: The plough has becen onc of the symbols of the material cvolution
of India. It was known in the post-Vedic period that onc ploughing gave a
fair result in terms of crops, two ploughings a better one, while the best result
was obtained if the land was ploughed five times. The Arthasastra (11.24)
speaks of prcparing the fields by ploughing three times in heavy rains. Deep
ploughing is also mentioned. Patafijali in his Mahabhdsya rcfers to ploughing
being donc with the help of oxen (V. 3.35). It appcars from the Mahabhdsya
(II1. 3.83) that wecds, thorns, and stones used to be removed by a hoc (stam-
baghna) before thc ploughing. The number of ploughs employed for tilling
a picce of land depended upon various factors like its fertility and dimension.
The maximum number mentionced in the Mahdbhdsya in this respect is five.

The Amarakosa (¢. a.p. 500) lists a number of agricultural implements
and accessories which must have been in use in the post-Vedic period. Among
these are langala or hala (plough), yoktra (tie for fastening the yoke to the plough),
prajana or todana (goad), kotifa (harrow), khanitra (spade or loe), and datra
or lavitra (sickle). A detailed description of the plough is found in the Kfsi-
pardsara (110-117). The plough, the text says, comprises the following parts:
yuga (yoke), addacalla (pins of the yoke), isa (pole of the plough), niryola (a
wooden pole at the end of which the plough is fixed), faula (an extra piece
of wood which firmly fixes the niryola), niryolapasika (plates), halasthinu (a
piece of wood fixed to the niryola at the end opposite to that of the plough-
share), paccani (a goad made of bamboo with an iron top), abandka (iron rod
which prevents the niryola from getting out of its position), yokira (tie), and
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phdla (ploughshare). The choice of size and shape of the plough depended
on several factors such as the nature of the soil, sub-soil, crop, season, and
manure. Thus in the post-Vedic period different forms of plough were in
use, some of which are still to be seen in parts of the country. In addition to
enumerating the parts of the plough, the Kysi-parddara mentions the following
agricultural accessories: sypi (sickle), kharitra (hoe), musala (pestle), sirpa
(winnowing basket), dhdnyakyt (winnowing fan), cdlani (sieve), and methi
(threshing post). .

Crops and Seeds: The Arthasdstra (11.24) speaks of raising three crops a
year—one sown in the rainy season and harvested in Magha (January-
February); the second sown in autumn and collected before Caitra (March-
April); and the third sown in spring and cropped by Jyaistha (May-June).
The crops to be sown in each season are enumerated as follows: ‘Sali (a kind
of rice), vriki (rice), kodrava (Paspalum scrobiculatum), tila (sesamum), priyasgu
(panic secds), daraka (?), and wvaraka (Phraseolus trilobus) are to be sown at
the commencement (purvavapah) of the rainy season. Mudga (Phraseolus mungo),
mdsa (Phraseolus radiatus), and Saimbya (leguminous crop) are to be sown in
the middle of the season. Kusumbha (safflower), masiira (Eroum hirsutum), kulattha
(Dolichos uniflorus), yava (barley), godhiima (wheat), kaldya (leguminous seeds),
atasi (linsced), and sarsapa (mustard) are to be sown last.’® The Arthasdstra
is practical in its prescription, however, when it enjoins that seeds may be
sown earlier or later if the seasons do not follow their normal patterns. Lands
suitable for growing vegetables and fruits such as ralliphala (pumpkin, gourd,
etc.) and mydvikd (grapes) are also mentioned. It further says that marginal
furrows between any two rows of crops are suitable for the sowing of fragrant
plants, medicinal herbs, cascus roots, etc. (I1.24). Regarding seed treatment,
the treatise lays down that ‘the seeds of grains are to be exposed to mist and
heat for seven nights; the seeds of kosi are trecated similarly for three
nights; the seeds of sugar-cane and the like are plastered at the cut end with
a mixture of honey, clarified butter, the fat of hogs, and cow-dung; the
seeds of bulbous roots with honey and clarified butter; cotton seeds with
cow-dung....”? .

Patafijali’s Makdbhdsya (11.3.19) makes reference to some important crops
and discusses the mixed cropping of sesamum with beans as the main crop.
The seeds of the second crop arc to be sown broadcast while the land is to be
prepared to suit the main crop.

The Kysi-parasara discusses the proper care of seeds. They should be collected
in Miégha (January-February) or Phalguna (February-March). After exposure
to the sun and night dew, they should be carefully stored in containers made

SKaupilya’s Arihaddstra, trans. R. Shamasastry (Mysore, 1951), p. 128.
Ibid., pp. 129-30.
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of straw. Care should be taken that the different varieties of seeds are not
mixed. Neither should they come in contact with ghee, oil, or salt. This last
advice is probably based on the knowledge that acid and salt solutions destroy
the germinating power of seeds and fats retard it.

Many kinds of crops are discussed in the Kdsyapiya-krsisikti® Rice is consi-
dered to be the most important among them, followed by pulse, then vege-
tables, and lastly dairy produce. Rice is classified into thrce general kinds
according to colour and flavour: $ali, kalama, and sasthika. Sali rice is of twenty-
six varieties depending on the region wherc it is grown and the soil condi-
tions. Kalama rice is bright, aromatic, and somewhat hard. Sasthika rice is
without flavour. The entire procedure of rice cultivation is treated in this
work, including all the important steps and precautionary mcasurcs to be
taken. Among other grains discussed arc pulse, sesamum, wheat, mustard,
and barley. Vegetable crops mentioned include cucumber, eggplant, gourd,
chilli, and pumpkin, Spices like turmeric, ginger, cardamom, pepper, and
coriander are included in the discussion. The fruits dealt with are mango,
grapes, date, coconut, banana, bread-fruit, and rose-apple among others.
Kia$yapa rccommends the cultivation of sugar-cane because of its bushy
growth, yield of jaggery and sugar, and suitability as food for elephants.

The proper collection, preservation, and sowing of seeds are essential to
ensure an adequate crop the following year. The Kasyapiya-krsisikti, thercfore,
devotes considcrable space to discussing this important aspect of agriculture,
The principle of transplanting seedlings is also laid down. For instance, it
recommends that the seeds of eggplant, after being dried in the sun, should
be sown in soil dressed with cow-dung and then watcred regularly. After the
sprout appears and takes firm root, which requires about twenty days, it
should be transplanted to a properly prepared field.

Kalidasa (. fifth century A.p.) in his Raghuvamsa refers to the growing of
paddy in Bengal. The Amarakosa mentions crops like cucumber, pumpkin,
onion, and gourd. Surapila (¢. tenth century A.p.) in his Vrksdyurveda
speaks of crops like barley, wheat, rice, maize, millet, bdjri (a kind of cercal),
sesamum, mustard, linseed, cotton, and various pulse. He prescribes specific
seed rates per bighd (a third of an acre) in respect of thesc crops. There is a
detailed description in his book of fruit trees and flowering creepers. He advises
cultivators about the appropriate time for sowing secds and the spacing of
plants,

Irrigation: Irrigation methods and facilities were further developed in
the post-Vedic period. An example of the importance attached to irrigation
is provided by lake Sudaréana of Kathiawar in Gujarat, caused to be excavated
by Pusyagupta (¢c. fourth-third century B.c.), and by its irrigation canals

%Sec Agriculturs in Anclens India, pp. 626F.
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completed in Afoka’s time (¢. third century B.c.). The lake measures approxi-
mately 630’ X630’. The principle of constructing canals to draw water to
distant fields from the catchment areas of hills and undulating areas was
known. Sluices were utilized in the canals to control the flow of water. Patafijali
(I.1.23) notes that periodic watering (irrigation) of the fields is necessary for
the growth of crops and apparently suggests that canals should be employed
for this purposc ($alydrthanm kulydh praniyante). The Narada-smrti (c. third century
A.D.) mentions two classes of dykes or water courses, namely, kheya and bandhya
(XI.18). The first, dug into the ground, scrved the purpose of irrigation, while
the object of the second kind was to prevent water from flowing out.

The Kdgyapiya-kysisakti provides much information on the cxcavation,
maintenance, and utilization of reservoirs, canals, and wells.® It says that
reservoirs should be excavated near a hill or on flat land. They may be fed
by a big lake, big river, forest stream, or rivulct. They should be deep, have
high embankments, be strongly reinforced for protection against breakage,
and bc furnished with a causeway, flood-gates, and channels. Additional
channels should be dug during the rainy season to carry away the increascd
flow of water. The reservoirs should be inspected regularly. Canals should be
dug to carry water to the fields when a perennial source of water above the
field level is available. The canal should terminate in a lake or reservoir, or
if that is not possible then in the fields. It should be either four, five, six, seven,
or ten hastas in width (1 kasta  }'). Excessively sandy or rocky areas where
water is likely to leach away should be avoided for the excavation of canals.
In localities where no water source for canals is to be found or where the
sources dry up or fall in level during the summer months, wells should be
dug. After a proper place for the well has been determined by a diviner,
digging should commence at an auspicious hour. When a level is reached
where water mixed with sand is encountered, the base should be constructed.
Burnt bricks are used when the stratum consists primarily of sand, and stone
slabs when it is of firm texture. The sides are to be constructed with bricks
and mortar. If necessary, steps should be provided. Provision should be made
at the top of the well for attaching a water-raising device. .

Protection of Crops from Diseases and Pests: Crop protection in the modern
sense of the term had not developed much in the early post-Vedic period
because of the lack of knowledge about the remedial chemicals. Reference
to the destruction of paddy crops by mildew attack occurs in the Buddhist
text Cullavagga (X. 1.6), which also speaks of the ‘blight’ disease of the sugar-
cane crop. But there is no mention of the remedy. References to the need
for protection of crops from damage caused by animals and birds are found
in Patafijali’s Mahdbhdsya. It appears that observers used to be posted in

*Ibid., pp. 19
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order to keep deer away from the vicinity of barley fields (I. 1.3, 39). The
text (I. 2.52) also speaks of scarecrows made of straw (caficdbhiripah) being
placed in crop fields with a view to frightening away birds—a practice still in
vogue. Mifra Cakrapani in his Vivavallabka of unknown date recommends
medicines to destroy vermin that cause damage to crops.’® The medicines
referred to are of several kinds such as those emitting offensive smell and thosc
having acrid taste.

The Vrksayurveda of Surapila classifies plant diseases into (i) those arising
internally and (ii) those infecting the plant from outside sources. The internally
affected discases are thought to stem from a disturbance in the equilibrium
of the vata, pitta, and kapha, or basic metabolism, of the plant. Externally
caused infection is said to arisc from inclement weather conditions and pests.
Various decoctions arc prescribed as remedics for diseascs, insect infestation,
and damage to plants. For instance, one suggested curc for discases arising
from an imbalance of vdta is to apply flesh, lymph fat, and ghee in an attempt
to strengthen the natural vitality of the plant. A remedy recommended for
killing insects is to apply water containing cow-dung, vaca (a kind of aromatic
root), carcass, and milk, and a plaster preparcd from vaca, kustha, (a kind of
plant), ativisa (a poisonous medicinal plant), musta grass, and white mustard.
The text further states that trees and plants must be carefully protected from
heat and frost. The only remcdy suggested for trecs caten by vermin, burnt
by fire, broken by storms, or struck by lightning is to cut off the affected
parts. Moreovecr, if the affected trce be smeared with the paste of cow’s urine,
ghee, mustard, and sesamum, sprinkled with diluted milk, and fumigated
with burning incense, the recovery is found to be rapid.

Animal Husbandry: In the post-Vedic period great importance was attached
to animal husbandry. There are several references in the Makabharata to
animals like the cow, horse, and elephant. These were used for various purposes
and must have been tended with carc. Kautilya’s Arthasistra has sections
dealing with the duties of the superintendcents of cows, horses, and elephants.
The Mahdbhasya of Patafijali contains some information rcgarding different
kinds of cows, the method of controlling them at thc time of their grazing,
and their stables ($alds). The two words gopalaka (I. 1.23) and gopalika (IV. 1.78)
suggest that both men and women used to tend cows. Patafijali mentions
gopah (persons in charge of cattle) as a special jati or class (III. 1.31).

Although veterinary science was not much advanced during this time,
its importance was well known. Certain sanitary measures and various kinds
of treatment for diseases and physical disorders were employed. The Agni
Purdna speaks of measures to guard against the outbreak of cattle diseases
due to unhygienic conditions of sheds. It says that the shed should be fumigated

1]bid., p. 88.
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from time to time ‘with the vapours of devaddru (Pimus deodara), vaca, marhsi
(pulp of some fruit), guggulu (a fragrant gum resin), king (asafoetida), and
mustard sceds mixed together’ (CCXCII. 33). The Vispudharmottara Purdpa
(supposed to have been compiled between ¢. A.p. 450 and 650) mentions
certain methods of treatment for curing cattle diseases affecting the horns,
teeth, throat, eyes, etc. and for other physical disorders (II. 43.1-27). The
text spcaks of a kind of oil which should be applied with rock-salt and honey
to the roots of the affected horns. According to this Purina, the powder of
the roots of wood-apple tree, apamdirga (a kind of plant), patala (a kind of
tree), and kutaja (a kind of tree) when rubbed into the gums removes toothache,
Ginger, turmeric, and myrobalans are said to cure sore throat, while collyrium
prepared in a particular process is recommended for some cye ailments.
Priyanigu (a kind of creepcr) mixed with salt is stated to help in the reunion
of fractured bones. For bilious disorders the administration of ghec made
of cow’s milk in which liquoricc has been cooked is suggested. Milk mixed
with turmeric is recommended as a drink for ailing calves. Oil-cake is consi-
dered to be a nourishing food for cattle. Common salt is recommended to
be mixed with the fodder once in fifteen days in order to prevent general
stomach disorders. The K7si-parasara (84-88) gives a number of rules for
tending cattle and lays stress on cowsheds being kept clean. It prescribes
the sizc of a shed good for the healthy growth of cattle and points out that
‘the washing of rice, hot scum of the boiled rice, fish broth, cotton seeds and
husk, if kept in the cowshed, prove baneful to the cattle’ (89-92). The text
also mentions that almost every village possessed common pasture, woodlands,
and stores of drinking water for domestic animals.

MEDIEVAL PERIOD

Although farming methods in the medieval period remained much the
same as before, considerable progress was made in the introduction of new
crops and the improvement of some old ones. Onc of the important new
crops was the cashew introduced from South America in the sixteenth
century. The cashew has subsequently proved to be a valuable cash crop.
Other crops introduced were the pineapple, potato, guava, and custard apple.
Tobacco, papaya, and a variety of chilli (Capsicum frutescens L) first appeared
in India at this time also. Coffee was introduced in India probably soon
after Akbar’s time (1556-1605). The yield from the cotton crop seems to have
increased to a great extent in the thirteenth and fourteenth centuries. The
Italian traveller Marco Polo speaks of extensive cotton cultivation in India.
Pepper, ginger, and indigo were also widely cultivated. The Jesuits of Goa
introduced systematic mango grafting in the late sixteenth century which
greatly improved the quality of the fruit.
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Agriculture in Mogul India was on a par with contemporary practices
elsewhere.* According to Fryer, the system of cultivation in the coastal areas
was not remarkably different from that practised by other nations.?* He notes
that the ploughshares werc mostly wooden as iron was scarce, but the hard
wood used for the purpose was sufficient to turn light ground. For the drier
and harder soils inland, however, iron ploughshares were in use. Drill-sowing
and dibbling were familiar agricultural practices of the time. The system of
feeding the soil with bone manure was not known, but the value of fish as
a fertilizer was understood. The practice of growing more than one crop
from the soil was fairly common in some arcas. The system of rotation of
crops was so planned that the exhaustion of the soil due to growing one crop
could be made good by the cultivation of a second crop. The excavation of
tanks and canals, considered a meritorious act, continued in this period.
Among the notable ones is Shih Jahan’s (1628-58) Nahr-i-Bihist or Shak Nahr,
a canal about 78 miles in length constructed to bring water to his newly built
city of Shahjahanabad in Delhi.

The importance of animal husbandry to the agrarian economy of India
was fully realized during the Mogul period. Land for the grazing of cattle
was available in plenty. Bengal had vast pastures for grazing large herds
of cattle. Abi’l-Fazl mentions that the number of tax-frce cattle allowed per
plough was four bullocks, two cows, and one buffalo. The number of milch
cattle per head of population was also large as is evident from the plentiful
availability of clarified butter or ghce in the country.

The vast majority of Indians from ancient times have lived in countless
villages tilling the land for their sustenance. This condition still prevails in
the modern age. The kind of agriculture that has been in vogue over the
centuries can be described as a combination of common sense and practical
experience based on sound scientific principles, although these may not have
been understood by most farmers. The pithy sayings relating to agriculture
which are common in rural India testify to the knowledgeable insight which
has always dominated Indian farming.

1Irfan Habib, The Agrarian System of Mughal India (Asia Publishing House, Bombay, 1963),

p. 25.
18John Fryer, A New Account of East India and Persia Being Nine Years’ Travels, 1672-81, cd. W.

Crooke, 3 Vols. (Hakluyt Society, London, 1909, 1912, and 1915).
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MINING IN ANCIENT AND MEDIEVAL INDIA

INING is basically a technical process to extract raw materials from the

earth. The nature of the raw material to be extracted greatly determines
the technical process to be applied. The basic issue is to trace the develop-
ment of these technical processes in their historical perspective. Unfortunately
this is a task which is difficult to accomplish for ancient and medieval India.
Firstly, we do not have detailed textual information on the technical process-
cs, and what we have hardly goes beyond general references to mining.
Secondly, no ancient minc has yet been subjected to a proper archaeological
investigation. One does not really excavale an ancient minc, but onc may very
well clear an ancient mine-shaft, look for datable antiquities in the debris,
and try to obtain some samples for purposes of dating (cf. Carbon-14 dating).
There are, in fact, a few Carbon-14 dates from some old workings in India
but the number of such dates is still very limited. Archaeological data are,
however, clcar on the growth of metallurgy in India, thus indirectly revealing
the basic antiquity of different mining activities in the country. Through a
wide application of the techniques of ore-artifact correlation it is, however,
possible to determine, particularly in the context of copper-bronze objects,
the areas which supplied ore in different periods. A limited amount of data is
available, but much remains to be done.

In the absence of a firm body of literary and archaeological evidence one
has to depend rather heavily on the geological and ethnographic data. The
geological data are in the form of observations on the traces of old workings.
These old workings very often provided the geologists with a clue to the
occurrence of ores in thesc arcas. A substantial body of such observations is
available, of which the first systematic review was made by V., Ball in 1881.1
Observations on ancient workings occur in more recent gcologfcal literature
too, but these workings have never been the subject of a systematic study.
Even the basic observations are hardly detailed. It is well known that even
in recent mining operations traces of old shafts are quite commonly en-
countered, hut usually no specific records are kept and published with plans
of the old shafts. It is hardly necessary to add that the records and publica-
tions of plans of this kind would have been invaluable for this kind of study.
The range of ethnographic data is quite limited and consists of a few nine-
teenth-century observations on the actual pre-industrial mining processes. It

V. Ball, Economic Geology of India, Part III (Calcutta, 1881).
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cannot, of course, be said with certainty that pre-industrial mining operations
recorded in the nineteenth century really continued from ancient times, but
considering the general element of continuity of pre-modern technological
tradition in India, it may be assumed that these pre-industrial mining opera-
tions could not have been much different from what obtained in ancient and
medieval times. The historical implications of these geological and ethnographic
data in respect of copper were discussed by P. Necogi? as early as 1918. Much
later D. Kercross® (1950) depended exclusively on these data for his paper
on ancient mines and miners of India.

It is thus obvious that thc basic sources of the history of mining in pre-
industrial India are archacological documentation on the growth of metallurgy,
literary references, geological observations on the survival of old workings
and their dates, and somc records of pre-industrial mining operations. Each
of these sources has its own limitations. In the absence of systematic rescarch
on the subject much of the present analysis can only be tentative, but even
such a study is likely to bring out the broad arcas where further research can
be fruitful.

ARCHAEOLOGICAL EVIDENCE

Gold, silver, copper, tin, and lead werc known to the Indus civilization
in the third millennium B.c. The carliest record of copper is a bead found
at Mehrgarh in Baluchistan and dated about 5000 B.c., but this bead could
have been fashioned out of native copper and thus nced not signify copper
metallurgy. The knowledge of copper metallurgy is more explicit in the sub-
sequent pre-Indus chalcolithic levels of Baluchistan and the Greater Indus
valley, and at least in onc such level (at Jalilpur in Multan district) there
is also evidence of gold.

True bronze, an alloy of copper and tin, was known to the Indus civiliza-
tion, sometimes called a Bronze Age civilization of India, although the use
of bronze was somewhat limited. Sources of metals have not yet been clearly
ascertained in all cases, but there is little doubt about the Rajasthan deposits
of copper and lead being one of these sources. These deposits continued to be
significant in the post-Indus chalcolithic stage virtually all over the country,
but in many areas, particularly those away from Rajasthan, the locally avail-
able ore sources must have been exploited. The major deposits of copper and
tin in East India and those of copper in Andhra belong to this category. The
importance of Rajasthan in the early growth of metallurgy in India has been
shown by a number of discoveries in recent years. For instance, in 1979-80
the site of Ganeshwar in the Sikar district of Rajasthan yielded about one

*P, Neogi, Copper in Ancient India (Calcutta, 1918).
3D. Kercross, ‘Ancient Mines and Miners of India’, Indian Minerals, Vol. 1V (1950), pp. 5-10.
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thousand copper objects belonging to the middle of the third millennium B.c.

The beginning of the use of iron lies somewhere in the middle of the second
millennium B.c. Since iron ores suitable for pre-industrial smelting are found
virtually in all areas of the country outside the Indo-Gangetic alluvium, local
ore deposits were tapped. The source and extent of use of other metals in
the post-Indus civilization are somewhat uncertain. Nevertheless, it is quite
possible that before the beginning of the early historic period (¢. 600 B.c.)
most of the significant metal deposits of the country were known and mined.
It may be emphasized that the evidence of mining s strictly circumstantial,
based on the indirect evidence of the use of different metals. No ancient mine
of this protohistoric period except one in the Hatti gold mining area (760 150
B.a.) in Karnataka and anotherin the Dariba copper mining area in Rajasthan
(1260 +160 B.c.) has been properly dated.«

LITERARY DATA

Literary sources support the archaeological evidence that the knowledge
of gold, silver, copper, tin, lead, and iron was well established in the later
Vedic period. Among the ancient texts the Arthasastra of Kautilya is the most
significant in this regard. It recognizes the economic importance of mining
when it observes that ‘mines arc the source of treasury’.s By the time of the
Artha$dstra mining was obviously a well-developed activity as is evident from
the following duties of the Superintendent of Mincs prescribed: ‘Possessed of
the knowledge of the science dcaling with copper and other minerals,
experienced in the art of distillation and condensation of mercury and of testing
gems, aided by experts in minerology and equipped with mining labourers
and necessary instruments, the superintendent of mines shall cxamine mines
which, on account of their containing mineral excrement, crucibles, charcoal,
and ashes, may appear to have been once exploited or which may be newly
discovered on plains or mountain slopes possessing mineral ores. ...’

$For recent rescarches on the archacological evidence of the basic antiquity of metals see
D. P. Agrawal, The Copper-Bronze Age in India (Delhi, 1971); Dilip K. Chakrabarti, ‘The Problem of
Tin in Early India’, Man and Environment, Vol. 111 (1979), pp. 61-74; ‘The Beganning of Iron in
India’, 4ntiguity, Vol. L (1976), pp. 114-24, ‘Research on Early Indian Iron, 1795-1950°, The Indian
Historical Review, Vol. IV (1977), pp. 96-105, ‘Distribution of Iron Ores and the Archacological
Evidence of Early Iron in India’, Journal of the Economic and Social History of the Orient, Vol. XX (1977),
pp. 166-84, ‘Iron in Early Indian Literature’, Journal of the Royal Asiatic Society (1979), pp. 22-30,
and ‘Early Iron Age in the Indian Northwest’, Essays in Indian Protohistory (Delhi, 1979), pp. 347-64;
M. D. N. Sahi, ‘Iron at Ahar’, Essays in Indian Protohistory, pp. 365-68 J. G. Shaffer, ‘Bronze Age
Iron from Afghanistan: Its Implications for South Asian Protohi published paper presented
at the Wisconsin Conference on South Asia, 1978; and F. R. Anclnn, ‘Upon the Mecthods and Anti-
quity of Goldmining in Ancient India’, Journal of the Economic and Social History of the Orient, Vol. V
(1962), pp. 195211,

SKaufilya’s Arthasdstra, trans. R. Shamasastry (Mysore, 1956), p. 89.

SJbid., pp. 83-84.
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What makes this passage worthy of note is its clear enumeration of the process
of mineral exploration. A detailed description of different mineral ores and
the methods of their purification as well as the process of softening metals
follows in the text, showing interest in the classification of ores and some
associated technical problems.

There are references to mines of diamond, ruby, gold, silver, copper, lead,
and iron in Abi’l-Fazl’s din-i-Akbari, but virtually nothing else in this regard.?
This may be considered fairly typical of the testimony of medieval texts in
this direction. It is virtually impossible to reconstruct the technical history of
mining in ancient or medieval India on the basis of texts. To say that mining
was known in ancient India is not really saying very much. What one would
like to know is how the technical operations of mining were conducted and
how the whole process was controlled and organized. The Arthaséstra throws
some light on the second issue but none on the first.

GEOLOGICAL LITERATURE

Geological literature has many references to ancient mine workings en-
countered in the course of field-work. In the absence of positive archacological
and literary testimony these constitutc about the only tangible proof of wide-
spread mining activitics in ancicnt, medieval, and pre-industrial India. This
body of literature is voluminous, but has not been properly sorted out. The
following records about a few mining sites are typical.

The Baragunda copper mine (eastern India, the Singhbhum copper belt): ‘We are
not in posscssion of any information as to who the ancients were who made
the numerous excavations at Baragunda of which ample evidence is still to
be scen.... Along the main line the width of the excavations averages from
25 to 30 yards. The miners appcar to have thrown the dcbris behind them
as they progressed, the depth to which they could go being limited; thus there
are a succession of basin-like pits separated from one another by mounds of
debris, and bounded by the faces of rocks which form the foot and roof of
the deposit... it seems to be legitimate to conclude that this deposit was
worked for many ycars, and that it was only relinquished when the readily
accessible part of the back of the lode had been exhausted, and when the native
miners found themselves unable to cope with the difficulties arising from having
to go to greater depths.’®

The Mosabani copper mine (eastern India, the Singhbhum copper belt): ‘Onc of
the stopes at the south end of no. 1 level, Mosabani mine broke through into
an ancient working, about 60 feet (vertically) from the surface. The working

is about 4 feet wide across the lode but extended for only a short distance

v din-i-Akbari, trans. H. S. Jarett, Vol. III (Royal Asiatic Socicty of Bengal, Calcutta, 1948),
p. 10.
SBall, 0p. cit., p. 254.
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along it, as this point was, of course, the bottom of the ancient workings.
After breaking through, old rotten timber was found, fragments 5 to 6 inches
in diameter. Timbering was not a usual practice of the ancients, pillars being
normally left to hold up the hanging wall....Occasionally their tools and
some utensils (frequently made of soapstone as well as pottery) have been
found in the workings.’®

It is unfortunatc that the pieces or timber or utensils of soapstone and
pottery found in the Mosabani mine were not preserved. Otherwise, it would
have been possible to date this particular old working.

The Agnigundala copper mine (Guntur district, Andhra Pradesk): ‘The ancient
mining activity is revealed mostly by old workings of the nature of long, open
trenches following the lodes in the direction of the strike. Some of these work-
ings, which are accessible today, have reached a depth of 100 feet or more
from the surface in the direction of the dip of the lode.’®

The Wynad goldfields (South India): According to Ball, these mines indicate
varying degrees of knowledge of mining techniques - quarrying on the out-
crops of vcins, vertical shafts, adits, vertical shafts with adits, and shafts on
underlie. He writes: ‘Among these the most remarkable are the vertical shafts,
They are, even when in solid quartz, sometimes 70 feet dcep, with smooth and
quite plumb sides. What the tools were which enabled the miners to producc
such work in hard dense quartz no one appears able to suggest. The fragments
of stone obtained from the various mines were pounded with hand-mullers,
the pounding places being still secn, and the pounded stonc was then, it is
believed, washed in a wooden dish and treated with mercury.’1t

The Gavulabhavi lead deposit (Cuddapah district, Andhra Pradesh): ‘The ancient
workings consist of linear pits and trenches, shafts and inclines developed
laterally underground in the form of drifts and stopes dipping at steep angles
to the east in the eastern part and to the west in the western part. One of the
surface diggings extends for about 280 m. along the strike. The main under-
ground mine had been devcloped for a length of over 100 m., the initial 30 m.
being a partly stoped drive, followed by two parallel drives interspersed with
stopes and connected by crosscuts at regular intervals. The deepest accessible
stope in thc minc is approximately 50 m. below the surface. Small workings
in the form of trial pits and trenches are also noticed in the dolomite, mainly
in the northern part.’12

*J. A. Dunn, “The Mineral Deposits of Eastern Singhbhum and Surrounding Areas’, Memoir
of the Geological Survey of India, Vol. LXIX, Part I (1937), p. 535.

1M, Ziauddin, ‘Ancient Copper Mining and Metallurgy Near Agnigundala, Andhra State’,
Indian Minerals, Vol. XV (1961), p. 119.

uBall, 9p. cit.,, pp. 182-83.

13B, B. Rao and K. S. Rao, ‘Lead Deposits in Varikunta-Zangamrajupalle Belt, Cuddapah
District, Andhra Pradcsh’, Grological Survey of India Miscellancous Publication No. 27 (1977), p. 91,
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The copper workings in Kulu (Himachal Pradesh): ‘In Naraul-Chashani-
Danala area several old workings have been recorded. . .. Extensive slag heaps
have been found... which suggests large scale extraction of the mectal by the
ancient people.’1s

These records selected at random convey a general idca of this type of
geological record, but suffer from two limitations. Firstly, the old workings
are not studied and documented in detail. The references to them are only
incidental in the broader context of geological research proper. Sccondly, no
attempt has been made to date them on the basis of objects that might have
been found in the old workings. Only recently has some_effort becen made
to obtain Carbon-14 dates from old workings, but considering the number
and gcographical spread of the old workings the number of dates available
is inadequate.

CARBON-14 DATES

The following dates assigned to old workings arc based on the half-life of
5730 -£40 years and uncalibrated.

Sample No. Site Date

TF-373 Mailaram, Khammam district 14154+ 90 A.p.
(Andhra Pradesh), mine not spccified

TF-805 Bandlomattu Hill, Guntur district 504 80 A.p.
(Andhra Pradcsh), mine not specified but
presumably copper

TF-806 Bandlomattu Hill, Guntur district 12154 90 A.p.
(Andhra Pradesh), mine not specified but
presumably copper

TF-1117 Dariba, Udaipur district (Rajasthan), 360 4-105 B.c.
copper working

TF-1199 Kolar gold-ficld (Karnataka) 690 4- 85 a.p.

TF-1221 Kumbaria, Banaskantha district (Gujarat), 14154 90 A.p.

mine not specified

13y, P. Sharma, ‘On thc Sulphide Mincralisation in Kulu District’, thid., p. 158.

UThe Carbon-14 dates have been compiled from the following publications: D. P. Agrawal and
S. Kusumgar, ‘Tata Institute Radiocarbon Date List XI’, Radiocarbon, Vol. XVII (1975), pp. 219-25;
D. P. Agrawal ¢t al, ‘Ancient Coppcer Workings: Some New 14C Dates’, Indian Journal of History
of Science, Vol. XI, No. 2 (1976), pp. 133-36; PRL C-1# date list 5/77 (cyclostyled); D. P. Agrawal
et al, ‘Physical Research Laboratory Radiocarbon Dates’, Current Science, Vol. XI.VII (1978), pp.
607-10.
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Sample No. Site Date

TF-1222 Kumbaria, Banaskantha district (Gujarat), 1045 +- 85 A.p.
mine not specified

PRL-53 Ambamata, Banaskantha district (Gujarat), 160 :£200 B.c.
copper working

PRL-66 Ambamata, Banaskantha district (Gujarat), 11004100 A.p.
copper working

PRL-208 (a) Dariba (Rajpura), Udaipur district 2504100 B.c.
(Rajasthan), mine not specified but presumably
copper

PRL-208 (b) Dariba (Rajpura), Udaipur district 1260 £160 s.c.

(Rajasthan), mine not specified but
presumably copper

PRL-210 Dariba (Rajpura), Udaipur district 1104130 A.p.
(Rajasthan), mine not specified but
presumably copper

PRL-252 Ingaladhal, Chitradurga district (Karnataka) - 2204-110 a.p.
PRL-253 Hatti, Kolar gold-field (Karnataka) 760 £150 ».c.

PRL-254 Kaladgi, Hasan district (Karnataka), 1640 4+ 80 a.p.
copper mine

These dates cover a very wide period, from 12604160 B.c. (PRL-208 b)
to 1640 +80 A.p. (PRL-254), although it must be emphasized that the sampling
is extremely limited. Also, some mines (Dariba, Bandlomattu, Ambamata)

were obviously worked for very long periods.

ETHNOGRAPHIC DATA

In the nineteenth century some mines were still being operated in the
pre-industrial fashion. In certain cases observations on the working of these
mines were recorded which, although limited in number, are useful in providing
an insight into the basic mining operations in the pre-industrial period.

A classic paper by J. C. Brooke on the copper mines of Khetri in Rajasthan
describes them as numerous shafts, giving access to galleries by which the
hills were honeycombed in every direction. The shafts descended in a very
irregular manner to a considerable depth. Their sides were notched and cut
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in such a manner as to enable the miners to move in and out without the
help of a ladder. The sections of the shafts measured about 5’ x4’ or 4’ X 3.
A good amount of firewood (5-7 tons) was stacked on the working face of the
mine and set on fire. This obviously led to the cracking of the rocks. On the
third day the workers descended into the mine. Each labourer was provided
with a lamp, a hammer, a mining chisel, and a small wicker basket. The only
means of overcoming the seepage of underground water was by passing pitchers
of water from hand to hand through the passages. The miners were said to be
very poor.18

On the copper mines of Buxa in western Duars, V. Ball’s observations
were that the mines were magnified rabbit holes. The props to support the
roof were only occasionally made use of, and the passages meandered with
the course of the ore and did not exceed a yard square in dimension. In the
narrower sections this dimension was reduced by half. The tools used were
a hammer, a chisel set in a split bamboo, and a pick. The light was afforded
by thin strips of bamboo. The ore was carried out in narrow baskets and
picked, crushed, and finally pounded with a stone hammer or pounder fixed
in a forked stick.1®

One of the most evocative descriptions of a pre-industrial minc is that by
S. Burnes of the salt mines in the Punjab. ‘At the village of Kroru,’ he says,
‘five miles from Pindi Dadan Khan, we examined one of the principal mines.
Tt opened into the hill through the red clayey formation, at a distance of
about 200 feet from the base. We were conducted by a narrow gallery, sufficient
to admit of one person passing another, for about 350 yards, of which fifty
may be taken as actual descent. Here we cntered a cavern of irregular dimen-
sions, about a hundred feet high, excavated entirely in salt. The mineral is
deposited in strata of the utmost regularity, occurring like the external rock
in vertical layers.

¢...There were upwards of a hundred persons, men, women, and children

at work in the mine, and their little dim burning lamp on the sides of the
cavern and its recesses shone with reflected lustre from the ruby crystals of the
rock. The cavity has been excavated from the roof downwards. The salt is
hard and brittle, so that it splinters when struck with the sledgehammer and
pick-axe. The mine is not worked for two months in the rainy season. The
miners live in villages among the hills. They have a most unhealthy com-
plexion, but do not appear to be subject to any particular disease.’"?

137, C. Brooke, ‘The Mines of Khetri in Rajputana’, Journal of the Royal Asiatic Society of Bengal,
Vol. XXXIII (1864), pp. 519-29.

1Ball, op. cit., p. 276.

17§, Burnes, ‘Some Account of the Salt Mines of the Punjab’, Fournal of the Asiatic Society of Bengal,
Vol. I (1832), pp. 145-48.
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T. J. Newbold’s description of the diamond mines at Condapetta in
Andhra Pradesh runs as follows: ‘At Condapetta the mines are generally of
a square form, and from 4 to 12 feet deep. The stratum cut through is of cotton
soil, mixed with small grains of quartz, generally from 3 to 10 feet thick,
which rests immcdiately on a bed of rolled stones of various sizes, from that
of a paving stone to a nut, in which the diamonds are found, gencrally loose,
but sometimes adherent.

‘... The process of mining consists merely in digging out the rolled pebbles
and gravel, and carrying them to small square reservoirs raised on mounds
having their bottoms paved with stones and washing them carcfully. At the
foot of the mound is a clear space surrounded by heaps of refuse, wherc the
washed gravel is again carcfully spread out and examined in presence of the
diamond contractors; the diamonds are casily rccognized in the moist state by
their peculiar lustre.

‘...Dry weather is selected to carry on operations to avoid the incon-
venicnce and cxpense of draining. In former days all the diamonds produced
were carried for sale to Golconda.” 8

Description of this kind are far more valuable than any medieval textual
reference to the diamonds of Golconda.

CONCLUSION

The forcgoing records testify to the knowledge of mining in ancient and
medieval India. The basic antiquity of mctals in the Indian context has been
rcasonably worked out by archacologists. What is lacking, however, is in-
formation about the detailed operational tecchniques of mining. In this area
the cxisting data are hopelessly inadequate. Study of old workings, preparation
of their representative plans, and dating them on the basis of associated objects
may fill up the information gap.

18T, J. Newbold, ‘On the Condapetta Diamond Mines’, Journal of The Royal Asiatic Society of
Bengal, Vol. VII (1842), p. 226.
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NDIA’S geographical position makes her eminently suited for maritime

activities. The vast coast-line of thc subcontinent and the wide nctwork
of navigable rivers have encouraged voyages since ancient times, calling for
the making of craft and vessels. Thus shipbuilding in India has an ancient
tradition. The sources for exploring this tradition and reconstructing the
history of shipbuilding in India are (i) indigenous literature, (ii) archacological
finds and works of art, and (iii) accounts of foreigners.

INDUS VALLEY CIVILIZATION

Ancient Indians are known to have made long voyages on the Indian
Ocean for the purpose of trade and for settlement abroad. There is evidence
that the Indus valley pcople carried on trade with the civilizations of Egypt,
Sumer, Persia, Crete, and Central Asia. That this trade must have been
carricd out to some extent on sea routes is suggested by seals discovercd at
Harappa depicting ships and anchors, which clearly demonstratc that the
vessels used by the Harappans were deep-water craft. Onc seal discovered at
Mohenjo-daro portrays a boat with an upraised bow and stern, and another
shows a kind of anchor used by sea-going vessels.

The naval dock unearthed at the important Harappan city of Lothal in
Gujarat further indicates the use of large sea craft. The dock measures 710
feet in length and 120 feet in width, and has a 23-foot opening on onc side
which was possibly the inlet channel. Lothal’s position in ancient times made
it well suited for both sca and river navigation. It was situated probably at
the confluence of the rivers Savaramati and Bhogava, though these rivers have
since changed their courses. Topographical rescarch indicates that Lothal
was once near the Arabian Sea. Rao maintains that the skill and technical
knowledge displayed in the construction of the dock ‘presupposes a sound
knowledge of hydrography and maritime engineering.”t Five anchor stones
have been discovered in the dock’s hasin.

VEDIC PERIOD

There are references to sea voyages and sea-borne trade in Vedic texts.
Nau, the term for ‘ship’, occurs in the Rg-Veda and later Sarhhitas and

1S, R. Rao, ‘Further Excavations at Lothal’, Lalit Kala, No. 11 (Lalit Kala Akademi, April
1962), p. 17.
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Brihmanas. In the Rg-Veda there are many passages which clearly indicate
the existence of river and sea-going vessels. For instance, it mentions that
merchants journeyed across the ocean to distant countries in pursuit of wealth
(I. 48.3). One passage refers to a well-rigged ship in which Varuna and Vasigtha
sailed to mid ocean (VII. 88.3-4). Another narrates how Bhujyu, son of King
Tugra, along with his followers was picked up by the twin A{vins in their
hundred-oared ({atdritra) boat when he was attacked in mid sea by his enemies
(I. 116.3). A prayer for prosperity in distant lands is also found in the Rg-
Veda (1. 97.8): ‘O Lord, take us in a ship across the oceans for our well-being.’
A kind of vessel called a plava is described in some detail (I. 24.35-36). It is
said to be strongly constructed and able to withstand the battering of storms.
It is also described as having ‘wings’, which, according to Sridharan, are
perhaps some sort of archaic stabilizers.? The Satapatha Brahmana (I1. 3.3.15)
refers to nau-mapda which denotes two rudders of a ship. A clear rcference to
maritime navigation occurs in the Baudhdyana Dharmasitra (1.2.4; 11.2.2).

POST-VEDIC PERIOD

In the Rdmdyana (II. 89. 11-16), mention is made of five hundred well-
built ships which had the swastika sign, flew gay flags, displayed full sails,
and were fitted with large gongs. We also find instructions being given to
search for Sita in the cities and mountains in the islands of the sea (IV. 40.25)
and in the land of the Kogakaras (IV. 40.23), which is ‘generally interpreted
to be no other country than China’.3 There is also reference to Yavana-dvipa
and Suvarna-dvipa, which are identified with the islands of Java and Sumatra.
A passage in the Mahabharata (I. 143.5-7) speaks of a boat fitted with some
mechanical device (yantra-yuktam) and flags—a boat strong enough to with-
stand storms and waves (sarva-rdta-saham). Another Mahdbhirata passage
(I1. 28.44, 46) refers to Sahadeva going to several islands to bring inhabitants
under subjection. Mention of a ‘tempest-tossed and damaged vessel in a wide
ocean’ is made in yet another passage of the epic (VII. 1.28). From these
records it may be presumed that sea-going vessels existed ineIndia in the
epic age.

The Astadhyayi (IV. 3.10; VI. 3.58) makes a clear distinction between coastal
island cargoes (dvaipya) and mid-ocean island cargoes (dvaipa or dvaipaka),
suggesting considerable shipping activity in the fifth century B.c. The Digha
Nikdya (c. fifth century B.c.) mentions the use of birds by mariners to ascertain
the direction of land in sea voyages (1.222). According to Rhys Davids, this

3K. Sridharan, A Maritime History of India (Publications Division, Government of India, 1965),
p. 10.
3Radhakumud Mookerji, Indian Shipping (Longmans, Green and Co., Bombay, 1912), pp. 55-56.
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is the carliest reference ‘in Indian books to ocean-going ships out of sight
of land’ .4

The Arthasastra (II. 28) bears testimony to shipbuilding activity during
the Maurya period (¢c. 322-200 B.c.). The admiralty was given the pride of
place in the defence of the realm. It was under the control of an officer de-
signated as ndvadhyaksa or the superintendent of ships. He was concerned with
not only the navigation of the ocean but also inland river transport. That
one of his functions was to collect port duties which were many and varied
confirms the existence of intensive maritime activity. During this period vessels
were made of a variety of materials—timber, bamboo, inflated leather bags,
baskets covered by skin, and so on.

Accounts of some foreign visitors to India confirm that shipbuilding had
reached a high degree of perfection around the fourth century B.c. Megasthenes
speaks of shipbuilders of the Maurya period who received their wages and
victuals from the king for whom alone they worked. According to him, the
admiral of the fleet used to let out ships on hire for the transport of both
passengers and merchandise.5 Pliny (first century A.D.) observes that some
of the ships of the Maurya age had wcighed seventy-five tons. While describ-
ing Taprobane (Sri Lanka), Pliny states that the sea between that island and
India is not always of equal depth; in some channels it is so deep that no
anchors can find the bottom, while at other places there are many shallows
of no more than six paces in depth. The ships were therefore constructed
with prows at each end for turning about in channels of extreme narrowness.$
The Greek historian Arrian mentions the construction of dockyards and the
existence of a tribe called Xathroi who specialized in making oars and trans-
port vessels.” The Xathrians (probably the Greek corruption of Ksatriyas) had
built for Alexander thirty-oared galleys and trading vessels to carry the Greek
army down the Indus.® The Periplus of the Erythrean Sea (c. first century A.D.)
by a Greek author mentions the vast extent of Indian navigation and
speaks of Indian coasts being studded with harbours, from which merchant
vessels sailed to Persia, Arabia, Africa, and Red Sea ports. Two types of ships,
namely sangara and colandia, have been mentioned in this work. Of these, the
former were coastal vessels and the latter bulky, strongly built sea-going ones
which were used for trade with Malacca and perhaps with China too.® The
cvlandia was possibly somewhat akin to the two-masted Javanese outrigger
ships of Borobudur sculpture (¢. eighth or ninth century A.p.).

4Journal of the Royal Asiatic Society (April 1899), p. 482; sce also Mookerji, 0p. cit., p. 103n.

$Mookerji, op. cit., pp. 102-3.

SIbid., p. 103,

Ibid., p. 102.

SR. C. Majumdar, The Classical Accounts of India (Calcutta, 1960), p. 75.
Wilfred H. Schoff, The Periplus of the Erythrean Sea (Calcutta, 1912), pp. 46 and 243,
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Inscriptions speak of Emperor Afoka (¢. 269-232 B.c.) sending abroad
missionaries from India to propagate Buddhism. His son Mahendra and
daughter Sanghamitra are said to have made a voyage from Tamralipti to
Sri Lanka for this purposc. In the days of Afoka, India was brought into
systematic contact with distant Greek kingdoms. V. A. Smith is of the view
that Afoka possibly maintained a sea-going fleet. He says: ‘When we remember
Afoka’s relations with Ceylon and even more distant powers, we may credit
him with a sea-going flect as well as an army.’10

According to the famous Pali chronicle, the Mahdvarisa (c. fifth century
A.D.), Vijayasithha of Bengal with seven hundred men conquered Sri Lanka
which was named Sirmhala after thc name of his dynasty. The work also refers
to an Indian ship of a large size. It is stated that the bride of Vijayasirhha was
brought to Simhala in a ship which could accommodate about cight hundred
people. Kosmos Indicopleustes (¢. A.p. 535), an Alexandrian monk, mentions
Sri Lanka as a great resort of ships from all parts of India.”* The Samudda-
vdpija-jataka narrates the story of one thousand carpenters of a village who,
having failed to furnish in time a delivery of goods for which they had been
paid in advance, sccretly built a ship and set sail for an island overseas.!?

Fine ancient paintings of ships in the cave temples at Ajanta bear evidence
of the shipbuilding activities in India during the period from the second
century B.C. to the scventh or eighth century A.p. One of the paintings shows
a sea-going vessel with high stem and stern, and three oblong sails attached
to as many upright masts. Each mast is surmounted by a truck and carries
a lug-sail. The jib is well filled with wind. A bowsprit projects from a structure
on the deck, resembling gallows. The outflying jib is square in form like that
borne till recent times by Europcan vessels. The ship is provided with a deck
and ports; stecring-oars hang in sockets or rowlocks on the quarter; and eyes
are painted on thc bows. There is an additional oar behind. Two small plat-
forms project fore and aft, and there arc a number of jars under the canvas
roof.’ The vessel is of the agramandira type as defined in the ZYuktikalpataru.

In striking contrast to thc stray references mentioned above, the Zukti-
kalpataru, attributed to King Bhoja (¢. eleventh century A.p.), offess an elaborate
and analytical study of shipbuilding in ancient India.!* The text mentions
four classes of wood. The wood that is light and soft and can be easily joined
belongs to the brdahmana class; the wood that is light but hard and can be

10V, A. Smith, FKdicts of ASoka, Introduction, p. viu.

1uJ. Horncell, ‘The Origin and Ethnological Significance of Indian Boat Designs’, Memoirs of
the Asiatic Society of Bengal, Vol. VII, No. 3 (1920), p. 212.

135Gtaka Stories, cd. E. B. Cowell, Vols. III-1V, Book 12, No. 466 (Pali Text Socicty, London,
1957).

18Mookerji, op. cit., p. 41.

W Yuktikalpataru, ed. Pandit Isvara Chandra Sastri (Calcutta, 1917), pp. 223-29.
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joined only with difficulty is of the ksatriya class; the wood that is heavy but
soft belongs to the vaifya class; and the wood that is hard and heavy is of the
S$iidra class. Ships built with the ksatriya class of wood are conducive to pros-
perity and happiness. The building of ships using different classes of wood
is discouraged. Ships made of more than onc class of wood are belicved to
promote neither happiness nor prosperity and are, morcover, liable to be-
come dismembered or to rot soon after being launched. The Yuktikalpataru
cautions that iron should not be used for joining the bottom planks of a ship
lest the proximity of unsuspected magnetic iron rocks in the sea should cause
damage to the vessel. Obviously the ships were mcant to be used in sea
voyages.

The ships are grouped into two major catcgorics: samdnya (ordinary) and
visesa (special). The samanya category of ships, meant for inland river traffic,
has ten varieties depending on their dimension and capacity. These arc:
ksudra (24’ X6’ x6'), madhyama (36’ x 18’ x12'), bhima (60’ x30’ x30’), capala
(727 36" x36"), patala (96’ x48' x48’), bhaya (108’ x 54’ X 54'), dirgha (132’ x
66’ % 66'), patraputa (114 X 72’ x72'), garbhard (168’ x84’ x84’), and manthara
(180 x 90" x90"). According to the Yuktikalpataru, ships called bhimd, bhaya,
and garbhard are unsafc for navigation as their dimensions arc such that they
arc not likely to keep steady and well balanced on the water. In the con-
struction of visesa ships, which are sea-going vessels, foils of iron and copper
or loadstone are used. These arc divided into two groups, dirghd and unnatd,
length being the predominant feature of the first and height that of the second.
Depending on their length, breadth, and height ships belonging to the dirghd
class arc of ten types. These are dirghtka (48’ X6’ X4-8"), tarani (72' X9’ X7-2'),
Iola (96’ x12'%x9:6"), gatvara (120’ x15'x12"), gamini (144’ x18’x14-1"),
tari (168’ xX21' X 16-8'), jarighdla (192’ x24' X 19-2'), plavini (216’ X 27’ X21-6'),
dhdrini (240’ X 30’ x24’), and wvegini (264’ X33’ xX26-4). Of these, the first two
kinds are deemed to bring good luck, the others ill luck. The unnata type of
ships, according to the Yuktikalpataru, comprises five varieties, namely, @rdhvd
(48’ X 24’ x24"), anirdhva (72’ X36' X 36’), svarnamukhi (96’ X 48’ X 48’), garbhini
(120" X60’ X 60'), and manthard (144’ x 72’ X 72’).%s Of these, anirdhvd, garbhini,
and manthard bring misfortunc, while the other two are conducive to prosperity.

Indian shipbuilders took particular care in decorating the vessels. Sheets
of gold, silver, copper, and their alloys were used for this purpose. Recommend-
ing different colours for four kinds of ships, the Yuktikalpataru says that a ship
with four masts should be painted white, that with three red, that with two
yellow, while the colour for a singlc-masted one should be blue. Carving of
the faces of animals and birds on the prows of ships seems to have been in

BThe figures indicated within brackets are based on measurements given by Mookerji, op. cit.,
pp. 22-24. The cubits, however, have been converted into feet (1 cubit=1-5 feet).
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practice. On the body of the ships, however, figures of celestial beings as well
as animals and birds used to be painted, as a few passages of the work suggest.
Depending upon the size of the cabin, ships were of three classes. The type of
vessel with a cabin running from one end of the ship to the other was termed
sarvamandira. Such ships were designed to carry royal treasures, horses, and
women. The sccond type, madhyamandira, had a cabin in the middle and was
suitable in the rainy season and for pleasure trips by kings. The other type
with a cabin towards the prow was called agramandira and deemed to be
convenient for long voyages and naval warfare. Another work ascribed to
Bhoja, the Samararigana-sitradhara, contains a description of various mechanical
contrivances (yantra), onc of which is termed jalayantra. The word suggests
some machine associated with the operation of sea or river craft.

MEDIEVAL PERIOD

Accounts of foreign travellers constitute the main source of information
on shipbuilding in India during the medicval period. Marco Polo (A.n. 1254-
1324), who visited India towards the close of the thirteenth century, records
interesting details of contemporary shipbuilding. The ships, he points out,
were built with fir timber and were double-planked. They were caulked with
oakum both within and without and were fastened with iron nails. The bottoms
were coated with a preparation of quicklime and hemp pounded together
and mixed with an oily substance procured from a local tree. There were
large-sized vessels requiring a crew of 300, as well as smaller ships with 150
to 200 men. These ships were propelled by oars, cach oar being worked by
four men. The larger vessels had usually a single deck, and the space below
the deck was divided into sixty small cabins or so depending upon the size
of the vessel. An indication of the tonnage of a large-sized ship can be had
from the fact that it could carry five to six thousand baskets of pcpper. Usually
such a ship had a strong helm, four masts, and as many sails. There were
thirteen bulk hecads in the vessel in order to guard against accidents. The
process in the case of repairing a ship was to give a course of shathing over
the original boarding, forming a third course. If further rcpairs were required,
the same process was repeated cven to the number of six layers, after which
the ship was rejected as useless.

Niccolo dei Conti (c. A.D. 1395-1469), an Italian traveller, records that
India built some ships ‘larger than ours’. Such ships used to have five sails
each and as many masts, and were capable of containing 2,000 butts. Some of
these ships were approximately 60,000 cubic feet in capacity. Their bottom
was constructed with three layers of planks to enable them to resist the on-
slaughts of cyclonic weather to which they were exposed during m