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PREF A CE.

Soon after I was appointed Prafessor of, Sanskrit and
Comparative Philology in the Presidency College at
Madras, and in that capacity took charge of the office of
the Curator of the Government ®Oriental, Manuseripts
Library, the late Mr. G. H. Stuart, who was then the
Director of Public Instruction, asked me to find out if
in the Manuseripts Library in my charge there was
any work of value capable of throwing new light
on the history of Hindu mathematics, and to publish
it, if found, with an Knglish translation and with
such notes as were necessary for the elucidation of
its contents. Accerdingly the mathematical manu-
seripts in the Library were examined with this object
in view; and the examination revealed the ez.tistence
of three incomplete manuscriptseof Mahaviracaryas.
Gamta-s@ra-sangraha. A curs&_‘y perusal of these manu-
seripts made the value of this work evident in
relation to the history of Hindu Mathematics. The
late Mr. G. H. Stuart’s interest in working out this
history was so great that, when the “exiftence of the
manuscripts and the historical value of the work were
brought to his notice, he at once urged me to try to pro-
cure other manuscripts and to do all else that was
necessary for its proper publication. He gave me much
advice and encouragement in the early stages of my
endeavour to publish it; and I can well ‘guess how it
would have gladdened his heart to see the work published
ip the form he desired. It has been to me a source of
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very keen regret that it did not. please Providence to
allow-him to live long enough to enable me to enhance
the value of the publication by means of his continued
guidance and advice; and 1y consolation now is that it
is something to have been able to carry out what he with
scholarly delight imposed upon me as a duty.

Of the three manuscripts found in the library one
is written on paper in- Grantha characters, and contains
the first five chapters of the work with a ruuning
tommentary in Sanskrit; it has been denoted here by
the letter P. The remaining two are palm-leaf manu-
seripts in Kanarese characters, one of them containing,
like P, the first five chapters, and the other the seventh
chapter dealing with the geometrical measurement of
areas. In both these manuscripts there is to be
found, in addition to the Sanskrit text of the original
work, a brief statement in the Kanarese language of
the figures relating to tue various illustrative problems as

~aiso of the answers to those same problems. Owing to
- the common characterisfics of these manuseripts and
also owing to their not overlapping one another in respect
of their contents, it has been thought advisable to look
upon them a3 one manuscript and denote them by K.
 Another mazuseript, denoted by M, belongs to the Gov-
ernment Oriental Library at Mysore, and was received
on loan from Mr. A. Mahadeva Sastri, .., the Carator
of that institution. This manuseript is a transeription
on paper in Kanarese characters of an original palm-leaf
manuseript belonging to a Jaina Pandit, and contains
the whole of the work with a short commentary in the
Kanarese language by one Vallabha, who claims to be
the author of also a Telugu commentary on the same
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work. Althowgh incorrect in many places, it proved
to be of great value on account of its being complete and
containing the Kanarese coramentary; and my thanks
are specially due to Mr. A. Mahadeva Sastri for hisleaving
it sufficiently long at my disposal. A fifth manuscript,
denoted by B, is a transcriptior® on paper in Kanarese
characters. of a palm-leaf manuscript found in a Jaina
monastery at Mudbidri in South Canara, and was obtained
through the kind effort of Mr. R. Krishnamacharyar, M.a.,
the Sub-assistant Inspector of Sanskrit Schools in
Madras, and Mr. U. B. Venkataramanaiya of Mudbidri.
This manuscript also contains the whole work, and
gives, like K, in Kanarese a brief statement of the pro-
blems and thewr answers. The endeavour-to secure more
manuscripts having proved fruitless, the work has had
to be braught out with the aid of these five manuseripts ;
and owing to the Technical character of the work and its
elliptical and often riddle-like language and the inaccu-
racy of the manuscripts, the labour involved in bringing
it out with the translation and the requisite notes has
been heavy and trying. Thefe iy, however, the satisfac- =
tion that all this labour has been bestowed on a worthy
work of considerable historical value.

It is a fortunate circumstance about the Ganita-séra-
sangraha that the time when its author Mahaviracarys
lived may be made out with fair accuracy. In the very
first chapter of the work, we have, immediately after
the two introductory stanzas of salutation to Jina Maha-
vira, six stanzas describing the greatness of a king,
whose name is said to have.been Cakrika-bhafijana, and
who appears to have been commonly known by the title
of Aradghavarsa Nrpatunga; and in the last of these
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six stanzas there is a benediction wishiftg progressive
prosperity to the rule of this king. « « The results of modern
Indian’ epigraphical researel show that this king Amd-
ghavarsa Nrpatunga reigned from A.D.814or8Ll5to A.D.
77 or 878.% Since it appcars probable that the author
of the Gunita-sira-saiyrthe was in some way attached
to the court of this Rastrakiita king Amdghavarsa Nrpa-
tunga, we may consider the work to belong to the middle
of the ninth century of the Chmstnn era. Itis now
geunerally accepted that, among well- known early Indian
mathematicians Aryabhata lived in the fifth, Vardhami-
hira in the sixth, Brahmagupta in the seventh and
Bhaskaracarya in the twelfth century of the Christian
era ; and chronologically, therefore, Mahavirdcarya comes
between Brahmagupta and Bhaskaracarya. Thisin itself
is a point of historical noteworthiness; and the further
fact that the author of the Ganita-sarasangraha belonged
to the Kanarese speaking portion of South India in his
days and was a Jaina in religion is calculated to give an
additional importance o the historical value of his work.
Like the other mathematiéians mentioned above, Maha-
viracarya was not primarily an astronomer, although he
knew well and has himself remarked about the usefulness
of mathematics for the study of astronomy. The study
of mathematics séems to have been popular among Jaina
scholars ; it forms, in fact, one of their four anu; yogas or
auxiliary sciences indirectly serviceable for the attainment
of the salvation of soul-liberation known as moksa.

A comparison of the Ganita-sara-sangraha with the
corresponding portionsin the Brahinasphuta-siddhinta of

* Vide Nulgund Inscription of the ¢ime of Amdghavarsa I, A,D. 866 ; edite

d b
J. F. Fleet, Pu.D., ¢.1.E., 1n Eprgrapha Indeca, vol. VI, pp- ¥8-108, v
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Brahmagupta 1s calculated to lead to the conclusion that,
in all probability, Mahuvmaearya was [familiar wiph the

work of Brahmagupta and endbavoured to 1mprove upon
it to the extent to which fhe scope of his Ganita-sara-
sangraha permitted such improvement. Mahaviracarya’s
classification of arithmetical operations is simpler, his
rules are fuller and he gives a large number of examples
for illustration and exercise. Prthiidakasvaimin, the well-
known commentator on the Brahmasphuta-siddkanta,
could not have been chronologically far removed from
Mahaviracarya, and the similarity of some of the exam-
ples given by the former with some of those of the latter
naturally arrests attention. In any case it cannot be
wrong to believe, that, at the time, when Mahaviracarya
wrote his Ganita-sira-sasgraha, Brahmagupta must have
been widely recognized as a writer of authority in the
field of Hindu asfronomy and mathematice. Whether
Bhaskardcarya was at all acquainted with the Ganifa-
sara-satigraha of Mahavirdcarya, it i3 not quite easy to
say. Since neither Bhﬁskaré,oérya: nor any of his known
commentators seem to quote from him or mention him
by name, the natural conclusion appears to be that Bhas-
karacarya’s GSiddhinta-Siromoni, including his Lilavati
and Bijaganita, was intended to be an improvement in
the main upon the Bmhmasphuta-szdd]zcmm of Brahmas
gupta. The fact that Mahavirdcirya was a Jaina might
have prevented Bhaskaricarya from taking note of him;
or it may be that the Jaina mathematician’s fame had not
spread far to the morth in the twelfth century of the
Christian era. His work, however, seems to have been
widely known and appreciated in Southern India. So
early as in the course of the eleventh century and perhaps
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under the stimulating influence of the enlightened rule
of Rajarajanavéndra of R%jahmu}ldry, it was translated
into Telugu in verse by wPavultvi Mallana; and some
manuseripts of this Telugu. translation are now to be
found in the Grovernment Oriental Manuscripts Library
here at Madras. It appeared to me that to draw suit-
able attention to the historical value of Mahavirdcarya’s
Gaito-sara-sangraha, 1 could not do better than seek
the help of Dr. David Eugene Smith of the Columbia
University of New York, whose knowledge of the history
of mathematics in the West and in the East is known to
be wide and comprehensive, and who on the occasion
when he met mein person at Madras showed great inter-
est in the cowmtemplated publication of the Ganita-sira-
safgraha and thereafter read a paper on that work at the
Fourth International Congress of Mathematicians held
at Rome in April 1908. Accerdingly I requested him to
write an introduction to this edition of the Ganita-sira-
Sangrake, giving in brief outline what he considers to be
it value in building uia the-history of Hindu mathematics.
My thanks as well as the thanks of all those who may as
scholars become interested in this publication are there-
fore due to him for his kindness in having readily com-
plied with my request; and I feel no doubt that his
introduction will be read with great appreciation.

Since the origin of the decimal system of notation
and of the conception and symbolic representation of
zero are considered to be important questions connected
with the history of Hindu mathematics, itis well to point
out here that in the Gamita-sira-sangraha twenty-four
notational places are mentioned, commencing with the
units place and ending with the place called makiksobha,
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and that the valie of each succeeding place is taken to
be ten times the value of the immediately preceding place.
Although certain words “formirg the names of ce¥tain
things are utilized in this work to represent various
numerical figures, still in the numeration of numbers with
the aid of such words the decima) system of notation is
almost invariably followed. If we took the words moon,
eye, fire, and sky to represent respegtively 1, 2, 3 and 0,
as their Sanskrit equivalants are understood in this work,
then, for instance, Sire-sky-movn-eye would denote the -
number 2103, and moon-eye-sky.fire would denote 3021,
since these nominal numerals denoting numbers are
generally repeated in order from the units place upwards.
This combination of nominal numerals and the decimal
system of notation has been adopted obviously for the
sake of securing metrical convenience and avoiding at
the same time cumbtous ways of mentioning numerical
expressions ; and it may well be taken for granted that for
the use of such nominal numerals as well as the decimal
system of notation Mahaviracgrya was indebted to his
predecessors. The decimal system of notation is distinctly
described by Aryabhata,and thereisevidencein his writings
to show that he was familiar with nominal numerals.
Even in his brief mnemonic method of reperesenting
numbers by certain combinations of the consonants and
vowels found in the Sanskrit language, the decimal
system of notation is taken for granted ; and ordinarily
19 notational places are provided for therein. Similarly
in Brahmagupta’s writings also there is evidence to show
that he was acquainted with the use of nominal numerals
and the decimal system of notation. Both Aryabhata
and Brahmagupta claim that their astronomical works
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are related to the Bralma-siddhanta; and in a work of
this name, which is said to form a part of what is called
Sakilya-samibatd and of which a manuscript copy is to be
found in the Governmert Oriental Manuscripts Labrary
here, numbers are expressed mainly by nominal numer-
als used in-accordamce with the decimal system of
notation. It is not of course meant to convey that this
work is necessarily the same as what was known to
Arayabhata and Brahmagupta ; and the fact of its using

“pominal numerals and the decimal sirstem of notation is
mentioned here for nothing more than what it may be
worth.

It is generally recognized that the origin of the con-
ception of zero is primarily due to the invention and
practical utilization of a system of notation wherein the
several numerical figures used have place-values apart
from what is called their iptrinsi¢ value. In writing
out a number according to such a system of notatiowu,
any notational place may be left empty when no figure

“with an intrinsic véiue ig wanted there. It is probable
that owing to this very reason the Sanskrit word $inya,
meaning ¢ empty’, carme to denote the zero ; and when it
is borne in mind that the English word ¢cipher’ is
derived from an Arabic word having the same meaning
as the Sanskiit Sunya, we may safely arrive at the
conclusion that in this country the conception of the
zero came naturally in the wake of the decimal system
of notation : and so early as in the fifth century of the
Christian era, Aryabhata is known to have been fully
aware of this valuable mathematical conception. And
in regard to the question of a symbol to represent this
conception, it is well worth bearing in mind that opera-
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tions with the zero cannot be carried on—not to say
cannot be even thought {f easil;r;—withqut a symba} of
some sort to represent it. Mahaviracarya gives, in the
very first chapter of his Ganita-sira-sangraha, the results
of the operations of addition, subtraction, multi plication
and division carried on in relation to the zero quantity ;
and although he is wrong in saying that a quantity,
when divided by zero, remains unaltered, and should
have said, like Bhaskaracarya, that the quotfent in such
a case is infinity, still the very mention of operations in
relation to zero is enough to show that Mahaviricarya
must have been aware of some symbolic representation of
the zero gquantity. Since Brahmagupta, who must have
lived at least 150 years before Mahévirécér);a, mentions
in his work the results of operations in relation to the
zero quantity, itis not unreasonable to suppose that
before his time the zero must have had a symbol to
represent it in written calculations. That even Arya-
bhata knew such a symbolis not at allimprobable. ™It
worthy of note in this connecti®dn that in enumserating
the nominal numerals in the first chapter of his work,
Mahaviracarya mentions the names denoting the nine
figures from 1 to 9, and then gives in the end the names
denoting zero, calling all the ten by the name cf sanlkhya:
and from this fact also, the inference may well be drawn
that the zero had a symbol, and that it was well known
that with the aid of the ten digite and the decimal system
of notation numerical quantities of all values may be
definitely and accurately expressed. What this known
zero-symbol was, is, however, a different question.

The labour and attention bestowed upon the study and
translation and annotation of the Ganila-sira-sangraha
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have made it clear to me that I was judtified in ‘think-
ing . that its publication might prove useful in eluci-
dating the condition ol mathematical studies as they
flourished in South India among the Jainas in the ninth
century of the Christian era; and it has been to me a
source of no small satisfaction to feel that in bringing
out this work in this form, I have not wasted my time
and thought on an upprofitable undertaking. The value
of the work is undoubtedly more historical than mathe-
matical. But it cannot be denied that the step by step
construction of the history of Hindu culture is a worthy
endeavour, and that even the most insignificant labourer
in the field of such an endeavour deserves to be looked
upon as a useful worker. Although the editing of the
Ganita-sara-sangraha has been to me a labour of love and
duty, it has often been felt to be heavy and taxing ; and
I, therefore, consider thatr I am’ specially bound to
acknowledge with gratitude the help which [ have
received in relation toit. In the early stage, when
conning and collating and interpreting the manuscripts
was the chief work to be done, Mr. M. B. Varadaraja
Aiyangar, B.A., B.L, who is an Advocate of the Chief
Court at Bangalove, co-operated with me and gave me
an amountof aid for which I now offer him my thanks.
Mr. K. Krishnaswani Aiyangar, B.A., of the Madras
Christian College, has also rendered considerable agsist-
ance in this manuner ; and to him also I offer my thanks.
Latterly I have had to consult on a few occasions Mr.
P. V. Seshu Aiyar, B.A., L.T., Professor of Mathematical
Physics in the Presidency College here, in trying to
explain the rationale of some of the - rules given in the
work ; and I am much obliged to him for his ready
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willingness in allowing me thus to take advantage of his
expert knowledge of mgthematics. My thanks are, I
have to say in concluston, vesy particularly dug to
Mr. P. Varadacharyar, B.a., Librarian of the Govern-
ment Oriental Manuscripts l’;ibrary at Madras, but for
whose zealous and steady co-operation with me through-
out and caxeful and continued attention to details, it
would indeed have been much harder for me to bring out
this edition of the Ganila-sara-sangraka.

February 1912, M. RANGACHARYA.
Madras.
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INTRODUCTION

BY

DAVID EUGENE SMITH,

L]
Proressor oF MarHEMATICS IN TEACHERS' CoLLEGE, CoLUMBIA UNIVERSITY,
New Yorx.

‘We have so long been accustomed to think of Pataliputra on
the Ganges and of Ujjain over towards the western coast of India
as the ancient habitats of Hindu mathematics, that we experience
a kind of surprise at the idea that other centres equally important
existed among the multitude of cities of that great empire. In
the same way we have known for a century, chiefly through the
labours of such scholars as Colebrooke and Taylor, the works of
Aryabhata, Brahmagupta, and Bhaskara, and have come to feel
that to these men alone are due the noteworthy contribations to
be found in native Hindu mathematics. Of course a little raflac-
tion shows this conclusion to be an igcorrect ome. Other great
schools, particularly of astronomy, did exist, and other scholars
taught and wrote and added their quota, small or large, to make
up the sam total. It has, however, been a little discouraging
that native scholars under the English supremacy have done so
little to bring to light the ancient mathematical “matdrial known
to exist and to make it known to the Western world. This
neglect has not certainly been owing to the absence of material,
for Sanskrit mathematical manuscripts are known, as are also
Persian, Arabic, Chbhese, and J apanese ; and many of these are
well worth translating from the historical standpoint. It has
rather been owing to the fact that it is hard to find a man with
the requisite scholarship, who can afford to give his time to what
is necessarily a labour of love.
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Tt is a pleasure to know that such a man has at last appeared
and that, thanks to his profound scholarship and great persever-
ance, we are now recciving new light upon the subject of Oriental
mathematics, as known in another part of India and at a time
about midway Dbetween that“of Aryabhata and Bhaskara, and
two centuries later than Brahmagupta. The learncd scholar,
Professor M. Bannanyq of Madras, some yecars ago became
interested in the work of Mahaviracirya, and bas now completed
its travslation, thus making the mathematical world his perpetual
debtor ; and ‘T csteem it a high honour to be requested to write
an introduction to so noteworthy a work.

Mahéaviracarya appears to have lived in the court of an old
much of Rastraktita mounarch, who ruled probably over much of
what is now the kingdom of Mysore and other Kanarese tracts,
and whose name 1s given as Amdghavarsa Nrpatunga. He is
known to have ascended the throme in the first half of the ninth
century A.D., so that we may roughly fix the date of the trcatise
in question as about 850.

The work itself consists, as will be scen, of nine chapters, like
the Bzja-gants of Bhaskava ; it has one more chapter than the Kuz-
falsst Brahmpa-gupta. There is. however, no significance in this
nunber, for the chapters axe not at all parallel, although certain
of the topics of Brahmagupta’s Ganita and Bhiaskara’s Lildvat:
are included in the Ganita-sara-sangraha.

In considering the work, the reader naturally repeats to him-
self the great questions that arc so often raised :-——How much of
this Hindu treatwent 1s original P What evidences are there here
of Greek influence? \What relation was there Dbetween the
great mathematical centres of India? What is the distinetive
feature, if any, of the Hindu algcbraic theory ?

Such questions are not new. Davis and Strachey, Colehrooke
and Taylor, all raised similar ones a century ago, and they are by
no means satisfactorily answered even yet. Nevertheless ,we
are making good progress towards their satisfactory solution in
the not too distant future. The past century has seen several

~
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Chinese and Jawanese mathematical works made more or less
familiar to the West ; and the more important Arab treatises are
now quite satisfactorily khown. Yerious editions of Bleskara
have appeared in India; and in general the great treatises of the
Orient have begun to be subjected to critical study. It would be
strange, therefore, if we were not in a position to weigh up, with
more certainty than before, the cldims of the Hindu algebra.
Certainly the persevering work of Professor Rangicarya has made
this more possible than ever before.

As to the relation hetween the East” and the West, we should
now be in a position® to say rather definitely that there is no
evidence of any considerable influence of Greek algebra upon
that of India. The two subjects were radically different, It is
true that Diopbantus lived about two centuries before the first
Aryabhata, that the paths of trade were open from the West to
the Hast, and that the itinerant scholar undoubtedly carried
learning from place to place. But the spirit of Diophantus,
showing itself in & dawning symbolism and in a peculiar type of
equation. is not seen at all in the works of the Hast. None of his
problems, not a trace of his symbolism, and not a hit of his phraseo-
logy appear in the works of any Indian writer on algebra. On
the contrary, the Hindu works have a s{yle and.a rangs=aitopics
peculiarly tkeir own. Their pmblems lack the cold, dlear,
geometric precision of the West ; they are clothed in that poetic®
language which distinguishes the Hast, and they relate to subjects
that find no place in the scientific books of the Grecks. With
perhaps the single exception of Metrodorus, it is only when we
come to the puzzle problems doubtfully attributéll to Aleuin that
we find anything in the West which resembles, even in a shght
degree, the work of Aleuin’s Indian contemporary, the author of
this treatise.

It therefore seems only fair to say that, although some knowl-
edge of the scientific work of any one nation would, even in
those remote times, naturally have been carried to other peoples
by some wandering savant, we have mothing in the writings of
the Hindu algebraists to show any direct influence of the West
upon their problems or their theories.



When wo come to the question of the relation between {he
different sections of the Hast, howe;we‘r, we meet with more
difficulvy. What were the 1‘jgti011s, for example, belween the
school of Pataliputra, where Arvabhata wrote, and that of Ujjain,
where both Brahmagupta and Bhaskara lived and taught ¥ And
what was the relation of each of these to the school down in
Houth India, which produced this notable ireatise of Mahdivira-
carya ? And, a still more interesting question ix, what~can we say
of the influence exerted on China by Hindu scholars, or wue
versa ? When we find one set of early inscriptions, those at Nauna
Ghat, using the first three Chinese numerals,"and another of about
the same period using the later forms of Mesopotamia, we foel
that both China and the West may have influenced Hindu science.
‘When, on the other hand, we consider the problems of the great
trio of Chinese algebraists of the thirteenth century, Ch’in Chiu-
shang, Li Ych, and Chku Shih chieh, we fecl that Hindn algebra
__must have had no small influence upon the North of Asia, although

it must be said that in point of theory the Chinese of that perod
naturally surpassed the earlier writegs of Indfa.

The answer fo the questions as to the relation hetween the
schools of India cannot yet be easily given. Atfirst it would scem a
simpl?ﬁ.tter to eomparedhe teratises of the three or four great

_algebraists and to note the sivfilarities and differences. When
this is done, however, the result seems to be that the works of
Brahmagupta, Mahaviricirya, and Bhaskara may be described as
similar in spirit but entirely different in detail. For example,
all of these writgrs treat of the arcas of polygons, but Mahavird-
earya is the only one to make any point of those that ave re-ent-
rant. All of them touch upon the area of a segment of a cizele,
but all give different rules. The so-called janye operation (page
209) is akin to work found in Brahmagupta, and yet none of the
problems is the same. The shadow problems, primitive cases of
trigonometry and gnomonics, suggest asimilarity among these
three great writers, and yet those of Mahdvirdcirya are much
better than the one to be found in either Brahmagupta or
Bhaskara, and no questions are duplicated.
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In the way of similarity, both Brahmagupta and Mahavira-
carya give the formulayfor the area of a quadrilateral,
A (s—a) (s=b) (s=¢) (s—a)

—but neither one observes that it holds only for a oyclic
figure. A fow problems also *show some similarity such as
that of the broken tree, the one abowf the anchorites, and the
common one relating tc the lotus in the pond, but these prove
only that all writers recognized certain stock problems in the
East, as we generally do to-day in the West. Butas already
stated, the similarity isin general that of spmt rather than of
detail, and there is no evidence of any close following of one”
writer by another.

When it comes to geometry there is naturally morc evidence
of Western influence. India seems never to have independently
developed anything that was specially worthy in this science.
Brahmagupta and Mahaviricarya both use the same incorrect
rules for the area of a triangle and quadrilateral that is found in the
Egyptian treatise of Ahmes. So while they seem to have been
influenced by Western learning; this learning as 1t reached India
could have been only the simplest Ahese rules had long since
been shown by Greek schclars to be incorrect, and 1t sesss not
unlikely that a primitive geometry of NIesopo’ramla reached out
hoth to Egypt and to India with the result of perpetuating these
errors. It has to be borne in mind, however, that Mahaviracarya
gives correct rules also for the area of a triangle as well
as of a quadrilateral without indicating that the quadrilateral
has to be cyelic. Asto the ratio of the circymference to the
diameter, both Brahmagupta and Mahaviracarya used the old
Semitic value 8, both giving also 4/10 as a closer approximation,
and neither one was aware of the works of Archimedes or of
Heron., That Aryabhata gave 31416 as the value of this ratio
is well known, although it seems doubtful how far he used it
himself. On the whole the geometry of India seems rather Baby -
lonian than Greek. This, at any rate, is the inference that one
would draw from the works of the writers thus far known.

As to the relations between the Indian and the Chinese algebra,
it is too early to speak with much certainty. In the matter of
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problems there is a similarity in spirit, but we hawe not yet enough
trans]ations from the Chinesc to trace any close resemblance. In
each case the questions proped ave fadically different from those
found commonly 1m the West, and we must conclude that the
algebraic taste, the purpose, antl the method were all distinet in
the two great divisions of the world as then known. Rather than
assert that the Oriental algebra was influenced by the Occidental,
we should say that the reverse was the case. Bagdad, subjected
to the influence of both the Hast and the West, transmitted more
to Europe than it did to India. Teonardo Fibonacei, for example,
~shows much more of the Oriental influencé than Bhaskara, who
was practically his contemporary, shows of the Occidental.
Professor Rangacarya has, therefore, by his great contribution
to the history of mathematies confirmed the view already taking
rather conerete form, that India developed an algebra of her own ;
that this algebra was set forth by several writers all imbued with
the same spirit, but all reasonably independent of one another;
that India influenced urope in the matter of algebra, more than
it was influenced in return; that- there was no native geometry
really worthy of the name; that trigonometry was practically
non-existent save as imported from the Greek astronomers ;
and that whatever of gdometry was developed came probably from
Mesopotamia 1ather than from Greece. His labours have revealed
to the world a writer almost unknown to European scholars, and
a work that is in many respects the most scholarly of any to be
found in Indian mathemetical literature. They have given us
further evidénce of the fact that Oriental mathematics lacks the
cold logie, the consecutive arrangoment, an 1 the abstract character
of Greek mathematies, but that it possesses a richness of imagin-
ation, an interest in problem-setting, and poetry, all oi which are
lacking in the treatises of the West, although abounding in the
works of China and Japan. 1f, now, hislabours shall lead others
to bring to light and set forth more and more of the classics of
the Bast, and in particalar those' of early and mediceval China, the
world will be to a still larger extent his debtor.
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FAFFRYT AN A TASIHIRTIFAHT: |
BRI EIESA R g AERAlTRE: 1 (3 1l

AR HIGECCEHGHI

S WIS G —
~e RN

SIRAGTSHTIAGTT ARTTATEAINE |
TS ETIASTE A 1| 2%

EIUIGRIE IeTF::

STEFAZNFT: UFIKETIANSAT: |
a1 RearTIF A 5 W 0 RS |

BrraEsSEE -
faifar 79 @9 A9 HA |

!B USRS TR ATSTRIA |
6-A
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TG

g gt Aoz
FUT ATITHET 579 1 L3¢ N

AFTAIAE IEITF: |

RO HATRSURTIR RIETHT [, FHALT: |
FYSLTURFIISAA A, {9€7 a5 1| (% |l

eI TR ST HAEAE AT 6 HOTed -

RIS RIS Ea R GRIRIEIE SR CAT
WESRTRINFTHEIT: JITTHITIIRT-

fesgqn s qeguaTEau i EaeeaqE S @y 1| 130 |
q§ qEAATAEHIRGEA EE A A
SreimHERRRTOET AR |

FreaTeaRerieT gaaa(y EEiavEite

9 FfE aRwAist afy T wAeneEE 89 1 438 0

FA AT HATAITETT—

FEIEHRUTAN EAHAFATFS UL |

HA: WOSHATARI SFEIRTHAWIT 11 £33 |)
FARIF |

F TR TeE T ST TA TS

FISERTF] IFTSITHUATET: |

AT T aTaETs:
FeafEsReERaE: F 1 2331



FHATTZR:. 45

pY

PSRRI TSI A TS AT |
&Y ‘St wgeR & iseTt AtaERal Xy I

TPOAATSIHFAFTATTTTI—
SR AR AT TR TR T eI |
TR O [ 6 BIRca A eiaTreeg: 1 234

I ATTIARSTR: |
AT AT 9 AT A RAATE TR TG T —
@Fas WA TREEEEAY a4y |
TRE gAsT TRTAYE: 1 2%
FATETF: |
FHigETi sy SiaaETREIAl T |
fagw! a1 wACIREEITE #4959 1 2R |l
TEATSIA g5
WS EEREEsE o |
1 wgaTRATT &9 FIIFEEIT AT A L3
AFZAF: |
seT: WIEISAE THTISEINIR IR |
qaded &% GUgAF Tumd w99 | 38 |
CIRGEREEL LI LR A EGRL]
A THHATA TZRTITHFEIHEA: |

', K ond B A for FOAA,



46 TMTARAFE:.

T AFieTHT TETSIREFH I=HISHAT
AT GAET AT (97 FSQIP COSANSHIET 1| L ge |

HEROLICENGEN

~

T GRETE MOATE AEEIEIEET B FEET0
SR EGIRCREE Il



gara:

<

o C

TEOIFHTE I
SOAMAIONG AT T4 T |
STOASTITTHALE TRIOTH TOHTAE 11} 1l
‘ersgdaaET: fE aERTET |
Ea@EesT 5, TamEEar gEgEE: |
3 9 TR AT TR T TTE R —
IO 45H TS
=7l AT & BT |
RPTTEAATSAISITATIS G-
s FeaIFaEsd 3 6 3
5 TSRS [ (6757 —
WA HE T FEAT AR |
sigTitaETR Redad oS o2
AETSTAEERTS: |
ZE[SEH TfEa] eaey sUTRT 59 A1
wET: STAIS F RN AH FEE Al &
T AEHAY FWAA TR FI
UG SIAEAY AIGAEYA TP THART: |
ARFGIFAIATOS IFFFT FraresTio PR
FAT AgE] WA AR BT T FFIE aTEd] |

L and M oonat this stanza
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TOIOREEE .

ARTEFIREID WRAAIEE. AEAFEETET:
sl 95 F7eEl TTRAAE SIRHTEAgeT |

sdet g wEW A% TAAY AR
9Tedy f&fBar Fq9RaAaERET fF aefauE il ¢ |
FAfEara Tl FFAEIH IR0 |
SITOHRONET FAFANSFAFAT 11 <
AT9At 7378 TFEE BRALCKT qB: |
FHLTAA S RFA@FEERaRT: 1l Q )
TEHIsT q5FAT § U AEE @UEE: |
aid] aanET qgf&ra’rsd AUEl AN o Il

FIRTEMETaE Aai9gel

AU ATTFITEAE: |

- UEFRIRATTASTSIT:

Forg GAFEETRy 4 @9 1 12 |
EHARATFS M JHRaqaIiaur: |
REdIRgar g @ aenaarEE: i (R
Ao ST A S gae |
gatHEialy: @i @aasE a1 13 )
eI € SR GRILIE: |
TIRARAYFIRAS AR I Qe )

AR argsat aEHHEHT |
ATTEATBLTT JIHTAIEA: TG 1 1% )



FEHHTIE - 49
AR FEAAMGTEAT |
FIIUATSTIETRARERTST @ Fi FR/: | 18 )

PIVEETAE TTAFS[CSHRTNAN |
FEAAR AR AT TR N SAGTIREETART 1) o

REFRITS 143 A6AS GFFeFIaey |
HOTEOTATEI ] FAGABIRORTIAE 2 1l

S TATSIAGA] FisATAGRAATIHEAT |

ag s gadt Ul Saremamon i 2 i
NUIAFSE G THEIFHVEHE] FZISET |
faEa fagfar asardts m9d i e
YW QTR A TTARTE |
YERGTARNE: G4 gax auqEar | x4 |
TFHA B TAgAREHAHIFSA TSN |
TRREFEYAI0 TR0 afed, S F9d 11 IR 11
' TR IS 13939 TR |

TE TR FS 9T I 1 3 I
FETQTHEAT: TIOE! FIFAEHIg r
YIEEIRHITT: GG BSEFEA 1| k3
QIEETTIHITT] JIETHHTHT TIFaT |
qiaTRAEST TEFBTESAFSY 1| R% |l

o3y FEFY T WSTHT IHAIEY |
FEERFNGHHYT T84 & C@Ln 1 3§

! M reads TERITHE .



R IRYEEIAT AR |

TH ATFFET GAOHIFEE T0E &L 1) R
drgae Ry 39 age Tw

9 FEIT HTSETT YFIAATET: |
AFAgR AITAFRS ?m B

g3 ¢ A% "9 A7 MHFET IO 1 < |
T HATTEATE: |
STSATAGELTH: |
YETAFTHIFIT TS LTI GHH I |
FISHASIA FHCAGTY: FATTT: I RS
grerfor sifor T HEAST IR <HAT |
e FAPTHEES FRINEEIE I 3o |l
T [ aaien: HROT wSiEwEaEn |
sfagreieTl @9 ssToraE 7 d &2 0 30
FIIT, B9 TAHILTAF: TSEAFTRESHATT |
QUIET STTET I GIO0) T AT EELT A°H1FT | 3R |
fd FIYATRTELTE: 1l
S GBS FHT—
IHEA BEIRELAET gwRIFE: |
LRI 98 €U AfaTE gHwEl @d 1 33 |



TEHITET 51
HAETF: |
TEI ST TFAT T3
5% T & JrwEE) Fy |
FEIREET U TR AR
& a7 TITEHET FA0E 1| X2 ||
T THAF I TR
T 9% FEEAgEaAR@al GiEikiseay |
ST UE) YS| AAFTAT 9 gS(A qeg
THET U TET A0 TNE T FIEOT FEOET 1) 39 |
FUR FAFI0L AT TAA
TENITAIT HH qH 15T |
fwsaFaas) auEaeaE:
FO 99 G99 & IRI0 T WA 1 38
7 9ET: H4geTE SN0 gEnF 9 |
FAMRTET T FLRARI: (F 1] 39 ||
HEFISATT FEFIAL: AFSA@E |
fe SEIAeT TR 98w AR || 3¢ |
FHTHT T AGHIRE
9% S ARISESN |

1B rends ZfEd. * Baeads fo @ATROa AT Aoy
¢ B reads ATIT:



TTEREEE. .

Y 7 [ FEZT A[qee
aeafuld Fa9 =g gq 11 31
T gEAE: 0

o STIFHEAMAT FAT—

- QETEANIANEYS AAFIREAET B |

TET 4% M FeWe 9P AnSiaEn | oge )
aaizaTE: |l
TP ST RIS 9 FEger A |
I FEEEAREA 28 HAE T | 22 |
fARi=gFag TMEATEAvEAE |
AT A 9% TSSTIIEE 1| 8]
TTET FYTANTL & ATAISH JSATIT: |
0% HEATS MY 9% T 941 9% || e ||
TN WR: FTETSETAGanaEa I |
AR S A NFEILEEET | g8 ||
EERLTATAAE] KT FEETSGT: |
ZIRT YAAT TV FRad] gy atad [[E: | e |
TN 9 T AT §=
QTR GHAAIH: FROT AT |
g U AvEiad WA
qETS 9eE 4 Tagn FRgw 0 o8& 0
A TIGSATE: |

!B reads JIYEY UE faﬁgﬂi.
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A EIHLTSTA G8—
9% T T AFFUF IR |
AT AR S 1| g |
EEIEEE

FYFT CH T W G AIGITIFAT |

99707 9% ELATH o FHIT: € ol 9 ||

FegaEricE) stRTITSTF R |

7 TEMEISE T @l TEn fEee ) o) |
qeagReige T fEagim a7
FAfAFRS AT TATFIRISAT |
fusmeERa awEl 95 HTEd
FAGATHIAN TeERT 70 BT 1l e )

g TETmANESTE: |

HARIGHSA[A GIA—
HITO GF #3587 TFAATEFA |
Tegsd AFTEd 97 WREmgSEa 1| 4L |l
gy ATq—
TR TINHSE T ITNTH |

N

qug gred afFaaaE FEaT FRE 1 4 |

!B reads ZT HTH.



Hi IIGRICE AN

HACLTH: |
qEABEATE AE qHEE A |
SrEATIEEARER] THAET AT W R )
Elawpreg wmad 9aE gRAN 94 |
TAETARNTET S WFEAEAT U 2 ol
BT HIT R E ST A |
FrEafREer agwest FA A 1o )
I IgEI 50 &9 AEEEmiET
MEATEANASTIE 1 TN |
Fronier ug AR a3 aUEl aq
TURE WOSEAGA 1#79 FA07 77 (| <€ |

FAGEHATA: 1)

A WEETAA! A —
ERTAETEAF AT AR ZAIA |
9% 4isT AT AT ALS @AY 1| 1o |
AAETE: |
gy wEsTiEd AR THES: |
FAfeaEAEiy 79 QR L az noac

S

! B reads m(ré,

2 After this stanza all the MSS. have the following stanza; but it iy
simply a paraphrase of stanza No., 57 .—

HeTH—
AL AR N EATRARIUA )
A=PET TS AT AST TR A P
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frfaat wWemvrn: wITET aa@ErE SR |
AT FETHTATTIG FA F 3 1| 9 ]
w3 PradaEdy gEmE:
gt &9 SEFw |
e oy w0 G |
AW RS a a5 &a 1 Lol
g IRTEASIR 1)
SANATaFETT A G
WIEFATELY TR T agNq |
SARFATAGS =0 B wFoaEmd ) & |

BT TIEOH
aEsoaeiE] i aTiEAr A @ |
wEgHE] TENAY I T | AR )

FAAFAM] T2AT (EAfSa:

GETT HEH IFTiEd |

T wEdfaar e

HgeT TACH 9afFd IRaT 1 8%
CSTEHTIY IIFIA_ |

TR ST BETE:

SR FFFS FEhEr |

Y AT owmits %fr;‘- * M onuts thie as well as the lollowinyg stanza,



56 ATARATE <.

THTEA ATGTEATED
e (7 A7 9o ) 22 |

AT RETSA: |

..\\.

q GSAATA] GIA—

o
HFHAEATS! 20T T BITARGEIEH |
AIEAT T FEFROHT qEERE 1 &4 )

A= TRAE: |
qF FAAIET 7T AT 47 |
FAEAM FNATT TSFAREEC AT 1) AR Ul
qEEAAE FAGAICN A3 S |
AgarT: WIEW ager HO BEFE ¥ (1 &e |
AFEBY IRTE: |
NAFIARIE] 292
HETfaEaeT 3190 |
SRIRIECIE R ECIG
WA H(4 WSE A7 1 A )

=l asfssiR:

o PraEsasTAl ga—
TN &Y qEEET 1R a5 |
g R ST MEEERdl 1| §Q 1)

! B reads FH;



TRNFHITAER: 57
HIRTE: |
fHRaEMEimarT g ST ETTaEhE: |
RIFRI | TY WEAEM: BRI H9T 1| e ||
ECRGEC IR RREREICEIEER
SRERATE FREFHET g2l |
ERICECHEAMICEICRE SR
g3 @RIl HE BREBIAC 47 || 9} |
SICEEICE RN ERIRE
Rerarfsra: SFImAl aqrFaR |
93t RT aw wamey afta
TG, THATT THH |
G C GECEEIIRE Il
I TREER TS aeE e FA STHOH @
qeiiTegag: ara: |

'B, M and K read g,



ShCE
SRFIER |

FEmTeE 78 FASTEANET |
F9: AEAgAFE FIAiFEEERr U ¢
ga: wf FUfF F7T=ATErazEficaE: |
T3 FI0ES g7 —
IMMaFHsT aX FHE-EF AR |

ot .

SEBIAATRAR A @O faear o767 11 R ||
A TE: |

FaatafraaR faag a2y |

TS T gETISAl FAgaAva #4711 3 1

sqaieTEifa: Hiei |ed |

aFEHIEAN IR g e

SEFFITA T FIel HATTAN |

A

ARl FRNEEEAEIE |
FET a9 FERf ARt |
Y |1 W% qYO HST FAE N & 1)
FETEACETE EFATATI ey |
m‘ﬁm\:ﬂgz TIH[S: FISTT TAET || © ||
ST RN e R Ee I N F: |
qEEaaTRE: fF AT ana | < )

'P, Kand M read g for &7, * B reads AFEMNGEE.



NIRFFTER:

ATIRIR: TR FFATEAALTLH |
F1g g € TORART 6 a7 1| & |
G FRATS AT o @3 |
gimEEwTSwea: 5 | 8 1l e |l
FIRA: vl ww ST |
wiew araiA AR w380
FREGISEITAAT T9 AR, |
ATIAFSEHA, FAT 16 THTeam || {2 |
ardfafs: 9RRe J7eT gHTE qaATq
HOR af ST F qrewwiEaRa | 12 1
a9t Nigw §390F aETSia |
S HETSTT FIOT T FIT 01 L8 )
9 AT BB ATHI ST |
AGERITER  AFCITRIETEGE 1] L4 1|
FRAIFEATEA] FTHIR] CRSHAAIT WA |
FTRTTHIN AR F T THEGA 1 L& |

"GRG AASITEEI, T2, TGEE -
T8 IR AFARA WAL GAVAY |

59

* M and B read gl:, ¢ B reads Hgﬁ'ﬂ'ﬂT e,
i B and K read the following for this stanza :

AL ATSTFIAA_TZ TRURTTHI-

Tt S AR RIS, WS

HiEUE F3AT FAT T T A

geiyaramdy M 38 § agugraiesd |

7-A



60 SHUREICCITE

AEHF g3a1 AR Rl Etvreay
sefAARRA SR] a7 (% ATAGRE 1l Qv |

2

o

=y FulE: |
spEEC T adaqEenRaE: |
FETNFTHIAN: [Hgfedq Taa0HT FAHN |
AR TANFRTTRES] TAENY | 1< ||

SAET FeH0T T IR
STt HEman afe |
Brusg@ne o ala
SRAUIAHRAEET &9 I 3R 1]

T STEIARE: |

STRYIRF ITIF: |

qeATEEREaR A TATETARA |
EEweTEEi aesaaaEiin s F9g 1) R0

SEIEEiE IeqF: |
SEEHETT FEAiET T |
oewgwiaa: afvAn Y g ddFad 120
STRAARITIE SeqH: |

et weg vEraEafar T |
ol qa1 @ BESFHAFEAT THET FA ITEEAL ) IR 1

Zfd somquaHAaeRE: ||
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EN
il gEa—
PR @A AR A RS @ |

I O N

Rearaata #a¢7 FRTERARES: FAT 01 R0

-

AR |
FIaEg AT A EARTEART |

o N

1 = o~ Y .
M7 AR A HFTTRTL U 8 1l

FBT FT T FILFARITIAT A7 |

agaIfsaagain qrEaee qaEd 1| RS )

- ~ AR R < aWaN c..c
aqEEn  RAEATERaSTaT SR qHUIR

ARNC__ N AR

FreTred GIRATIIAT: § ¥4 FoT HNT TaRE I &
T AEESINEIR IR RIS S:

-]
< > N AR

ad AeaIEd ATl asTgieaie: |

g RARRs €3S, FRETITE

IR BB ITAAS T FAGAL 11 R0 1]
I g FAIOEAGRFASA AT I |
AFFLTS FIE gade arfREnd | ¢ i

et flswn AIEAEWS A X |

Iy R Afes awmHgEEHaE: | R 0
A TFTRA FOIEFS TFIA |
AR 99 qgad FT FET 0 3o I

! Band K read Hfemeepid artfi-



62 IEEITEETE

ifyTEmal: Raf FEe gahrEEgann
FOETE REEIFIEARAT: ATERAEA |
Wa"@s%%‘s Ey f%rarumf% FIV T 959

o

e mRT AT AEAR OIS ¥ g% SsT 0 R

°\

SRERIGICE (S
GEFAAREY FOAT— *

[N
he¥

‘it AEEEd BESd TEReIEr IR |
@ Sar BARETIRG = 0 3R 0
HARE: |

EEFTATT v g |
SWIGAT 9gh] FTAEEET F IRE: | k3
2gf wEAaTEsIaE IhgTea |
afmAYagen: A aRETeA: | 32 |
SeREtTEFARAT 91 Wi $9 |
gratganAEEE R F 3w

* P reads as variations the followmng

FRRTA HAA—
A TF (O AIBgTEFATTRIIR TR |
EUOATRIAT sRatamadEg arvg \

=aEfT gaa—
GEHF] FF [P=are TIUEFASAIGACTAT THAT |
STATEAT FAAFRANCATG RIS AL/ )

B gives only the latter of these stanzas with the following vamation in the
pecord uarter

TIVEFIHQUTIEFITEAT.



FRTFHTTET 68
Thqar AiAE 991 AT SS9l |
S 9u: §EE R @A FF 1) 3R 0
AT AT TN 2 AE: |
FECESTagTHA T T |
FAETRY FARGEaFIS: B A1 1 3o 1
g SEREREIEHT ST TAIgEE |
FmARSaRagTa: ®A ATEET 1 3 |
HamaRHITNEETF: |
SrETEeTegT PaRERd [AgAHaEE |
TANARAEARE B TR FAT 1 IR
A qed qmAN FEEA |
nepRrERul SeardaeaTmt & 1 3o |
TEFAAGEAGTAE [EA F T |
& w5 AR ARAE 9 ToEgEgE i el
AERE I2TF: |
Bragsatarmd) HaveEEaISTeali |
yomERRgResT] g IR FG e

gfy qEuiEms:

1 B adds AT at the end ® K, M and B read GHEN: for AT,



64 NIREIE TR
TAF ITE: |
garEREIEL Al
qq A FIBH TETEET |
FESTIE] gEad: ST

grgdy: S @sd 1 e

R AEER TUATE AEEREEeE S YR
A I TEE

! The fllowing stwza s founl m K and B i addition to stanza No, 48
gawrAifeTa g aaredr
R arft et ardare
FEATISIATAFL: L=
YZFHTEr: o Faer 9€ &g 4



gy
faysgagi:.

SRR, FTaaedied 3, B
fAET SRS AT |
A FATEATIT, WaAT A3 AEEER T,
AT, FRMHIA, RAHTA a4 598 (14
g 9 A A1 9asgaR NggRNSIE: | a9
AEHRAVGTAT [ETAATHANET IS TH——
qRfRGAEIH TEmA STHTT LA |
ageRan [y AEiiEEEETEn 1R 0
AAELF: |
ERYTHEANITET AHAAS B A |
FETEIRINE @94 & & § agHIE G X

EECURIEACICHE

TURTF AT [T GAT—
FSHNIRT: ©FT 1§ F(ST 00 TAESOE: |
FIBIAHER] FAf TR=DES TR | 8 1l

SHARTF " |
BFIIHIZITT FRTTTHAIT: |
BIAIEA: TYHE HT AT 1| 4



66

TaERAEE:

STATEFHTATHISLH A JoTTaarsy |l
AR A[@] gEEAAE HT I &

yeI SIRETT 9N G GOTIEEAT: |
qEEET 341 T FT TARI | 0 ||

mﬁﬂw‘{raﬁ rgFAIET 99337 M9 |
qTEZTHT Seu] TANIRIE F G U <

IETAFTEAN TR &L g4 |
qaEl AT ILqAPTeaaE w9 0

AT

q% GFSIUE GEST [ENST alEsEn |
FT AAFST FAT TOG q@=ST @ N o |l

FAETF: |
qIYFTEIN 9T TAFESAAA- 5t |
g @9 L TS Ter & wag 0 R
FRE WNARE S SEE T |
sqatea 5% fF weAranaEat 1 AR

FFTIFIGIT U] TACEUE IAF{: |
gaigr@a @Al 928 ® qEy s @i k0

FSATTIT—

FISIOETAT GRS g & F
ARY=wHIUE &sd FS IAU AE U e
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HARYTF: |
anddRan X sEiaienar |
FIHT H F54] HS 0T FAT GG 1 1% ]
ffivzsrases aaFE: GEoTEE: |
gfgefu squif: Fug §@ F@apIaq (1§ |
wZTAT 1§ T SoERefEe el |
FRQIAATA, IT9m@sy F &S 11 Lo |l
AOSATTHISHIT—
HUEEAETI® AN ATTRARF 0 |
EEPAETETE  AEsvvegsaRaaad | <
HATF: |
HAFIE] Ul gl w9 quRiE |
focuear: usqEFad WA WA | 1Q |
IR YBH  FANSANGRT HA G [qegEar |
FanT Rt @ wiEtETEeE & @ 0 Re |l
TR WuFsageR gAuRiEHN: qaE |
gleRame |
3T 9T fyFeagel IERIF saTEarEmnm: |
LI EPICEIICRE e
U FEIET I A AEERETEA |
TE #oY AEd IfgESMEAIT_ Il R U

1 Both M and B have the erroneous reading QWEEQ BB D a9
g freqear:.




68 HforaaraTe:

SAETF: |
YHFIEIIN ERAACET TR I |
1Y TS TFHSTE F 1 R

T qETE A —

SSFIPHERH  FHRSTHT A qFY |
arsres s osd qS EeTAE 1 % N
FIRTF: |
AIGERGHINT AIEITI A aTaE |
AT W8 ®9d 1% 9ed € T R |l
wEIfEHAEITEITaTg—
9% @HEIUG §heesF & ad FEl |
% SIHed 9 @y v |® IR | o
CEIEEE
QEFYATANT FHEA] A1 g |
¥ @IaRa Aaafis @ o1 8 0
srafreaEan: @ AW 9@ |
U (Rl EwwTEie | e |
SRS I qIEEIT A |
u% qAWH TR ’ FwIER 1 ¢ |

A H ST g g —

WFSGOAN FEIIIEAR Areaq |
AsFEds W3 T g aIHYY e )



[CEETOERALE
AARTE: |

e IRRT I@IUOT T I w\E: |
A%l 9 =T 9RA gARd % A9l ke
BErveT T0% % g 37 FoT |
AHISERTIE ST FeawEsd /1 3L |
TEIATHRES  TE GSTIRE §FEEY |
gfEeg IgeTiv sfedsgamtsa | 3R I

[ S

IR T PIECIMISRE L E L

o~

7% EFEEIasE I [BARTEST |
AHFRLTIS M I g aIHAng || 33 |

[N
AATRLTF: |
Q [
HEYATAFE] T QTAET FoR1ENA W79 |
BIGLT SRS 4 FRIES 9 1| 18 |
 GEIRLI AR CEIUIEREE L

A EATET FEEs IR |
AT IS GREESNTT FS [AG 1 34 1l

AR ATH: |

GYFTATAPT T S FHSTSFIART: |
Al Zlas & FEaa) F I 3¢ !

1 T'his wrong form 18 the reading found in the MSS ; and the correct form
o

Qm does not satisfy the exigencies of the metre.



70 TRRAgE:

TEREH ST A A ATTGT—

RS EHIBANCTASAART FHAATTAT |
FHTE IF T9F TIF TG 1 R |
HAELF: |

FATRTAFTRIZ AT U AHI |
AT IARIRTZ FH AR 1 3< |

TEAS AT GIG——

EES CAF[SIHEATEA ABATTANETT |
el A GHOTEY YA GSEM 1 3 |
TAEITH: |
FFITINHT TFT FHALTTITOATET: |
THEAE] TELATRITHIT SHAT || 2o
gAY ¥ ATels SreT TS T fireTa |
AT 99 w\ W THIY RATCIAET Uve: 1] 33
FWHRBAABIVTITIT—
WS EAFTHCTA] HIHETTTRTA |
ToFaEel IO FAETAL Waft FHA (| 8
FATF: |
FENTAHLTELTRATTET FFT |
FIISATIIT FHALEI HIBHFTTTARE: 1| 23 )
KT O GRS 7 aR=sRn ot

! The MSS read ﬁFQT{m which does not seem to be correct.



[EEETVERTE 71
7 Ffier afaseEl SRR IR —
FIEOEHAN TFHE TFIRATAT |
BRI, WAL THOIFST 4 g8 U
CEICEIEoN
AN AT TS G|
I T4 HIY TSI BB 1 84 1)
grEEaaRiE: MEIE: SISESsT |
QEAARAATATE a0 GHFTRT & |l e |
FAAEE S AAEIETEI T —
FFIFHBAEARAELTTT qET qOTT6T |
FGEYTT & A9 TS TSGR N o |l
FATRYF |
IRTIIRIFAS ity 7 |
gy &&a 79 18 AWE fF w0 oed |
FHIFEEEEUL & AT |
asgan fsad wwims e ek
FIAATHIN BT Tl g3 |
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CHAPTER II—ARITHMETICAI, OPERATIONS. 9

CHAPTER II.

ARITHMETICAL OPERATIONS.

The First Subject of Treatment.

Hereafter we shall cxpound the first subject of ircatment,
which is named Parikarman

Multiplication.

"The rule of work in rclation to she operation of multiplication,
which 18 the firgt (among the parikarman operations), 1s as follows —

1. After placing (the wmultiplicand and the multiplier one
below the other) in the mawner of the hinges of a door, the
mulbipticand should be multiplied by the multipher, 1 accord-
ance with (either of) the iwo methods of normal (or) reverse
working, by adopting the process of (i) dividing the multiphcand
and multiplying the multiplier by a factor of the multiplicand,
(ii) of dividing the multiplier and multiplying the mulliplicand

1. Symbolically expressed, this rule works out thus -2
In multiplymg ab by ed, the produact 18 (1) a;f x (axed); o1 (1f) (abx e} x

cd ,orui) @b x cd. Obyiously the object of the fist two devices here is to
¢

facilitate working through the chuice of suitable factory
The anuléma or normal method of working 18 the one that 15 generaily
followed. The #1l@ma or the 1everse method of working 1s as follows; —
To multiply 1998 by 27

1098
27
2x1 =2 ‘
2x9 =118 .
2x9 = 1 8
2x8§ == 1 6
7x1 = 70
7Tx9 = 6 3
%9 = 6 3
7%x8 == ‘SIG
|
5 39 46
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by a factor of the multi{olier, or (iii) of using them (in the
multiplication) as they are {in themselves),

Examples wn dllustration thereof.

2. Lotuses were given away (in offering) —eight of them to
each Jina temple How many (were given away)to 144 temples ?

3. Nine padmardge gems are seen to have been offered in
worship in a single rJina temple. How many “will they be (at
that same rate) in relation to 288 temples ?

4, One hundred and thirty nine plisyardga gems have to be
offered in worship in asingle Jina temple Say, how many gems
(have to be so offered) in 109 temples.

5 Twenty-seven lotuses have been given away*in offering to
a single Jina temple. Say, how many they are (which have been
at that rate given away) to 1998 (temples).

6. (At the rate of) 108 golden lotuses to each temple, how
many will they be in relation to 85697481 (temples) ?

7. If (the number represented by) the group (of figures) con-
sisting of 1, 8,6, 4, 9,9,7 and 2 (in order from the units’ place
upwards) is written down and multiplied by 441, what is the value
of the (resulting) qgantity ?

8. In this (problem), write down (the number represented by)
the group (of figures) consisting of 1, 4,4, 1,3 and 5 (in order
from the units’ place upwards), and multiply it by 81; and then
tell me the (resulting) number.

9. In this (problem), write down the number 157683 and
multiply it by 9, and then tell me, friend, the value of the
{resulting) quantity

10, In this (problem), 12342679 multiplied by 9 is to be written
down; this (product) has been declared by the holy preceptor
Mahavira to constitute the necklace of Narapala,

4. Here, 139 is mentioned in the original as 40 + 100 — 1.
5. Here, 1998 is mentioned in the original as 1098 + 900.
10. Here as well as in the following stanzas, ceriain numbers are said to
constitute dafferent kinds of mecklaces on account of the symmetrical arrange-
ment of similar figures which is readily noticeable in relation to them,
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11. Six 3’, five 6’s, and (one) 7, bwhich is at the end, are put
down (in the descending order down to the units’ place); and this
(number) multiplied by 83 has (also) been declared to be a (kind
of) necklace.

12. In this (problem), write down 3,4,1,7,8,2, 4, and 1 (in
order from the units’ place upwards), and multiply (the resulting
number) by 7; and then say that it is the necklace of precious
gems.

13. Write down (the number) 142857143, and multiply it by
7; and then say that it is the royal necklace.

14, Similarly 3703707 is multiplied by 3 Find out (the
result) obtained by multiplying (this product) again to get such
multiples (thereof) as' have one as the first and mmne as the last ’
(of the multipliers in order).

15. The (figures) 7,0, 2, 2, 5 and 1 are put down (in order
from the units’ place upwards) ; and then this (number) which is
to be multiplied by 73, should (also) be called a necklace (when so
multiplied).

16. Write down (the number represented hy) the group (of
figures) consisting of 4,4,1,2,6 and 2 (In order from the units’
place upwards) ; and when (this is) mnultiplied by 64, you, who
know arithmetic, tell me what the (resulting) number is.

17. In this (problem) put down in order (from the units’ place
upwards) 1,1,0,1,1,0,1 and 1, which (figures so placed) give the
measure of a (particular) number; and (then) if this (number) is
multiplied by 91, there results that necklace which is worthy of a
prinee.

Thus ends multiplication, the first of the operations known as
Parikarman.

11. The multiphcand here is 3333336665067,
14. This problem rednces itself to this. muluply 37037037 x 3 by 1, 2, 8,
4,5,6,7,8, and 9 in order,



12 GANITASARASANGRAHA.
'Division.

The rule of work in relation to the operation of division, which
is the second (among the pardiarman operations), is as follows : —

18. Put down the dividend and divide it, in accordance with
the process of removing common factors, by the divisor, which is
placed below that (dividend), and then give out the resulting
(quotient).

Or:

19. The dividend should be divided in the reverse way (i.e.,
from left to right) by the divisor placed below, after performing
in relation to (both of) them the operation of removing the
common factors, if that be possible.

Examples in 1llustration thereqf,

20. Dinaras (amounting to) 8192 have been divided between
64 men. What is the share of one man ?

21. Tell me the share of one person when 2701 pieces of gold
are divided among 37 persons.

22. Dinaras (amounting to) 10349 have been divided between
79 persons. What is it,that is obtained by one (person) ?

23. Gold pieces (amounting to) 14141 are given to 79 temples.
‘What 15 the money (given) to each (temple) ?

24. Jamba fruits (amounting to) 31317 have been divided
between 39 persons. Tell mo the share of each,

25 Jambi fruits (amounting to) 31313 have been divided
between 181 persons Give out the share of each.

6. Gems amounting to 86261 (in number) are given tc
9 persons (equally). What does one man obtain hece ?

27. O friend, gold pieces (to the value of the number wherein
the figures in order from the units’ place upwards are) such as

20. Here, 8192 is mentioned 1n the original as 8000 + 92 + 100.
22 In the origimal, 10349 15 given as 10000 + 300 + 72,

28. Here, 14141 is given as 10000 + (40 +4000 + 1 +100).

24, Here, 31817 ig given as 17 4 300 + 31000,

25. Here, 31313 is given as 13 + 300 + 81000.

26. Here, 36261 is given as 80000 + 1 + (60 + 200 + 6000).

27. Here, the given dividend 15 obviously 19345654321,
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begin with 1 and end with 6, and ‘hen become gradually dimi-
nished, are divided between 441 persons What is the share of
each? )
28 Gems (amounting to) 28483 (in number) are given (in
offering) to 13 Jina temples. Give out the share of cach (temple)

Thus ends division, the second ol the operations kunown as
Parikarman,

Squaring.

.The rule of wurk 1n relation to the operation of squaring,
which is the third (among the puwrikarinun operations), is as
follows:—

29. The multiplication of two equal quantities: or the multi-
plication of the two quantities obtained (from the given yuantity)
by the subtraction (therefrow), and the addition (thercunto), of auy
chosen quantiby, together with the addition of the square of that
chosen quantity (to that product) : or the sum of a series in arith-
metical progrossion, of which 1 is the Rrst term, £ is the common
difference, and the number of terms wherein is that (of which the
square is) required : gives rise to the (roquired) syuare.

* 30. The square of numbers consisting of two or more places
is (equal to) the sum of the squares of all the numbers (in all the
places) combined with twice the product of those (numbers) taken
{(two at a time) in order

28. Here, 28183 18 g1ven as 83 + 400 + (1000 x 7).

29. The rule given heremn, expressed algebracally, comes out thus:

W axa=a®, (u)(u+e) (a=z)+&t =0, W)1+3+5+7+ . . . up
to a terms == a¢*

30. The word transiated by plere bere s AT | 3 elwiously means o place
in notation. Here, a5 a comumentary mberyrets i, 1t mey alse donote the com-
ponent parts of a sum, as each suech part has a place m the sum.  According to
both these interpretations the rule works out correctly. o

For fustance, (1284)? = (100" = 200+ + 80~ # 1) #2 % 1000 % 200+ 2 « 1000 » 30
+2x 1000 4 +2%x 300 x 80+ 2% 200 x4 +2 % B0 < &

Similarly (1+2+ 8+ 4P e==(1¥+ 2%+ 8"+ 4 +2(I x2+1x3+1x4+2%x 3+ 2x 4
+3xd).
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31. Get the squara of the,last fignure (in the number, the order
of counting the figures being from the right to the left,) and then
multiply this last (figure), after it is doubled and pushed on (to
the right by one notational place), by (the figures found in) the
remaining places. Lach of the remaining figures (in the number)
is to be pushed on (by one place) and then dealt with similarly.
This is the method of squaring.

Bzamples m dlustration thereof.

32. Give out the sqrua,res of (the numbers from) 1 to 9, of 15,
16, 25, 36 and 75.

33. What will 338, 4661 and 256 become when squared ?

34. O arithmetician, give out, if you know, the squares of
65536, 12345 and 3313. B

35. (Bach of the numbers) 6387, and then 7135, and (then)
1022 is squared. O clever arithmetician, tell me, after multiply-
ing well, the value of those three (squares).

Thus ends squaring, the third of the operations known as
Pay ikarman.

31. The pushing on to £he right mentioned herein will becomne clear from the
following worked oul examples —

To square 131 To square 182. To square 5§55
T : [
\ \ v=|1] | 5= 25
=11 | 2% 1% 3= 6 2x5xd= 50
2x1x3=| | %5 X1x2= 4 2x5x5= 50
2x1x1=| | 12 82— 9 52= 25
32— \9 AxAx2 = 12 Bx5xb= 50,
2x8xl= 2% — | 2= 25
B=| | | M| (5)] (8)] (5)] (2)
(1
17 1.7 4 2 4 30 8 0 2 5

83. Here, 4661 13 given as 4000 + 61 + 600.
35, Here, 7135 is gaven as 135+ (1000 x 7).

———
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Square Root.

The rule of work in relation to the operation of (extractimy)
the square root, which is the fourth (of the pardcarman operations)
is as follows :—

36. From the (numher represented hv the figures up to the)
last odd placo (of notation counted from “the right), subtract the
(highest possible) syuare number ; then multiply the root (of this
number) by two, and divide with this (product the number
represented by taking into position the ﬁg?u*e belonging to) the
(next) even place; afd then the square of the quotient (so
obtained) is to be subtracted from the (uumber represented by
taking into position the figure belonging to the next) odd place. .
(If it is so eontinued till the end), the half of the (last) doubled
quantity (comes to be) the resulting square root

Ezanples i dllustratum thereof.

37. O friend, tell mo quickly the roots of the squares of the
numbers from 1 to 9, and of 256 and 576.

38. Find out the square root of 6561 and of 65536.

39. What are the square roots of 4204967296 and 622521 ?

40. What ave the square roots of (3604441 and 1771561 ?

41. Tell me, friend, after considering well, the square roots of
1296 and 625.

86, To illustrate the rule, the following evample 18 worked out helow .—
To extract the square root of 63536
61551306
2° = 4
2 x 2=4)¥5(5

20

55

8= 95

25 x 2 = 50)303(C
300

36

62 = 36

256 » 2 = 512) 0 (0
[}

Sqnare root required = - = 250,
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42. Tell me, O leading arithmetician, the square roots of
110889, 12321, and 844561.

Thus ends square root, the fourth of the operations known

as Porikarman

Cubing.

The rule of work in relation to the operation of cubing, which
is the fifth (of the pard.arman operations), is as follows :—

43. The product of (any) three equal quantities: or the pro-
duct obtained by the multiplication of any {given) quantity by
that (given quantity) as dimmished by a chosen quantity and
(then again) by that (given quantity) as increased by the (same)
chosen quantity, when combined with the squarc of the chosen
quantity as multiplied by the least (of the ahove three quan tities)
and (combined) also with the cube of the chosen quantity : gives
rise to a cubic quantity.

44 Or, the summing up of a series in arithmetical progression,
of which the first Term is the quantity (the cube whereof is)
required, the common difference is twice this quantity, and the
number of terms is (equal to) this (same given) quantity, (gives
rise to the cube of the given quantity). Or, the square of the
quantity (the cube whereof is required), when combined with
the product (obtained by the multiplication) of this given quantity
diminished by one by the sum of a serics in arithmetical progres-
sion in which the first term is one, the common difference 1s fwo and
the number of terms is (equal to) the given quantity, (gives rise
to the cube of the given quantity).

43. Symbolically expressed, this rule works out thus

(@) axaxa=0a® (i) a (a+d) (amb)+b? (a—b) +b° = o3,
44, Algebraically, this rule meang—

() ®=a+3a+5a+Ta+, ... .to a terms,

() a*=a*+ (a=1) (L+8+5+7+.......to a terms).
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45 In an arithmetically progressive series, wherein sne is the
first {erm as well as the common difference, and the number of
terms is (equal to) the given number, mnltiply the preceding
terms by the immediately following ones The sum of the pro-
ducts (so obtained), when multiplied by three and combined with
the last term (in the above series in arithmetical progression),
becomes the cube (of the given gquantity)

46. (Ina giyen quantity), the squares of (the number repre-
sented by the figures in) the last place asalsc (by those in) the other
(remaining places) arestaken; and each of these (squares) is
multiplied by the number of the other place and also by #ree; the
sum of the two (quantities resulting thus), when combined again
with the cubgs of the numbers corresponding to all the (optional) '
places, (gives rise to) the cube (of the given quantity).

47. Or, the cube of the last figure (in the number counted from
right to left is to be obtained) ; and thrice the square (of that last
figure) is to be pushed on (to the right by one notational place)
and - multiplied by (the number rcpresented by the figures
found in) the remaining (places); then the square of this (number
represented by the figures found in the) remaining (places) is to be
pushed on (as above) and multiplied by thrice the last figure
(above-mentioned). These (three quantitics) are then to be
placed in position (and then summed up). Such is the rule (to be
carried out) here.

BEzamples in dllustration thereof.

48. Give out the cubes of the numbers from 1 to 9 and of 15,
25, 36, 77 and 96.
49. Give out the cubes of 101, 172, 516, 717 and 1344.

é5.3{1x2+2x3+3x4+4¢x5+ e . +a-—lxa;- +a=add

46, 3atb+ 8ab®+ a3+ b8 = (a+2)%. To make tho rule general and applicable
to numbers haviag more than two places, it is clealy 1mplied here that 3¢* (b +c)
+3a(b+e)+ad+(b+c)i=(a+b+ec)®, and1t 18 obvious that any number may
e represented as the sum of two other suitably chosen numbers.

47. The pushing on of o figure here referrved to is similar to what is exlubnted
in the note under stanza 31 in tins chapter.

3
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50. The number 213 is% cubed : and twice, thrice, four times
and five times that (namber are) also (cubed ; find outb the corre-
sibonding quantities).

51. Tt is scen that 168 multiplied by all the numbers from
1 to 8 is related (as base) to the required cubes. Give out those
eubes quickly.

52. O you, who have seen the other shore of the deep and
excellent ocean of the practice of (arithmetical) operations, write
dowa the figures 4,0,86,0,5, aud 9 in order (from right to left),
and work out the cube of the number (represented by those
figures), and mention the result at once.

Thus ends cubing, the fifth of the operations known as
Parikarman.

Cube Root.

The rule of work in relation to the operation of extract-
ing the cube root, which is the sixth (among the paridarman
operations), is as follows: —

53. From (the number represented by the figures up to) the
last ghana place, subtract the (highest possible) cube; then divide
the (number represented by the next) bidgjya place (after it is
taken into position) by three times the square of the root {of that
cabe) : then subtract from the (number represented by the next)
‘dhya place (after it is taken into position) tho square of the
(above) quotient as multiplied by #Zrec and by the already men-
tioned (root of the highest possible cube) ; and then (subtract) from

53 and 54. The figuves in any wiven nnmber, the cube-root whereof is required,
are conceived in these rules to be divided into groops, cach of which conaists as
far as possible of three figures, named, m the order from right to left, ay glana
or that which is cubie, that is, from which the cube i3 to be subtracted, as §édhya
or f:lmt. which is to be subtracted from, and as bhdyya or that which 13 to be
divided. FThe dhdjve and §0dhya are also known as aghana or non-cubic. The
last group on the left need not always conswst of all these three figures ; it may
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the (number represented by the figute mn {he next) ghune place
(after it is taken into position) the cube (of this same quotient).

54. One (figure in the various groups of three figures) is cubic :
two are non-cubic  Divide (the non-cubie figure) by three times
the square of the cube root. From the (nexty non-cubic (figure)
subtract the square of the quotient (obtamed as above and) malti-
plied by three times the previously mentioned (cube-rovt of the
highest ecube that can be subtracted from the previous culie
figmie) and (then subtract) the cube of the (Ahove; gquotient « from
the next cubie figure as {aken mto position;  With the help of
the cube-rout-figures (so} ohtained (and {aken into position, the
procedure is) as hefore.

Eauniples in dlust aloy thereof

55. What 15 the cube root of the wimbers begiuning with |
@ity

and ending with 9, all cubed; and of 43135 and of L&G0867
56. Bxtract the cube rool of 13821, S0U20057 and 618476208,

consist of one or two or three higures, us the case muy heo The rvule mentioned
will be clear from the following worked out example.
o extract the eube root of 77308776 .~ o
b Vhe s ke Fios, une

~
7Tl 08 T4t

o P D = 6 4
. . e 4o 8= [8)133(3
o3
370
e Lo w3 4= 48
3228
ahe oo L2 o 8
Bt wv aw 42 x 3= 5202)32207(
31752
557

Se e v B % 3 o2 42— 1536

216
K v Y= 216

Cube root = 136,

The rule does not slate what hgures (onstitute the cubho rovt = but iy is meant
that the cube root is the number made np of the figures whaeh are cubed fn this
operation, written down in the order from above from left to right
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57. Give the cube roots uf 270087225344 and 76332940488,
58. Give the cube roots of 77308776 and also of 260917119,
59. Giive the cube roots of 2427715584 and of 1626379776,
60. O arithmetician, who are clever in calculation, give out

after sxamination the root of 859011369945948864, which is a
cubic quantity.

Thus ends cube root, the sixth of the operations known as
Parikarman.

Summation.

The rule of work in relation to the operation of summation of
series, which is the seventh (among the parikarman operations),
is as follows :—

61. The number of terms in the series is (first) diminished by
one and (is then) halved and multiplied by the common difference;
this when combined with the first term in the series and (then)
multiplied by the number of terms (therein) becomes the sum of
all (the terms in the series in arithmetical progression).

The rule for obtaining the sum of the series in another
manner i—

62. The number of terms (in the series) as diminished by one
and (then) multiplied by the common difference is combined with
twice the first term in the series ; and when this (combined sum) is
multiplied by the number of terms (in the sexies) and is (then)
divided by fwo, it becomes the sum of the series in all cases.

6€1. Thus role comes out thus when cxpressed algebraically .—

p -
( 5 b+ a)n: 8, where ais the first term, b the common dafference,
4he number of terms, and § the sum of the whole series.

{(n—-]} b+ 2&.]»*

) 13
62, Swularly, -+ - g e = 4
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The rule for finding out the adifiana, the witaradhana and
the sarvadhang :—

63. The @didhana is the first term multiplied by the numher
of terms (in the series) The uftaradiana is (the product of) the
number of terms multiplied by the common difference (and again)
multiplied by the half of the number of torms less by one. The
sum of these two (gives) the swrvadhana, 1¢, the sum of all the
terms in the serjes; and (this sum will be the same as that of a
series which is) characterised by a negative common difference,
when (the order of the terms in the series is reversed so that) the
last term is made to be the first term.

The rule for finding the antyalhana, the madhyadiana and
the sarvadhana -~

64. The number of terms (1n the series) lessened by oie
and multiplied by the common difference and (then) combined
with the first term (gives) the wnfyadhana Half of the sum of

63-64 In these rules, cach of the lerms inun amthmetically progressive
series is supposed to be obtained by adding to the fiast term theieof a maltiple of
the common difference, the natwie of this muluple bemy determmmed by the
position which any specified term holds i the series. According to this
conception we have to find 1 every term ot the series the hrst term along with a
multiple of the common difference. The sum of all srwh first terms so foundas
what is here called the ddidhana; the sum of all such multiples of the common
difference constitutes the uitw adhana; and the servadhane which is obtained by
adding these two sums is of course the sum of the whole series.‘ The expression
antyadhana denotes the valueof the last ierm in an arithmetically progressive
series And madhyadhane means the value of the middle term which value,
however, corresponds to the aritbmetical mean of the first and the last terms
the series, so that when there are 2n + 1 termsin the serieg, the value of the
(n + 1)th term s the wadhyadhana, but when there are 2n terms in the series
the arithmetical mean of the value of the ath texm and of thal of the (n» + Dth
term becomes the madhyadhana. Accordingly we have

(1) Adidhana =n % a i
(2) Uttaradiana = ll‘é_'__ £ onos b
(8) dntyadhane =(m — 1) = b + a. _

{(n - 1)b + o,j + @
(4:) Mad?«yudham(s ... "—z—« B .

o o1

(5) Srvadhand = (1) + () —rar+{( -, » byy

(=D +alsn
or = (4o % n== X ko o —

-
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this (antyudhana) and the first term (gives) the madhyvdhana,
The product of this (madkyadhana) and the number of terms (in
the serics gives) the desired sum of all the terms therein.

Exaimples o dllusiration ther eof

65. (Hach of) ten inerchants gives away money (in an arith-
raetically progressive series) as a religious offering, the first terms
of the (ten) series being from 1 to 10, the commoan difference (in
cach of these series) heing of the same value {as the first texms
thereof), and the number of terms being 10 (1n every one of the

series). Caloulate the sums of those (series).

66. A certain excellent sravuko gave gems in offering to 5
temples (one after another) commencing ithe offering) with 2
(gems), and then inereasing (it successively) by 3 (gems). 0O you
who know how to caleulate, mention what their (total) number is.

67. The first terw is 3 ; the common dutference is 8; and the
namber of terus is 12, All these three (quantities) are (gradu-
ally) inereased by 1, uutil (there are) 7 (series) O arithmetician,
give out the sums of all (those series).

68. O you who possess enough strougth of arms to cross tho
ocean of arithmetic, give out the total value of the offerings mads
in relation to 1000 citics, commencing (the offering) with 4 and
nereasing it sucecessively by 8.

The rule for finding out the number of terms (in a series in
arithmetical progression) :—

69. When, to the square root of the quantity obtained by the
addition of the square of the difference between twice the first

It is quite obvious that an archmetically progressive seres having a negafave
common difference hecomes changed mnto one with a positive common difference
when the order of the terms is reversed throughout so as to make the last of
them become the firgt

6B. A §ravake 18 alay follower of the Jaina religion, who merely hears, ve.,
listens to and learns the dharmas or duties, us opposed to the asceties who are
entitled to teach those rehgions duries.

G, Algebraically this rule works ont thus -

NEBa=TF + 818 + b
N

e e o et e 2 )
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term and the common difference to B times {he common ditfer-
ence multiplied by the suw of the series, the common differoncy
is added, and the resulting quantity is halved ; and when (again)
this is diminished by the first term and then divided by the
comon difference, we got the number of terms in the series

The rule for finding out the number of terms (stated) in
another manner :—

70. Whex, fsom the square root of (the guantity obtained by)
the addition of the square of the differencé between iwice the
first term and the common difference to & tiwes the common
difference multiplied by the sum of the series, the ksépapada is
subtracted, and (the resulting quantity ) is halved; and (when again
this is) divided by the common ditference, {we get) the number
of terms in the series.

Brzamples in dllustration theregf.

71 The first term is 2, the common difference 8; these two
are increased successively by 1 till three (series are so made up).
The sums of the three series are 90, 276 and 1110, in order., What
is the number of terms in each series?

72. The first term is 5, the common difference 8, and the sum
of the series 333. What is the number of terms ?

The frst term (of another series) is 6, the “common difference
8, and the sum 420. What is the number of terms ¥

The rule for finding out the common difference as well as the
first term :—

78. The rum (of the series) diminished by the ddud/lana, and
{then) divided by half (the guantity represented by the square

70. Ke7papada 15 half of the difference beiween twiee the first term and the
common difference, i.e., 2 a;'b- It 38 obvious that this srapzi vanes the rale
-

mentjoned in the previous stanza only to the extent neceswtuted by the intio-
duction of this k+épapada therem.

73, For didhana and wttaradhana, see note under stanzas 63 and 64 in this
chapter. Ssmbolically expressed this stanza works ont thus —

i (n - 1)
- - D

1=2"", and a= T
e - #a
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of the numbor of terms as lessened by the number of terms, (gives)
the common difference. The suw (of the series) diminished by
c;(ttou'aalimnaz and (then) divided by the number of terms, (gives)
the first term of the series.

The rule for finding out the first term as well as the common
difference : —

74. The sum of the series divided by the number of terms
(therein), when diminished by the product of the common difference
multiplied by the half of the number of terms less by one, gives
the first term of the series. The common difference is (obtained,
when) the sum, divided by the number of terms and then dimi-

nished by the first term, is divided by the half of the number of
terms less by one. ”

Two rules for finding out, in another way, the common differ-
ence and the first term :—

75. Understand that the common difference is (obtained, when)
the sum of the series, multiplied by fwo and divided by the
number of terms (therein), is dimimished by twice the first term,
and is (then) divided By the number of terms lessened by one.

76. Twice the_sum of the series divided by the number of
terms therein, and (then) diminished by the number of terms as
lessened by ome and multiplied by the common difference, when
divided by two, (gives) the first term of the series.

Examples i illustration thereof.

77. The first term is 9; the number of terms is 7 ; and the sum
of the series is 105. Of what value is the common difference ?

S
74, Algebraically,a =S _ %1y o, _ w7 °
2 ’ n -1
28 2
o 2a
75. Symbolically, b = =TT
%_,.3
= - (n-1)b

78, Algebraically, a = 7
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A}
The common difference (in respect of another series) is 5, the
number of terms is 8, and the sum is 156. Tell me the first term.

The rule for finding out how (when the sum is given) the
first term, the common difference, and the number of terms may,
as desired, be arrived at —

78. When the sum is divided by any chosen number, the
divisor becomes the number of terms (in the series); when the
quotient here is diminished by any number chosen (again), this
subtracted number becomes the first texm® (in the series); and
the remainder (got after this subtraction) when divided by the
balf of the number of texms lessened by one hecomes the cominon
difference.

Example wm ollustration thereot.

79. The sum given in this problem 1s 540. O crest-jewel of
arithmeticians, tell me the number of terms, the common differ-
ence, and the first term.

Three rule-g1ving stanzas for splitting up (into the component
elements) such a sum of a scries (in arithmetical progression) as is
combined with the first term, or with the common difference, or
with the number ot terms, or with all these.

80 O crest-jewel of calculators, understanchthat the mnisradhana
diminished by the uttaradiiia, and (then) divided by the number
of terms to which one has heen added, gives rise to the first
term

81. The mivadbann, dimmished by the ddidhona, and (then)
divided by the (quantity obtained by the) addition ofsune to the
(product of the) number of terms multiplied by the Lalf of the
number of terms lessened by one, (gives rise to) the common

78 Symbolically, the problem herein is to find out v when Sis given, und a
and » are allowed to be choscn ar oprion Naturally, there maj be inaelation to
any given value of § n any values of b, winelh depend upon the chosen values of o
and n. When the vnlues of ¢ and w vre dhmtely chosen, the rule herein given
for tinding out & turng out to be the same as that given in stunza 74 above.

80-82. The expression misiadhane nieans a mased sum. Ltis used here to
denote the (mantity which may be obteincd by adding the fist tesm or the

common Qifference or the number of terms or all three of these to the sum of «

4
-
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difference. (In splitting up the number of terms from the misra-
dhana), the (required) number of terms (is obtained) in accordance
with the rule for obtaining the number of terms, provided that
the first term is taken %o be increased by one (so as to cause a
corresponding increase in all the terms).

82. The misradhana 1s diminished by the first term and the
number of terms, both (of these) being optionaily chosen; (then)
that quantity, which is obtamed {from this difference) by applying
the rule for (splitting up) the utte:a-musradhana, happens to
be the common difference (required here). This is the mathod of
work in (splitbing np) the all-combined (mzradiana)

Examples in dllustraion therveof.

¥3. Forty exceeded by 2, 3, 5 and 10, ropreseuts (in order)
the @di-misradhana and the other (mesradianas) 'Tell me what
(respectively) happens in these cases to be the first terw, the
common difference, the number of terms and all (these three).

series in arithmetical progression. There arc accordingly four different kinds of
masradhana mentioned here, and they are respectively dde-misi adhana, uttera-
masradhana, gaccha-misradhana and sarva-miradhana. For ddidhanc and dtara-
dhana see note under stanzas 63 and 64 in this chapter

Sa ~
Algebraically, stanza 80 works out thus o= —-
8¢ is the ddv-masradhana, v.e., 8§ + a
Sy — nu
n (n=1) +1

m — 1
n (' )b
] , Where

And stanza 81 gives b =

where Sp 1s the uttara-mis$: adhana,

1., 8+ b and forther points out that the valve of » may be found
out, when the valae of 8y, which, bemng the gaccha-misradhana, is
equal to § + m, 1§ given, from the fact that, when 8=a + (a + b) +
(a+2b) +. . .upton terms, Sn=(a + 1) + (a+1+b) {a+1+2b)
S up to the same n terms.

Since, 1n stanza 82, the choice of a and n ave left to our option, the
preblem of finding out a, », and b from the given value of Sgnp,
which, being the garva- mi§radhana, 18 equal to 8§ + a + n + b, resolves
wtself easily to the finding out of b from any given value of Sp m the
manner above explained.

83. The problem expressed in plainer terms is :—(1) Find out o when 8g = 42,
b=23andn = 5. {2) Find out b, when §p = 43, a =2 and n = 5. (3) Find out

#When S+ n= 45, a= 2 andb=3. And (4) find oub a,b, and n when
S+a+b+ a=50.
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The rule for finding out, from the ‘known sum, first term, aud
common difference (of a given scries in arithmetical progression),
the first term and the commou difference (of another series), the
optionally chosen sum (whercof) is twice, three times, half, oue-
third, or some such (multiple or fraction of the kuown swua of the
given series):—

84. Put down in two places (for facility of working) the
chosen sum as divided by the known {ve, the given) snm ; {his
(quotient) when multiplied by the (known) ecommon differcnce
gives the (required) comihon difference; and that (same) quotient
when multiplied by the (known) first term gives the (required)
first term of (the series of which) the sum 1s eithc1 a multiple or
a fraction (of*the known sum of the given series)

Branples in dlustration thereof

85. Sixty is the (known) first term, and the (known) eommon
difference is twice that, and the number of terms is the same, se
4 (in the given scries as well as in all the required serivs). Give
out the first terms and the common differences of these required
(series, the sums whereof are) represeuted by that {(known sum)
as multiplied or divided hy the (numbers) beginning with 2.

The rule for finding out, in relation to two‘(series), the number
of terms wherein are optionally chosen, their mutunally inter-
changed first term and common difference, as also their sums which
may be equal, or (one of which may be) twice, thrice, half, or one-
third, or any such {multiple or fraction of the other) .—

86. The number of terms (in one series), multiplied by itself
as lessened by one, and then multiplied by the chosen (ratio
between the sums of the two series), and then diminished by

S 8y .
8¢ Symbolically, a; = gl a, by = 3 b, where $y, 73 and by are the sum, the
first term and the common difference, in order, of the serics whose sum is chosen
Given the sums of two series, the ratio between the two first terms und that
1
between the two commoun differences need not alwuys be 3 The solution here

given 1s hence apphcable vnly to certain particular cases.
86, Algebraically,a = n(n — 1) x p = 2n, and b= (ny)° — n — 2 pn,
where a, b and mare the first term, the common difference and the number of
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twice the number of termy in the other series (gives rise to the
joterchangeablo) first term of ome (of the series) The square of
the (number of terms in the) other (serics), diminished by that
(number of terms) itself, and (then) diminished (again) by the
product of two (times the) choseu (ratio) and the number of terms
(in the first series gives rise to the interchangeable) common
difference (of thab series).

Examples e illustration theregf.”

87. In relation to two wen, (whose wealth is measured
respectively by the sums of two series in arithmetical progression)
having 5 and 8 for the number of terms, the first texrm and the
common difference of both these series being interehangeable
(in relation to each other); the sums (of the series) being equal
or the sum (of one of them) being twice, thrice, or any such
(multiple of that of the other)—O arithmetician give out (the
value of these) sums and the interchangeable first term and
common difference after calculating (them all) well.

%8. In relation to two series (in arithmetical progression),
having 12 and 16 for their number of terms, the first term and
the common difference®are interchangeable. The sums (of the
series) are equal, or the sum (of one of them) is twice or any such
multiple, or half or any such fraction (of that of the other).
You, who are versed in the science of caleulation, give out (the
value of these sums and the interchangeable first term and common
difference).

The rule for finding out the first terms in relation to such
(series in arithmetical progression) as are characterised by varying
common differences, equal numbers of terms and equal sums :—

89. Of that (series) which has the largest common difference,
one is (taken to be) the first term. The difference between this

terms in the first series, ») the number of terms in the second series, and p the
ratio between the two suws + o and b being thus found out, the first term and the
common difference of the socond series are 4 and a respectively in value.

89. The solution herein given iy only & partieular case of the general rule
6y == ”..._._ (b — ) + a, where @ and a, are the first terms of two series, and
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largest common difference and (an} other) remaining common
difference is multiplied by the half of the number of terrss
lessened by ome; and when this (product) is combined with one,
(we get,) O friend, the first terms of (the various series having)
the remaining (smaller) common differences.

Bramples wn dllustration thereof.

90. Give out quickly, O friend, the first terms of (all the series
found 1n two sets of) such (series) as have aqual sums (in relation
to each set) and are characterised by 9 as the number of terms in
each (series), when those (series belonging to the first and second
sets) have (respectively) common differences beginning with I
and ending with 6 (in one case) and have 1, 3, 5 and 7 as the
common differences (in the other case)

The rule for finding out the common difference in relation to
such (series in arithmetical progression) as are characterised by
varying first terms, equal numbers of terms and equal sums :—

91. Of that (series) which has the largest first term, one is
taken to be the common difference. The difference between this
largest first term and (each of the) remaining (smaller) first terms
is divided by the half of the number of tem:s lessened by one;
and when this (quotient in each case) is combined with one,
(we get) the common differences of (the various series having)the
remaining (smaller) first texms.

An exanple in tllustration thereof.

92. O arithmetician, who have seen the other shore of caleula-
tion, give out the common differences of (all) those (series) which
are characterised by equal sums and have 1, 8, 5,7, 9 and 11 for
their first terms and 5 for the number of terms in each.

b and b; their correspondmg common differences. It is obwious that in this
formula, when b, b; and n are given, a; 18 determined by choosing any valoe
for a, and one is chosen as the value of ¢ 1n the rule here.

91, The general formula 1n this case is—

by = a;b_ i‘ + b, wherein also the value of b is taken to be one n the rmle

—
given above.

-
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The rule for finding out the gunadhana and the sum of a
stries in geometrica,l progression :—

03, The first term (of a series in geometrical progression),
when multiplied by that self-multiplied product of the common
ratio in which (product the frequency of the occurrence of the
common ratio is) measured by the number of terms (in the
series), gives rise to the gunadhana. And it has to be understood
that this gunadhana, when diminished by the-first term, and
(then) divided by the “common ratio lessened by one, becomes the
sum of the series in geometrical progression.

Another rule also for finding out the sum of a series in geo-
metrical progression :—

94. The number of terms in the series is caused o be marked
(in a separate column) by zero and by one (respectively) corre-
sponding to the even (value) which is halved and to the uneven
(value from which one is subtracted till by continuing these
processes sero is ultimately reached); then this (representative
series made up of zero and one is used in order from the last one
therein, 8o that this one multiplied by the common ratio is again)
multiplied by the commen ratio (wherever one happens to be the
denoling item), and multiplied so as to obtain the square (where-
ever sero happens to be the denoting item). When (the result

93. The gunadhana of a sertes of n terms in geometrical progression corre-
sponds in value to the (n + 1)th term thereof, when the series is continued.
The value of this gunadhanae algebraically stated 18 rxrxr . .. . upto »such
factors x a, 4.8, ar®. Compare this with the uttaradhana.

This rule for finding out the sum may be algebraically expressed thus—

8 = art — g
r—1
and 7 the number of terms.

, where ais the fizgt term, » the common ratio,

94, This rule differs from the previous one in so far as 1t gives a new
method for finding out 7% by usng the processes of squaring and ordmary
ronltiplication ; and this method will become clear from the following example : —

Let nin 7% be equal to 12,
12 is even; it has therefore to be divided by 2, and to be denoted by 0:

152- = 6 » ” 2 2 21 ” bR 2 0
§=28is odd; 1is , , subtracted from 1it, and it 18 " I
8~—1==2 is even; it has ,, ,, diwmded by 2, and to be ’ » 0

% = ligsodd; lis » 1 Subtracted from it, and it 1s

2 »» 1
1~~1==0, which concludes this part of the operation. .
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of) this (operation) is diminished by gne, and (is then) multiplied
by the first term, and (is then) divided by the common ratio
lessened by one, it becomes the sum (of the series).

The rule for finding out the last term in a geometrically pro-
gressive series as also the sum of that (seracs) :—

95. The antyadhana or the last term of a series in geometrical
progression is fhe gunadhana (of another series) wherein the
number of terms is less by one. This (antfadhana), when multi-
plied by the common eatio, and (then) diminished by the first
term, and (then) divided by the common ratio lessened by onme,
gives rise to the sum (of the series).

An example w dllustration thereof.

96. Having (first) obtained 2 golden coms (imn some city), a
man goes on from city to city, earning (everywhere) three tumes
(of what he earned immediately before). Say how much he will
make in the eighth city.

-~

Now, in the representative column of figmes so derived und given in the
margin —
0 the lowest 1 18 multiplied by #, which gives » since this lowest 1 has0
0 above it, the 7 obtained as before 1s squared, which givess* since this 0
1 has 1 above 1t, the 7~ now obtammed is multiphed by 7, which gives #3,
0 since this 1 has O above 1t, this ;3 18 squared, which gives r* and since
1 again this O has another O above i, this »” is squared, which gives ri=
Thus the value of r may be arrived at by using as few tines us possible the
processes of squaung and simple multiphication. The ohject of the method 18
to facilitate the determination of the vilue of 7%, and 1t 1s ea~tly seen that the
method holds true for all positive and mtegral values of .

. 1wy —
95. Bxpressed algebraically, S = art JXr =08 ppe antyadhane 1s the

r =1

value of the last term in a series in geomeimeal progression, for the
meaning and value of guradhana, see stanza 93 above in this chapter. The
antyadhare of a geometrically progressive series of n terms 18 ar«-1, while the
qunadhana of the same serres 15 ar’.  Similarly the antyedhana of a geometrically
progressive series of n — 1 terms 15 ar# -2, while the junradlana thereof is arn—1
Here it is evident that the antyadhanae of the series of # terms is the same as
the gunadhana of the series of n — 1 terms.
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The rule for finding out l(the first term and the common ratio
in relation to a (given) gunadhana 1—
“ 97. The gunadhana when divided by the first term becomes
equal to the (self-multiplied) produect of a vertain quantity in which
(product) that (quantity) occurs as often as the number of terms
(in the series); and this (quantity) is the (required) common
ratio The gunadhana, when divided by that (self-multiplied)
product of the common ratio in which (product the frequency
of the occurrence of. this common ratio) is measured by the
number of terms (in the series), gives rise to the first term

The rule for finding out in relation to a given gunadhiana the
number of terms (in the corresponding geometrically progressive
series) :—

98. Divide the yunadhana (of the series) by the first term
(thereof). Then divide this (quotient) by the common ratio
(time after time) so that there is nothung left (to carry out such a
division any further); whatever happens (here) to be the
number of vertical strokes, (each representing a single such divi-
sion), so much is (the value of) the numwber of terms in relation
to the (given) gunadhand.

Eiamples m 1llustration thereof.

99. A certain man (in going from city to city) earned money
(in a geometrically progressive series) having 5 dinaras for the
first term (thereof) and 2 for the common ratio. He (thus)
entered 8 cities How many ave the dinaras (1n) his (possession) ?

100. What is (the value of) the wealth owned by a merchant
(when it is measured by the sum of a geometrically progressive
series), the first term whereof is 7, the common ratio 3, and the
number of terms (wherein) is 9: and again (when it 18 measured
by the sum of another geometrically progressive series), the first

97 and 98. It 1s cleur that a1 #, when divided by a gives #, and this is divis-
ible by r as many times as », whieh 1s accordingly the measure of the number
of terms in the series. Simularly 7 x r x 1 .. up ton tumes gives#, and

the gunadhana 1.e., ar? divided by this » gives a, which is the required first term
of the series,
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Al
term, the common ratio and the mlmP%Ar of terms thereof being
3, 5 and 15 (respectively) ®

The rule for finding oat the common ratio and the frst
term in relation to the (given) sum of a series in geometrical
progression :—

101. 'That (ymantity) by which the stn of the series divided
by the first term and (then) lessened by one is divisible throughout
(when this proceds of division after the sybtraction of ome e
carried on in relation to all the successive quotients) time after
time—(that quantity) is the common ratio  The sum, multiplied
by the common ratio lessened by one, and (then) divided by that
sclf-multiplied product of the common ratio in which (product)
that (common Yatio) oceurs as frequently as the number of ters
{in the series), after this (sawe self-multiplied product of the
common ratio) is diminished by one, gives 1ise to the first term.

Feamples i vllustration thereof.

102 When the first term is 3, the number of terms is 6, and
the sum is 4095 (in relation to a series n geometrical progres-
sion), what 18 the value of the common®ratio¥ The common
ratio is 0, tho number of terms is 5, and the sum is 3110 (in
relation to another series in geometrical progression). What ia
the first torm here ?

101. The irst part of the rule will become clear from the fullowing
example -— .
The sum of the series 18 4095, the fiist term 3, and the namber of terms G.
Here, disiding 4045 by 3 wo get 1365, Now, 1065 — 1==1364. Choosing
1864 . 310 =
by trial 4, we have 3= 341, 841 — 1 == 340, et &5, 85 - 1=:8{,
84 20, . 4
—1-—:21’ 21 — 1=20, - 789 —-1=Al,:—~
ratio. The pmaple on which this method 13 bused will bhe clear from the
following
a =1y , -] yn—1 ytt
——eed g

] =" 1 and 7 ~ 1= ——;_:I whichis obviously dimsible

1. Hence * 18 the common

by J.

. . a{rn-1) r=-1
The second part expressed algebraically iy a== —

r=1 Sy

5
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The rule for finding out the number of terms in a geome-
trically progressive series :—
" 103. Multiply the sum (of the given series in geometrical
progression) by the common ratio lessencd by one; (ther) divide
this (product) by the first term and (then) add ome to this
(quotient) The number of times that this (resulting quantity) is
(successively) divisible by the common ratio—that gives the
measure of the number of terms (in the series).

Examples mn «[lustration thereof.

104. O my excellently able mathematical friend, tell me of
what value the number of terms is in relation to (a series, whereof)
the first term is 3, the common ratio is 6, and the sum is 777.

105. What is the value of the number of terms in those
(series) which (respectively) have & for the first term, 2 for the
common ratio, 1275 fur the sum : 7 for the first term, 3 for the
common ratio, 68887 tor the sum : and 3 for the first term, 5 for
the common ratio and 22888183593 for the sum ?

Thus ends summation, the seventh of the operations known as
Parikarman.

Vyutkalita.

The rule of work in relation to the operation of Vyutkalita,*
which is the eighth (of the Pardiarman operations), is as follows :—
106. (Take) the chosen-off number of terms as combined with
the total number of terms (in the sciies), and (take) also your
own chosen-off number of terms (simply); diminish (each of)

* In 2 given series, any portion chosen off from the begmning is called 2:ta
or the chosen-off part ; and the rest of the series is called §7 a, and it contains
the remaining terms and forms the remainder-series. It is the sum of these § <@
terms which is called vyutkalsta.

106. Algebraically, vyutkalita or Sy == ; ﬁ—gi'—l b+a } (n — d), and the
sum of the isia or §, = (d -

5—.b+ a) d; where d is the number of terms in
the chosen-off part of the series,
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theso (quantities) by one and (then) halve it and multiply it by
the common difference ; and (then) add the firet term to {each of)y
these (resulting products). And these (resulting quantities),
when multiplied by the remaining number of terms and the
chosen-off number of terms (respectively), give rise to the sum of
the remainder-series and to the sum of the chosen-off part of
the series (in order).

The rule for obtaining in another manner the sum of the
remainder-series and also the sum ol the chosen-off part of the
given series *—

107. (Take) the chosen-off number of terms as combined with
the total number of terms (in the series), and (take) also the
chosen-off number of terms (simply); diminish (cach of) these by
one, and {(then) multiply by the commnon difference, and (then)
add to (each of) thesc (resnlting products) twice the first term.
These (resulting quantities), when multiplied by the half of the
remaining number of terms and by the half of the chosen-off number
of terms (vespectively), give rise to the sum of the remainder-series
and to the sum of the chosen-off part of the series (in order).

The rule for finding out the sum of the remainder-series in
respect of an arithmetically progressive as well as a geometrically
progressive series, as also for finding out the remaining number
of terms (belonging to the remainder-series) :—

108. The sum (of the given series) diminished by the gumn of
the chosen-off part (of the series) gives rise to the sum of the
remainder-series in respect of the arithmetically progressive as
well as the geometrically progressive secries; and when the
difference between the total number of terms and the choscn-off
number of terms (in the series) is obtained, it hecomes the remain-
ing number of terms belonging to that (remaiuder-series).

107. Agamn, 8p = {(n +d - 1) b+2a tgit,and Se= ! (1-1) b+2a} g



36 GAN .TASARASANGRAHA

The rule for finding out the first term in relation to the
remaining number of terms (bolonging to the remainder-series) :—

109. The chosen-off number of terms multiplicd by the common
difference and \then) combined with the first term (of the given
series) gives rise to the fist term in relation to the remaining
terms (belonging to the remainder-series) T he already mentioned
common diffexence is the common difference in relation to these
(remaining terms also) ; and in relation to the chosen-off number
of terms (also both’the first teem and the common difference) are
exactly those (which are found in the given series).

The rule for finding out the first term in rclation to the
remaining number of terms belonging to thu remainder-series in
a geometrically progressive series :—

110. Even in respect of a geometrically progressive series, the
eommon ratio and the fiist term are exactly alike (in the given
series and in the chosen-off part thercof). There is (however) this
difference here in respeet of (the first ferm in relation to) the
remaining number of terms (in the romainder-series), viz., that
the first term of the {given) series maltiplied hy that self-multi-
plied product of thé common ratio, in which (product) the
frequency of the,occurrence of the commun ratio is measured by
the chosen-off number of terms, gives rise to the first term (of the
remainder-series).

Examples wn sllustration theregf.

111. Caleulate what the sums of the remainder-sexies are in
respect of a series in arithmetical progression, the first term of
which is 2, the common differcnce is 2, and the number of terms
is 14, when the chosen-off numbexs of the terms ure 7, 8,9, 6 and 5
(xrespectively).

112. (In connection with a sories in arithmetical progression)
here (given), the first term is 6, the common differcnce is 8, the
number of terms is 36, and the chosen-off numbers of terms are 10,

109. The first term of tho 1emainder se1ics = db + a. 'The series dealt with
1o this rule 13 vbviously in arithmetical Progi ession
110, ‘The first term ol the remamder series 15 wrd,
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12 and 16 (vespectively). In conpection with another (similar
series), the first term and the other things ave 5, 5, 00 and
100 (in order). Say what the sumsare of the (corresponding)
remainder-series

113 The number of terms {in a series in writhmetical pro-
gression) is 216; the common ifference 15 &5 the first e is
14; 37 isthe chosgn-off number of terms (to be removed)  Find
the sums both of the remainder-series and of the chosin-off part
(of the given svries).

114. The first term (in a given series in anthmetical progres-
sion) is, in this (probleth), G4; the common difference is mimus |
the number of termsis 16, 'What are the sums of the remainder-
series when the chosen-olf numbers of terms are 7, 9, 11 and 129

Examples on vyutkalita on respect of w yenmetrically
PPIGICsSive $ET1es,

115. Where (in the process of veckoning of the fruits on {rces
in sertal bunches), 4 happens to be the first tern, 2 the ecommon
ratio, and 16 the numher of ternis, wiule the chosco-off number
of terms (removed) are 10, 9, 8, 7,6, 5and 4 (respectively)—
there, say, O you who kuow m‘ithmgtic; and have pencirated
into the wterior of the forest of practical mathematical operations,
(tho interior) wherein wild elephants sporte—(there say) what the
total of the remaiving fruits is on the tops uf the various good
trees (dealt with thercin).

Thus ends syutkelstu, the cighth of the operations kuown .as
Partkarman.

Thus ends the first subject of treatment known as
Paerikarman in Sarasangraha, which is a work on
arithmetic by Mahaviracarya.

-

115 In this problem, there are grvon 7 wilferent fiurt trees, ench of wiich
has 16 bunches of fruits  The lowest huneh on cach bree has § Druts, the frusts
m the higher buunehes me geometrrcally promessive e nurmben, the conmin
watio beng 25 aud 10, 9, 8,7 6, & ead L represcnt the numbers of the bunches
removed from below m o ordea from the 7 bhiees We bove to find ont ¢ the total
of {he remaming frurs on the tops of the vanrous goud drees . Maltibhasis
kridita, as 1t ogcurs in this stanza, i the name of the metre in which 1t iy
compesed, at the same time that 1 means the sporting of wild elephanes,
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CIHAPTER III.
FRACTIONS.
The Second Subject of Treatment.

1. Unto that cxcellent Lord of the Junas, by whom the tree
of karman has becn completely nprooled, and whose lotus-like feet
are enveloped in the halo of splendour proceeding from the tops of
the crowns belonging to the chief sovereigns in all the three worlds
—(unto that Lord of the Junas), I how in devotion.

Hereafter, we shall expound the second subject of treatment
known as Kalasavarna™* (s e , fractions).

Multiplication of Fractions.

The rule of work here, in relation to the mulfiplication of
fractions, is as follows ‘—

2. In the multiplication of fractions, the numerators are to
be multiplied by the numerators and the denominators by the
denominators, after carrying out the process of cross-reduction, if
that be possible in relation to them.

Eramples wn 1llustration thereof

3. Tell me, friend, what a person will get for £ of a pala of
dried ginger, if he géts 4 of a pana for 1 pale of such ginger.

4. Where the price of 1 pale of pepper is ¢ of a pana, there,
say, what the price will be of £ of a pala.

5. A person gets ¢ of a pals of long pepper for1l pana. O
arithmetician, mention, after multiplying, what (he gets) for
3 panas. )

6. Where a merchant buys % of a pala of cumin seeds for 1
pan, there, O you who possess complete knowledge, mention what
(be buys) for § panas.

7. The numerators of the given fractions begin with 2 and go
on increasing gradually by 2; again their denominators begin

* Kaldsaverna literally means parts resembling -, since kald denotes the
sixteenth part. fHence the term Kaldsavarna has come to signify fractions m
gencral.

2. When £ x 2 is reduced as 3 x }, the plocess of cross-reduction 1s applied.
7. The fra.ctlons herein mcntloned are: 3, 4%, % &e.
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with 3 and go on increasing by ,2; those (numerators and
denominators) are, in both (the cases), 10 in number Mention,
of what value the products here will he, when those (fraction.s)
are multiplied, they being taken two by two.

Thus ends multiplication of fractions

Division of Fractions.

The rule of work, in relation to the division of fractions, is as
follows :—

8. After making the denominator of the divisor its numerator
(and wice versa), the operation to he conducted then is as in the
multiplicatio (of fractions)  Or, when (the fractions constituting) )
the divisor and the dividend are multiplied by the denominators
of cach other and (these two products) are (thus reduced so as to he)
without denominators, (the operation to be conducted, 1s as in the
division of whole numbers

Examples m llustration thereof.

9 When the cost of half a pale of asafcetida is } of a pana,
what does a person get if he sells 1 pala at that (same) rate ?

10. In case a person gots 22 of a pana for J of a pulu of red
sandalwood, what will he get for 1 pale (of the same wood) ?

11. When 82 palas of the perfume nolha is obtainable for % of
a pana, what (will be obtainable) for 1 pana at that (same rate) ?

12 The numerators (of the given fractions) begin with 3 and
go on increasing gradually by 1, till they are 8 in number; the
denominators begin with 2 and are (throughout; less by ome
(than the corresponding numerators). Tell me what the result
is when the succeeding (fractions here) are divided (in order by
the preceding ones)

Thus cnds the division of fractious
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The Squaring, Square-Root, Cubing, and Cube-
Root of Fractions.

In connection with the squaring, the square root, the cubing,
and the cube roont of fractions, the rule of operation is as
follows :—

13 If, after getting the squarc. the square root, the cube (or)
the cube root of the (simplified) denominator and numerator (of
the given fraction), the (new) numerator (so obtained) is divided
by the (similarly newf denominator. there arises the result of the
operation of squaiing or of any of therother above-mentioned
{operations as the caso may be) in relation to fractions.

Eramples wm dllusiratlwon thereof

"

14. O anthmetician, tell me thesyunares of §, Z, 3, 1.8, 20, 10
and 299,

15. The numerators (of the given fractions) begin with 3 and
(gradually) rise by 2; the denominators begin with 2 and
(gradually) rise by 1; the number of thesc (fractions) is known to
be 12. Tell me quickly their squares, you who are foremost
among arithmeticians. ’

16 Tell me quickly, O arithmetician, the square roots of %,
"}: Tl?h 72“'5 and 316"

17. O clever man, tell me what the square roots are of the
squared quantities which are found in the (examples bearing on
the) squaring of {fractions and also of 878

18 The following quantities, vameoly, &, 4, 1, 1, {, 4, } and 3,
are given  Tell me their cubes separately.

19. The numerators (of the given fractions) begin with 8, and
(gradually) rise by 4; the denominators begin with 2 and
(gradually) rise by 2; the number of such (fractional) terms is
10. Tell me their cubes quickly, O friend who are possessed of
keen intelligence in calculation.

o

1
17. Here %—;L is given in the omginal as ZQO.LE_’L@
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20 Give the cube roots of 13% and 732

21. O friend of prominent intelligence, give the cube roots of
the cubed quantities found in (the examples on) the eubing of
fractions and (give also the cube root) of 2331

Thus end the squaring, square-root, cubing and cube-root of
fractions.

. 3 - - Y -
Summation of fractional series in progression.

In regard to the summadtion of fractional series, the rule of
work is as follows : —

22 The optional number of terms (making up the fractional
series in arithmetical progression) is multiplied by the common
difference, and then it) is combined with twice the first term and
diminished by the common difference  Anl when this (resulting
quantity) is multiplied by the balf of the number of texms, it gives
rise to the sum n relation to a fractional series {(in arithmetical
progression)

Ezamples in dllustratum Shereof.

23. Tell me what the sum is (in relation to a series) of which
2 1 and § are the first term, the common difference and the
number of terms (in order); as also in relation {o another of
which 2, 8 and 2 (constitute these elements).

2+ The first term, the common difference and the number of
terms are £, 1 and ¥ (in order in relation to a given sertes in
arithmetical progression) The numerators and denominators of
all (these fractional quantities) are (successively) increased by 2
and 3 (respectively} until seven (serics are so made up). What

is the sum (of each of these) ¥

22 Algebraically § = {nb+2a-6) 7: . Ct note under 62, Chap. I1.

23, Whenever the number of terms in a seried s e1ven as a iraction, as hers,
it is ewident that such a series cannot generally be formed actually number of
terms. But the intention seaws to he to stow that the rule holds good even
in such cases
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The rule for arriving, in relation to (a series made up of any)
optional number of terms, at the first term, the common difference
and the (related) sum, which is equivalent firstly to the square
and secondly to the cube (of the number of terms) : —

25. Whatever is (so) chosen is the number of terms, and one is
the first term. The number of terms diminished by the first term,
and (then) divided by the half of the number of terms diminished
by one, becomes the common difference. The sum (of the series)
in relation to these ir the square of the number of terms. This
multiplied by the number of terms becomes the cube thereof.

Bxamples m lustration thereof.

26. The optional number of terms (in a given series) is (taken
to be) 2; and the numerator as well as the denomihator (of this
fraction) is (successively) increased by one till ten (such different
fractional terms) are obtained. In rvelation to these (fractions
taken as the number of ters of corresponding arithmetically
progressive series), give out the first term, the common difference
and the square and the cube (values of the sums in the manner
explained above).

The rule for finding out the first term, the common difference
and the nuomber of terms, in relation to the sum (of a series in
arithmetical progression) which (sum) happens to be the cube of
(any} chosen quantity :—

27. One-fourth of the chosen quantity s the first term; and
from this first term, when it is multiplied by two, results the

25. It 18 obvious that, in the formula S = g (2a +n—1.8), the value of §

becomes equivalent to n* whena = 1, and b =Q‘,n___‘i%§ In the multiplication of

this sum by #, there 18 necessarily involved the multiplication of a as well as of b
by n,80 that, whenae=mnand b = L“?zms =n8 A httle conmderation will show
ki

—
2(n «a)
n—
whatever may be the value of a, whether fractional or integral
27. This rule gives only a particular casc'of what may be generaily apphed.

The rule as given here works out thns l; + % + % + . up to 2z terms

how the value,of b as makes 16 poseible to airive at 2 as the value of §
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nmon difference. The common difference multiplied by foar
the number of terms (in the reqnired series) The sum g
ated to these is the cube (of the chosen quantity)

Examples v dlustration thereof

28 The numerators begin with 2 and aré successively increased

1; the denominators begin with 3 and are (21-0) successivaly
sreased by 1% and both these kinds of torms (namely, the
merators and the denominators, ave {severallv) five (in number).

relation to these (chosen [ractional quantities), give ont, O
end, the cubic sum and the (corresponding) first terin, common
fference, and number of terms

The rule for finding ont, from the known sum, first term and
mmon difference (of a given series in arithmetical progression),
e first term and the common difference (of a series), the optioually
osen sum (whereof) 1s twice, three times, half, one-third, or some
ch (multiple or fraction of the known sum of the given series) :—

29. Put down in two places (for facility of working) the
osen sum as divided by the known sum  This (quotient), when
ultiplied by the (knownj common difference, gives the (requived)
mmon difference—and that (same guotient), when mulliplied
r the (known) first term, gives the (vequired) first term—of (the
ries of which) the sum is either a multiple or & fraction (of the
10wa sum of the given series).

FBaxamples (n dlustration thercof

30. The first term (of o series) is §, the common difference is
and the number of terms common (to the given as well as the

':T (2z)f =% The generalapphicabihty of this process can be ov onee made oyt

ym the equality, _xg x (pz)* = % su that in allsuch caves the number of terms
E

_the seres 15 obtaned by multiply ing by p* the first term, which 18 representoble

-%‘ ; and the common difference is of convse takenm to be twice this fivst term
4

every case.
29. See nots under 84, Chap, II.
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required series) is (taken to be) § The sum of the required
geries is of the same value §) Kind out, O friend, the first term
and the common difference (of the required series)

31 The first term 1s twice the common difference (which 1s
taken tobe 1) ; the number of terms 15 (taken to bej 4. The sum
of the required series is &7 Find out the first term and the
common difference.

32. The first term is 1, the common difference is 2 and the
number of terms common (to both the given as well as the required
geries) is (taken to be) 4. The sum of-the required series is $2.
Gtve out the first term and the common difference (of the required
series).

The rule for finding out the number of terms (in a series in
arithmetical progression) :—

33. When, to the square root of (the quantity obtained by) the
addition, of the square of the difference between the half of the
common difference and the first term, to twice the common
difference multiplied by the sum of the series, half the common
difference is added, and when (this sum is) diminished by the first

term, and (then) divided by the common difference, (we get) the
number of {exms in che series.

1ie (the author) states 1n another way (the rule for finding out)
the game (number of terms) :—

34. When, from the square root of (the quantity obtained by)
the addition, of the square of the difference between the half of
the common difference and the first term, to twice the common
difference multiplied by the sum of the series, the ksépapada is
subtracted, and when (this resulting quantity is) divided by the
common difference, (we get) the number of terms in the series.

b
v 2 s +<3—a ) 2 +%...a
83. Symbolically expressed, n = = z » Cf, note nnder
69, in Chap, II.
84, For ksipopada, see note under 70 in Chap. II,
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Ezxamples wn ollustration thereof.

85. In relation to this (given) series, the first term is 2, the
common difference is }, and the sum given 1s {;; again (inrelation
to another series), the common difference 1s 2, the value of the first
term is §, and the sum 1s ;% In respect of these two (scries), O
friend, give out the number of terms quickly

The rule for finding out the first term as well as the common
difference :— N

36 The sum (of the series) divided by the mumber of terms
(therein), when diminished by (the product of) the common
dafference multiplied by the half of the number of terms less by
one, (gives) the first term (of the series) ‘I'he common difference
is (obtained when) the sum, divided by the number of terms and
(then) diminished by the first term, is divided by the half of the
number of terms less by one.

EBxamples wn rllustrateon thereof.

37. Give out the first term and the common difference (res-
pectively) in relation to (the two series characterised by) 2% as
the sum, and having § (in one case) as the common difference
and 4 as the number of terms, and {in the other case) 2 as the
first term and £ as the number of terms.

The rule for finding out in relation to two (series), the number
of terms wherein is optionally chosen, their mutually interchanged
first term and the common difference, as also their-sums which
may be equal, or (one of which may be) twice, thrice, half or one-
third (of the other) :—

38. The number of terms (in one series), multiplied by itself
as lessened by ome, and then multiplied hy the chosen (ratio
between the sums of the two series), and then diminished by twice
the number of terms in the other (series, gives rise to the inter-
changeable) first term (of one of the series). The square of the

36. 8ee note under 74, Chap. IT.
38, See note under 86, Chap, II,
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(number of terms in the} other (series), diminished by that
(oumber of terms) itself, and (then) diminished (again) by the
product of {wo (times) the chosen (ratio) and the number of terms
(in the first scries, gives rise to the interchangeable) common
difference (of that series).

Brxamples wn 1llustration thereof.

39 In relation to swo series, having 104 and 9% to (respectively)
represent their number of terms, the first term and the common
difference are interchangeable, the sum of one (of the series) is
either a multiple or a fraction (of that of the other, this multiple
or fraction being the result of the multiplication or the division as
the case may be) by means of (the nataral numbers) commencing
with 1. O friend, give out (these) suwns, the first terms and the
common differences

The rule for finding out the gunadhana and the sum of a series
in geometrical progression :—

40. The first term (of a series in geometrical progression), when
multiplied by that self-multiplied product of the common ratio,
in which (product) tae frequency of the occurrence of the common
ratio is measured by the number of terms (in the series), gives
rise to the gunadhone. And it has to be understood that this
(gunadhana), when diminished by the first term and (then) divided
by the common ratio lessened by ome, becomes the sum of the
series in geOmetrical progression.

The rule for finding out the last term in a geometrically
progressive series as well as the sum of that (series) :—

41. The anfyadhana or the last term of a series in geometrical
progression is the gunadhana of (another series) whevein the number
of terms isless by one. This (antyadhana), when multiplied by the
common ratio and (then) diminished by the first term and (then)

40. See note under 93, Chap. IL.
41. See note under 95, Chap. IL,
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divided by the common ratio lessened by ome, gives rise to the
sum (of the series)

An example wn illustration thereof.

42. In relation to a series in geometrical progression, the first
term is %, the common ratio is  and the number of terms is here 5.
Tell me quickly the sum and the last term of that (series)

The first term, the common ratio aud the number of terms, in
relation to the gunadhana and the sum of a serics in geometrical
progression, should also Lt found out by means of the rules stated
already (in the last chapter).*

The rule for finding out the (common) first term of two series
having the same sum, one of them being in arithmetical progression
and the other in geometrical progression, their optionally chosen
number of terms being equal and the similarly chosen comrmon
difference and common ratio also being equal in value.

43. One is (taken as) the first term, the number of torms and
the common ratio as well as the common difference (which is equal
to it) are optionally chosen. The uttaradhana (here), divided by
the sum of this geometrically progressivé.senes as diminished by
the ddidhana (thercof), and (then) multiplied by whatever is taken
as the first term, gives rise to the (required common) first term in
relation to the two series, (one of which is in geometrical progres-
sion and the other in arithmetical progression, and both of) which
are characterised by sums of the same value.

* For these rules, see 97, 98, 101 and 103, Chap. IT
43, For ddidhana and uttaradhana, see note under 63 and 64, ("hap 11 This

rule, symbolically expressed, works out thus a=—;—-i—— —wlere é =17
("=1)1
e el TR 4
r—1
For facility of working, 1 1s chosen as the provisional first term, but it is obvious
that any quantity may be so provisionally chosen. The use of the provisional
first term 15 seen in facihitating the statement of the rule by mecans of the
expressions ddidhana and wtteradhana. The formula here givenis obtained by
equating the formulie giving the sums of the geomctrical and the arithmetical
series. It is worth noting that the word caya1s used lere to demote both the
common differcuce in an aritlumetical and the common ratio in a geometrical seres.
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FExamples in illustration thereof.

44. The number of terms are 5, 4 and 3 (respectively) and the
common ratios as well as the (equal) common differences are ¢, &
and % (in order). What is the value of the (corresponding) first
terms in relation to these (sets of two series, one in geometrical
progression and the other in arithmetical progression), which are

characterised by sums of the same value ?

Thus ends the summation of fractions in series.

Vyutlalita of fractions in series.

The rule for performing the operation of wyutkalia is as
follows :—

45. (Take) the chosen-off number of terms as combined with
the total number of terms (in the series), and (take) also your
chosen-off number of terms (separately) Multiply each of these
quantities by the commnon difference and diminish (the products)
by the common difference; (then) multiply by Zwo; and these
(resulting quantities), when multiplied by the half of the remaining
number of terms anl by the half of the chosen-off number of
terms (respectively), give rise t> the sum of the remainder-series
and to the sum of the chosen-off part of the (given) series (in
order).

The rule for finding out the first term in relation to the
remaining number of torms (making up the remainder-series) : —

46 The first term (of the series), diminished hy the half of the
common difference, and combined with the chosen-off number of
terms as multiplied by the common difference, as also with the half
of the common difference, (gives) the first term of the remain-
ing number of terms (making up the remainder-series). And the
common difference (of the remainder-series) is the same as what is
found in the given series.

45. Cf. note under 106, Chap. IL.
48. Cf. note under 109, Chap. II.
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47. Iiven 1 respect of a geometrically progressive series, the
common ratio aud the first term are dsaetly elike (in the given
series and in the chosen-off part thereef}  Theia is (however) this
difference here in respect of (the fivst {erm ameng) the reinaining
number of terms {constituting the remamder-series), viz , that the
first term of the (piven) series rnu}ﬁphod v that self-multiplied
product of the common ratio, in which pmd'tct‘ the frequency ol
oceurrence of the comiaon ratio 1s measured by the chosen-off unmber
of terms, gives rise to the first term (of the yemainder-saries).

Ernmpls o dlustralion thereof

48. Culculate what the sum of the remainder-series is in
relation to that (series) of which § is the common difference,  the
first term, afhd ¢ is (taken to be) the number of terms, when the
chosen-off number of terms (to be removed) is {taken as) &

49 In relation to a series in arithmetical progression, the first
term is %, the common difference is 4, and the nuniber of terms is
(taken to be) 2. When the chosen-off number of terms (to be
removed) is (taken as) §, give out, O you who know caleulatioy,
the sum of the remainder-series.

50 What is the value of the sunr of {he remainder-eries
in relation to a series of which the fitst texy is f, the commen
difference is 1, aud the nuaber of terms iy { *aken to he) &, wheu
the ehown-oft number of terms is 44 *

51. The first terin 15 2, the common diflerence is [, aud the
number of Terms is (taken as) 3, and the chosen-off nwrber of terins
13 taken to Le 3, 3 or & O vou, who, hemg the uboly of Lo,
are the moon shining with the moou-light of wisdow, tell e the
sum of the remaining nnmber of teris

52, Caleulate the sum of the remaming puminer of ferws in
yelation to a seics of which the nnmber of terms Is 12, the
commen ditference 15 mamps £, and the frst terw is 43, the chosen-
off number of terms heing 3. 4, 5 or &

i7. Soe note under 110, Chap IH
% Fuldis here need in the doably sense o *learng” awd *the digns ol o o

woon
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Example in illustration of vyutkalita in relation to a seriesin
geometrical progression.

53 The first term is 73, the common ratio is 4, and the
number of terms is 8 ; and the chosen-off number of terms is 3, 4
or 5. What are the first term, the sum and the number of terma in

relation to the (respective) remainder-series ¥

Thus ends the syuthubita of fractions,

The six varieties of fractions.

Hereafter we shall expowud the six varieties of iractions,

54, Bhiya (or simple fractions), Prabhrdga (or fractions of
fractions), then Bhdgabhdgn (or complex fractions), then Bhagdnu-
bandha (or fractions in association), Bldgdpawvdha (or fractions in
dissociation), together with Bhdgamdtr (or fractions consisting of
two or more of the above-mentioned fractions)—these are here said
to be the six varietics of fractious.

Simple fractions: (addition and subtraction).

The rule of ofieration in conunection with simple fiactions
therein :—

55. If, i the operations relating to simple fractious, the
numerator and the denominator (of each of two given simple
fractions) are multiplied in allernation by the quotients obtained

5% T1he meth.d of reducing fractions fo common denominators desenberd m
tius rale wpphes only to paus of fractions
following worked out example  ~

To munplfy L 4 b Here, a
ay %

The r1ule will he deax from the

and i are to be multiphed by z which is
the quotient obtamed by diniding yz, the denomnmator of the other fracticn, by

y which is the common factor of the denommators. Thus we get .
’ zYz
Similarly . the second fractim, Ly multiplying band yz by @ which 1z the
guotient obtained by dividing the fivst denominator xy by y the common facior,
wegeb B2 Now ® +~b5ﬂ az + b
&Y

[

Yz Xy xys o wys
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by dividing the denominators bv smeans of a comon factor
thereof, (the yuotient derived from the denominator of either of the
{ractions bemg used m the multiplication of the numeratm and
the denominator of the other fraction), those ({ractions) hecome so
reduced as to have equal denominators. Then) removing one of
these (equal) denominabors, the numerators are to he added (to one
another) or to be subtracted (from one another, so that the result

may be the nmerator in relation to the other equal denominator:
Al

Another rule for amiving at the common denominator n
another manner :—

The wernddhe (or the least common multiple) v obtained
by means of the coutinued multiplication of ¢ all) the ( pussible)
comion factors of the denominators and all, their cuitimate)
quotients. In the case of 1all; such multiples of the denominators
and the numerators 1of the given fractions , @, are obtumed by
multiplying those (denominators and numeratorss by aneans of
the quotients derived from the division of the seruddia by the
(respective) denominators, the denominators become equal (in
value,.

Lvamples on dldustration ihereof.

57 wund 08. .\ 1Aculee purchased, for the worship of Jina,
Jambuy fruits, limes, cranges, cocoanuts, planfains, mangoes and
pomegranates for %, 1, 15, 2% s o' and & of the golden coin in
order; lell {me) wkat the esult s whcu these {ractions) are
added together.

59. Add together 5 3o w5 4k and gy

(There arc 3 scts of fractions), the demominalois whereof
begm Wlth 1,2 and 3, {respectively) and go on increasing gradually
by one till the last of such denominators) becomes 9, 10 and

L0. The 1esulting problems aie to find the values af—

1) s+ ST T
'lez zxs*ayx‘* texnt g
9
‘”)zx"'*’ 3% ‘Lxd’*' S '+"><m+1o
3 3 B 3
“"’3><4.‘*4¢><5+ FXeT TNt i
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6 (in order in the respeetiv® sets); the numerators (of these sets
ira

'
of fraciions’ aro of the same m!'m as the ft number (in these

w

ets of denominators). and evers one of these (above-mentioned
denomiinators m cach set) v maliiplicd by the noxt one (the last
denominator, however, remaining in each case unchanged for want
of a further mulhplymcr denominator)  What is the snm of (each
af) these (finelly resulting sets of fractions 7

81 and 62 (There are 4 sets ol fractious), fhe denominators
whareol begin with 1, 2, 3and 4 (respectively) and rise succes-
sively in value by 1 until 20, 42, 25 and 36 beeome the last
(denominators in the several sets) i order; the numerators of theso
(sels of fractions) ace of the <ame valne a-the first number (in
these sels of denominators.  Andeovery one of these (lenominaters
in each set) is multiplied iu order by the uext oune, (the last
denominator, however, rumaining unchanged in each case).  What
is tho sum on adding thess (finally resulting sets of fractions)?

63 A man purchased on account of a Jina-festival sandal-
wood, camphor, ¢garu and saffron for 1, 31, % and % of a golden
coin. What is the remajnder (leit thereof) ¥

64. A worthy srdvake gave me two golden coins and told me
that I should bring," for the purpose of worshipping in the temple
of Jina, blossomed white lotuses, thick curds, ghee, wmilk and
sandal-wood for f, 1, 1, % and 5 of a golden coin, (vespectively,
out of the given amount). Now tell me, O arithmetician, what
remains after subtracting the (various) parts (so spent).

65 and 66. (There are two sets of fractions) the denominators
whereof begin with 8 and § (respectively) and rise in both cases
successively in value by 1, until 30 becomes (in both cases) the last
(denominator). ‘The numerators of these {scts of fractions) are of
the same value as the first term in cach (of these sets of denomina-~
tors). And every one of the denominators (in each sef) is multi-
plied by the next one, the last (denominator) being (in cach oase)
multiplied by 4. After subtracting from 1, (each of) these two
(suras obtained by tho addition of the sets of fractions finally
resulting as above), tell me, O friend, who have gone over to the
other sheve of the ocenn of simple fractions, what it is that xemains.
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67 to T1. The denominators (of aertain given fractions) are
stated to be 19, 23,62, 20, 123, 35, 188, 87, 08,47, 140, 141, 113,
31, 92,57, 73, 55, 110, 49, 74, 219, (in nw](» i muzl the numerators
hegin with 1 and rise suecessively in value by 1 (in order’.  Add
(all) these (fractions) and give the result, O yon who have reached
the other shiore of the oeean of simple fraettons.

Here, the rule for arviving at the mumerators, when the denoe
minators and tlm sum of g nwnber of fractions ave given, is as
follows) :—

Make one the numerator \In relation to all {the given deno-
minators) ; then, multiply by weans of suck ‘numbers' as are
optionally chosen, thuse nmmerators which (ave derived from these
fractions so as to).bave a common denomiuator. (Here, those
{numbers) turn out to be the require:d mumerators, the swm of the
products whereof, ebtained by mulsiplying theur with the nuwera-
tors (derived us above;, is equal to the nnaeraror of ) the given
sam (of the fractions concerned ;.

The rale for arviving at the nmnerators, (the denominators and
the sum being given as before), in relation to such {fractional)
quantitics as have their.numeratoes (successively) rising in value
by one, when, in the {given) sum {of thesoe fractions), thoe deno-
minator is higher in value than the numerator :—

73. The quoticnt obtaived by dividing the (given  sum {of the
fractions concerned) by the sum of those (tentative fractions)

72. Thisrale will become clear from the working of the example in stanza
No. 74, wherein we assume 1 to bo the pravi&'ioml numerator in relation to cach
of the given denominators ; thus we get §, 10 and ¢y, which, being rednced so as to
have a common devominator, become §3%, ¢4% and §%¢ When the numerators are
waltiplied by 2, 3 and 4 in order, the sum of the products thus obtained becomes
equal to the numerator of the given suni, namely, 877, Henee, 2, 5, and 4 ave the
vequirved numeérators. Here it may be pointed out that this given sum also must
be understood fo have the same denominator us the coramon denominator of the
fractions.

73. To work out the smn given under 74 below, aveording to this rule :—

Reducing to the same denominator the fractions formad by assuming 1 fo be the
numerator in relation to each of the given dencminaiors, e aot 43 U and ¢
Dividing the given sum $4% by thie sum of these fractions { Fa4 we get the quotwn'
2, which is the numerator in relation ro the first denoxeinstor.  The remainder 279
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which, (while having the given denominators), have one for the
‘numerators and (ave then reduced so as to) have a common deng-
minator; heeomes the (first requived) numerator among those which
(successively | vise in value by one (and arc to be fonnd out) Oy
the remainder (obtained in this division) being divided by the
sum of the other nunierators thaving the common denominatoy as
ahove), it, (7e., the resulting quotient), hecomes another (viz., the
second requlred\ numeza’rox (it added to the fvst oue already
obtained) Tn this manner (the problem has to be woiked out)
to the ond

An ecample o llusty alvon thercof.
74. The sam of (eertamn numbers which are divided (respect-
wely) by 9, 10 and 111 &7 as divided by 990 Give out what
the numerators are (in this operation of adding fractions)

The rule for arriving at the rrequired) denominators (is as
follows) :—

75. When the sum of the (differentfiactional) yuantaties Lav ing
one Lor thelr numerators is owe, the (required) denominators are such
as, beginning with one, are in order multiplied 'successively) by

cblained in this divisioh s then dinded by the stn of the romaming provisional
numerators, 1.0, 189, giving the quotient T, wliaeh, combined with the numeratoy of
the st fraction mamely 2, becomes the numerator in relation to the second
denominator.  The yemamder in ths second division, viz,, 90, is divided by the
provisional nurae:ator 40 of the lasi fraction, and the quotient 1, wheu combined
with the numerator of the previous fraction, namely 3, gives rse 1o the numera~
tor in relation to the last denominator Hence the fractions, of which 5§Lig
the sum, are %, ¥ and 37,

1t is noticcable here that the numeiators successivoly found ont thus become
the 1equired numerators in relation to the given denominatois mn the order in
which they are giveu.

Algelnaically also, given the denomwatorsa, b § ¢, respect of 3 fractions
bee + (& + Dac + (# + 2)ab
T T ek T

& + 2 arve easily found out by the method as given above.

73. In working out an example according to the method stated hevein, it
will be found that when there are = fractions, theve wie, after leaving out
the first and the lust fractions, n ~ 2 teims in geometiieal progiession with 3 as
the first t«,rm and } as the common ratio The sum of these n -~ 2 terms is

{1_ J)n .3 1

1
, wlich when reduced becomes } — ?m; which is the same

whose sum s , the numerators «, ¢ + 1 and
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Al

three, the first and the last (dewominators so obtaived: leing
. . . i K .

(however ) multiplied (again by 2 and % rrespectively:.

3
Ezamples wm (lustration thereof.
76, The sam of five or wix or seven (different fractional)
quantities, having 1 for (each of) their nnmerators, is 1 (in each
» . )
case) O you, who know amthmetic say what the required;
denominators are.

The rale for finding out the denominators m the case of au
nueven wunber rof {ractibng) - —

77. When the sum of the (ifferent fractional, quantities having
one for each of then numerators, s one, the required) denominators .
are such as, Beginning with ‘w0, go on  successively rising in value
by one, each (such denominator) being (further) mnltiplied by that

e L i ___]_- From il atas eloar that, when the fust fraction ! and
as P VRN
1
the last fraction - gy e added to tlus last 1esult, the sum beeomes 1,
3 ¢

Tn this connection it may be noted that, m a scries in geometiical progression
1 1 .
consisting of n terms, h:wing; as the Arst terw ald o the common ratio, the

¢

1
sum is, for all positive ntegral values of a, less than 1 by o T the

a
(7 + Dthterm in the series. Thevefore, if we udd to the sum ot the series 1

I
geometrical progression Ty X the (n + Dith term, whichs the last fraction

o
, . 1
according to the rule stated in thisstanzu. wo wot e—=1 Td s - 1 we
a -2 a —2
have to add T order to get 1 as the sam. This @ - 1 '~ wennioned in the

rale as the first fraction, and so 8 15 the valae chosen fm a, sinee the nutaeraro
of all the fractions has to he 1.

; ) 1 1 1
77. Here nute Tx G v g Bx b} T Fs ot +(a1—:'1)—ﬂ.x A
] 2 K
Killosout
wx
.1 1 1 1 ]
“2‘L2x3+3x¢4—4‘35+"' +n(n-l)+n}
1 1 1
=2{(G -4+~ RN N
{(% NFE G-+ -4 +("__J n)+ n }

== 2 v b=l
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(number) which is (immediately) next £o it (iu value’ and then
halved.

The rvule for arrving ab the (required denvminators (in the
case of certain intended Iractions), when their numerators arve
(each) one or other th%u one, and when the (fraction constituting
their) sam has one for 16s namerator: -

78. When the sum (of certain intended fractions) has one for
its numerator, then (#heir required denomimatorsare arrived at by .
taking) the denominator of the sum to be that of the first
(quantity}, and (hy taking) tins (denominator) vombined with ibs
own (related) numerator to be (the demominator) of the next
(quantity) and so on, and then by multiplying (further each such
denominator in order) by that which is (immediatelj) next to it,
the last (denominator) heing (however multiplied) by its own
(velated) nuwmerator.

Ceanples on dllustration thereof.

79. The sums (of certain intended fractions) having for their
numerators 7, 9. 3 and 13 (zespectively) are (fivstly) 1, (secondly)
4 and (thirdly) 1. Say wbat the denominators (of those fractional
quantities) are.

The rule for arriving at the denowinators (of certain intended
fractions) having one for their numerators, when the sum (of those
fractions) has one or fany gnantitv) other than ome for its
numerator : —

78 Algebracally, if the sum s Tt-, and a, b ¢, and d are the given numer atorvs,

the fractivns summed up a1e as beiow

a b ¢
“rz(:x+a)+(n +ey(n+ a+ b)+(71+a~‘-b)(v1+(1+ b+ ¢)
d
d(s +a+b+ 0
olataeb) tbu  c+mtavd
D N U S I N Ry ey et
(n+ a){a+ 1) 1

n{m+a)(n+a +b) )
¢ +b+n 1
R S
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80. The denominator (of the given sam), when combined with
an optionally chosen quantity and then divided by the numeratcy
of that sum 8o as to leave no romainder, hecomes the denominator
related to the first numerator (in the intended series of fractions) ;
and the (above) optionally chosen quantity, when divided by this
(denominator of the first fraction) and by the denominator of the
(given) sum, gives rise to (the sum of) the remaining (fractions in
the serics) From this (known sum of the remaining fractions in
the series, the determination) of the other (. donominators is to he
carried out) in this very Tanner.

Examples in illustration thereof.

81. Of three (different) fractional quantities having 1 for each
of their numerators, the sum is £; and of 4 (such other quantities,
the sum is) 4. Say what the denominators are

The rule for arriving at the denominators (of certain intended
fractions) having either one or (any number) other than one for
their numerators, when the sum (of those fractions) has a numerator
other than one :—

82 When the known numerators are multiplied by {certain)
chosen quantities, so that the sum of these (products’is cqual to
the numerator of the (given) sum (of the intended fractions), then,
if the denominator of the sum (of the intended fractions) ia
divided by the multiplier (with which a given numerator has) itselt
(been multiplied as above), it gives rise to the required denominator
in relation to that (numerator).

o . 1
80. Algebraically, 1t 18 the sum, the fiest fractionis -~ - | and the sum
° 1" n+ p

a

n

T N
i

, /
of the remaimng fractions 1s mentioned 1n the rele to be - —_';‘l-r swhere p1s the

optionally chosen ¢uantity  This -i-w 18 ohtamed obviously by simphfying

———

32

@ 1
T n
@

We must here give such a value to p (hat & + p becoues exactly divisible by a.
8
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Examples wi {llustration thereof.

83. Say what the denominators are of three (different fractional)
quantities each of which has1 for its numerator, when the sum
(of those quantities) is £3.

84. Say what the denominators are of three (fractional quanti-
ties) which have 8, 7 and 9 (respectively) for their numerators,
when the sum (of those quantities) is 7§.

<

The rule for arniving at the denominators of two (fractional)
quantities which have oue for each of thelr numerators, when the
sum (of those quantities) has one for its numerator :—

85. The denominator of the (given) sum multiplied by any
chosen number is the denominator (of one of the intend=d fractional
quantities); and this (denominator) divided by the (previously)
chosen (number) as lessened by one gives rise to the other
(vequired denominator). Or, when in relation to the denominator
of the (given) sum (any chosen) divisor (thereof) and the
quotient (obtained therewith) are (each) multiplied by their sum,
they give rise to the two (required) denominators.

Ezamples m illustration thereof.

86. Tell me, O y%u who know the principles of arithmetic,what
the denominators of the two (intended fractional) quantities are
when their sum is either ¥ or 1.

The first rule for arriving at the denominators of two
(intended fractions) which have cither one or (any number) other

. 1
85. Algebraically, when ~ 18 the sum of Lwo intended fractions, the fractions
n

. . 1 1
according to this rule are pert and e where p 18 any chosen quantity It will
i Il
P -1
bs seen at once that the sum of these two fractions 1s L
3
\ A | .
(b, when the som is o the fractions may be taken to be

!
ba+ny '

1
Z(T«l_:bﬂ)— and
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than one for their nmmnerators, when the sum (of thosc fractious)has
either one or (any number) other than one for its numerator :— ,

87 (Either) numerator mulitiplied by a chosen (number), then
combined with the other numerator, then divided )y the numerator
of tho (given) sum (of the intended fractions) so as to leave mno
remainder, and then divided by the (aboye) chosen number and
mulitiplied by the denominator of the (above) sum (of the intended
fractions), gives rise to a (required) demominator. The denomi-
nator of the other (fraction), however, s this (denominator)
multiplied by the (above) chosen (quantity).

Lizuinples tn dlusty wlion theien).

88. Say what the denominators are of two (intended fractional)
quantities which have 1 for each of their numerators, when the sum
(of those fractional quantities) 1s either } or 2; as also of two

(other fractional quantities) which have 7 and 9 (respectively) for
(their) numerators,

The second rule (is as follows ) :—

80. The numerator (of onc of the intended fractions) as
multiplied by the denominator of the sum (of the intended
fractions), wheu combined with the other rfumerator aud then
divided by the numerator of the sum (of thoe intended fractions),
gives rise to the denominator of oue (of the fractions). This
{denominator), when multiplied by the denominator of the sum
(of the intended fractions), becomes the denominator of the other
(fraction).

87 Algebracally, if "L i the sum of two infended fractions withz and b
n

o g
3 3 S X e aqd < -~ -~ - Yhere
4% thewr numerators, then the fracuons are ) T e 0 ) P
. W P [ P P
is anv nuwber so Chosen that ¢z + b s divisible by i The swniof tuese fractions,

. om
it will be found, is o

89. This rule is only w puxticular case ol therulegiven in stuvza No. 87, 48
the denomimator of the sum of the intended fractions isatself substitnted in this
rale for the guantity to be chosen in the previous rule.
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Ezamples . dllustration thereof.

90. O friend, tell me what the denominators are of two (frac-
tional) quantities which have 1 for each of their numecrators,
when the sum (of thoso mtended fractions)is 2; asalso of (two
other intended fractions) which have 6 and 8 (respectively) for
(their) numcrators,

91 Thesumof §, 4, % and 75 is 1. When 4% is left out here,
what two (fractions) having 1 (for cach of their numerators) have
to be added (instead sb as to give tLe same total) ?

92. The sum of %, %, £ and J5is T If 3% isleft out here,
wlat {wo (fractions) having 7 and 11 for their numerators should
be added (instead so as to give the same total) P

The rule for arriving at the denominators (of a number of
intended fractions) by taking (them) in pairs—

93. After splitting up the sum (of all the intended fractions)
into as many parts having one for cach of their numerators as
there are (numbers of) pairs (among the given numecrators), these
(parts) are taken (severally) as the sums of the pairs; (and
from them) the (required) denominators are to be found out in
accordance with the rule relating to two (such component
fractional quantities).

Ezamples w dlustration thereof.

94. What are the denominalors of (those intended) fractions
whose numerators are 3,5,18,7, 9 and 11, when the sum of (those
fractional) quantities is 1 ox £°?

The rule for arriving at (a number of) denominators, with
the help of the denominators that have one as (their corresponding)
numerators and arc arrived at according to one of the (already
given) rules (for finding out the denominators), as also with the
kelp of the denominators that have one as (their corresponding)
numerators and are arrived at according to any other of those

98. The rules velating to two froctional quantities have been given in glanzas
R, 87 and 89.
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rules, when the sum (of all the intended fractions) is ome; and also
(the rule) for getting at (the value o%) the pait that 1s Teft out 14—

95. The denominators derived in accordance with {any) chosen
rule, when (sevorally) multiplied by the denominators derived 1m
accordance with ancther rule, become the (vequired) denominators.
The sum (of all the fractions), diminishgd Ly the smm of the

specified part (thereof), gives the measure of the optinnally left-
out paxrt.

Examples o dlustralion thé) euf .

96 The number of ffactions (obtamed) by rule No. 77 is 13,
and 4 (is obtained) by xule No 78. When the sum (of the
fractions arrived at with the help of these rules)is 1, how many
are the (corgponent) fractions ?

97. The number of fractions (obtained) by rule No.78 is 7,
and 3 (is obtained) by rule No 77. When the sum (of the frac-
tions arrived at) with the help of these (rules) is 1, how many are
the (component) fractions ?

08 Certain fractions are given with 1 for cach of their numer-
ators, and 2, 6, 12 and 20 for their respeetive denominators. The
(fifth fractional) quantity is here left out. 'The sum of all (these
five) being 1, what is that {(fractional) quautity (which is left
out) ?

Here cnd Simple Fractions.

Compound and Complex Fractions.

The rule for (simplifying) compound and complex fractious i~

99 In (simplifying) compound fractions, the multiplication of
the numerators (among themselves) as well as of the denominators
(among themselves) shall be (the operation). Iu the operation (of
simplification) relating to complex fractions. the denominator of
(the fraction forming) the denvminator (hecomes) the multiplier
of the number forming the mumerator (of the given fraction).

99. The complex fraction here dealt withs of the sorl which s an nteger
for the numetafor und a truction for the denominator.
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Ezamples w compound fract.ons.
L

-

jusamines, kétakis and lilics were purchased in return for the pay-
ment of L of 1,2 of 4, Jof Jof 4, Lof Jof4, Lol 3ot &, 3ol
Lofl, 31 of fof gof J.50f dof Fof % of 4,3 0f%of Lofl
and 1 of &, of a pana, eSum up these (paid quantities) and give
out the result.

103 and 104. A certan person gave (to a vendor) 4 of 1,
Lofhofk, 2of %, 202, and §of, (of a paua) out of the 2
panas (in his possession), and brought fresh ghee for (lighting) the
lamps in a Jina temple. O friend, give out what the remaining
balanece is ,

105 and 106. If you have taken pains in connection with
compound fractions, give out (the resulting sam) after adding these
(following fractions) :—=2 of 4, 22 of %, 1% of 3%, Fof §, & of §
and } of £ of 1.

c 100 to 102. To offer in worship at the feet of Jina, lotuses,

The rule {or finding out the one unknown (element common
to each of a set of compound fractions whose sum is given) *—

107. The given sum, when divided by whatever happens to ho
the sum arrived at in accbrdance with the rule (mentioned) beforc
by putting down onedn the place of the unknown (clement in the
compound fractions),gives rise to the (required) unknown (element)
in (the summing up of) compound fractions.

An example m illustration thereof.
108. The sum of 4, ¢ of §,% of 3,4 of  of 4, of a certain
quantity is 3. What is this unknown (quantity) ?

The rule for finding out more than one unknown (clement,
one such oceurring in each of a set of compound fractions whose
sum is given) —

109. Make the unknown (values of the various partially known
compound fractions) to be (equivalent to) such optionally chosen

109. Thus rule will Le cleuar f1om the following working of the problem given
m stanza No, 110 —

Sphttig up ¥, the suin of the intended fractions, mto 3 fractions according
to rule No. 78, we get 4, ' and 4. Making these the valups of the three
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quantitios, as, (being equal in number fo the givon compound frac-
tions), have their sam equal to the given sum (of the partially
given compound fractions) : then, divide these (optionall ¥ chosen)
values of the unknown (compound-fractional) qnantities by (their)
known (elements) respectively,

An example m dllustralon thereyf.

110. (The following partially known compound fractions, viz.,)
3 of a certain quantity, £ of } of anothef (quantity), and } of
4 of (yet) another (quarstity give rise o) 1 as (their) sum. What
are the unknown (elements here mn respect of these compound
fractions) ¥

Ezamples in comples fractions.
111. (Given) 3}, %;}f’ + and %; say what the sum is when these
9 [

are added. '
112. After subtracting 1, %, and also 2 and %, fromn Y, give out
23 2 z
the remainder. ° ' {

Thus end Compound and Complex Fractions.

Bhaganuwbandha Fractions,

The rule in respect of the (simplification of) Bliganubandha
or assocviated fractions : —

113. In the operation concerning (the simplification of) the
Braganubandha class (of fractions), add the numeTator to the

partially known compound fractions. we divide them in axder by I, % of §, and 4
of 3 respectively The fractious thus obtawed, vir, 1,28 and 3, are the quantities
to be found out.

118. Bhdjdnubandhe Iiterally meansan assoeiated fiaction  This rule contens-
plates two kinds of associated fractions. The first 18 what 1s known as a mixed
number, ¢ e., a fraction associated with an mteger. The second kmd consists of
fractions associated with fractions, eg., % assoviated with },  associated wath
its own } and with } of this associated quantity. The expression 3 associated
with 1 means : -+ 1 of 3. The meaning of the other example here 18 ; + § of
L4 2 of (3% of }). This kind of relationship is what is deaoted hv association

m additive consecntion.
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(product of the associated} whole number multiplied by the
denominator (When, however, the associated quantily is not
intogral, but is fractional), multiply (respeetively) the numerator
and denominator of the first (fraction, to which the other fraction
is atlached) by the denominator combined with the numerator, and
by the denominator ( itdelf, of this othor fraction).

Examples on Bhaginubandha fractwons contairing associated
wmtegers.

114. Niskas 2, 8, 6 and 8 in number are (respectively) associa-
ted with ¢, &, & and §. O friend, subtract (the sum of these)
from 20. .

115. Lotuses were purchased for 1%, camphor for 10}, and
saffron for 2% (nuskas). What is (their total) value when added ?

116. O friend, subtract from 20 (the following) :—8%, 6%, 24
and 3%.

117. A person, after paying 7%, 8%, 9% and 10} mdsas, offered
in worship in a Jina temple, garlands of blooming kuravaka, kunda,
jati and malli flowers. O arithmetician, tell me quickly (the sum
of those mdsas) atter adding them.

Examples on Bhaganubandha fractions conlaining associated
Jractions.

118. (Here) % is associated with its own 1 and with 1 (of this
associated ¢mantity) ; and 1 also (is similarly associated) ; 1 is asso-
ciated with its own }and with } (of this associated quautity).
‘What is the value when these are (all) added ?

119. For the purpose of worshipping the exalted Jinas a
certain person brings—flowers (purchased) for 1 (niska) associated
(in additive consecution) with fractions (thercof) commencing
with % and ending with ¥ (in order); and scents (purchased) for
3 (nuska) associated (similarly) with 3, 1, 1 and } (thereof);
and incense (purchased) for § (nuska) associated (similarly) with

%, 7 and % (thereof) : what is the sum when these (niskas) are
added ¢
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4
with § of 1tself and with 1 of this (associated quantity), ¢ associated
with §, £ and } of itself (in additive consecutien), & (similarly)
mssociated with (fractions thereof) commeneing with % and cnding
with , and 1 associated with 1 of itself.
121. O fllend, you, who have a thorough knowledge of Bldga-
nuband/’m, give ount (the result) after adding ! associated with § of

itself, 5 associated with } of itself, } assocjated with } of itself,
1 associated with L of 1tself and % associated with X of itself.

120. O friend, subtract (the follswing) from 3: 1 associated

Now the rule for finding out the one unknown (clement) at
the beginning (in each of a number of associated fractions, their
sum being given):—

122. The optionally split up parts ofthe (given) sum, which
are cqual (in number) to the (intended) component elements
(thereol), when divided 1 order by the resulting yuantities arrived
at by taking one to be the associated quantity (inrelation to these
component elements), give risc to the value of the (required)
unknown (quantities in assoeiation).

Beamples m illustratin theigof.

123. A certain fraction is associated with 1, X and 1 of itself
(in additive consecution); another (is similarly associated) with
1,1 and } of itself ; and another (again is similarly associated)
with £, and of itself: the sum of these fthree fractions so asso-
ciated) is 1 Wha,t are these fractions ?

124 A certain fraction, when associated (as above; with %, 1,
3 and } of itself hecomes L. Tell me, friend, quickly the measure

of this unknown (flactlun).

122. Thig rule xill be elear fram the working of mvample Nu. 123 as explained
below —

There a1e three sets of fractions given | and splittng up the cum, 1, into thyee
fractions accordmg torale No 75, we ot 104 ond | By divihisg these fractions
by the quantities obtamed by ~1mplmm-r the ‘hzm CIVen sers nf hcxuumq
wherem 1 1s assumed as the unknown quantity, we obtan }, tand %, which uu

the required quanhities,

9
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The rule for finding cut any unknown fraction i other
required places (than the beginning) :—

125. The optionally split up parts of the (given) sum, when
divided in order by the simplified known quantities (in the
intended Bhdganubandha fractions), and (then) diminished by
ome, become the unknown (fractional quantitics) in the required
places of our choice

Thus ends the Bhdganubandha class (of fractions),

Bhagapavaha Fractions.

Then (comes) the rule for the (simplification of) Bhdgapavila
" (or the dissociated) variety (in fractions) :—

126. In the operation concerning (the simplification of) the
Bhagapavihe class (of fractions), subtract the numerator from the
(product of the dissociated) whole mumber as multiplied hy the
denominator. (When, however, the dissociated quantity is not
integral, but is fractional,) mulitiply (respectively) the numerator
and the denominator of the first (fraction to which the other
fraction is negatively attached) by the denominator diminished
by the numerator, a:‘nd by the denominator (itself, of this other
fraction).

Examples on Bhagapavaha fractions contammng dissociated
mtegers.

127 EKarsus 3, 8, 4 and 10, diminished by %, %, & and 1 of a
karsa, are offered by certain men for the worship ot érthankaras.
‘What is (the sum) when they are added ?

125. The method given in thisrule 1s similar to what 18 explained under stanza,
No. 122 only the results thus obtaimed have to be, m s case, each diminished
by one.

126. Bhdgdpavdha hterally means fiactional dissociation As in Bhdydnu-
bandha, there are two varieties here also- When an mteger and a fraction are
in Bhdgdpavdha relation, the fractionis simply subtracted from the nteger.

Two or more fractions may also be 1 such relation, as for example, £ dissoci-
ated from % of itself or ¢ dissociated from 3. §, and 3 of 1tself. It is meant here
that § of % 18 to be subtracted from £ in the first example , and the second example

comes to {—3 of §— Y of (§—3 of 9~3 of { 62 of §—1 of (;.,__%of.g)},
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128 Tell me, fricnd, quickly the amount of the money remain-
ing after subtracting from 6 X 4 of it, (the quantitics) 9, 7 and,9
as dimimshed in order by #, 1 and 3.

Eaxamples on Bhagapavaba fractions containing dissociated
JSractions.

120. Add &, 1, §, + and 2 which ave (zespectively) diminished
by %, 1, 1, 3 and } of themselves in order; and (then) give out
(the result) ’

130. (Given) § of a’pane diminished by 2, ¥, 4 and % of
itself (in consccution); % (similarly) diminished by 1,2 and 1 of
itself; & (similarly) diminished by 2, 2 and % of itself; and another
(quantity), viz., 2 diminished by ¢ of itself—when these are (all)
added, what is the result ?

131. If yon have taken pains, O friend, 1in rclation to Bhdga-
paviha fractions, give out the remainder after subtracting {from 13
(the following quantities): 1 diminished (in consecution) by &, 1
and ¥ of itself; also & (similarly) diminished by 4, +and ] of itself ;
and (also) } (similarly) diminished by % and % of itself.

Here, the rule for finding out the (one) unknown element at the
beginning (in each of a number of dissociated fractions, their sum
being given) :—

132 The optionally split up parts of the (given) sum which are
equal (in number) to the (intended) component elements (thereof),
when divided in order by the resulting quantities arrived at by
taking ome to be the dissociated quantity (in reldtion to these
component elements), give rise to the value of the (required)
unknown (quantities in dissociation).

Ezamples tn dllustration thereof.
138 A certain fraction is diminished {in consecution) by 1, 1
and 1 of itself ; another fraction is (similarly) diminished by 4, ¥
and 1 of itself; and (yet) another is (similarly) diminished by %,

132. The working 1s similar to what has been explained under stanza No. 122,
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1 and Zof itself. The sum gf these (quantities so diminished) is i
‘What are the unknown fractions here ?

134. A certain fraction, diminished (in consecution) by %, 1, 1,
4 and ¥ of itself, becomes }. O you, who know the principles of
arithmetic, what is that (anknown) fraction ?

The rule for finding Gut any unknown fraction in other required
places (than the beginning) :—

185. The optionally split up parts derived from the (given)
sum, when divided in order by the simplified known quantities (in
the intended Bhdgdpaviha fractions), and (then) subtracted from
one (severally), become the unknown (fractional quantities) in the
(required) places of our choice.

Thus ends the Bldgapavahe variety of fractions.

The rule for finding out the unknown fractions in all the
places in relation to a Bhaganubandha or Bhagdpavila variely of
fractions (when their ultimate value is known) :—

136. Optionally choose your own desired fractions in relation
to all unknown places, excepting (any) one. Then by means of
the rules mentioned befoxe, arnve at that (one unknown) fraction
with the help of these (optionally chosen fractional quantities)

Ezxamples in dllustration thereof.

137. A certain fraction combined with five other fractions of
itself (in additive consecution) becomes 1; and a cextain (other)
Iraction diminished (by five other fractions of itsclf in consceution)
becomes 2. O friend, give out (all) those fractions.

135. This rule is similar to the rule ulready given n staunza No 125

136. The previous rules here miended arc those given 1n stanzas 122, 125, 132
and 135.

187. In working out the first case m this example, choosc the fractions &, §, J,
¥ and } in places other than the begmning , and then find out, by the rule given
1 stanza 122, the first fraction which comes to bed  Or choosing 2, 2, 3, 1, and 3,
find out the fraction left out 1 a place other than the beginning in accordance
with the rule given in stanza 125 , the result arrived at 18 3. Sumlarly, the second
case which mvolves f1actions 1n dissociation can be worked out with the help of
‘the rules given n stanzas 132 and 185.
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Bliagamatr Fractions.

The rule for (the simplification of) that class of fractiois
which contains all the foregoing varieties of fractions —

138, In tho case of the Bidgamdtr class of fiactions (or that
class of fractions which contains all the foregoing varietics), the
respective rules pertaining to the (differeat) varicties begmning
with simple fractions (hold good). It, u.2., Bhagamatr, is of
twenty-six kinds

One is (taken to he) the denominator (in fhe case) of a quantity
which has no denominatdr

Ezamples w illustration thereqf.
139 and 140. (Given) 45 %; Yof1; Fof 33

315 185 3

associated with 1 of itself; then % associated with I of itself; 1
diminished by %; chmlmshed by ¥; % chmmlshed by ¥ of itself;
and % dlmmlshed by 1 of itself : after addicg these according to
the rules which are strung together in the manner of a garland of
blue lotuses made up of fractions, give out, O fricnd, (what the
result is).

2

5l
\
T o

Thas cnds the Bhdgamdtr varicty of fractions.

Thus ends the second subject of treatment known as
Fractions in Sarasangraha which is a work on
arithmetic by Mahaviracarya.

188. I'he twenty-sis vaileties hiere menticned are Bhaga, Prabhaga, Bhaga-
bhaga, Bhiganubandha, snd Bhagapaviha, m combinations of two, three, four or
five of thesc at a time ; such as, the varicty in which Dhdga and Piabhdga are
mixed, or Bhdga and Bhagabhaga arc mixed, and so on. Thenumber of varieties
obtamned by mixmg two of them at a time 1s 10, by mixing thiec of them ata
time is 10, and by muxing four of them at a time 18 5, and by nuxing all of them at
a time is 1, so there are 20 vaureties. The example given in stanza 139 belongs
to this last-mentioned variely of Bhagamatr i which all the five simple varieties
are found.

189. The word utpulamdhkd, which occurs in this stanza, means a garland of
blue lotuses, at the same time that 1t happens to be the name of the metre in
which the stanza 1s composed.
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CHAPTER IV.

MISCELLANEOUS PROBLEMS (ON FRACIIONR).

The Third Subject of Treatment.

1 After saluting the Lord Jina, Mahavira, whosc collection
of infinite attributes i highly praiseworthy, and’ who vouchsafes
boons to (all) the threc worlds that worship (him), I shall treat of
miscellancous problems (on fractions).

2. May Jina, who has destroyed the darkness of unrighteous-
ness, and is the authoritative cxponent of the syddeddg, and is the
joy of learning, and is the great disputant and the best of sages,
be (ever) victorious. Hereafler we shall expound the third subjeet
of treatment, viz , miscellaneous problems (on fractions).

3. There arc these ten (varictics in miscellancous probleins on
fractions, namely), Brdga, Sésa, Malu, Sesandila, the two varieties

3 The Bhdga varicty conglsfs of problems whercin is given tuve nnmerical
value of the portioniemaiming after removing certain specified fractional parts of
the total yuantity to be found out. The fractional paits 1ecmoved are cach of
them called a bhdge, and the numerical value of the known remainder 1s termed
drsya.

The § +a variety consists of problems wherew the numeiical value is given
of the portion remammg after removing a known fractional part of the total
quantity to be found out as also after removing ceitamn known fractional parts
of the successive sé-as or 1cmamnders.

The Mala variety consists of problems wheremn the numeirzcal value 18 given
of the poition rcmaining after sub*racting from the total quantity certan
fractional parts thercof as also a multiple of the square 100t of that total quantity.

The Se-amdla vaiiety 1s the same as the mdle variety with this ditfeience,
viz., the squaire ioot lLerc 1s of the iemainder after subtiacting the given
fiactional pairts, instead of being of +he whole.

The Dvu ayra-§ samila varicty consists of problems wheremn a known numbor
of things is fiist removed, theu some fractional parts of the successive 1omaindors
and then somoe multiple of the square root of the further remainder ave 1emoved,
and lastly the numerical value of the remaiming portion s given. The known
number flist 1emoved 18 called parvdgra.

In the Ansamdla variety, a multiple of the square root of a teactional part
of the total number 1s supposed to be first removed, and then the numerical
value of the remaining portion 1s given.
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Duoiragrasésamule and Asiviamzla, and then Bhdgabhydsa, then
Amsararge, Malamsra and Bhinnadr sya. )

The rule relating to the Blidga and tho Sésa varieties therein,
(ze., in miscellaneous problems on fractions).

4. In the operation relating to the Bldga variety, the (required)
result is obtamned bv dividing the given quantity by one as
diminished by the (known) fractions. In the operation relating to
the <2sa variety,(the required result) is the given quantity divided
by the product of (the guantities obtained respectively by) sub-
tracting the (known) fractions from one.

Ezamples wn the Bhiga varety.

5 Of a pillar, § part was seen by me to be (huried) under the
ground, 1 in water, L in moss, and 7 Zastas (thereof was free) in
the air. What is the (length of the) pillar ?

In the Bhdgdblydsa or Budyasaimarya vaiicty, the numerical value 1s given of
the portion 1emamming after 1emoving from the whole the product or products of
certain fiactional paxts of the whole taken two by fwo.

The AnSavarga varicty consists of problems wherein the numerical value 1s
given of tho 1emainder after 2emoving fiom the whole the squarc of a fractional
part thereof, this fiactional part bemg at the same time maicasced or decieased
by a given number

The Malamisra varety consists of problems wherem 1s given the numerneal
value of the sum of the squaie 100t of the whole when added to the square 100t
of the whole as incicased or dimimshed by a given number ol things.

In the Bhinnadr§va vaiiety, a fiactional part of the whole as multiplied by
another fractional pait theicof is removed fiom 1, and the 1emeining poition 1s
cxpiessed as a fiaction of the whole. Heie 1t will be scen that unlike m the
other varicties the numerical value of the last remaining portion 1s mot actually
given, but 1s expressed as a fiaction of the whole,

4. Algebraically, the rule relating vo the Bhdya varicty is :(.—:1-_3), where z is
the unknown collective quantity to be found out, a 1s the drsya or apra, and b 18
. the bhdga or the fractional part or the sum of tke fractional parts given.

It is obvious that this 1s dexivable from the cquation 2 — ba=aqa

The rule relating to the §7vv variety, when algcbraically cxpres<ed, comes to

a
A0 (U=by) (1=Ts) x &o.
successive remeinders. 'This formula also is deirvable from the equation

z—byx—1l, (w—blw)—bJ{ 2=Dbyx—Db, (w—blw)} ~&ec=a,

where by, bs, by, &ci, ave fractional parts of the
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_ 6. Out of a collection of excellent hees, | took delight in patals

t}ees, 1 in kadamba tree, } in mango ftrees, § in a campaka tree
with blossoms fully opened ; <% 1n a ccllection of full-blown lotuses,
opened by the rays of the sun; and (finally), a single intoxicated
bec has been circling in the sky. What is the number (of bees)
m that collection ?

7. A ccrtain <rivaka, having gathered lotuses, and loudly
uttering hundreds of prayers, offered those (lotuses) in worship, %
of those lotuses and %, 1 and % of this (%) respectively to four
tirthankaras commeneing with the excellent Jene Vrsabha; then to
Sumati 4 as well as ¢4 of this (same % of the lotuses); (there-
after) he offered in worship to the remaining (19) #rthankaras
2 lotuses each with a mind well-pleased. What is the numerical
value of (all) those (lotuses)?

8 to 11. There was seen a collestion of pious men, who had
brought their senses under control, who had driven away the
poison-like sin of Rarma, who were adorned with righteous
conduct and virtuous qualities and whose hodies had been cm-
braced by the Lady Mercy. Of that {collection), {5 was made up
of logicians; this (7%;) diminished by % of itself was made up of
the teachers of thé true religion; the difference between these
two (, namely, # and 5 —% of {;) was made up of those that
knew the Védas, this (last proportional quantity) multiplied by 6
was made up of the preachers of the rales of conduct, and this very
same (quantity) dimimished by & of itself was made up of astro-
logers; the difference between these two (last mentioned quantitics)
was made up of confroversialists; this (quantity) multiplied by 6
was made up of penitent ascetics; and 9 X 8 leading ascetics were
(further) seen hy me near the top of a mountain with their shining
bodies highly heated by the rays of the sun. Tell me quickly
{the measure of this) collection of prominent sagos

12 to 16. (A number of) parrots descended on a paddy-field
beautiful with (the erops) bent down through the weight of the
ripe eorn. Being scared away by men, all of them suddenly
flew up. Ome-hdlf of them went to the east, and % went
to the south-east; the difference between those that went
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to the cast and those that went to the south-east, diminished
by half of itself and (again) diminished by the hall of this
(resulting difference), went to the south ; the difference between
those that went to the south and those that weut to the south-east,
diminished by 2 of itself, went to the south-west; the difference
Detween those that went to the south and-those that went to the
south-west, went to the west; the difference bet ween those that went
to the south-west and those that went to the west, together with
3 of itself, went to the north-west; the difference hetween those
that went to the northewest and those that went to the west,
together with Z of itself, went to the north ; the sum of those that
went to the north-west and those that went to the north, diminished
by 2 of itsclf, went to the north-east ; and 280 parrots were found
to remain m the sky (above). How many were the parrots
(in all)?

17 to 22 One night, in a month of the spring season, a
certain young lady . wag lovingly happy along with her
husband on . . . the floor of a big mansion, white hke the
moon, and situated in a pleasure-garden with trees bent down
with the load of the buncics of fowers.and fruits, and resonant
with the sweet sounds of parrots, cuckoos and bees which were all
intoxicated with the honcy obtained from “the flowers therein.
Then on a love-quarrel arising hetween the husband and the wife,
that lady’s necklace made up of pearls became sundered and fell
on the floor. One-third of that necklace of pearls reached the
maid-servant there; } fell on the bed ; then 3 of what remained
(and one-haif of what remained thereafter and again 1 of what
remained thereafter) and so on, counting six times (in all), fell all
of them everywhere; and there were found to remain (unscattered)
1,161 pearls; and if you know (how to work) miscellaneous
problems (on fractions), give out the (numerical) measure of the
pearls (in that necklace).

23 t0 27 A collection of bees characterized by the blue color
of the shining wmdranile gem was seen in a flowering pleasure-

17 Certuin epithets here have not been considered hit for translation,

10
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garden. One-eighth of that (eollection) hecame hidden in asoka
trees, | in kutajn trees The difference between those that hid
themselves in the Zufqje trees and the asdha trecs, respectively,
mulliphed by 6, became hidden in a crowd of big pitali trees.
The difference between those that hid themselves i the pdtali
trees and the asika tress, diminished hy § of itself became hiddeun
in an extensive forest of s#le trees. The same difference, togethor
with ! ot itsclf, hecame hidden 1 a forest of madhuka trees; 1 of
that whole collection”of bees was scen hidden in the vakula trees
with well-blossomed flower-buds; and that same L part was found
hidden in telnha, kuravala, sarale and mango trees, and on collec-
tions of lotuses, and at the base of the temples of forest clephants;
and 33 (remaimng) hees were seen in a crowd of lotuses, that were
variegated in color on account of the large quantity of (their)
filaments  Give out, O you arthmetician, the (numerical)
measure of that collection of becs

28. Of a herd of cattle, T 1s on a mountain; 1 of that 1s at the
hase of the mountain ; and 6 more parts, each being in valuc half
ol what precedes it, are found together in an extensive forest, and
therc are (the remainings 32 cows seen m the peighbourhood of
acty  Tell me O yonmy friend, the (numerical ) measure of that
herd of cattle

Here end the examples 1n the Bhdga varety.

Enamples . the Sésa variety

29-30 Ol a collection of mango fruits, the king (took) L;
the queen (’caok) 4 of the remander, and three chief princes took
4, % and ¥ (of that same remainder) ; and the youngest child took
the remaining three mangoes. O you, who arc clever in (working)
miscellaneous problems on fractions, give out the measure of that
{collection of mangoes).

31. One-seventh of (a herd of) elephants is moving on a
mountain ; portions of the herd, measuring from } in ordor up to
L, in the end, of cvery successive remainder, wander about in a
forest: and the remaining 6 (of them) are seen neara lake. How
many arc those clephants ?
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32 Of (the contents of) a treayury, one man ohtawmed %
part; others obtained from % in order to 4, in the end, of th®
successive remainders ; and (at last) 132 pw dues were seen by me
(to reman) What is the (vumerical) measure (of the puidias
contained in the treasury)?

Here end examples m the Séve variety.

The rule relating to the Mile variety (of miscellancous prob-
lems on fragtions) ——

33. Half of (the cocfficient of) the syuare yoot (of the unknown
quantity) and (then) the known remainder should be (each) divided
by one as dimwished by the fractional (coefficient of the unknown)
quantity  The square root of the isum of the) known remainder
(80 treated), as combined with the sguaxe (of the cocfficient) of the
square root (of the wnknown guantity deall with as above), and
(then) associated with (the sumlaily treated coetlicient of) the
square root (of the unknown quantity), and (thereafter) squared (as
a whole), gives rise to the (requured unknown) guantity in this
mule variety (of miscellaneous probloms on fractions)

Erampies wn dllustration” thereqf.

34. One-faurth of a herd of camels wa¢ seen in the forest,
twice the square root (of that herd) hud gone on to mountain-
slopes ; and 3 times & camels (were), however, (found) to remain on
the hank of a river. What is the (numerical) measure of that
herd of camels ?

35. After listening to the distinet sound caused~by the drum
made up of the series of clouds in the rainy season, !, and & (of a
collection) of peacocks, together with + of the remainder a.nd 1 of
the remainder (thereafter), gladdened with joy, kept on dancing on

33 Algebraically cxpxussui thig rule comes {0

')
o= { \/ < > s 1lus 18 easily oblained from the
1—b 1—b J

equation ¢ — (bv+ ¢ 4/ #+a)=0. Ihis equation 1s the algebraical expression ot
problemns of this variely tere ¢ stands for the coefficient of the squaie root
of the unknown quantity to be found out.
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the hig theatre of the mountain top; and 5 times the square root
fof that collection) stayed in an cxcellent forest of vokulir troes;
and (the remaining) 25 worc seen on a punndye ivee O arith-
metician, give ont after calculation (the nwmerical measure of)
the collection of peacocks.

36. One-fourth (of an unknown number! of sirase birds
is moving in the mdst of a cluster of lotuses; § and 1 parts
(theveof) as well as 7 times the square root (thereof) move on a
mountain ; (then) in the midst of (some) blossomed zakula trecs
(the remainder) is (found to he) 56 in' number. O you clever
friend, tell me exactly how many hivds there are altogether.

37. No fractional part of a collection of monkeys (is distributed
anywhero) 5 three times its squarc root are on a mouriain ; and 40
(remaining) monkevs are seen in a forest  What is the meas ire
of that collection (of monkeys) ?

38. Half (the number) of cuckoos were found on the blossomed
branch of & mango tree ; and 18 (were found) on a #fdaka tree. No
{multiple of the) square root (of their number was to he found
anywherc). Give oub (the numerical valuc of) the collection of
cuckoos.

39. Half of a collection of swans was found i;x the midst of
vakula trees ; five times the squarc root (of that colleetion was
found) on the top of famdla trees ; and here nothing was scen (to
remain thercafter). O fricnd, give out quickly the numerical
measure of that (collection).

Here ends the Mulo variety (of miscellaneous problems om
fractions).

The rule relating to the Sésumile varicty (of miscellancous
problems on fractions).

40. (Take) the square of half (the coefficient) of the squarc root
(of the remaining part of the unknown collective quantity), and

40. Algcbrawcally, » — bx = {%T :\/(7(; ) 2, a} 2 From this the value

of « is to be found out according to rulo 4 grven in tlus chapter This value of
# —~ bz is obtained easily from the equation z — &2 + (¢ o/ #—0z + a )= 0.
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combine 1t with the kuown number remaining, and (then extract)
the squarc Toot (of this suni, and make that squarc root hecomey
combined with half of the previously mentioned (cocfficient of thc}
sqyuare root (of the remaining part of the unknown collective
quantity)  The square of this (last sum) wall here be the required
rosult, when the remaining part (of the unkuown colleetive quan-
tity) is taken as the original {collective quantity alself). But
when that remawming part (of the unknown ecllective quantity)
1s {rcated mercly as a part, the inle relating to the bidgn varety
fof muscellaneous problems on fractions) is to be applied

Feamples m il lustration thereof

41, One~third of a herd of clephants and thiee times the square
root of the remaiming part (of the herd) were seen on a mountain-
slope; and in a lake was scen a male clephant along with three
female clephants {(constituting the ultimate remainder) How
many werce the clephants here ¥

12 to 43. Iu a garden heautified hy groves of various kinds of
trecs, 1n a place frec from all living animals, many ascetics were
scated. Of them the number cquivalent to the square root of
the whole collection were practising yogu at the foot of the trecs
Onc-tenth of the remainder, the square root (of the remainder
after deducting this), & (of the remainder after deducting this), then
the squarc root (of the remainder after deducting this), § (of the
remainder after deducting this), the square root (of the remainder
after deducting this), 1 (of the remainder after deducting this),
the square root (of the remainder after deducting tﬁis), & (of the
remainder after deducting this), the square root (of the remainder
after deducting this), 1 (of the remainder after deducting this), the
square root (of the remainder after deducting this)—these parts
consisted of those who were learned in the teaching of literature,
in religious law, in logie, and in politics, as also of those who were
versed in coutroversy, prosody, astronomy. magic, rhetoric and
grammar and of those who possessed the power derived from the
12 kinds of austerities, as well as of those who possessed an
intelligent knowledge of the twelve varicties of the anga-sastra; and
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at last 12 asceties were seen (to remain without being ineluded
among those mentioned Wefore) O (you) excellent ascetic, of
What numerical value was (this) collection of ascetics ¥

46 Five and one-fourth times the square root (of a herd) of .
clephants are sporting on a mountain slope; I of the remainder
sport on the top of the mountain ; five times the square root of
the remainder (after deducting this) sport in a forest of lotuses ;
and there are 6 elephants then (left) on the bank of a river
How many are (all) the clephants here ?

Heve ends the Sesami/a variety (o miscellaneous problems
on fractions).

The rule relating to the Sovamaln variety involving two known
(quantities constituting the) remainders :— -

47 The (cocflicient of the) square root (of the unknown collective
quantity), and the (final) quantity known (to remaiun), should
(hoth) be divided by the product of the fractional (proportional)
quantities, as subtracted from one (in each case) ; then the first
known quantity should be added to the (other) known quantity
(treated as above) Thercafter the operation relating to the
Sesamiila vaviety (of mistellaneous problems on fractions is to be
adopted)

47 Algebraically, this tule ecnables us to aiuve at the espressions

¢ sy
(1—8) (178) x & " (1t (1-- 0) x o
be substituted for ¢ and a respectively 1 the formula fov sésamdle, wineh s

+ aj, which are required to

v—br= & B IRE: :
: T T & (5‘) +tay tn applying this formula the value of &

becomes zero, as the mila or square root mvolved in the durayra-§ ramila
is that of the total collective quantity and not of a fractional part of that
¢

guantity. Substitating as desired, we get m={z~(-1-—:a)~zl—_—_~52—)-x~7&é~ +

c 2 - a, 7 2 A
N (“z*(r: b)) (1~ by) “(&.) ATt X &, T @) - Thisresalt
may easily be obtamed from the equation & — a; — by (2 — a;) -- b, {m —ay— by

(z—ay) } — —cW z— a;=0, where &, b,, &c., are, the various

fractional parts of the successive remainders , and a; aud o, are the first known
quantity and the final known quantity respectively.
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Ezamples wn llustratum the eof.

48. A single bee (out of a swarm of bees) was seen in the sky j
1 of the remander (of the swarm), sud i of the remainder (left
thereaficer), and (again) % of the remainder (left thercafter), aud
(a number of bees equal to) the square rcot (of the numercial
value of the swarm, were seen) in lotuses; and two (bees ve-
maining at last were seen) on a mango {ree How many are
those (bees in the swarm) ?

49. Four (out of a collection of) lions were seen on a mountain ;
and fractional parts comniencing with } and ending with 4 of the
successive remainders (of the collection), and (lions equivalent in
number to) twice the square root (of the numerical value of the
collection), ac also (the finally remaining) four (lions), were seen in
a forest How many arc those (lions in the collection) ?

50. (Oul of a herd of deer) two pairs of young female deer
were seen. in a forest; fractional parts commencing with 1 and
ending with 3 of the (successive) remainders (of the herd were
seen) near a mountain; (a number) of them (equivalent to)
3 times the square root (of the mumerical value of the herd) were
seen in an extensive paddy fleld; and (ultimately) only ten
remained on the bank of a lotus-lake. What is the (numerical)
measnre of the herd ?

Thus cnds the Sésamule variety involving two kunown
quantities

The rule relating to the dméamala varioty (of miscellaneous
problems on fractions)

51. Write down (the coefficient of) the square root (of the
given fraction of the nnknown collective quantity) and the known
quantity (ultimately remaining, both of these) having been

50. The word haru/z occurring m this stanza not only means ‘u female deer?
but 18 also the name of the metre 1n which the stanza s composed.

51, Algebraically stated, thisrule helps us 0 ariive at ¢b and ab, which are
required to be substituted for ¢ and b respectively in the formula 2 — bz =

[ J7c 2 2 : 5 - . .
{—2 +N/ (~2 ) +a } , ag in the 8 samdla variety. As pointed out in the note
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multiplied hy the (given proportional) fraction ; then that result
avhich is mrived ab by means of the operation of finding out (the
“nknown quantity) in the Szsemiile variety (of miscellancous
problems on fractions), when divided hy the (given proportional)
fraction, becomes the required quantity w the Luwin@ly variety
(of miscellaneous proklems on fractions;

Another rule relatmg to the daisenile variety

52 The known gnantity given as the (ultimate) remainder 15
divided by the (given proportional) fraction and multiphed by
Jour, to this the square (of the coefficient) of tho square root (of
the given fraction of the nuknown collective quantity) 1s added ;
then the square root (of ths sum),combined with (the above
mentioned cocfficient of) the square root (of the fractional unknown
quantity), and (then) halved, aud (then) squared, aid (then)
multiplied by the (given proportional) fraction, becomes the
roguired result

Examples i ollustration thereof

53. Hight times the square root of ¥+ part of the stalk of a lotus
is within water, and 16 angulas thelcof are) in the air (above
water) ; give out tke height of the water (above the hed) as well
as of the stalk (of the lotus).

54-55. (Out of a herd of elephants), nine times the square
root of £ part of thewr number, and six times the square root of $
of the remamder (left thercafter), and (finally) 24 (renmnung)
elephants with their broad temples wetted with the stream of the
exuding 1chor, were seen by me in a forest. How many are
(all) the elephants”

under stanza 47, # — bz becomes  here also.  Atber substituting as desired, and
dividing the result hy b, we got v = {c_l_» + :\/ <c§>2 -i—ab} 2—:— b This value of
« may he easily arrved ub from the equation 2—c 4/ bi —a =0
(s Joi i)
52. Algebracally stated, » =< :,\_/ e +~> x b. 'Tlns 1s obyious from
2 J

the equation g1ven 1n the note under the previous stanza,
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56. Four times the square root of } the number of a colleetion
of boars went to a forest whorein tigers were at play; 8 times tha
square root of 1 of the remaimnder (of the collection) went to a
mountain; and 9 times the square root of § of the (further)
remamder (left thercafter) went Lo the bauk of a viver; and hoars
equivalent in (numerical) measure to 56 wese scen (ultimately) to
remain (where they were) in the forest. Give oul the (numerical)
measure of (all) fhose (boars).

Thus ends the <Lisamly varicty.

The rale relating to the Bhiyaswmwurge varicty (of miscol-
laneous problems on fractions) :—

57 Frow the (simphfied) deonominator (of the speaifiod
compound fractional part of the unknown collective quantity).
divided by its own (related) numerator (also simplified), subtract
four times the given known part (of the yuantity) then multiply
this (resulting difference) by that same (simplified) demominator
(deall with as above) The squarc root (of this product) is to he
added to as well as subtracted from that (same) denominator (so
dealt with) ; (then) the half (of ecithery of these (two quantities
resulting as sum or difference is the unknown) collective quan-
tity (required to he found out)

Examples in dlustration thereof.

58 A cultavator obtained (first) £ of a heap of paddy as mul-
tiplied by 4% (of that same heap); and (then) he had 24 wihas
(left in addition). Guve out what the measure of the heap is

59. One-sixleenth part of a collection of peacocks as multiplied
by itself, (z.e., by the same , part of the collection), was found

"

56. The word sdrddlanhridiia 1o this stanza means * tigers at play,” and
at the same time happeus to be the name of the mene in which the stanza 1y

composed. o
mr= A ()
57. Algehraically stated & = i d ? ;and this value of # may

camly be obtamned from the equatiou w——%x % %w —zz:O,wlmre% and £ ale

the fractions conteinplated mn the 1ule,
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on a mango tree; & of the remainder as multiplied hy that same
1% part of that same remainder), as also (the remaining) fourteen
(peacocks) wexc found in a grove of tamdla trees  How many aie
they (in all) ?

60. One-twolfth part of a pillar, as multiphed bv - pat
thereof, was to be fcand under water ; Y5 of the remainder, as
multiplied by % thereof, was found (buried) in the mire (below) ;
and 20 Aastas of the pﬂlar were found 1n the air (above the water).
0 fend, you give oub the measuze of the Iength of the pillar

Here onds the Bhagaswiwarga variety.

The rale relaling to the dularwr ya variety (of miscellancous
problems on fractions), charactersed by the subtraction or addition
(of known quantitics) —

61. (Take) the half of the denominator (of the specified frac-
tional part of the unknown collective quantity), as divided by its
own (related) namerator, and as increased or diminished by the
(given) known quantity which i subtracted from or added to
(the specified fractional part of the unknown collectrve quantity).
The square root of the square of this (resulting quantity), as
diminished by the squarc of (the above known) quantity
to be subtracted or to be added and (also) by the known
romainder (of the colleclive quantity), when added to or sub-
tracted from the square root (of the square quanbity mentioned
above) and then divided by the (specified) fractional part (of the
anknown collective quantity), gives the (required) valne (of the
anknown collective quantity).

Ewamples of the minus varely.

62. (A number) of buffaloes (cquivalent to) the squarc of §
(of the whole herd) minus 1 is sporting in the forest. The

61. Algebhraically,
%= { _—l—_ o 2 2 l a }_'__ 'Vi v
{_ ,\/ (Zm + d) — d°—a + (‘Am + ) e This value

m 2
is obtained from the equation & — ( - + d) — a = 0, where d is the

given known quantity.
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(vremaining) 15 (of them) are seen grazing grass on a mountain.
How many are they (in all) P

63. (A number) of elephants (equivalent to)  of the herd
menus 2, as multiplied by that same (5 of the hexd mumus 2),
is found playing in a torest of sullaki trecs. The (remaining)
clephants of the herd measurable in numb@ by the square of 6
are moving on a mountain How many (together) are (all)
these elephants here P

An example of the plus varety.

64. (A number of peacocks equivalent to) 5 of their whole
collection plus 2, multiplied by that same ({5 ol the ecollection
plus 2), are playing on a yumbii tree. The other (remaining)
proud peacocks (of the collection), numbering 2% X 5, are playing
on a mango tree O friend, give out the numerical measure of
(all) these (peacocks in the collection).

Here ends the Amsuvarga variety characterised bv plus or
minus quantities

The rule relating to the Mulemesre variety (of miscellaneous
problems on fractions).

65. To the square of the (known) combined sum (of the square
roots of the specified unknown quantities), the (given) mumus
quantity is added, or the (given) plus quantity is sabtracted
(therefrom) ; (then) the quantity (thus resulting) is divided by
twice the combined sum (referred to above); (this) when squared
gives vise to the required valne (of the unknown colleetion), In
relation to the working out of the BMalmmnira varicty of problems,
this is the rule of operation.

64 The word mattamaydra occnrring in the stauza means a proud peacock ’
and is also the name of the metre in which the stanza 1s composed,

2 a e
65. Algebraically z = {Ln"?f?[ij‘ . Thisiseanly derived fsom the equa.

tion af@ + A -+ d=m. The quantity m 1s here the known combined sum
mentioned in the rule,
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Examples of the minus variety.

66. On adding together (a number of pigeons cquivalent to)
the square root of the (whole) collection of mgeons and (another
number eyuivalent to) the square root of the (whole) collection as
diminished by 12, (exgyetl)') G pigeous are secn (to be the result).
What is (the numencal value of) that collection (of pigeons) ¥

67. The sum of two (quantities, which are respectively
equivalent to the) square roots of the (whole) coliection of pigeons
and of (that same) collection as diminished by the cube of 4,
amounts to 16. How many are the birds in that collection ¥

An example of the plus varety

8. The sam of the two (quantities, which are-respectively
equivalent to the) square root (of the numerical value) of a collee-
tion of superior swaus and (the square root of that same collection)
ag combined with 68, amonnts to 6 — 2 Give out how many
swans therce are 1n that collection

Here ends the Malamisra variety

The rule relating to the Bhmnadrya variety (of miscellaneous
problems on fractions) —

69. When one, diminished by the (given) fractional remainder
(related to the mnknown yuantity), is divided by the product of
the (specified) fractional parts (related thereto), the result which
is (thus) arrived at hecomes the (required) answer in working out
the Bhunadriya variety (of problems on fractions).

Exomples wn tllustration thereof.

70 One-eighth part of a pillar, as multiplied by the % part
(of that same pillar), was found (to be buried) in the sands; % of
the pillar was visible (above)  Say how mmuch the (vertically
measured) length of the pillar is.

69. Algebrawcally stated, z = ( 1 ___.Z) =~ P Thigis ohvious trom the
s ng
equation & --ﬁz.., x A
n q 3
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71. (Elephants equivalent in number to) ', part of the
whole herd of elephants, as multiplied by % (of that same hexd)
as divided by 2, are in a happy condition on a plain. The remain-
ing (ones forming) % (of the herd), resembling exceedingly dark
masscs of clouds in form, are playing ona mountain. O friend,
you tell me now the numerical measure of the herd of elephants

72. (Ascetics equivalent 1n number to) }, part of a collection
of ascetics, as divided by 3 and as multiplied by that same
(% part divided by 3). are living in the interior of a forest; (the
remaining ones forming) ¢ part (of that collection) are living
on a mountain. O vou, who have crossed over to the other shore
ol the ocean-like miscellaneous problems on fiactions, tell me
quickly the (numerical) value of that (collection of ascetics).

Here ends the Bhmnad sy variety.
Thus ends the third subject of treatment known as

Prakwrnalka in Sarasangraha which is a work on
arithmetic by Mahaviracarya.

w

71. The word prthv? occuriing 1n this stanza means ‘the eaath’, and s also
the name of the metre 1 which the stanza 1s composed.®
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CHAPTER V
RULE-OF-THREK

The fourth subject of treatment.

1. Salutation {o that blessed Vardhamina, who is like a
(helpful) relation to (all) the three worlds, and is (resplendent)
like the sun in the matter of absolute knowledge, and has cast oft
(the taint of) all the kwmas

Next we shall exponnd the fourth subject of treatment, viz.,
rale-of-three

The rule of operation in respect thereof is as follows :—

2 Here, in the rule-of-three, Phale multiplied by Zeehd and
dwvided by Prawmdna, hecomes the (reyuired) answer, when the
Teehd and the Praindna ave similar, (7 e , in direct proportion); and
in the case of this (proportion) being inverse, this operation
(involving multiplication and division) is reversed, (so as to have
division in the place of multiplication and multiplication in the
place of division)

Examples relating loshe former half of the above rule, 1.e
on the direct vule-of-three.

3. The man who in 31 days goes over 53 yGjanas—give out
what (distance) he (goes over) in a year and a day

4. A lame man walks over } of a hids together with + (there~
of)in 7} days. Say what (distance) he (goes over) in 8L yoars
(at this rate).

5. A worm goesin } of a day over 4 of an angule  In how many
days will 1t reach the top of the Méru mountain from its bottom ¥

6. The man who in 3} days uses up 1} kdrsdpanas—in what
time (will) he (use up) 100 purdnas along with 1 pana ?

2. Promdna and Phala together give the rate, in which Phale s a quantaty
of the same kind as the 1equired answer and Pramdna s of the same kind as Techd.
This Iechd 18 the quantity ahout which something is required to be fonnd out at
the given rate. For mstance in the problem in stanza 8 here, 31 days is the
Pramina, 5 yojanas 1s the Phala, and 1 year and 1 day is the Icchd.

9. Lhe height of the &% mountamm 18 supposed to be 99,000 ydjanas or
#76,082,000,000 argylas,
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7 A good piece of hrsudgaiu, 12 Justus in length and 8 lastas
in diameter, is consumed (at the rate of) 1 cubic muguln a day
What is the tine required for the (cowmplete) consumption of this
eylinder ?

8 (If) a wiha of verv superior black gram, along with 1 dréne,
Y @dhake and 1 kudava (thereol), has heen purchased by meaus of
10} swarngs, what mcasure (may we purchase ol 1t) by means of
100} svarnas *

9 Where 1} pale of kunkwmu is obtamnable hy means of 3%
purdnas, what measure (bf it) may (we obtain) there by meaus
of LOO purdnas?

10 By means of 7% palus of ginger, 131 panas were obtained ;
say, O fricr:d, what (may be obtained) m return for 32% pulos
of ginger ?

11. Bv means of 4% Larsapanus, a man obtains 164 palus of

silver ; what (weight does he obtain thereof) by means of 10,000
karsas ?

12. By means of 72 palns of camplor, a man obtains 5 dindras

along with 1 bhdyn, 1 ainér and 1 kald. What (does he ohtain)
here by means of 1,000 palas (thereof) P+
13. The man who purchases here 51 palgs of ghee by means

of 8} panas—what (measure of it does he purchase) by mecans of
100} harsas ?
14. By means of 51 puwranos, 164 pairs of eloths werc obtained.

O friend, say what (number of them may be oblained) by means
of 61 karsus”

15-16 There is a square well without water, (cubically)
measuring 512 kastas. A hill rises on its bank; from the {op

7. Here the process of finding out, fiom the given diwnicter, the area of the
cross-seetion of a cvhinder 1s supposed to be known Thisis given i the sixth
Tyavahdre, mn the 19th stanza, where the area of a circle 18 said to be approxi-
mately cqual to the drameter squared and then divided by 4 and multiplied by 3

Krsndgary 18 a kind of fragrant wood buint m fire as incense.

15-16. In tlas problem, the sticum of water 18 as long as ithe mountan
1s bigh, so that as soon as 1t reaches the bottom of the mountain, 16 1s supposetl
to cease to flow at the summit, For findmg out the quantity of water in Vdlas,
eic, the relation between cubical measure and hquid measuie should have been
given. The Sar_xskrm commentary in P and the Kanaiese t7k€ in B state that
1 cubic angula of water 1s equal to 1 Zarsa thereof in hquid measure,
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thereof flows down, (to the hottom) a crystal-clear stream of water
having 1 angule for the diameter of its circular section, and the
well becomes quite filled wath water within -~ What is the height
of the hill, and (what) the numerical valuc (of the liguid-measure)
of water ?

17 A king gave; on (the occasion of) the sankirdnt:, to ¢
Brahmins, 2 drinas of kiduey-bean, 9 hudabus of ghee, 6 dronus of
rice, 8 pairs of cloths, 6 cows with calves and 8 svarnas  Give
out quickly, O friend, what (the measurc) 1s (of) the kidney-bean
and the other things given by him (at tliat rate) to 336 Brahmins

Here ends the (direct) rule-of-three

Examples on mwerse rule-of-three as explained in lhe fourth plde *
(of the rule gien above)

18. How much is the gold of 9 warwas for 90 of pure gold, as
also for 100 gold (Dharanas) along with a yuiyd thereof made up
of gold of 10L warnus ?

19 There are 300 preces of China silk of 6 Aastas in breadth
as well as in length; give onl. O vou who know the method of
inverse proportion, how'many pieces (of that same silk) there are
(in them, each) measuring 5 by 3 /astas,

Here ends the inverse rule-of-three

An ewample on moerse double rule-of-three

20. Say how many pieces of that famous eclothing, cach
measuring 2 hastas in breadth and 3 Zasfas in longth, arc to be
found m 70 (pieces) of China silk, (cach) measuring 5 /asias in
hreadth and 9 /astas i length

An example on tnoerse freble rule-of-ths ee.
21. Say how many images of Turtharkaras, (cach) measuring

2 hy 6 by 1 hastas, there may be in a big gem, which 15 4 Aasfas
in breadth, 9 Zastas in length and 8 Zastas in height

17. Sankrdnt. 1s the passage of the sun from one zodiacal sign to another.

18. Puroc gold 1z here taken to be of 16 varnas,

* The reference here 1s to the fourth quarter of the sccond stanza in this
clhapter. :
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An example on wwerse quadruple rule-of-three.

22. There is & block of stone (suited for building purposes),
which measures 6 Zastas i breadth, 30 kastas in length and 8
hastas in height, and (it is) 9 in worth. By means of this (given
in exchange), how many (blocks) of such stone, fit to be used in
building a Jina temple, {may be obtained, each) measuring 2 by
6 by 1 (hastas), and being 5 in worth ?

Thus ends the inverse double, treble and quadruple rule-of-
three

The rale in regard to (problems bearing on associated) forward
and backward movement,.

23. Writ. down the net daily movement, as derived from the
difference of (the given rates of) forward and backward movements,
each (of these rates) being (first) divided by its own (specified)
time; and then in relation to this (net daily movement), carry
out the operation of the rule-of-three.

Ezamples m ollustration thereof.

24-25. In the course of £ of a day, g ship goes over 1 of a
krdse in the ocean; heing opposed by the wind she goes back
(during the same time) % of a krose. Give dut, O you who have
powerful arms in crossing over the ocean of numbers well, in what
time that (ship) will have gone over 992 yojanas

26. A man earning (at the rate of) 13 of a gold coin in 3%
days, spends in 4} days 1 of the gold coin as also } of that (%)
itself ; by what time will he own 70 (of those gold coinns as his net
earnings) ?

27. That excellent elephant, which, with temples that are
attacked by the feet of bees greedy of the (flowing) ichor, goes
over + as well as J of a ygjane in 5} days, and moves back in 3%
days over £ of a krdse - say i what time he will have gone over
(a net distance of) L00 ygjanas less by & krosa.

28-30. A well completely filled with water is 10 dandas in
depth ; a lotus sprouting up therein grows from the bottom

28-30, The ‘depth’ of the well is mentioned|n the original as height’
measured from the bottom of 1t.

12
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(at the rate of) 2% aigulas in a day and half; the water (thereof)
“Aows out through a pump (at the rate of) 2% angulas (of the well
in depth) in 1} days; 1% angulos of water (in depth) arc lost in a
day by evaporation owing to the (heating) rays of the sun; a
tortoise below pulls down 5% angulos of the stalle of the lotus
plant in 83 days. By what time will the lotus be on the same
level with the water (in the well) ?

81. A powerful unvanquished excellent black snake, which is
32 hastas in length, enters into a hole (gt the rate of) 7% angulas
in % of a day; and in the course of  of a day its tail grows by
22 of an awigule. O ornament of arithmeticians, tell me by what
time this same (serpent) enters fully into the hole.

Thus end the (probloms bearing on associated) forward and
backward movements.

The rule of operation relating to double, treble and quadruple
rule-of-three.

82. Transpose the Phaly from its own place to the other place
(wherein a similar concrete quantity would occur) ; (then, for the
purpose of arriving at the required result), the row consisting of
the larger number (»f different quantities) should be, (after they
are all multiplied together), divided by the row consisting of the

82. The transference of the Phala and the other operations h(rein mentioned
will be clear from the following worked out example
The data in the problem n stanza No 36 are to be first represented thus :—

9 Mdnds. 1 Vaha + 1 Kumbha,
3 Ygjanas. 10 YZanas.
60 Panas.

When the Phala here, viz , 60 panas, is transforred to the other row we haye—
9 Mdnis. 1 Vaha + 1 Kumbha =1} Vdha.
3 Yganas. 10 Yganas.

60 Panas.

Now the right hand row, consisting of a larger number of different quantities,
should be, after they are all multiplied together, divided by the smaller lefs
band row similarly dealt with.

Then we Lave

1} x 10 x 60
9 x3
The result here gives the number of pazas to be found out,
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smaller number (of different quantities, after these are also
similarly thrown together and multiplied) ; but in the matter of
the buying and selling of lLiving animals (the transposition is t¢
take place) only (in relation to the numbers representing) them.

Ezamples n llustration thereof.
B

33. At the rate of 2,3 and 4 per cent. (per month), 50, 60
and 70 Purdnos were (respectively) put to interest by a person
desiring proﬁt.‘ How much interest doss he obtain in ten
months ?

34. The interest on 80} gold coins for  of a month is 1.
How much (will it be) on 90§ gold coins for 5§ months?

35. He who obtains 20 gems m retwn for 100 gold picces of 16 -
varnas—what (will he obtain) in return for 288 gold pieces of
10 varnas ?

36. A man, by camying 9 mdnis of wheat over 3 ydjanas,
obtained 60 panas. How much (would he obtain) by carrying
one kumblia along with one wdla (thercof) over 10 yoyanas ?

Ezxamples on barter,
A

37. A man obtains 3 karsas of musk for iU gold coins and
2 karsas of caraphor for 3 gold coins. Hbw many (karsas of
camphor does he ohtain) in return for 300 karsas of musk ?

88. In return for 8 (mdsas in weight of 'silver), a man
obtains 60 jack fruits; and in return for 10 mdsas (in weight of
silver he oblains) 80 pomegranates. How muany pomegranates
(does he obtain) in return for 900 jack fruits ? i

Examples of (problems bearmyg on) the buying and sellung
of anwmals.

39. Twenty horses, (each) of 16 years (of age), are worth
100,000 gold coins. O leading arithmetician, say how much 70
horses, (each) of 10 years (of age), will be (worth) at this (rate).

40. Three hundred gold coins form the price of 9 damsels,
(each) of 10 years (of age). What is the price of 36 damsels, (each)
of 16 years (of age) ?
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4). What is the interest for 10 months on 90, invested at the
rate of 6 per 100 (per month) ¥ O you, who are a mirror to the
face of arithmeticians, say, with the aid of the two (other requisite)
known quantities, what the time in relation to that (intcrest) is,
and what the capital is (in relation to that interest and time).

An ezample on treble rule-of-three.

42. Two picees of sandal-wood, measuring 3 and 4 Zastas in
diameter and length fespectively, are worth 8 go]cd coins. At this
(rate) how much will he the worth of 14 (pieces of sandal-wood,
each) measuring 6 and 9 Zasfas in diameter and length (respect-
ively) ?

Thus ends treble rule-of-threc.

An example on quadruple rule-of-three.

43 A houschold well, measuring 5, 8 and 8 hastas in breadth,
length and height (from the bottom, respectively), contain 6 wdhas
of water ; O you, who are learned, give out how much (water) 9
wells, (cach being) 7 lastas in breadth, 60 in length and 5 in
height (from the bottom,-will contain).

Thus ends the fourth subject of treatment known
as Rule-of-three in Sarasangraha which is a work on
arithmetic by Mahaviracarya.

43, The word §4lwn? occuriing in this stanza mdicates the name of the metre
in which the stanza 15 composed. at the same time that it means ‘belonging to a
houge.’
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CHAPTER VL

MIXED PROBLEMS
The Fifth Subject of Traatment.

1. For attaining the supreme good, we worshipfully salute the
holy Jinas, who are in possession of the fourfold infinite attributes,
who are the makers of #rthas, who have attained self-conquest, are
pure, are honoured in allthe threc worlds and are also excellent
preceptors—the Jinas who have gone over to the (other) shore of
the ocean of the Jaina doctrines, and ave the guides and teachers
of (all) born beings, and who, being the abode of all good
qualities, are good in themsclves and do good to others.

Hereafter we shall expound the fifth subjeet of treatment
known as mixed problems. It is as follows:—

Statement of the meaning of the technical terms sankramana
and vesama-sankramana i—

2. Those who have gone to the end of the ocean of calculation
say that the halving of the sum and of the differcnce (of any two
quantities) is (known as) sankramana, and that the senkramena of
two quantities which are (respectively) the divisor and the quotient
is that which is wsama (v.c., visama-sankramana).

Ezxamples m illustration thereof.

3. What is the sankramana where the number 12 (is associated)
with 2; and what is the divisional wsama-sankramana of that
(same) number (12 in relation to 2)?

1 Trtha s interpreted to mean a ford intended to cross the river of mundare
existence which 1s subjeet to £arma and 1cincarnation  The Jinas are conceived
to be capable of enabling the souls of men to get out of the stream of samsdra
o1 the recurring cycle of embodied existence. The Jinas are thervefore called
tirthankaras
2. Algebraically the sakramana of any two quantities ¢ -nd b is ficdmg

a
a._-g_b and a._‘_f;i; their vsama-sankramaiza is arriving at b+‘b o il:

———_;—-a,nd —_—
2 2

oub
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Double Rule-of-three.

The rule for arriving at (the value of) the interest which
(operation) is of the nature of double rule-of-three :——

4. The number representing the fechd, ze., the amount the
interest whereon is desired to be found out, is multiplied by the
time connected with itself and is then multiplied by (the number
representing) the (given) rate of interest for the given capital;
(then the resulting product) is divided by the time and the capital
quantity (connected with the rate of interest); this (quotient) is,
in arithmetic, the intcrest of the deswred amount.

Ezamples m llustraton thereyf.

5. Puranas, 50, ¢0, and 70 (in amount) were dent out on
interest at the rate of 3,5 and 6 per cent (per mensem respect-
ively); what is the interest for 6 months P

6. (A sum of) 30 kdrsipanas and 8 panas werc lent out on
interest at the rate of 7% per cent (per month); what is the
interest produced in exactly 7% months ?

7. The interest on 60 for 2 months is seen to be 5 purdpas
with 8 punas ; what would be the interest on 100 for 1 year?

8 The interest for 1 month and a half on lending out 150
is15. What would be the interest obtained at this rate on 300
for 10 months ?

9. A merchant lent out 63 kdrs@panas at the rate of 8 for 108
(per month). What (is the interest) for 7% months ?

The rule for finding out the capital lent out —
10, The capital quantity (involved in the rate of interest) is
multiplied by the time connected with itself and is then divided

o extxl
4. bymboh':;ctllyw=—-—-—T>< 7 where T, C and I are respectively the time,
capital and mterest of the pramdna or the rate, and ¢, ¢ and ¢ are respectively
the time, capital and iterest of the icchd. For an explanation of pramdna,
wcchd, &e., see note under Ch, V. 2,
5. Unless otherwise mentioned, the rate of interest is for 1 month.

10. Symbolically ¢ XIZ;( d

=¢
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by the interest connected with itself. - (Then) this (quotient) has
to be divided by the time connected with the capital lent out}
(this Jast) quotient when multiplied by the interest (that has
accrued) becomes the capital giving rise to that (interest).

AJ
Ezumples in illustration thereof.

11. In lending out at the rate of 2% per cent (per mensem), a
month and a half (is the time for which intefest has accrued), and
a certain person thus obtsins 5 puranas as the interest. Tell me
what the capital is in relation to that (interest).

12. The interest on 70 for 1} months is cxactly 2. When
the interest is 2% for 73 months what is the capital lent out? ’

13. In lending out at the rates of 3, 5 and 6 per cent (per
mensem), the interest has so accrued in 6 months as to he 9, 18
and 25% (respectively); what are the capital amounts lent out?

The rule for finding out the time (during which interest
has accrued) :—

14. Take the capital amount (involved m the given rate of
interest) as multiplied by the time (cor;neeted therewith) ; then
cause this to be divided by its own (connectsd) rate-interest and
by the capital lent out; then this (quotient) here is multiplied by
the interest that has accrued on the capital lent out. Wise men
say that the resulting (product) is the time (for which the interest
has accrued).

Ezamples wn ellustration thereof.,

15, O friend, mention, after calculating the time, by what
time 28 will be obtained as interest on 80, lent out at the rate of
3% per cent (per mensew).

16. The capital amount lent out at the rate of 20 per 600 (per
mensem) is 420. The interest also is 84. O friend, you tell
me quickly the time (for which the interest has accrued).

OxTxv
Ixe

14, Symbolically,
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17. It is 96 that is lent .oul at the rate of 6 per cemt (per
mensem); the intercst thereon is seen to be 57 What is the
time (for which interest has accrued)?

The rule regarding barter or exchange of commodities :—

18. The quantity ¢f the commodity taken in exchange is
divided by its own price as well as by the quantity of the commo-
dity given in exchange. (It is then) multiplied by the price
of the commodity given in eschange, and thereafter multiplied
by the quantity of the commodity intendé¢d to be exchanged. This
(resulting) product is the required quantity corresponding to the
_prices of the commodity given in exchange as well as of the
commodity taken in exchange.

An exaneple wn illustration thereof.

19 and 20. Palas 8 of dried ginger were purchased for €1
panas and palas 5 of long pepper for 8% panas. Think out and
tell me quickly, O you who know arithmetic, how many palas
of long pepper have been purchased by oue (at the above rate) by
means of 80 palas of dried ginger.

Thus end the problems on double rule-of-three in this chapter
on mixed problems.

. Problems bearing on interest.

Next, in the chapter on mixed problems, we shall expound
problems bearing on interest.

The rule for the separation of the capital and interest from
their mixed sum :—

21. The result arrived at by carrying out the operation of
division in relation to the given mixed sum of capital and interest

M
IxtxI

1+ TxC

21. Symbolically, ¢ = ; Where m = ¢ + +, hence 1 = m — ¢,
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by means of one, to which the interest thereon for the (given) time
is added, (happens to be the required) capital; and the interest
required is the combined sum mmus this capital.

Amn exzomple i dllustration thereof.
22. It one lends out money at the rate of 5 per cent (per
month), the combined sum of interest and capital becomes 48
in 12 months. What are the capital and the interest therein ?

Again another rule for the separation of the capital and the
interest from their combined sum —

23. The product of the given time and the rate-interest,
divided by the rate-time and the rate-capital and then combined
with one, is the divisor of the combined sum of the sapital and
interest ; the resulting quotient has to be understood as the
(required) capital.

An example m dlustrateon thereof.

24. Having given out on interest some money at the rate of

21 per cent (per mensem), one obtams 83 in 4 months as

the combined sum (of the capital and the interest). What may
be the capital (therein) ?

The rule for the separation of the time ahd the interest from
their combined sum :(—

25. Take the rate-capital multiplied by the rate-time and
divided by the rate-interest and by the given capital, and then
combine this (resulting quantity) with one; then the quotient
obtained by dividing the combined sum (of the time and interest)
by this (resulting sum) indeed becomes the (required) interest.

Bzamples n illustration thereof.

26. Money amounting to 60 exactly was lent oubt ab the rate
of 5 per cent (per month) by one desirous of obtaining interest.

txI
23, Symbolhcally ¢ = m ~= {m + 1} . It 15 evident that this 1s very

much the same as the formula given under 21.
Cx7T
Ixe¢

25 Symbolically v =m -+ {: + 1} =, where m =19 + i,

13
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The time (for which the interest has accrued) combined with the
interest therefor is 20. What is the time here ?

27. The capital put to interest at the rate of 13 per 703 (per
mensem) is 705. The mixed sum of its time and interest is 80,
(What is the value of the time and of the intertgt ?)

28. The capital pub to interest at the rate 0.” 33 per 80 for
21 months is 400, and the mixed sum of time and inv orest is 36.
(What is the time and what the interest ?)

The rule for arriving at the separation of the capital and the
time of interest from their mixed sum :—

29. From the square of the given mixed sum (of the capital
and the time), the rate-capifal dinded by its rate-interest and
multiplied by the rate-time and by four times the given interest
is to be subtracted. The square root of this (resulting remainder)
is then used in relation to the given mixed sum so as to carry out
the process of sankramana.

Lramples w llustration thereof.

30. This, viz., 4 Purdnas is the interest on 70 (per month). The
interest (obtained ome the whole) is 25. The mixed sum (of the
capital used and the time of intercst) is 45t. What is the capital
lent out ?

31. By lending out what capital for what time at the rate of 3
per 60 (per mensem) would a man obtain 18 as interest, 66 being
the mixed sem of that time and that capital ?

32. Tt has been ascertained that the interest for 11 months on
60 is only 2. The interest here (in the given instance)is 24, and

e CxT
0~ ; x 4+ m
29. Symbolically, 5 = cort as the case may be,

where m=c¢ + &

The value of the quantity under the root, as given in the rule, is (c—1)%;
and the square root of this and the muéra have the operation of sank:amapa
performed in relation to them.

For the explanation of safkremana see Ch, VI, 2
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60 is (the value of) the time combined with the capital lent out.
(What is the time and what the capital ?)

The rule for arriving at the separation of the rate-intercst and
the required time from their sum :—

33. The rate-capital is multiplied by its own rate-time, by the
given interest and by four, and is then divided by the other
(that is, the given) capital. The square root of the remainder
(obtained by subtracting this resulting quotient) from the square
of the given mixed sum is then used in relation to the mixed sum
s0 as to carry out the process of swikramana.

An example wn illustration thereof.

34. The mixed sum of the rate-interest and of the time (for
which interest has accrued) at the rate of the quantity to be found
out per 100 per month and a half is 121, the capital lent out
being 30 and the interest accruing thereon heing 5. (What is
the rate of interest and what the time for which it has accrued )

The rule for arriving separately at the capital, time, and the
interest from their mixzed sum —

35. Any (optionally chosen) quantitysubtracted from the given
mixed sum may happen to be the time requirad. By means of the
interest on onme for that same time, to which interest one is added,
(the quantity remaining after the optionally chosen time is sub-
tracted from the given mixed sum) is to be divided. (The
resulting quotient) is the required capital. The mixed sum
diminished by its own corresponding time and capital becomes
the (required) interest.

An ezample in illustration thereof.

36 Inaloan transaction atthe rate of 5 per cent (per mensem),
the quantities representing the time, the capital and the interest

33. Symbolicallys \/ m? - - _C_x._[_‘_;i”_’:{’_
the required senkramana, m being equal to I+%.
35. Here, of the three unknown quantities, the value of the time is to be
optionally chosen, and the other two quantities are arrived at in accordance with
rule in Ch, VI, 21.

is used with m in carrying out
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(connected with the loan) are not known. Their sum however is
&2. What is the capital, what is the time, and what the intevest ?

The rule for arriving separately at the various amounts of
interest accruing on various capitals for various periods of time
from the mixed sum of, (those) amounts of interest —

37. Let each capital amount, multiplied by the (corresponding)
time and multiplied (also) by the (given) total (of the various
amounts) of interest,ebe separately divided by the sum of the
products obtained by multiplying each of the capital amounts by
its corresponding time, and let the interest (of the capital so dealt
with) be (thus) declared.

An example m Jllustration thereof.

38. In this (problem), the (given} capitals ave 40, 30, 20 and
50; and the months are 5, 4, 3 and 6 (respectively) The sum of
the amounts of interest is 34. (Find out each of these amounts)

The rule for separating the various capital amounts from their
mixed sum :—

39. Let the quantity representing the mixed sum of the various
capitals lent out be divided by the sum of those (quotients) which
are obtained by dividing the various amounts of interest by their
corresponding periods of time, and let the (resulting) quotient be
multiplied (vespectively) by (the various) quoticnts obtained by

e tym
37. Symbolicall 1 =i
¥ v cpti+eat, +cgtg+ . . 1
Co ty m .
and — =1, wheiem =i +1,+13+.

Cyty+Cotatoatat. . .
. and ¢y, Cp. C3, etc.,, are the various capitals, and ty, tg ts, ete., aze the various
periods of time, )
m 1

39. Symbolically, X —=c;;
1 + 22 + 13 + )
1y ty ts ©
1,
and il X -b—‘_.—_—- Cy
L + 1z + 13 + 2

where m=¢;+ ¢;+cg+ . . . ete.
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dividing the various amounts of interest by their corresponding
periods of time. Thus the various capital amounts happen to be
found out.

Ezamples w ellnstration thereof.

40. (Sums represented by) 10, 6, 8 and 15 are the (various
given) amounts of interest, and 5, 4,3 and 6 arc the (correspond-
ing) months (for which those amounts ol inferest have accrued);
the mixed sum of the (cerrcsponding) capital amounts is seen
to be 140. (Find out these capital amounts.)

41 The (various) amounts of interestare £, 6, 101, 16 and 50 ;
(the corresponding periods of time are) §, 6, 7, 8 and 10 months ;
80 is the ndxed sum (of the vaiious capilal amounts lent out.
What are these amounts respectively ?)

The rule for arriving separately at the vaiious periods of time
from their given mixed sum -—

42, Let the quantity representing the mixed sum of the
(various) periods of time be divided by the sum of those (various
quotients) obtained by dividing the variqus amounts of interest by
their corresponding capital amounts; and (then) let the (result-
ing) quotient be multiplied (separately by each of tho above-
mentioned quotients). (Thus) the (various) periods of time
happen to be found out

An example 1 llustration thereof.

43. Here, (in this problem,) the (given) capital amounts are
40, 80, 20 and 50 ; and 10, 6, 3 and 15 arc the (corresponding)
amounts of interest; 18 is the quantity representing the mixed
sum of the (respective) periods of time (for which interest has
accrued. Find out these periods of time scparately).

m x -%L =t;, where m ==t + t, + t3+ &o,
1

42, Symbolically,

% 1 23
B A T
Ct Ca c3

Yimilarly s ts, etc,, may be found out,
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The rule for arriving separately at the rate-interest of the rate-
capital from the quantity Yepresenting the mixed sum ohtained
by adding together the capital amount lent out, which is itself
equal to the rate-interest, and the intercst on such capital lent
out:—

44, The rate-capitel as multiplied by the rate-time is divided
by the other time (for which 1ntercst has acerued) ; the square root
of this (resulting quotient) as multiplied by the (given) mixed
sum once, and (then) ‘as combined with the square of half of that
(above-mentioned) quotient, when dimirdshed by the half of this
(same) quotient, becomes the (requured) rate-interest (which is also
equal to the capital lent out).

Eramples en ollustration thereof.

45. The rate-interest per 100 per 4 months is unknown. That
(unknown quantity) is the capital lent out ; this, when combined
with its own interest, happens to be 12; and 25 months is the time
for (which) this (interest has accrued. Find out the rate-interest
equal to the capital lent out).

46. The rate-interest per 80 per 3 months 15 unknown ; 74 is
the mixed sum of thazt (unknown quantity taken as the) capital lent
out and of the interest thereon for1 year. What is the capital
here and what the interest ?

The rule for separating the capital, which is of the same value
in all cases, and the interest (thercon for varying periods of time),
from their mixed sum :~~

47. Know that, when the difference between (any two of) {he
(given) mixed sums as multiphed by each other’s period * (of

or cT\2 ¢r
44, 8ymbolically, A/ ——xm* ( "2‘{) — 53 =TI wheh is equal to c.
47. Symbolically, Mt S mety =c.
oty
* By f‘ the peried of interest *’ here 1s meant the time for which interest hag
accrued in counection with any of the given mixed sums of capitel and interest,
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nterest) is divided by the difference between those periods, what
1appens to be the quotient is the required capital in relation td
all) those (given mixed sums).

Ezamples in illustraton theyeof.

48. The mixed sums are 50, 58 and 66, and the months
luring which interest has accrued respectively) are 5, 7 and 9.
ind out what the interest is (in each case}.”

49 and 50. O arithnietician, a certain man paid out to 4
rsons 30, 81%, 33% and 35, (these) heing the mixed sums (of the
me capital and the interest due thercon) at the end of 8, 4,5

d 6 montts (respectively) Tell me guickly, what may be the
pital here ?

The rule for separating the capital, which is of the same value
all cases, and the time (during which interest has accrued), from
ir mixed sum :—

51. Wise men say that that is the (required) capital, which is
ained as the quotient of the difference between (any two of) the
ren) mixed sums as multiplied by each other’s interest, when
i (difference) is divided by the difference between the (two
sen) amounts of interest.

Examples wn 1llustration thereof

32. The (given) mixed sums of the capital and the periods of
est are 21, 23 and 25 ; here, (in this problem,) the amounts
terest are 6, 10 and 14. 'What may be the capital of equal
s here ?

3. The (given) mixed sumsare 35, 37 and 89 ; and the amounts
terest are 20, 23 and 36. (What is the common capital ?)

1% S Ma
Mtz 2%

m ..
Symbohcally, o == ¢, where m,, m;, ete,, are the various misras
1 2

ed sums.
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Therule for arriving at the capital dealt out at two different
rates of interest :— i

54. Let the balance quantity (z.e., the difference between the
two amounts of interest,) be divided by the difference between
those (two quantities) which form the interest on one for the given
periods of time ; (this quotient) becomes the capital thought of by

one’s self before.

Frarmples in 1llustration theregf.

55. Borrowing ab the rate of 6 percent, and then lending out
at the rate of 9 per cent, one obtains in the way of the differential
gain 81 dulv at the end of 3 months. What is vhe capital
(utilized here) ?

56. Borrowed at the ratc of 3 per cent per mensem, a certain
capital amount is put out to interest at the rate of 8 per cent per
mensem. The differential gain is 80 at the end of 2 months.
How much is the capital (so used) ?

The rule for arriving at the time when both capital and interest
will become paid up (by instalments) :—

57. The capital lent outis multiplied by its time (of instal-
ment) and is again®multiphed by the rate-interest; this product,
when divided by the rate-capital and the rate-time, becomes the
interest in relation to the instalment. Tho capital (in the instal-
ment) and the time (of discharge of the debt are to be made ont)
as before from (this) interest.

"Ezainples m 1llustration thereof.

58. The rate of interestis 5 for 70 per mensem ; the (amount of
the) instalment to be paid is 18 in (every) 2 months; the capital
lent out is 84. What is the time of discharge ?

1 S 1y .
Ixtyx Ly _ 1x tyx I,
Iy % Gy Ty x O,

“ : expx T
57. Symbolically, T =1nterest in the instalment, where p is the

54, Symbolically,

[

time of each instalment,
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39. The monthly interest on 60 is exactly 5 The capital
lent out is 85; the (amount of the) iwstalment (to be paid)is 15
in (every) 3 months. What s the time (of discharge) of that
(debt) ®

"The rnle for separating various capital amounts, on which the
snme interest has acerued, from their mixed sam ~—

60. Let the (given) mixed sum multipliod by the time (given)
in relation to it be divided by the sum of that guantity, wherein are
combined the various rate-capitals as multiplied by their respective
rato times and as divided\by their respective rate-interests. The
interest (is thus arrived at) ; and (from this) the capital amounts
are arrived at as hefore.

Eaamples wn dlustralon heveof

61. The mixed smn (of the eapital amounts lent vut) at the
rates of 2, 6 und 4 per ceut per wensem 18 4,400, IHero the
capital amounts are such as have equal amouuts of interest aceruing
after 2 months. What (are the capital amounts lent. and what is
the equal interest) ?

62. An amount represented (on the “vhole) by 1,900 was lent
out at the rates of 3 per cent, 5 per 70, and 3% per 60 (per mensem);
the interest (accrued) in S months (on the various lent parts of
this capital amount) 18 the same (in cach case). (What are these
amounts lent out and what is the interest ?)

The rule for arriving ut the lent ont capital in relation to the
known {ime of discharge by instalments -—

63. Let the amount of the instalment as divided by the time
thereof and as multiplied by the time of discharge be divided by

N m Xt .
60, Symholically, C]_'XETT -v*—a—:’—;T:‘ -~ =, from this, the capifals
B e e M\
I I;
are found out hy the rule in Ch VI. 10,
N
63. Symbohically, — 4 eeeee == ¢, Wwhere s==amount of insvalment.
1xtx1I
1+ 75¢

p = the tune of an wstalment, and { = the Hime of discharge.

.

14
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that interest on ome for the time of discharge to which one is
added ; the capital lent out is (thus arrived ut)

Faamples a dlustration ther eof.

6t In accordance with the rate of 5 per cent (per mensem), ¢
months is the time foreach mstalment; and paying the instalment
of 8 (ou sach occasion), a man heie hecame free (from debt) in
60 months  What is the capital (borrowed by him) ?

65 A certain person gives once m 12 days an instalment of
22, the rate of interest being 3 per cents(per mensem) What is
the capital amount of the debt discharged 1 10 months >

The rule for arnving separately at the various capital-amounts
which, when combined with or diminished by thew respective
interests, are equal to onc another, fiom their mixed sum, (the
interests being either added to the capital amounts in all the given
cases or sublracted from them similarly in all the given cases) :—

66 Oneas to be either eombined with or diminished by the
miterest (accruing) thercon for the (given) period of time (in cach
case 10 accordance with the respectively given rate of intevest;
then again in each case,) one 15 divided respectively by these
(combined ov diminiched quantitics arrived at as before) There-
after the (given) mixed sum (of the varouvs capital amounts lent
out) is divided by the sum of these (resulting quotients), and in
relation to the mixed sum (so treated) the process of multipli-
cation 1s to be conducted (separately m each case by multiplying
it) by (the; corresponding) proportionate part (of the above-
mentioned sum of the quotients). This gives rixe to the capital

606, Symbohcally,

m 1
e e e X =¢
1 1x¢tx1I
—————— e fo. 1
Lol +1:i:] xtxn T =+ T % G,
T] X CJ T;YCQ
1
Simi'sr s, do do. X o e IS @,
]ﬂzl x tx 1,
7o x Oy

And s0 on for ey, ¢, &c.
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amounts lent out, whieh on being combined with o1 dimimshed by
their respective amounts of interest are equal (in value)

Tizamples wn dlustration ther eof.

67. The total capital represented by 8,920 15 invested (1n parts)
at the (ruspeetive) vates of 3, 5 and 8 per cent (per month).
Then, 1n this investment, 1m 5 months the capital amounts lent ont
axc, on being diminished by the (respective) amounts of interest,
(scen to be) cqhal m value. (What are the respective amouuts
invested thus ?)

68. The tolal capital represented by 4,250 18 invested (in parts)
at the (respective) rates of 3, 6 and 8 for 60 For 2 months ; then,in
this investment, 1n 8 months the eapital amounts lent out are, on
being diminished by the (respective) amounts of interest, (secn to
be) equal in value (What are the respective amounts mvested
thus ¥)

69 Thetotal capital representod by 13,740 is mvested (in parts)
ab the (vespective) ratesof 2,5 and 9 per cent (per mouth) ; then,in
this investment, in 4 months the capital amounts lent oul are, on
being combined with the (respective) amounts of interest, (scen to
be) equal in value (What arc the respective amounts imvested
thus ¥)

70 The total capital represented by 8,646 is invested (in parts)
at the (vespective) vates of 14, 3 and § for 80 (per month); then, in
this investment, in 8 mouths (the capital amounts lent out axe, on
being combined with the respective amounts of intorest, seen to he
equal in value  'What are the respective amounts invested thus?)

The rule for arriving al the capital, the interest, and the time
of discharge (of the debt) in relation to the debt-amount (paid up)
in instalments in arithmetical progression —

71 (The required capital amount in the duc deht) is that
capital amount (which results) by adding the product of the

71. The rule is very elliptical and will become clear from the followme
working of the example contained in stanzas 72—73% -—

Here the male or the maximum available amount of an ingtalment 18 60, this,
when divided by 7, the amount of the first instalment, gives %° or 87, of which
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optionally chosen (maximum available amount of an instalment)
by (whatever happens to 1) the outstandieg (fractional part of
the number of terms in the series), to the amount of the (first)
instalment as multiplicd hy the sum of that series in arithmetical
progression, which has (ome for the first term, one for the common
difference. and has for, the number of tevms the integral value of)
the quotient obtained hy dividing (the alove optionally chosen
maximum) amount of debt (discharged at an instalment) by the
(ahove amount of the first) instalment. The interest thereon
is that which accrucs for the period of an instalment The time
(of an instalment) divided by the amount of the (first) instalment
and multiplied by the (optionally chosen maximum) amount
of debt (discharged at an instalnent) gives rise to the time (which
18 the time of the discharge of the whole debt).

Egamples m ollustralion lhereof

72and 733 A certain man ntilised, (for the discharge of a debt)
bearing inlerest at 5 per cent (per month), 60 (as the available
maximium amount) with 7 as the first instalment amount, increasing
it by 7 in suceessive instalments due every 2 of amonth. He thus
gave m discharge of the debt the sum of a scries in arithmetical
progression consistirg of &% terms, and gave also the interest
ascruing on those multiples of ¥  What 1s the debt amouont
corresponding to the sum of the serics, what is that interest (which
he paid), and (what is) the time of discharge of that deht ?

3% to 76. A certaimn man utilised for the discharge of a debt,
bearing interest at 5 per cent (per monsem), 80 (as the available
maximum amount) with 8 as the first instalment amount, increasing
it by 8 in successive instalments duc every } of a month. 1le thus

8 vepresents the number of lerms of the series m amthmeoelical progression,
which has 1 for the first term and 1 ror the common diffevence , and §is the
agra or the outstanding fractional part. The sum of the above-mentioncd
series, viz , 30, multiplied by 7, the amount of the first instalment, is added to
the product of ¢ and 60, which latter is the maximum available amount of an
instalment. Thus, we got 36 X 7 -7 X 60 = 2294, which 15 the required capital
amount in the due deht. The interest on 2984 for ¢ of & month at the rate of
6 per cent per mensem will be the interest paid on the whole. The tume of
discharge will be (} <=~ 7) X 20 = %% months,
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gave in discharge of the debt the sum of a series m awthmetical
progression consisting of % terms and gave also the interest,
aceruing on those multiples of & The deht amount (corresponding
to the sum of the scries), the interest (which he paid), and the
timo of discharge (of that debt)—tell me, [r1end, after caleulating.
what the (respective) value of these quantities is

The rule for arrving at the average common 1nterest —

77 and 773. Divide the sum of the (various accruimng) micrests
hy the su of the (various corresponding) interests due fora month
the resultmg quotient 1s the required time. The product of the
(assumed) rate-time and the rate-capital is divided by this required
time, then multiplied by the sim of the (various accruing) intercsts
and then divided again by the sum of the (various given) capital
amounts, This gives risc o the (required) rate-interest

dn emumple m dlustration thereof
784, 1n this problem, four hundreds were (separately) invested
at the (rvespective) rates of 2,3, 5 and 4 per cent (per mensem)
for 5, 4, 2 and $ months (respectively) What is the average
common time of mvestment, and what the average common rate
of interest ¥

Thus end the problems hearing ou interest in this chapter on
mixed problems.

77 and 773 The varwous accrumng mterests aie the vaiious amounis ot
terests aceruing on the several amounts at the varions 1ates lor thewr 1espeetive
periods.

o x b x 1y | e Xty x1Is

’ - ey x1x 1y
Symbolically, {""va *hparbxh,. . },tawf Dy

¢, x1 x I } .
LTS24+ . . . =ty 01 average biwe;
Ix C “ ° ?
7T x ( [c,x[,x]l Ca X B x 1. }. \
and X 4 - - eI T+ . . .= (e Co + .
. U I'x¢C T x O (et )

= 1y 01 avelage interess.
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Proportionate Division.

Hereafter we shall expound i (this) chapter on mixed problems
the working of proportionate division —

794 The operation of proportionate division is that whercin the
(given) collective quantity to be divided) 1s first divided by the
sum of the numerators of the common-denominator-fractions
(vepresenting the various proportionate parts), the denominators of
which fractions are struck off out of counsideration ; and (then 1t)
has to be multiplied (respectively in each case) by (these) propor-
tional numerators  This is called Autttkdra by the learncd.

Examples m dlustration thes eof

804 Ilere, (1n this problem,) 120 gold picces are divided among
4 servants in the (respective) proportional parts of 1,1, 4 and %
O arithmetician, tell me quickly what they obtained

81%. (The sum of) 363 dimdras was divided among five, the
first one (among them) getting 3 parts and 3 being the common
ratio successively (in relation to the shares of the others). What
was the shave of cach ?

821 to 85%. A «certain faithful érgueke took a number of
lotus flowers, and going into the Jina temple conducted (therein)
with devotion the worship of the chief Jinas that were worthy of
worship. He offered 1 part to Visabha, ! to worthy Parsva,
and v to Jinapati, and % to sage Suvrata; he dovotedly gave {
to Arislanérn who destroyed all the eight kinds of karmas and who
was beloved by the world; and } of } to Jinasanti 480 lotuses
were brought (forthis purposc.) By adopting the operation known

703. 1n working the cxample 1n stanza 80} according to tlus rule we get

Y dof =1 of o o2 After 1emoving the denominators here, we have 6, 4, 3
und 2. These are also called prak<Zpes or proportional numerators The sum of
these 18 15, by which the amount to he distrbuted, w1z, 120, is divided , wnd the
resulting quotient 8 is separately multiplied by the proportional numerators 6, 4,
3and 2. Then the amounts thus obtamed are 6 » 8 or 48,4 x 8 or 82, & xSov
24,2 x 8 or 16. It is worthy of note that praksipa means both the operation
of proportionate division and a proportional numerator.
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as praksépeka, give out the proportionate distribution of the
flowers.

86L. (A sum of) 480 was divided among five men in the pro
portion of 2, 3, 4, 5 and G ; O friend, give ont (the share of cach)

The rule for arviving at (certain) results in required pro-
portions :(—

87%. The (number representing the) rate-price is davided by
(the number representing) the thimg purchasable therewith; (it)
is (then) multiphied by the (given) proportional numhber; by meauns
of this, (we get at) the sum of the propartionate parts, (through)
the process of addition. "Then the given amount multiplied Ly
the (respective) proportionate parts and then divided by (this
sum of) the proportionate parts gives rise to the value (of the
various things in the required proportion).

Another rule for this (same) purpose -

88%. Multiphy the numbers representing the rabe-prices
(vespectively) by the numbers representing the (given) propor-
tions of the (various) things (to be purchased); then divide (the
result) by the (vespective) numbers measuring the things purchas-
able for the rate-price ; the resulting quantitics happen to be the
(requisite) multipliers m the operation of prarsépaka. The intelh-
gent man may (then) give out the required answer by adopting
the rule-of-three.

Again a rule for this (same) purpose :—

894 The (numbers representing the various) rate-prices arc
respeetively divided by their own related (numbers representing
the) things purchasable therefor and are (then) multiplied by
their related proportional numbers Waith the help of these, the
remainder (of the operation should be carried out) as before.

87} to 893 In working the example n stanza 903 and 91} according to these
rules 2, 3 and 5 are divided by 3, 5 and 7 vespectively and are similarly multi-
phed by 6,3 and 1. Thus we have § x 6,2 x 3,2 x 1.=4,2, 2. These ae
the proportional parts Theiunles in stanzas 881 and 89} requne thercalter
the operation of prads pe to be apphed m relation to these proportional parts ,
but the rulem stanza 87} expressly describes this operation.
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The roguived result is well arrived at hy gomg through the process
rof the rule-of-three.

EBxamples in llustration thereof.

00% and 914, Pomegranates, wmangoes and woodapples are
obtainable at the (vesmective) rates of 3 for 2, 5 for 3. and 7 for 5
panas. O you friend, who know the principles of caleulation, come
quickly having purchased fruits for 76 panas, so that the mangoes
may he three times & the woodapples, and the pomegranates six
times as much.

92L+0 944 A follower of Jina had the image of Jina bathed in
potfuls of curds, ghee and milk  Threc pots became filled with 72
palus (of these) ; 82 palas were found iu the first pot and 24 in the
second pot and 16 in the third pot. TFrom these (potfuls of mixed-
up) curds, ghee and milk, find out cach of those (ingredients)
separatcly and give them out, there heing altogether 24 palas of
vhee, 16 palas of milk and 32 palas of curds.

95% and 96%. Three puranas formed the pay of one man who
iy a monnted soldier ; and at that rvate there were 65 men in all.
Some {among them) broke down, and the amount of their pay was
given to those that remained in the field. Of this, each man
obtained 10 puranas. You tell me, after thinking well, how niany
remained in the fleld and how manv hroke down.

The rule for the operation of proportionate division wherein
there is the addition or the subtraction of certain optionally chosen
iutegral yuantities .—

97%. The given total quantity is diminished by the tegral
quantities that are to be added, or is combined with the positive
integral quantities that arc to be subtracted ; then with the help of
this resulting quantity the operation of proportionate division is to
he eonducted, and the resulting proportionate parts are respectively
combined with those (integral yuantities that are to be added to
them), or they are diminished (respectively) by those (integral
quantities that are to be subtracted).

97%. The operalion of proportionate division to he condncted here 18 according
to any of the rnles in stanzas 874 to 893,
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Examples in illustration thereof.

984. Four men obtained their shares in successively doubled,
proportions and with successively doubled differences in addition,
the first man obtaming one share 67 (is the quanhity so o be
distributed) here.  'What is the share of cach ?

99%. (A sum of) 78 is divided by these four (among them-
selves) in proportions which are successively from the first 13
times (what precedes) and with differences (1n addition, which,)
commencing with 1, (go on) increasing three-fold. Give out the
(value of the) parts obtained (by cach.) -

1002 (The shares of) five (persons) are (successively) from the
first 11 times (what goes before), and the differences in addition are
yuantities which are (snccessively) 24 times (the preceding difference)
512 is (the total quantity) to be divided. (Find out the values of
the portions obtained by each )

1014, {A sam of) 400 menus 15 is divided by four men (among
themselves) in proportions which from the first are 2% times
(what precedes), and which (besides) are less by differences which
are (successively) 4 times (the preceding difference). (Find out
the values of the various portions obtained.)

The rule for arriving at the value of the prices producing
equal sale-procceds and at the value of the highest capital (invested
in the transactions concerned) : —

1024, The largest capital (invested) combined with one
becomes the vending rate of the commodity (to be sold). That
(same vending rate), multiplied by the (given) p:vice"a,t which the
remnant is to be sold, and dinunished by one, gives rise to the

984. The difference quantity to be added to the shaies here 151 in the case
of the sccond man, and twice the preceling difference 1m the case of each of the
remaining two men , and this difference n the case of the sccond man 1s net
expressly mentioned as 11n this example as well as m the example 1n stanza 1013.

1024 The examples bhearing on this rule contemplate the purchase of a
commodity at a ecrtain common 1ate for varous captal amounts, then the
commodity so purchased 1s to be sold at a certain other common rate. That
quantity of the commodity which 18 left over, owing to its not being cnongh to
be sold for a unit of the kind of money employed in the transaction, is here
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purchasing rate. By reversing the processes, one may arrive at
the valuation of the highestrcapital (invested in the transaction).

Bewmples i dllustration thereof.

15y Tho capitalqamonn‘cs invested by (three) men are (re-
apectively) 2, 8 and 36; 6 is tho price at which the remmnants of
the commodity are to be sold. Having porchased aund sold at
the same rates, they JDoecame possessors of equal”wealth  (Find
out the buying and selling prices) )

1045 Those three persons took up 14, 3 and 2% (as their re-
spactive capital amounts) and conducted the operations of buying
aad selling (in relation to the same commodity at the same rates of
price) ; by selhng the remmaut (1 the end) at a price represented
by G, they Dbecame possessors of eyual weallth  (Find out their
buying and selling prices.)

1054, The quantity measuring the equal wealth is 41, and
the price at which the 1emnants of the commodity are sold is 6.
O arithinetician, tell me quickly what the highest capital (mvested)
iy, and what the (various) capitals are.

1061 1In the case where 35 dindras give the numerical measure
of the equal wealth, emd 4 is the price at which the remmnant is to
be sold, you tell me, O arithmetician, what the highest capital
(invested) is.

spoken of as the remmant, and the price at which this remnant s sold 18 the
remnanf.price ‘

Symholieally, let o, ¢ + banda + b + ¢ be the capitals, where the last 1s
the Gﬁgq&’[ or the laigest capital, snd let p be she a-(zng} or the r1emmant-
price,, then, according 1o the iule, @ + b + ¢ + 1 = the vending 1ate ,
and (@ + b + ¢ + 1) p —1 = the purchasing vate

Frow these, 1t can be easily shown that the sum of the amonnts reahsed by
sellng the commodiby av the vending rate and the remnaut ab the remnant-
price tarns out to be the same 1 each case.

It may be noted that the purchasing rate happens m problems bemng on
this rule to be the same 1 value as the HJETS or the equal sale-proceeds.

103§ It may he noted here thal, according to the rule, 1t is only the largest:
sapital that is fonnd out , while the other . aprtals tequired m the problem are
optiomally chosen, %0 as to be less than the largest capital,
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The rule for arriving at the value of the prices produeing
equal sale-proceeds when the price of he remnant is fractional in
character ;—

107r When the remmaut-price is fractional in character, the
selling and the buying rales arc to be denved as hefore with (the
data consisting of) the (invested) capitals apd the remnant-price
reduced to the same denominator, which is (however) ignoved (for
the time being); these selling and buying vates arc (theu re-
spectively) to be multiplied by (1his) denommator and the square
of (this) denominator (fos arriving at the required selling and buy-
ing rates). The value of the eyual sale-proceeds is (then obtained)
by means of the rule-of-three.

An example in illustration thercof.

108% (In a transaction) 3. %, 1 ave the capital amounts
(invested 1espectively hy three persons); the remnuunt-price 1s 4.
By purchasing and selling at the same prices, they became
possessed of cqual sale-procceds  (What is the buying price, what

the selling price, and what the equal sale-amount ?)

Again, another rule for amving at the value of the equal sale-
proceeds, when the remnant-price is fractionad —

109%. The continned product of the highest numerator, of tuwo,
and of (all) the denominators (to be found in the values of the
capital amounts invested), when combined with the (last) denomi-
nator belonging to the valuc of the remnant-price, gives rise to
the sclling rate. This multiplied by $he remnant-price, and then
diminished by one, and then multiplied (suceessively) hy two and
all the denominators, becomes the purchasing rate Then the
rule-of-three (is to be wused for ariiving at the common value of
the sale-amounts).

An example wm lustration thereof.

1101. Having invested 3%, 2, 4 (respectively), and having
bought and sold (the same commodity), and with £ asthe remnant.
price, three merchants became possessors of equal sale-proceeds
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(intheend. What s the buying price. what is tie selling price,
and what the equal sale-amount ?)

The rule for arriving at (the solution of a problem wherein)
optionally chosen quantities (ave) bestowed in optionally chosen
multiples for an optionaily chosen number of times:—

111%. Let the penultimate quantity bz added to the ultimate
quantity as divided by its own corresponding multiple number,
and lot the result ofthis operation be divided by that (multiple
number which is associated with this) penultimate quantity (given
in the problem). What results (from carrying out this operation
throughout in relation to all the various quantitics hestowed)
Lappens to be the (required) origmal quannty.

Exanples mn dllustration thereof.

112} and 113}, A certain lay follower of Jainism went to a
Jina temple with feur gate-ways, and having taken (with him)
fragrant flowers offered them (thus) i worship with devotion .—
At the four gate-ways, they became doabled, then trehled, then
yuadrupled and then quintupled (respectively in order) The
number of flowers offered by him was five at every (gate-way).
How many were the lotuses (originally taken by him) ?

1141, Flowers were obtained and offered in worship by
devotees with devotion, the flowers (so offered) being (succossively)
8,5,7 and 8; (their corresponding) mnltiple quantities being 4, 1,
4 and § (in order. Find out the original number of flowers).

Thus ends proportionate division in this chapter on mixed
problems.
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Vallika-kuttika a.

Hereafter we shall explain the process of caleulation known ag
Valhkag-kuttikara * :—

The rule underlying the process of calculation known as
Vallika in relation to Huttikara (which is a opecial kind of division
or distribution) :—

115%. Divide the (given) group-number by the (given)
davisor ; discard the first quotient; then put" down one below the
other the (various) quotiénts obtained by the successive division
(of the various resulting divisors by the various resulting remaiu-
ders; again), put down below this the optionally chosen number,

= It 18 so called because the method of Auttikdre explammed in the rule 18
Lased npon a creeper-like chain of figures.

115%. The 1ule will becowo clear fiom the following working of the problom
m stanza No. 1175,

Here 1t 15 stated that 03 heaps of plantains together with 7 separate fruits
are cxactly divisible among 28 peisous, it 15 requued to find out the number of
fruits 1n a heap. Heie the 63 1s called the * group-number °, and the numerical
value ot the truits contamned in each heap 1s called the ‘ group-value', and 1t 1s
this latter which has to be found out o

Now, according to the rule, we divide first the i, or group-number 68, by
the chéda or the divisor 23, and then we continue the process of division as in

finding out H.C.F. of two numbers.—
28)63(2
46
—_ Here, the first quotient 2 18 discarded, the other
17)23(1 quotienis are wiitten down 1 a lme one below The
17 other as 1 the margmn , then we have to choose
such u number as, when multiphied by the last
remamder 1, and then combined with 7, (the
number of separate fruits given in the problem,)
will be divisible by the last divisor 1 We
accordingly choose 1, which is written down
- below the last figure in the chain, and below
1>j(4 this chosen number, again, is wiuitten down the
— quotient obsamed in the above division with
1 the help of the chosen number.

B>
12

B 0

5)8(1
5

Here we stop the division
with the fifth 1emainder as 1t
is the least remainder in the
odd position of order in the
series of divisions carried out
here.
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with which the least rewainder in the odd position of order (in
tbe above-mentioned process of successive division) 18 to he multi-
‘plied; and (then put down) below (this again) this product
mereased or decreased (as the case may be by the given known
number) and then divided (by the last divisor in the above men-
tioned process of sugcessive division. Thus the Vuliké or the
creeper-like chamn of figures is obtamed. In this) the sum
obtained by adding (the lowernmost nuwber in the chain) to the
product obtained by multiplymg the number above it with the
namber (immediately) above (this upwer number, this process
of addition being in the same way continued tll the whole
chain is exhausted,) this sum, is to be divided by the (oviginally

-

Thus we get the chamn or Vallskd noted mn the first column of figures m the

maigm. Then we maltiply the penultimate figure below n
1—51 the chain, viz, 1, by 4, which 1s ahove 1t, and add 8, tho last
2--38 number in the cham, the resulting 12 1s wirtten down so as
1--13 to be 1n the place corresponding to 4, then multiplying this
4—12 12 by 1 which 1s the fignro ahove 1t 1 the crecper chain, «nd
1 adding 1, the Hguie simlarly below 1t, we get 13 1 the place
8 of 1 procecding 1n the same manner 88 and 51 aie obtamed

m the places of 2 and 1 respectively. This 51 15 divided by
23, the divisor 1 the problem, and the remamder 5 1 scon w0 be the le

. ash
nambe1 of frmts in a bugch. o

The raonale of the rule will be (lear from the following algebraical repre-
gentation —

Bm;;'_b = y (an integer) = gz + py, wheve p; = E;@gl”_f_b
dp; — 0 )
R — __p_%’ (where r; = B — dq; the st remainde )

1
. . . __Typy—— b
= gap1 + Po, Where p, = T——, and ¢. 18 the second quotient and

75 the second remainder.

H ] = ﬁ?ﬁi_b = o . ~ 730 + b
ence, p, - 93ps + Py, where py = _ﬁ;;_, and g3 18 the
third quotient and 3 the thind remainder.
7o pg—
Siilarly, p, =-—“—2j7——b— == Q4 P + pg, where g, = “_@i,
3 73
73 py+b
Py = D3P — 0oy + pg, wheve pg o 1524+ D,
¢ "4

Thus we have, 2 =g, p; + py;
PL1==q3 Pz + P3;
23=Q4 s + Dy,
Ps==(q5 Ps + p5.
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given) divisor. (The remainder in this last division becomes the
maltiplier with which the originally given group-number is to be.
multiplied for the purpose of arriving at the guantity which is to
be divided or distributed in the manner indicated in the problem.
Where, however, the given group-numbers, increased or decreased
in more than one way, are to be divided ox distributed in more
than one proportion,) the divisor related to the larger group-value,
(arrived at as explained abovein relation to cither of iwo specified
distributions), is to be divided (as above) by the divisor (related to

By choosing a value for g, such that 7_%_19_4_'{'_9’ which is, as shown above, the
n

value of ps becomes an mrteger, and by arrangmg m a cham ¢, ¢3 gy, g5, P4
and p; we get at the value of @ by procecding as stated in thevule, that 1s, by
the processes of multiphication by the npper quantity and the addition of the
lower quantity in the chamn, which are careed up to the topmost, guantaty, The
value of & 80 obtained 1s divided by 4, and the remainder vepresents the least
value of , for the values of  wineh satisfy the eqnation, @; b = an mteger,

are all in an artthmetical progression wheremn the common difference is 4.

This same rule contemplates problems wheie two or more conditions are given,
suoch as the problems given 1n stanzas 1214 to 120}, The problemin 1214 may be
thus worked out according to the rule —It1s given that a heap of trmts when
diminished by 7 1s exactly divisible among 8 men, apd the same heap when
diminisbed by 3 15 exactly divisible among 18 men.

Now, according to the method already given, find out first the least number
of fruits that will satisfy the fist condition, and then find out the number of
fruts that will satisfy the sccond condition. Thus we geb the group-values J5 — -
and 16 respectively  Now, the divisor related to the larger group-value 1 divided
as before by that related to the smaller group-value to obtain a fresh valhkd
chain. Thus dividing 13 by 8 and continuing the division, we have—

8)13(1 From this the Vallohd chain comes out thus — Choos-

8 g 1 as the mubr, and adding the difference between the
e two group-vulues already arnmved at, that 1s,
5)2(1 16—15, or 1, to the product of the mats and the
lagt divisor, and dividing this sum by the last
divisor, we have 2, which 18 to be written down
below the mati 1 the Vallkd cham. Then pro-
ceeding as before with the vallikd, we get 11,
which, when divided by the first divisor 8,
- leaves the remainder 3. Thisis multiplied by
1)2(1 the divisor rclated to the larger group-value,
1 viz., 13, and then 1s combined with the larger
group-value. Thus §5 1s the num'ber of frmits in
the heap.

3)6(L
3

[ i e

2)3(1
2

1
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the smaller group-value, so that a creeper-like chain of successive
quotients may be obtained in this case also as before. Below the
lowermost quotient in this chain, the optionally chogen multiplier
of the least remainder in the odd position of order in this last
successive division is to be put down; and below this again is to
be put down the mamber which is obtained by) adding the
difference between the two group-values (already referred to) to
the product (of the least remainder in the last odd position of
order multiplied by the above optionally chosen multiplier thereof,
and then by dividing the resulting sunr by the last divisor in the

The rationale of this process will be clear from the following considerations —

We have (1) E‘_ai}l 18 an mteger, (u l;ﬂ—iij—-_b—" 18 an” mteger, and
1 2
(1if) E:g_m_qiﬁs_ is an integer, In (1) Lot the lowest valne of x = s;.
A3
In (11) 2 3 3 & = 8.
In (l]l) ”» ] ’ T == S3.

(iv) When both (1) and (1) are to be satisfied, d4, + 8 Las to be equal tu
kdg + 8i, 80 that s, — s, == kA, — d4;. That 1s, »511-4—4_#::—59) =1.
2
From (1v), which is an indelerminate equation with the values of d and k&
unknown, we arrive,according to what has been already proved, at the lowest
positive integral value of d. 'Tlis value of d multiphed by 4,, and then mncreased
by 8), gives the value ofz which will satisfy (1) and (u).
Let this be ¢, and let the next higher value of # which will satisfy both
these equations be .
(v) Now, t; + ndy=1i,;
(v1) and &, + md, = ¢,

m
R et Thus 4; = myp, gnd 4, = np, where p 1s the highest
common factor between 4; and 4,

2

4
coom ==L, andn =22,
P P
Substituting 1n (v) or (v1), we have
A4, 4
t o =,

From this it 18 obvious that the next higher value of z satisfymng the two
equations 18 obtained by adding the least common multiple of 4, and 4, to the
lower valae,

Now agaim, let » be the value of 2 which satisfies all the three equations.
Ay 4, X
» x 7, (where r 14 a positive integer) = (say) t, + Ir;
and v == 83 + cdg=1%, + I,
£ Ay + sg - ty

Then v =1; +

.
e
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above division chain, Thus the creeper-like chain of figures
required for the solution of this latter combined problem is-
obtained. This chamn 15 to he dealt with as before from below
upwards, and the resulting number is to be divided as betfore by
the first divisorin this last division chain.  The remainder obtained
m this operation 1s then) to be multiplied by the divisor (related
to the larger group-value, and to the rosultmg produet, this)
larger group-value s to he addel. (Thus the value of the
required multiplier of the given group-number is obtained ; and
this will satisfy both the specified distributions taken together
mto consideration).

- Bgamples mn llustration thereof.

116% Tuto the bright and refreshing outskirts of a forest,
which were full ol numecrous trees with their branches bent down
with the weight of flowers and fruits, trees such as jamb#% trees,
lime trees, plantains, arecu palms, jack trees, date-palms, Amidla
trees, palmyras, punndge trees and mango trees—(into the
outskirts', the various quairters whereof were filled with the many
sounds of ecrowds of parrots and cuckoos found near springs
contamning lotuses with hees roaming ahout them —(into such
forest outskirts) a number of weary travellers entered with joy.

117}. (There were) 63 (numerically equal) heaps of plantain
fruits put together and combined with 7 (more) of those same
fruits; and these were (equally) distributed among 23 travellers
s0 as to leave no remainder. You tell (ine now) the (numerical)
measure of o heap (of plantains.)

1185, Agein, in relation to 12 (numerically equal) heaps of
pomegranates, which, after having been put together and

By applymy the principle of wvallihd-huttikdra in the last equation, the
value of ¢ 18 obtained, and thence the value of v can be easily arrived al.

1t 18 seen from this that, when, 1n order to find out 2, we deal with #; and g
in accoidance with the kutfikdr o method, the ehéda or the divisor to be taken in
4y

relation to £y 1s 4 , or the least common multiple of the divisors in the first

two equations.
16
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combined with 5 of those (same fruits), were distributed similarly
among 19 travellers. Give” out the {numerical) meesure of (any)
‘one (heap).

1193. A traveller sees heaps of mangoes (equal in numerical
value), and makes 31 heaps less by 3 (fruits); and when the
remainder (of these B1 heaps) is Jequally) divided among 73
men, there is no remainder. Give out the numerical value of
one (of these heaps)

120%. In the forcst 37 heaps of wood-applts were seen by
the travellers. After 17 fruits wore Temoved (therefrom, the
remainder) was (equally) divided among 79 persons (so as Lo leave
no remainder). VWhat is the share obtained by each ?

1211, When, after sceing a heap of mangoes in the forest and
removing 7 fruits (therefrom), it was divided cqually among 8 of
the travellers ; and when again after removing 3 (fruits) from
that (same) heap it was (equally) divided among 13 of them; it
left no remainder (in both cases). O arithmetician, tell me (the
numerical measure of this) single heap.

122%. A single heap of wood-apples divided among 2, 3, 4, or
5 (persons) leaves 1 as.remainder (in each case) O you who
know amthmetle, tell me the (numerical) measure of that (heap).

. When (dlv;ded) by 2, the remainder is 1; when by 8,
it When by 4, it1s 3; when by 3, it is 4. Tell me. O friend,
what this heap is.

“12431. When (divided) by 2, the remainder is 1; when by 3,
there is no remainder; when by 4, it is 3; when by 5, it is 4
Tell me, O friend, what the heap is (in nnmerical value).

125%. When divided by 2, there 1s no remainder; when by 3,
there is 1 as xemainder; when by 4, there is no remainder : ; and
when by 5, there is one as remainder. What is this quantity ?

1263. When divided by 2 (the remainder is) 1; when by 3,
there is no remainder; when by 4, (the remainder is) 3; and
when divided by 5, there is no remainder
(this) ynantity is.

Tell me now what

127%. The travellers saw on the way certain (equal) heaps of
jamb@ fruits. Of them, 2 (heaps) were equally divided among 9
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ascetics and left 3 (fruits) as remainder Again 3 (heaps) were
(similarly) divided among 11 persons’and the remainder was 5
fruits ; then again 5 of those heaps were similarly divided among
7. aud there were 4 more fruits (left out) of them. O you arith-
metician who kmow the meaning of the huttzkdra process of dis-
tribution, tell me after thinking out wellthe numerical mcasure
of a heap (here)

128%. In tho interior of the forvest, 3 heaps (cqual in value) of
pomegranates were divided (equally) among 7 travellers, leaving
1 (frait) as remainder; ™ (of such beaps) were divided (similarly)
among 9, leaving a remainder of 3 (fruits ; again) 5 (of such heaps)
were (similarly) divided among 8, leaving 2 fruits as remainder.
O arithmetigian, what (is the numerical value of a heap here)

129, There were 3 (heaps of fruits equal in numerical value),
which after heing combined with 2 (fraits of the same kind) were
(equally) divided amonyg 9 travellers (and lelt no remainder);
6 (heaps) combined with 4 (fruits) were (similarly) divided
among 8 of them; and 4 (heaps) combined with T (fruit) were (2lso
similarly) divided among 7 of them Give oul the numerical
measurce (of a heap here).

The rule for arriving ot the original quantity distributed (as
desired), after oblamming the rewmainder due to (the removal of
certain specified) known quantities : — : -

13804 (Obtain) the product of the (given) known guantity /-
be removed), as multiplicd by the fractional proportion of what is
jeft (after a spocified fractional part of what rewains on the
removal of the given known quantity has been given away). The

next guantity s (obtaincd by means of) this (producl), {o which

1805 Ilere the known guantiby to be removed 1s called the agra. What
remains after the 1emoval of the agra 1s the 1emamder That fraction of this
remainder which 18 given or taken away 1silie ugrd@ica, and what 1s left of the
remainder after the ogrdmsa 15 given or taken away 1s the §7isa  or the
remaining fractional proportion of the remamder. For cxamyple, where z 15 the
quantity to be found out, and a 1s the agra 1n 1e’ation 1o the first distributicn

with } a8 the {ractional proportion distributed, &

':' ? Zappens to be the agednsa,

& — U

and (z—a) — to be the $&sd méa.
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the specified known quantity which is to he taken away (from
the previous remainder) is added; ‘and this resulting sum) is
‘multiplied by that (same kmd of) remaining fractional proportion
(of the remainder as has beon mentioned above), This 18 to be
done as many times as there are distributions to be made  Then
these quantities so obtained should be deprived of their denomina-
tors ; and these denominator-less quauntities (and the successive
products of the above-mentioned remaining fractional proportions
of the remainder) are (to be used as) the known quantity and the
(other elements, viz., the cocficient) nraltiple (of the unkunown
quantity and the divisor, requized in relation to a problem on
Valhka-kuttihara).

Examples v illustration thereof.

1813. On a certain man bringing mango fiuits (home, his)
elder son took one fruit fixst and then half of whal remamed.
(On the elder son going away after doing this), the younger (son)
did similarly (with what was left there. He further took half

The 1ule will be clear from the followmg worhmg of the problem n 132} —
1884 —

Heie 1 1s the fiist agra, and § 18 the fixst agransa, therefore 1—13 o1 3 i

the sgsdmsa. Now, obtain the product of agra and sésd i sa or 1x % ox 2. Wiate 11

2
down in 2 places. {;} .
3

~———_ Repeat the guantiuies {;?} » add the second ¢g7a 1 (to vne of the quantities)

i - .
Then we have {g} » wmulbiply both by the next $sdumsa 1— 3 01 3, 50 that you get
8

127 .
4 11
Take these figmes and add the thnd agra I as before, aud you have

187, S
{ ) }: multiply by the next sésdmse 1—3% or % and by the last ansa or 3, and

you have { } 1L

The denomimators of the hist hactions m these thiee sets of fractiens
warked T, 11, ITI, are dropped, and the numeratms 21epicsent negutine agras in
a problem on Yallhd-kuttildra, wheran the numerator and the dencmimator of
each ot the second fractious m those sets represent 1espectavely the dividend
coeflicients and the divisor. Thus we have

2z — 2 L -
2= 15 an integer, _4.*5._}2‘ 18 an integer , and

=

82 — 38 jan integer.
81

The value of # satisfymng these thiee conditions gives the number of flowers,
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of what was thercafter Joft) ; and the other (son) took the other
half  (Find the nuwber of fruits brought by the father.)

1323 and 1334, A certain person went (with flowers) into a
Jina temple which was (in height) three times the height of a man.
At fivst he offered oue (out of those flowers) in worship at the foot
of the Jina and then (offered in worship) onesthird of the remaining
number (of flowers) tothe first height-measure (of the Jina)  Out
of the remaining two-thirds (of the number of flowers, he condue-
ted worship) iu the same manner mn relationtto the second height-
measure ; and (then Le did) the same thing in rela/10n to the third
height-measure also.  The twe-thirds whiel remaiued at lagt were
also made into 3 equal parte (by him); and having worshipped
the 24 tathankuras (with theee parts at the rate of eight
ti thunkaras for each pait), he went away with no (flower) on
hand  (Iind out the number of flowers taken by him.)

Thus ends simple Huttehdra in this chapter on mixed problems.

*Visama-kutbikora.

Hereafter we shall expound complex huttikira

The rule relating to complex kutizlara :—

134}]. The (given) divisor, (written down) m two (places), 7o
be multiplied (in cach place) by an optionally chosen number; and
the (known) quantity given (in tho problem) for the purpose of
being added is to be sublracted (from the product in one of these
places) ; and the quantity given (in the problem) for the purpose
of heing subtracted is to be added (to the product noted down in
the other place. The two quantities thus obtaned are) to be
divided by the known (coeffieicnt) multiplier (of the unknown

* Phe words Visuma and Bhimmae here used in relation to Kuffikara have
obvicusly the same meamng and refer to the fractional character of the dividend
quentities occurring in the problems contemplated by the rule.
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quantities to be distributed in accordance with the problem)  FEach
(of the quotients so obtained) happens to be the 1equired (quantity
ivhich is to be multiplied by the given) multiplier in the process
of Bhumakuttihara.™

An example wn llusts atn Hhe reof.

135L. A certain quantity multiplied by 6, (then) incieased by
10 and (then) divided by 9 leaves no remainder. Similarly, (.a
certain other quantibyamultiplied by i, then) diminished by 10 (anc
then divided by 9 leaves no rcmainder)- Tell me quickly what
those two quantities are (which arc thus multiplied by the given
multiplier here).

Sakala-kuttikara.
The rule in relation to sekale-hutitkira.

136%. The quotient in the first among the divisions, cairied on
by means of the dividend-coefficient (of the nnknown quantity to
be distributed), as we‘ll as by means of the divisor and the (succes-
sively) resulting remainders, is to be discarded. The other quotients
obtained by means of this mutual divisiou (earried on till the
divisor and the remainder become equal) are to be written down

“(im a vortical chan along with the ultimately equal remainder
and divisor) ; to the lowermost figure (in this chain), the remainder
(obtained by dividing the given known quantity in the problem by
the divisor therein), isto be added. (Then by means of these nem-
bers in the chain), the sum, (which hasto be) obtained by adding
(successively to the lowermost number) the product of the two

136%. This rule will become clear from the following working of the problem
given in 1874 .——
. N : 177z 4 240 .
The problem is, when %o 18 an Integer, to find out the values of a.

Removing the common factois, we have 592 £ 80 18 an integer,
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numbers immediately above it, (till the topmost figure in the chain
becomes incladed in the operation), istd be arrived at. (Thereafter).
this resulting sum and the divisor in the problem (give rise), 1n the
shape of two remawmders, (to the twe values of) the unknown
quantity (which is to be mmltiplied by the given dividend-coefficient
in the problem),which (values)are related either to the known given
quantity that is to be added or to the known given quantity that
is to be subtracted, according as the nurmber of figure-links in the
above-mentioned chain of quobtients is even or odd. (Wheze,
however the given grdups, increased or decreased in more
than one way, are to be divided or distributed m more than one
proportion), the divisor velated to the larger group-value, (armved
ab as explained ahove i relation fo eibher of two specified distri-
butions), is to be divided over and over (as above by the divisor

Cany out thereymred process of confimued division —
67)59(0
0

59)67(1
59 After discarding the fiist quotient, the others are wnitten
— down 12 a chamn thusg-— a
8)59(7 Below this are next, wntten dowu 1 and 1,
56 the last equal divis and rewainder. Here
— also, as i Vallikd-huttlhdra, it 1y worthy
3)8(2 of note that in the last division there can he
[ really no remainder, as 21s fully divisible
- by 1. But smce the last remaindergrsr
2)3(1 wanied forthe cham, 1t is allowed to occur
2 hy making the lagt quotient smaller than
- possible. And fo the last number 1 here, add
1)2(1 13, which 18 the remammder obtamed by
1 dividing 80 by 67, the 14 so obtained is
- also wiitten down at the bottom of the chain,
R which now becomes complete.
Now, by the continued process of multiplying and addmg the figures m this
chain, as alrcady explamned in the note under stanza No, 1153,

= e ped Lo S —

+
P
il

-

’1_"‘39% we annive at §92  This 1s then divided by 67, and the rewmain-
;:ig" der 57 is one of the values of @, when 80 13 taken as negative
1ee16 owimg to the number of figurcs in the chain beng odd When
1—15 80 1s saken as positive, the valne of zis 67 ~ 57 or 10. Tf the
1 number of figures in the chamn happen to be even, then the
14 value of # fivet arrived av 18 in relation to the posilive agra,

if this value be su_tracted from the divisor, the value of #in
relation to a negative agra is arrived at,
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related o the smaller group-value obtained as above so that a
treeper-like chain of succesSive quotients may be obtained in this
case also. Below the lowermost quotient in this chain the
optionally chosen multiplier of the least remaiuder in the odd
position of order in this last successive division 1s to be put down

The principle underlymg the process given n the rale 1s the same as that
expluned n the rule regardiag Vallihd kuttikéra—but with this  difference
namely, that the last two figures m the chain here are obtained w1 different way,

Agam, Nhom fhe ratwnale grven n the footnote t) rule i 1153, Ch. VI,
1t will be seen that the agru, b, associnted with the 1emainder 1nthe odd position
of order, has the same algebiaical sign as 18 given to 1t 1 the piroblem ;
while the sign of the wiru, b, assocnted with (he remaunder in the even position of
ovder 18 opposile to its sign as given wm the problem ITvnce, when the
continueld division 1s carriel up to a remainder 1 the odd pesivion of order, the
value of @ arrmved ab therefiom 1 1n eelation ) ~nch an uyra a8 has i{s sign
nnchanged , on the other hand, when the sontmued division 1s carried up to a
remainder m the even position of order, the value of z arrived at therefrom 1s 1n
relation to an ayra that hasits sign changed. When the number of 1emanders
obtained 18 odd, the number of quotienis 1 the chawn 15 even, and when the
remainders are even, the quotients ave odd 1n number. As the agra associated
with the last remainder 1s 1o this rule always taken to be positave, the value of
2 arnrved ab 1s 1 relation to the positive agra, 1f the last remamder happens to
be 1n the odd position of orde. And it 18 1 relation to the negative ayra, if the
last remainder happens to be 1p the even position of order  In other words, 1f
the number of quotients ho even, the value 1s1n iclation to the positive agra,
and 1f the number of quotients be odd 1t 15 1 relation to the negative agru.

The value of @ 1n relation to the positive or the negative agra being thus
found out, the otber value 18 amived at by subtracling this value from the
divisor in the problem. Iow this turns out will be clear from the following
representation —

T Az 4+ b Ac +

= an nteger. IHere let z=1¢, then b=a.n mteger We

B 5
) —
know thab 4B s also an mteger. Hence ‘}_g_ﬁiil’ or AB—c—> 15 an
B B B
integer.

It has to be noted here that the common factor, 1f any of the three given
numerical quantities is 10 be rem s ed before the operation of e¢ontinued division
18 begun. The last d:visor and the .ast 1emamder bemng required to be equal
15 will invarably happen that these come to be 1.

The mate, required to be chiosen 1n the rule relating to the Vallikd-kutfikdra
and required to be written below the chaw of quotients. 18 m this rule always 1,
the last divisor heing 1. Therefore the last dimsor heve takes the place of the
mate 1 the Vallskd-kuttindrw It will be soen turther that the last figure of
the chain obtamed acgording to this rule, 2.6, 1 + ayru,1s the same as the last
figme in the chan obtained in the Feltdhd-RatfTharu by dividimg by the last

dwvisor tLe sam of tke «ura and the product of Lhe mals as multiplied by the
last remainder.
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as before; and below this again is to be put down) the number
which is obtained by adding tho differcnce between the two-
group-values, (already referred to, to the product of the least
remainder in the odd position of order multiplied by the above
optionally chosen multipber thereol, and then hy dividing
this resultiug sum by the last divisor 1ne the above division
chain

Thus the crecper-like chain of figures recLuircd tor the solution
of this Jatter kind of problem is obtained. This chain isto be
dealt with as belore from below upwards, and the resulting
nawber is o ho divided a3 before hy the first divisor in this last
division chain. he remainder obtiined 1 this operation is then
bo he) multighied by the divisor (related to the larger group-value) ;
and to the resulting product this larger group-value is to be
added

(Thus the value of the reyuired multiplier of the given group
unumber is obtained so as to satisty the two specified distributions
taken into comnsideration.)

Hzamples wn dlustration thereof.

1371, Ono huandred and seventy-seven (is the dividend-co-
efficient of the unknown factor), 240 is the known quantity
associated (with the produet so as to be added to or subtraf®ed
from it); the whole is divided by <01 (and leaves no remainder).
, What is the (nuknown) factor here (with which the gi~en dividend.
coefficient is to be multiplied) ?

188%. Thuty-five and other guantities, 16 in number, rising
(thence successively in value) by 3, (are the given dividend-co-
efficients). The given divisors are 32 (and others) as successively
mereased by 2. And 1 successively increased by 3 gives rise to the
associated known (positive and negative) quantities. That are
the values of the (unknown) factors (of the kuown dividend-
coefficients), according as they are additively associaled with
positive or negative (known) numbers ?

: 17
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The rule for separating the prices of (an interchangeable) larger
-and (a similar) smaller nufaber of two different things from the
given mixed sums of the prices of these things :—

139%. From the higher price-sum, as multiplied by the corre-
sponding larger number of one of the two kinds of things, subtract
the lower price-number as multiplied by the smaller number
relating to the other of the two kinds of things. Then divide the
result by the difference between the squares of the numbers
relating to these things  This gives rise to the price of the thing
which is larger in number The other,r that is, the price of the
thing which is smaller in number, is obtained by interchanging

the multipliers.
An exumple vn wllustration thereof.

140} to 142}, The mixed price of 9 citrons and 7 fragrant
woud-apples is 107 ; again the mixed price of 7 citrons and 9
fragrant wood-apples is 101, O you arithmetician, tell me quickly
the price of a citron and of a wood-apple here, having distinctly
separated those prices well.

The rule for separating the prices and the numbers of different
mixed quantities of different kinds of things from their given
mixed price and given mixed values :—

1484. The (different) given (mixed) quantities (of the different

—things) are to be multiplied by an optionally chosen number ; the
given (mixed) price (of these mixed quantities) is to be diminished
(by the value, of these products separately). The resulting quantities

1394, Algebraically, if
ax + by=m
and bz + ay = 2,
then e*z + aby =am
and b2z + aby =0bn
o a(at—=b2)=am —~ bn.
__am — bn
T T =t
1433, The rule will become clear by the following working of the problem in
stanzas 1443 and 1453 —
The total number ot frmits in the hrst  heap is 21
Do. do. second do. 22.
Do. do. thard do. 23,
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are to be divided (oue after another) by an optionally chosen number
(and the remainders again are to bo divided by an optionally chosen
number, this process being repeated) over and over again. The
given (mixed) quantitics of the different things are to be (succes-
sively) diminished by the corresponding quoticnts in the above
process. (In this manner the numerical “values of the various
things in the mixed sums are arrived at) The optionally chosen
divisors (in the above processes of continued division) combined
with the optionally chosen multiplier as also that multiplier
constitute (rcspectively] the prices (of a single thing in each
of the varieties of the given different things).

Ghoose any, optional number, say 2, and multiply with 1t these total nnmbers;
we get 42, 44,46 Subtiact these fiom 78, the price of the 1espective heaps. The
remainders are 31, 29, and 27. These aic to be divided by another cptionally
chusen number,say 8 The quotients me 3, 3,3, and the 1ewmainders are 7, 5
and 3. These 1emainders are again divided by a third optionally chosen number
say 2. The quobients ave 3, 2, 1, and the 1emanders ae 1, 1,1, These last
remamders aic m thor turn divided by o fouith optionally chosen number
which 15 1 here. The quotients are 1, 1, 1 with no remainders. The quotients
derived 1n relation to the fiist total number are to be subtracted from it.
Thus we get 21—(3 + 8 + 1) =14, this number and the quotients 3, 3, 1
represent the number of fruits of the diffelent sorts i the first heap.
Similarly we get 1o the second gronp 16, 3, 2, 1, and 1n the third group 18, 3, 1,
1, as the number of the different sorts of fruits. »

The prices are the fiist chosen multiplier, iz, 2, and its sums with the
other optionally chosen multipliers. Thus we get 2, 2+ 8 0r 10,2 + 2 o1 4, and
2 + 1 or 3, as the price of cach of the four different kinds of fruits 1n ordex.

The pirinciple undalymg this uethud will be clear from the follow
algebracal 1epresentation —

az + by + ¢z +dw=1p .. . . I
a+b+ec+d=mn . . " T II
Lot w=>
Mnltiplying 1Iby », we haves (¢ # b + c+d) = en .. III
Subtracking I1I from I, we geb @ (w~») + b (y—=s) + ¢ (z—3)=
p—sn IV

Dividing IV by z~s, we get @ as the quotient, and b (y=») + c(z—=s) ag
the remainder, where z — s 18 a smtable integer.

Similarly we proceed till the end.

Thus 1t will be scen that the successively chosen divigors & —- s,y — s, and
% — 3, when combmed with s, give the value of the various prices, s by itself
being the price of the first thing ; and that the successive quotients a, 8, ¢, along
with # — (¢ +b +¢) are the numbers measurmg the varous kinds of things.

It may be noted that, in this rule, the number of divisions to be carriel out is
one less than the number of the kinds of things given, and that there should
be no remainder left mn the last division.
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An example wm wllustralon therenf.

1441 and 1456%. There arc here tragrant citrons, plantains,
wood-apples and pomegranates mixed up (in three heaps) The
number of fruits in the first (heap) is 21, m the sccond 22, and in
the third 28 'the combined price of each of these (heaps) is 78.
What is the number of thoe (various) fruits (in cach of the heaps),
and what the price (of the different varieties of fiuits)?

The rule for arri\:mg at the numerical value of the prices of
dearer and cheaper things (respectively) from the given mixed
value (of their total price) :—

1461. Divide (the rate-quantitics of the given things) by their
rate-prices  Dimimish (these resulting quantities separately) by
the least among them. Then multiply by the least (of the above-
mentioned quotient-quantitics) the given muxed price of all the
thungs ; and subtract (this product) from the given (total number
of the various) things. Then spht up (this remainder optionally)
into as many (bits as there arc romainders of the above quotient-
quantitios left after subtraction); and then divide (these bits by
those remainders of the quotient-quantities. Thus the pricos of
the various cheaper things are arrived at).  These, soparated from
the total price, give riseto the price of the dearest article of
purchase.

Euamples wn sllustration thereof.

1474 to 149. ¢ In accordance with the rates of 3 peacocks for
2 panas, 4 pigeons for 3 panas, 5 swans for 4 panas, and 6 saruse

146}, The rule will be clear from the following working of the problem
given in 1473—1490 —

Divnide the rate-quantities 3, 4, 5,6 by the respective rate-prices 2, %, 4, 5,
thus we have 4, %, 2, . Subtlract the least of these § from each of 1he nther three.
We get 47, 5, i5. Dy multiplymg the given mixed price, 56, by the abcve-
mentioned least quanuity, §, we have 50x§. Subtract this fiom the total
number of birds, 72 Spht up the 1emainder 4* into any three pars, say % 85 B
Dividing these respectively by 13, i 35 we get the prices of the first three
kinds of bwds, 3, 12,86 The price of the fourth variety of buizds can be found
out by sublracting all these three prices from the total 56.
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birds for 8 panas, purchase, O frivnd, for 56 punas 72 birds and
bring them (o me) 7 Sosaying a man gave over the purchase-
money (to his fricud)  Caleulate quickly and find out Low many
birds (of each varicty he bought) for how many panas

150 For 3 punas, b pulas of ginger ave obtained ; for 4 panas,
11 pulus of long pepper; aund for 8 panss, 1 palu of pepper is
obtained By means of the purchasc-money of 60 panas, quickly
obtain 68 palas (of these drugs)

The rule for arriving at the desired namerical value of certain
specifiel objects purehaséd at dosired rates for desired suws of
money as their total price .—

151. The rate-valacs (of the various things purchased are each
soparately) mulliplied by the total value (of the purchase-ir oncy),
and the various values of the 1ate-money arc (alike separately)

151 The tollowmmg woarling of the problem given 1u 152-153 wall allustaate
the rule —

5 7 9 3

3 5 7 v

Wiite down the vate-things and the rate-prices in
500 700 900 300 t{wo rows, one below the other. Multaply by the total
800 500 700 LU0 yiiee and by the total nuuber of thigs iespectively
- Then subtiact. Rewmove the common factor 100. Mulir-
0 0 0 000 . )
200 200 200 ) ply by the chosen numbers 3, 4, 5, 6. Add the numbers
m cach holizontal row and remove the common factor 6.
0 0 0 6 Change the position of these figuies, and wiite down in
2 2 2 0 4wo rows each figure as many tines as there are compo-
V]

D nent clements in the corsesponding sum changedin posx"u‘xon.
g 10 Muluply the two rows by the iate-prices aud ibe rate-
things respectively. Then remove the comiaon factor 6
Multiply by tbe alrcady chosen numbers 3,"4, 5, 6  The
numbers 1 the two rows 1epresent the pioportions
according to which the total price and the total number of

thigs become dustibuted.

<

36
4]

=]

|
|
|

ool O &<

N This 1ule relates to a problem m mdelerminate
g g i cquations, and as such, there may be many sets of answers,
these answers obviously depending upon the gumantities
18 80 42 8¢ chosen oplionally as nultipliers.
S0 42 54 12 It can be easily seen that, only when ce:rtain sets of
5 " 5 numbers aie chosen as ophional multspliers, mtegral
9 9 answers are obtamned , 1 other cascs, fractional answers

— are obtained, which are of course not wanted. For an
9 20 85 386 explanation of the ratonale of vhe proces, see the note
5 28 45 12 givon at the end of the chapter.
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multiplied by the total number of things purchased ; (the latter
products are subtracted in- order from the former products; the
‘positive remainders arc all written down in a linc below, the
negative remainders in a line above ; and all these are reduced to
their lowest terms hy the removal of the factors which are common
toall of them. Then each of these reduced) differences is multiplied
by (a separate) optionally chosen quantity ; (then those products
which are in a line below as well as those which are so above
are separately added together); and the sums are written upside
down, (the sum of the lower row of numbers being written above
and the sum of the upper row being written below. ‘fhesesums are
also reduced to the lowest terms by means of the removal of
common factors, if any ; and the resulting quantities) are each
of them written down twice, (so as to make onc he below the
other, as often as there are component elements in the correspond-
ing alternate sum. These numbers thus arranged in two rows) are
multiphied by their respective rate-prices and rate-values of things,
(the rate-pricc multiplication heing conducted with one row of
figures and the rate-number multiplication being 1n relation to the
other row of figures. The products so obtained are again reduced
to their lowest terms by the removal of such factors as are com-
mon to all of them. “The resulting figures in each vertical row are
separately) multiplied (each) by (means of its corresponding
originally chosen) optional multiplier. (And the products should
be Written down as before in two horizontal rows. The numbers
in the upper row of products give the proportion in which the
purchase mohey is distributed ; those in the lower row of products
give the proportion in which the corresponding things purchased
are distributed. Therefore) what remains thereafter is only the
operation of praksépaka-karance (proportionate distribution in
accordance with rnle-of-thyee).

An example m dllustration thereof.

152 and 153. Pigeons are sold at the rate of 5 for 3 (panas),
sdrasa birds at the rate of 7 for 5 (panas), swans at the rate of 9 for 7
(panas), and peacocks at the rate of 3 for 9 (papas). A certain man
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was told to bring at these rates 100 birds for 100 panas for the
amusement of the king’s son, and was sent to do so. What
(amount) does he give for each (of the various kinds of birds that

he buys) ?

The role for arriving at the measure of two given commodities
whose prices are interchanged:—

154. Let (the numerical value of) the sum of the (total selling
and buying) money-prices (of the two given commodities) be
divided by {the numericabmeasure of) the sum (of the commodities
put together) ; then let the difference (between the above-mentioned
buying and selling prices) be divided by the (numerical measure
of any such) difference as may be obtained hy subtracting any
optionally chosen commodity-quantity from the given measure of
the sum of the given commodities. Lf the operation of sankramana
is conducted in relation to these, (viz., the quotient obtained in the
first operation above and any one of the many quotients that
may be oltained in the second operation), the rates at which
those commodities are paurchased is obtained. Then if the same
operation of sankramana as relating to the sum of the commodities
and to their difference is carried out, it of course gives rise to (the
numerical measure of) the commodities (in questwn) The alter-
nation (of these above-mentioned purchase-rates) gives rise to the
sale-rates. This 18 the solution of (this kind of) problems as
propounded by the learned ; and the rule (itself) has been declared
by the great Jina.

®

154. The algebraical representation of the method described in the rule may
be given thus in relation to the problem proposed in stanzas 155 and 156—

Let az + by =104 ... . . I
ay + bez=116 . .. . . II

a + b=20 . vos R ¥ |
Adding T and 1T, we hdve (a + b) (w + 'y) =220 .1V
Lz 4oy =11 . o v

Agam subtracting I fzom II, we get (a—8) (y— m) =12
Now 22 i optionally chosen to be equal to 6.
a+b 26 or a—b=20—~Gor 14 .. . . VI
wy—e=1% .. . VII
Carry out the operation of sawkramana. thh reference to VII and V, and
VIand I, and the values of #, y, @ and b are all made ont.
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An example wn dlustration thereof.

155 and 156. The origﬁml prico of one piece of sandalwood
and one piecc of wgaru wood, they being together 20 pales (in
weight), is 104 panas; when after a time they were sold with
their prices mutually altered, L16 panus were obtained. You
give out their buying ‘and selling rates and the namerical measure
of tne commodities, taking 6 and 8 separately as the optional
(numberj needed by the rule.

The rule for arriving at the distance in yganas travelled by
the horses of the sun’s chariot when yoked as desived :—

157. The number representing the total ygjanas, divided by the
total number of horses, gives the ygjanas (which cach has at a stage
to travel) in turn  These ydjanas, as multiplied by thie optionally
chosen number of horses to be yoked, give the measure of the
-distance to be travelled over by each horso.

An ecample m llustration thereof.

158. It is well-known that the horses belonging to the sun’s
chariot are 7 Four horses (have 10) drag 1t along. heing harnessed
to the yoke. They have to do a journey of 70 yojanas. How
many times are they unyoked and how many times yoked (again)
in four ?

The rule for arriving at the value of the commodity to he found
in the hands of each ( of a hody of joint proprietors), from the
conjoint remainder left after subtracting whatover is desired from
the total valus of all the commodities :—

159. Let the sum (of the values of the conjoint remainders) of
the commodities be divided by the number of men lessened by one;
the quotient will be the {otal value of all the commodities (owned
in oommon). This total value as diminished by the specified values
gives, (in the corresponding cases) the value of commodity in the
bands (of each of the proprietors in turn).

An egumple wn llustration thereof.
60 to 162. TFour merchants who had invested their money 1n
common were asked each scparately by the customs officer what
the value of the commodity (they were dealing in) was ; and one



\
CHAPTER VI-~-MIXED PROBLEMS. 187

eminent merchant (among them), deducting his own investment,
sald that that (value) was in faet 22. Then another said that it _
was 23 ; then another said 24; and the fourth said that it was 27 ;-
(in saying so) each of them deducted his own invested amount
(from the total value of the commodity for sale), O friend, tell

me soparately tho valne of the (share in the) commodity owned
by each.

The rule for arriving at equal amounts of wealth. (as owned
in precious gems,) after mutnally exchanging any desired number
of gems :— )

163. Tho number of gems to he given away is multiplied by
the totul vwumber of men (taking part in the exchange). This
prodnet iy (saparatelv) subtracted from tho number (of the gems)
for sale (owned by each) ; the continued product of the remainders
(so oblained) gives rise to the value of the gem (in each case),
provided the remainder velating to 1t is given up (in obtaining
such a product).

Examples wn 1llustration thereof.

164. The first man hal § azure-blue gems (of equal value), the
second man had 7 (similar) emeralds, and the other—the third
man—-had 8 (similar) diamonds Xach (of them), on giving to
each (of the others) the value ¢f a single gem (owned by
himself), became cqual (in wealth.value to the others. Whas is
the value of a gem of each varicty P)

1656 and 166 The first man has 16 azure-blune gems, the
second has 10 emeralds, and the third man has 8 diamonds. Each
among them gives to each of the others 2 gems of thn kind owned
by himself; aud thea all three men come to be possessed of equal

163. Lot m, n, p, be respectively the numbers of the three kinds of gems
owned by tiree different persons, and v the number of gems mutuoally exchanged ;
and let @, y, 2, be the value mn mder of o ringle gem in the three varieties
concerned

Then it may be easily found out as required that ¢ == (n — 8a) (p — 8a) 3
y = \m— 3a) (p— Ba);
z = (m— 3a) (n— 3a);
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wealth. Of what nature are the prices of those azure-blue gems,
smeralds, and diamonds ?

The ruale for arriving at the (value of the) invested capital by:
means of the rate of purchase, the rate of sale, and the profit
obtained :—

167. The buying 4nd the selling rate-measures of the com-
modity are each multiplied alternately by the rate-prices; (the
product obtained with the help of) the buying -rate-measure is
divided by (the other product obtained with the aid of) the selling
rate-measure. The profit, divided by fne resulting quotient as
diminished by one, gives rise to the originally employed capital
amount

An ezample wn wlustration thereof.

168 A merchant buys at the rate of 7 prastias of grain for 3
panas, and sells it at the rate of 9 prastias for 5 panus, and makes
a profit of 72 panas. What is the capital employed in this tran-
saction P

Thus ends Sakalu-kuttikdra in the chapter on mixed problems,

Suwvarna-Luttikara,

~Hereafter we shall explain that kulfzkdra which cousists of
calculations 1elating to gold.

The rule for arriving at the varna of the resulting mixed gold
obtained by putting together (different component varieties of)
gold of (various) desired varnas :—

169. It has to be knowu that the (sum of the various) products
of (the various component quantities of) gold as multiplied by
(their respsctive) narnas, when divided by (the total quantity of)

167. If the buying rate 1s a things for b and the selling rate is ¢ things for
d, aud if m 15 the gain by the transaction, then the capital invested 18—

m-r(%j —-l)
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the mixed gold gives rise to the (resulting) varna. (The original
varna of any component part thercof), when divided by the latter
resulting warna (of the mixed up whole), and multiplied by the
(given) quantity of gold (in that component part), gives rise to
(that) corresponding quantity of (the mixed) gold (which is equal
in value to that same component part thereof).

An example wm llustration thereof.

170 to 171%.‘ There arc 1 part (of gold) of 1 varna, 1 part of 2
varnas, 1 part of 3 varnas, 2 parts of 4 varnas, 4 parts of § varnas,
7 parts of 14 varnas, and 8 parts of 15 varnus.  Throwing these into
the fire, make them all into one (mass), and then (say) what the
varna of tilel‘mixed gold is.  This mixed gold is distributed among
the owners of the foregoing parts. What docs each of them get ?

The rule for arriving at the required weight of gold (ot any
desired owna equivalent in value to given quantities of gold) of
given varnas i—

1723 The given guantities of gold are all (separately) multi-
plied by their respective varnas, and the products are added. The
resulting sum is divided by the total weight of the mixed gold ;
the quotient”is to be understood as the resulting average varpa,
This (above-mentioned sum of the products) is separately divided
by the desired srnas (to axrive at the required equivalent weight
of this gold).

Bxamples in sllustration thereof.

173%. Twenty panas (in weight of gold) of 16 varnas have been
exchanged for (gold of) 10 varnusin quality; you give out how
many purinas {in weight) they become now.

174%. One hundred and exght (in weight of) gold of 11 vurnas
is exchanged for (gold of) 14 warnas. What is the (equivalent
quantity of this new) gold ?

The rule for finding out the unknown varpe :—
1754. From the product obtained by multiplying the total
quantity of gold by the resulting varna of ibe mixture, the sum of
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the products obtained by mwuitiplying the (several component)
* quantities of gold by (their respactive varnas) is to be subtracted.
The remainder, when divided Iy the known component quantity of
gold, (the vwrna of which iz to be found out), gives rise to the
required rerna; and when divided by the difference hetween the
resulting varna and 4he known zurna (of an unknown component
quantity of gold) gives xise to the (required weight of that) gold.

Another rule in cslation to the unknown sarng :—

176%. The sum of the products of the (various component
quantities of) gold as multiplied by their respective zarnas is to be
subtracted from the product of thetotal gnantiby of gold as multi-
plied by the resulting varna. Wige people say that this xemainder
when divided by the weight of the gold of the Unknown oerna
gives rise to the required varna.

Examples m llustration theregf

177% and 178. With gold of 6, 4 and 3 (in weight),characterised
respectively by 13, 8 and 6 as their zarnas, 5 in weight of gold of
an unknown sarna~s mixed. The resulting warne of the mixed
gold is 11. O you, friend, who know the secrets of caleulation,
tell me the numerical value of this nnknowa varna.

~179. Seven in weight (of a given specimen) of gold has exactly
14 as the measure of its varna; then 4 in weight (of another specimen
of gold) is added to it. The resulting rarne is 10, Give out the
wnknown varna (of this second specimen of gold).

The rule for arriving at the unknown weight of gold :—

180. Subtract the sum, obtained Ly adding together the
products of the (various component guantibies of) gold as multiplied
by their respective varnas, from the product of the sum (of the
known weights) of gold as mulliplied by the now durable resulting
varna ; the remainder divided by the difference between the (known)
sarna of the unknown quantity of gold and the resulting durable
varna (of the mixed gold) gives rise to the (weight of) gold.
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An example m Wlustration thereof.

181. 'Chree picces of gold, of 3 cach in weight, and of 2, 3:
and 4 varnus (respectively), are added to (an unkuown weight of)
gold of 18 wurnas. 'The resulting varma comes to be 10. Tell
me, O friend, the measure (of the unknown weight) of gold.

"The rule for arriving =2t (the weights of) gold (corresponding
to two given varnas) from (the known weight and v na of) the
mixture of two (given specimens of) gold of (given) varnas :—

182. Obtain the differences hetween the resulting varne (of the
mixture on the one hand) and the known higher and lower varnas
(of the uirknown component quantities of gold on the other hand) ;
divide one Ly these differences (in order) ; then carry out as before
the operation of praksépuha (or proportionate distribution with the
aid of these various quotients). In this manner it is possible to
arrive even at the value of many component quantities of gold also

Again, the rule for arriving at (the weights of) gold (corre-
sponding to two given varnas) from (the known weight and varna
of) the mixture of two (given specinens of) gold of (given)
vaArpas :—

183. Write down in inverse order the difference between the
resulting warne and the higher (of the two given varnas of the two
component quantities of gold), and also the difference between
the resulting warna and the lower (of the two given varnas). The
result arrived at by means of the operation of proportionate distri-
bution (carried out with the aid of these inversely arranged
differcnces),—that (result) gives the required (weights of the
component guantities of) gold.

An example in illustration thereof.

184. If gold of 10 varpas, on being combined with gold of 16
varnas, produces as result 100 in weight of gold of 12 varpas, give
out separately (the measures in weight of) the two different
varieties of gold.
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The rule for arriving at the (weights of) many (component
Qquantities of) gold (of known varnas in a mixture of known varng
and weight):—

185. (Inrelation to all the known component varnas) excepting
one of them, optionally chosen weights may be adopted. Then
what remains should he worked out as in relation to the previously
given cases by means of the rule bearing upon the (determination
of an) unknown weight of gold.

o

An example m dlustration thereof.

186. The (given) varnas (of the component quantities of gold)
are 5, 6, 7, 8, 11, and 13 (respectively); and the resulting vaina
is in fact 9; and if (the total) weight (of all the component
quantities) of gold be 60, what may be the several Measures (0
weight of the various componeut quantities) of gold ?

The rule for arriving at the unknown warnas of two (known
quantities of gold when the resulting warna of the mixture is
known) :—

187. Divide one (scparately) by the two (given weights of)
gold ; multiply (separately cach of the quotients thus obtained) by
(the weight of) the (eorresponding quantity of) gold and (also) by
the (vesulting) zarna ; write down (both the products so obtained)
in two (different) places ; (cach of these in cach of the two sets,)
if djminished and increased alternately by one as divided by (the

186. The rude 1eferred to here 1s found 1n stanza 180 above.
187. The rule will become clear by the following working of the problem in
stanza 188 .- -
1 1
gXwBxD and ig X 10 % 11 are wniten down m two places

11 11
thus * 11 1

1 1
Then 16 and T added and subtracted alternately in each of the two
gots thus *

1
161 and {11 - 116 . These give the two sets of answers.
11 + 10
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known weight of) the corresponding (variety of) gold. gives rise
as a matter of course, to the required vernas,

An example in dllustration thereof.

188. TIf, the (component) varpas not being known, the resulting
varna obtained by means of two (different kinds of) gold weighing
16 and 10 (xespectively) happens to be 11, what would be the
(respective) warnas of those two (different kinds of) gold ?

Again, the rule for arriving at the unknown warnas of two
(known quantities of gold, when the resulting varna of the mixture
is known) :—

189. Choosc an optional sarna in relation to one (of the two
given guantities of gold) ; what remains (to be found out) may then
be arrived at as before. In relation to (the known quantities of
all) the numerous varicties of gold excepting one, the varnas are
optional ; then (procced) as before.

An example in dlustration thereof.

190. On fusing together (two different kinds of) gold which
are 12 and 14 (respectively ia weight), the resulting varna is
made out to be 10. Think out and say (Whaé the varnas of those
two (kinds of gold are).

An example to illustrate the laiter half of the rule.

191. On fusing together 7, 9, 3, and 10 (in weight respectively
of four different kinds) of gold, the resulting mixture turns out to
be (gold of) 12 warnas. Give out tke rurnas (of the various
component kinds of gold) separately.

The rule regarding how to arrive at (an estimate of the value
of) the test sticks (of gold) :—

192. The wvarna of every stick is to be separately divided by
the (given) maximum varna, and (the quotients wo obtained) are
(all) to be added together. The resulting sum gives (the measure
of) the required quantity of (pure) gold. From the summed up
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(weight of allthe)sticks, this is to be subtracted. What remains is
[the quantity of) the prapzirgmkd (that 1s, the quantity of the baser
metal mixed).

An example w dlustration thereof.

193—196%. (Three) merchants, well acquainted with the varna
of gold, were desirous of making test sticks of gold, and produced
(such) golden sticks. The gold of the first (merchant) was of 12
varnas ; (that of the.second was of) 14 warnas; and that of the
thirxd was of 16 wwrnas. The (varioug specimens of the test
sticks of) gold in the case of the first (merchant) were (regularly)
less by 1 (in varna) ; those of the second were less by 3 and L ; and
those of the third were (in regular order) less by +  (The speci-
mens of test gold) possessed by the first (merchant) hegan with
that of (his) maximum varna and ended with that of 1 varna
{(similarly, those of the second hegan with that of his maximum
varng and) ended with that of 2 warnas; and those of the third
merchant (began with that of his maximum varne and) ended
with that of 3 vurnas. Every test stick is I mdsa in weight. O
mathematician, if you indeed know gold caleulation, tell me
separately and soon what the measure of pure gold here is, and
what that of the baser metal mixed.

The rule for arriving at (the different weights of) gold ob-,
tained in exchange and characterised by (two given) varnas : —

197%. The two differences between, (firstly,) the product of the
(given weight of) gold to be exchanged as multiplied by the
(given) varpa (thereof) and the product of the weight of gold
obtained in exchange as multiplied by the (first of the two speci-
fied) varnas (of the exchanged gold)—(and, secondly, hetwoén the
first product above-mentioned and the product of the weight of

1975, This role will be clear from the following working of the problem given
in stanza 198} —
700x 16—-1008 x 10, and 1008 x 12—700x 16 are allered in position and
written down as 896 and 1120, and these, when dinided by 12—10 or 2, give
rise to the answers, namely, 448 and 560 in weight of 'gold of 10 and 12 varpas
respectively.
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gold obtained in exchange as multiphied by the second of the

specified ou rncs of the exchanged gold —these two differences) have -
to be wintten down. If then. they are altered in position and

divided by the difference between the (two specified) varnas (of

the two varieties) of the exchanged gold, the result happens to he

the (two required) yuantitics (of the two kiads) of gold (obtained

in exchange)

A examnple wm sllustration theregf.

108% Seven hundred, in weight of gold characterised by 16
varnas produces, on being cxchanged, 1,008 (in weight) of two
kinds of gold characterised (respeetively) by 12 and 10 warnas.
Now, whal is the weight (of cach of those two varicties) of gold?

The rulo for findimg out the (various weights of) gold obtained
as the result of many (specified) kinds of exchange —

1994, It the (given) weight of gold (to be exchanged) as
multiphed by the varna (thercof) is divided by (the quantity of)
the desired gold (obtained 1n cxchange), there aiises the uniform
averago vwrne  On carrying out (further) operations as mentioned
before, the result arrived av gives the mequired weights of the
various kinds of gold obtained in exchange.

An example 11 dllustrabion thereof.

2003-201. In the case of a man exchanging 300 in weight of
gold characterised by 14 warnas, the gold (cbtained in exchamge)
is seen o be altogether 500 1n weight, (the various parts whereof
are respoctively) characterised by 12, 10, 8 and 7 varpas.  What
is the weight of gold separatoely corresponding 1o ecach of these
(different) wurnas ?

The rule for arriving at (the various weights of) gold obtained
in exchange which are characterised by known sarnas and are
(definite) multiples in proportion : —

202-208 The sum of the (given) proportional multiple num-
bers is to be divided by the sum of the procucts (obtained) by

1994. The operation which 1s stated here as having been mentioned hefore
18 what 18 g1ven 1 stanza 185 above.
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multiplying the (given proportional quantilies of the various kinds
.of the exchanged) gold by (their respective specified) varnas.
(The resulting quotient) is Lo be multiplied by the onginal verna
(of the gold to be exchanged). If by this produet as diminished
by one, the increase (in the weight of gold duc to exchange) is
divided, and the quotient (so obtained) is subtracted from the ori-
ginal wealth of gold, the remaining (weight of unexchanged) gold
is arrived at. This (weight of the unexchanged gold) is then to
be subtracted from The sum {of the weight) of the original gold
and the incrcase (in weight due to cxcharige). 'Then if the result-
ing remainder (here) is divided by the sum of the propoitional
multiple nombers connected with the exchange, and is then
multiplied by (each of those) proportional numbers (separately),
the (various weights of) gold obtained in exchange and charac-

terised by the specified ourias and the specified proportions are
arrived at.

An example en tllustration the eof.

204--205. There 1s a certain merchant desirous of obtaining
profit; and the gold (in~his possession) is of 16 zarnas and 200 in
weight. A portion of it is exchanged in return for (four different
kinds of) gold characterised respectively by 12, 8, 9 and 10 varnus,
(so that those varieties of gold are by weight) in proportions which
begin with 1 and are then (regularly) multiplied by 2. The gain
(i the weight of gold resulting out of this exchange transaction)
is 102. What is the remaining (weight of the uncxchanged)
gold ? Tell me also the weights of gold obtaned in exchange
corresponding to those (above-mentioned varnas).

The rule for arriving at (the weight of) the original (qnantity
of) gold with the aid of the gold exchanged (in part), and with the
aid (of the weight) of gold seen to be in excess (in consequence
of the exchange) :—

206. Each specified part of (the original) gold (to be ex-
changed) 1s divided by the varna corresponding to 1its exchange.
(The resulting quotient is in each case to be) multiplied by the
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optionally chosen varna (of the originally given gold ; and then

all these products are to be added). Erom this sum, the sum of°
the (various) fractional (exchanged) parts (of the original gold)

18 to be subtracted. (Ifnow) the observed cxcess (in the weight of

gold due to the exchange) 1s divided by vhis resulting remainder.

what comes out here happens to he the original wealth of gold.

An example in illustration thereof.

207-208. A certain small ball of gold of 16 varnas belonging
to a merchant is taken ; and %, 2 and 1 parts thercof are in order
exchanged for (different kinds of) gold characterised (respectively)
by 12, 10 and 9 vurnas.  (The weights of theso exchanged varie-
ties of goldsare) added to what remains (wnexchanged) of the
original gold. Thei 1,000 is observed to be in excess on removing
from the account the weight of the origival gold  What then is
(the weight, of this) original gold ¥

The rule for arriving at the desired sarna with the help of the
(mutual) gift of a desived fractional part of the gold (owned by the
other), and also for aniving at the (weights of) gold (respectively)
corresponding to those optionally gifted parts':——

209 to 212. One divided by (the numerical measure of each of
two specifically gifted)iparts is to he noted down in reverse order;
and (if each of the quotients so obtained 18) multiplied by‘ an

209--212. The rule will be clear from the followmg working gf the problem
m 213 =215 —

Dividing 1 Ly % and §, we got respectively 2, 3, altering thew position and

mnltiplying them by any optionally chosen number, say 1, we get 3, 2.
These two numbers 1cpresent the quantities of gold owned respectively by the
two merchants.

Choosing 9 as the varna of the gold owned by the first werchant, we can
eamly arrive, from the exchange proposed by hup, at 13 as the varzaof the gold
owned by the second merchant. These varnas, 9 and 13, give, 1n the exchange
proposed by the second merchant, the average vaina of £3 while the averago
varna as given 1 the sum has to be 12 or %P,

Therefore the varnas 9 and 13 have to be altered. If 8 is chosen mstead of
9, 13 has to be increased to 16 in the first exchange. Tlsing these two varnas,

8 and 16, n the second exchange, we obtain %2 as the average varna, instead of
8
%
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optionally chosen quantity, (it) gives rise to (the weights of each
of the two small) balls of, gold. The varna (of each) of these
(little balls of gold) as also that of the gold gifted by the other
person (in the trausaction) has to be arrived at as before with the
aid of the (given) final average varua (in each case). If in this
manner both sets of apswers (arrived at) happen to tally (with the
requirements of the problem), the two warnas arrived at in
accordance with the previously adopted option become the verified
varnas mentioned in relation to the two (given. little balls of gold.
1f, (however, these answers do) not (tally), the earnas belonging
to the first set (of answers) have to be made (as the case may be)
a little less or a littlemora; (then the average vaina corresponding
to these modified component varnas has to be fm‘th(er obtained).
Thereafter, the difference between this (aveiage) varna and the
previously obtained (untallying average) owrna is writlen dowun;
(and the required proportionate quantities) arc (therefrom) derived
by means of the operation of the Rule of Thiee: and the vurnas
(arrived at according to the option chosen before, when respect-
ively) diminished by one of these two guantities and increased
by the other. turn out {o- be evidently the required varnas (here).

An cMcam]ole wm dllustration thereof.

213—215 Two merchants well versed in estimating the
value of gold asked cach other (for an exchange of gold). Then
the first (of them) said to the other— If you give me half (of your
gold), I shall comhine that small pellet of gold with my own gold
and make (the whole become gold of) 10 wurnas.” Then this other
said—“If T ounly obtamn your gold by onc-third (thereof),
I shall likewise make the whole (gold in my possession become

Thus, 1n the second exchange, we see an increase of 40 —385 or 5 m the sum
of the products of wewght and varre, while the decrcase and the inerense m
rvelation to the origmally chosen varnas arc 9—8 or 1 and 16—13 or 3.

But the required mnciease m the sum of the products of weight and varga
in the second exchange 1s 36—35 or 1. Applymg the Rule of Threc, we get the
correspondmng decrease and icrease m the var nas to be § and ¢,

Therefore, the va:2as are 9—3 or 8 % and 18+ ¢ or 13¢.
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gold of) 12 rarnas with the aid of the two pellets.” O you, who
know the seeret of calenlation, 1t you possess cleverness 1n relation
to caleulations bearing npon gold, tell the quickly, after thinking
out well, the measures of the quantities of gold possessed by hoth
of them, and also of the varsas (0f those quantities of gold)

Thus ends Suverpa-kuftikdra 1 the chapter on mixed problems

ViciEra-Luttikdara.

Hercafter we shall exponnd the Vicslra-luttzhira m the chapter
on mixed thoblen s

The rale in regard to (the ascertaiving of) the number of
truthful and untrathiul statements (m a situation hke the one
given below wherein both are simulfaneously possihle):—

216. THe number of men, multiplied by the number of those
liked (among them) as iacreased by vme, and (then) dimimished
by twice the number of men liked, gives rise to the number of
untruthful statements. The square of the number representing
all the men, diminished by the number of these (untruthful
statoments), gives rise to the statements that are trathful.

216. The rationale of this inle will be clenr from the following algebyaical
represontation of the problem given m stanza 217 below --

Let a be the totalnumber of persons ot whom b are hked. [U'he number of
utterances 1y «, and euch statement refers to @ persons Hence the toltal nunber
of stitementsis a ~ a ol w?

Now, of these a persons, bare liked, and a—=b are not hked  When each
of the b number of peisons 1s told—“ You alonc are hked,” the number of
uvatruthful statements 1 cach case 1s b — 1  Therctore, the total namber
of untruthtul statements mn b statements1s b (b—1) . .. L

When, again, the same statement 18 wade to cach of the ¢ — b persons, the
nember of untiuthfol statements m each case 15 b + 1 Therefore, the total
number of untruthfal statements m a —- b utterancesis (¢ —b) (b +1) . IL

Addmg [ and II, we got L(b—1) + (a—Db) (b + 1) =« (b + 1) - 2b.
This reprosents the total of untruthful statements, and on subtracting 1t trom
a*, which 1s the measwme of all the statements, tiuthful and wntiuthiul, we
arrive obviously at the measnre of the truthful statements.
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An evample in llustration thereof.

217. There are five lustful men. Among them three are in
fact iked by a public woman. She says (separately) to cach
(ol them) ¢ Ilike you (alone)”. llow many (of her statements,
explicit a3 well as implicit) are trae ones ?

The rule regarding the (possible) varieties of combinations
(among given things) :—

218. Beginning with one and increasing by one, let the
nmnbers going up to the given number of things be written down
in regular order and m the inverse order ( respectively) in an
upper and a lower (horizontal) row. (If) the product (of ome,
two, three, or more of the numbers 1n the upper row) taken
from right to lett (be) divided by the (correspoudmg) product,
(of one, two, three, or more of the numbers in the lower row)
also taken from right to left, (the yuantity requred in each such
case of comhination) is (oblained as) the result.

Bzamples i llustration thereof.

219 Tell me) now, O mathemalician, the combination
varieties as also the combination quantities of the tastes, viz, the
astringent, the bitter, the sour, the pungent, und the saline,
together with the sweet taste (as the sixth).

220 O friend, you (tell me quickly how many varieties
there may be, owing to variation in combination, ¢f a (single
string) necklace made up of diamonds, sapphires, emeralds, corals,
and pearls.

221. O (my) friend, who know the principles of calenlation, tell
(me) how many varictics there may bo, owing to variation in
combination, of a garland made up ot the (following) flowers—
ketaki, asoka, campaka, and nilotpala.

218. This role relates to a problem mn combination. The formula given

— ) —
liere 15 2 (n—1) 1(" 5 “; c s et 1) , and this1s obviously equal
. 2.8, . v

e

0 —=
illn—r
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The rule to armive ab (the unknown) capital with the aid of
certazn known and unknown profits (u» a given transaction) :—

222. By moans of the oporation of proportionate distiibuation,
the (unknown) profits arc to be determined from the mixed sum
(of all the profits) manus the (known) profit Then the capital of
the person whose investment 1s unknown mesults from dividing
his profit by that (same common factor which has been used m
the process of proportionate distribution above).

An exwmple wn llustration thereof.
- . .
223-225. According to agreement some three merchants

carried out (the operation of) huying and selling. The capital of

the first (of them) conswsted of six puidnas, that of the second
of eight puraas, but that of the third was not known. The profit
obtamned by all those (three) men was 96 purdnas. In fact the
profit obtained by him (this third person) on the unknown capital
happened to be 40 purdnas  What is the amount thrown by him
(into the trausaction), and what is the profit (of cach) of the other
two merchants ¥ O friend, if you know the operation of pro-

portionate distribution, tell (me this) aftcr making the (necessary)
calcuiation.

The rule for arriving at the wages (du€ in kind for having

carried certain given things over a part of the stipulated distance
according to a given rate) .—

2.6 I'rom the square of the product (of the numerical v&lue)
of the weight to be carried and half of the (stipulated distance

226. Algebraically, the formula given mn the 2ule1s
aD JaDE
(.T) ~ddD=d) e w =wages to be found out,
&€= - M~__»D— : d T T,
a == the totul weight to be cairied, D = the total distance, & the distance gone
over, and b = the total wages promised It may he noted here that the rate of
the wages for the two stages of the journey is the sawme, although the amount
paid for each stage of the journey 18 not in accordance with the promised
rate for the whole journey
The formula 18 rasily derived from the following equation contawning the
data in the problem —
© b~z
ad  (a—a) (D=d).
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measured 1in) ydjence, subtract the (continuod) produet of (the
“numerical value of) the weight to be carried, (thut of the stipua-
lated) wagzes, the distance already gone over, and the distance
still to be gone over. Then, if the fraction (viz, half) of the
weight to be carried over, as multiphed by the (whole of {he
stipulated) distance, fad then as diminished by the syuare root of
this (differcuce above mentioned), be divided by the distance still
to be gone over, the required answer is arrived at.

Anexumple wn llustration thereof.

227 Herc s a man who is to rceeive, by carrying -2 jack-
fruits over t ygjuna, Ty ol them ws wages. Lic broaks down at
half the distance. What (amount within the stipulated wages)
is (then) due to him ?

Tho rule for amiving at- the distances i ydjanas (to be
travelled over) by the second or tho third weight-cairier (afler the
fizst or the second of them breaks down) :— -

228. From the product of the (whole) weight to be carried as
multiplied hy the (value of the stipulated) wages, subtract the
square of the wages given to the first carrier  This (difference has
to be used as the) diwisor in relation to the (continucd) product of the
difference between the (stipulated) wages (and the wages already
given away), the (whole) weight to be carried, and the (whole)
distance (over which the weight has to be carried. The resulting
quotient gives risc to) the distance to be travelled over by the
second (person).

An example w 1llustration thereof.

229. A man by carrying 24 jack-fruits over (a distance of)
five ygjanas has to obtain 9 (of them) as wages therefor. When
6 of these have been given away as wages (to the first carrier),
what is the distance the second carrie: has to travel over (to
obtain the remainder of the stipulated wages) P

228. Algebracally D—d = @.—%)(fni)y which can beeasily fovnd out from
ab—uz?
the equation in the last note.



The rule for arriving at (the value of) the wages corresponding _
to the various stages (over which varymg numbers of persons
carry a given weight) :(—

230. The distances (travelled over by the various numbers
of men) are (respectively) to be divided by the numbers of the
men that are (doing the work of carrying) fhere. The quotients
(so obtained) have to be combined so that the first (of them is
taken at first separately and then) has (1, 2, and 3, etc, of) the
following (quotients) added to it  (These quantities so resulting
are to be respectively) multiplied by the numbers of the men that
turn away (from the journey at the various stages Then) by
adopting (in relation to these resulting products) the process of
proportionatC distribution (praksépaka), the wages (due to the men
leaving at the different stages) may be found out.

An example en dllustration thereof.

231-232 Twenty men have to carry a palanquin over (a
distance of) 2 ygjanas, and 720 dindras form their wages. 'I'wo
men stop away after going over two krosus; after going over twa
(more) krosas, three others (stop away): after gong over half of
the remaining distance, five men stop away. What wages do they
(the various bearers) obtain ?

The rule for arriving at (the value of the money contents of)
a purse which (when added to what is on hand with each of
certain persons) becomes a specified multiple (of the sum of what
is on hand with the others) :-—

233-235. The quantities obtained by adding one to (each of
the specified) multiple numbers (in the problem, and then)

233—285 In the problem given in 236—237, let z, v, z represent the moneys
on hand with the three merchants, and w the money 1n the purse.

Thenu+#=a (y + z)} where a, b, ¢ represent the multiples

u+y=">(s+2) given 1n the problem.

wtz=1¢ (z+y)

Now u+z+y+z= (a+1) (y+2)
= (b+1) (z+z

= (¢c+1) (x+).

20
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multiplying these sums with each other, giving up in each case
“the sum relating to the particular specified multiple, are to be
reduced to their lowest terms by the removal of common factors.
(These reduced quantities are then) to be added. (Thereafter)
the square root (of this resulting sum) is to be obtained, from which
oneis (to be subsequently) subtracted. Then the reduced quantities
referred to above are to be multiplied by (this) square root as
diminished by ome. Then these are to be separately subtracted
from the sum of those same reduced quantities Thus the moneys
on hand with each (of the several persons) are arrived at. These
(quantities measuring the moneys on hand) have to be added to
one another, excluding from the addition in each case thke value of
the money on the hand of one of the persons; and the several sums
50 obtained are to be written down separately. These are (then

(a+1) (b+1) (c+1)

Then, 7 x (y+2)=(b+1) (c+1). . . 7. . L
where T = w+ 4+ Y +2.
Simuilarly, @——1—)———(5-;—%4-—1\) x (z+z)=(c+1) (a+1) . . . TL
and ("‘”.__)_(f’_;:_l)_”\_ciy x (@+y)=(a+1) (b+1) . . . TIL

Adding I, IT and III
(0+D) @+D (e+1) (”}” C+D) o o (eavts) = (h+1) (e +1)
+ (c+1) (e+1) +(a+1) (b4 1)
. = § (say) . LIV
Subtracting separately I, II, III, each multiphed by 2, trom 1V, we have—
M’Lﬁq}l&jﬂ X %= 8= 2(b+1) (c+1),
é‘_‘_"_ﬂ(ij_;_l‘_&t‘_) x 2y =8 = 2(c+1) (a+1),
(a+1) (b+1) (e¢+1)
T
coxeyiz  8=20+1)(c+1) S—-2L+1){a+1):8~2(a+1) (b +1).

By removing the common factors, if any, 1x the right-hand side of the pro-
portion, we get at the smallest integral values of =, v, z.

This proportion is given m the rule as the formunla.

Tt may be noted that the square root mentioned in the rule has reference
only to the problem given in the stenzas 236-237. Correctly speaking, instead
of ““square root’’, we must have ‘3°

It can be seen easily that this problem is possible only when the sum of

1 1
any two of ct D jE D

x 22=8 — 2(a+1) 3+ 1

is greater than the third.

¢+ 1]



to be respectively) multiplied by (the specified) multiple quantities
(mentioned above); {from the several products so obtained the
(already found out) values of the nfoneys on hand are (to be’
separately subtracted). Then the (same) value of the money
in the puise is obtained (separately in relation to each of the
geveral moneys on hand).

An example wn tllusiration thereof.

236-257. Three merchants saw (dropped) on the way a purse
(containing money). One (of them) said (to the others), « If 1
secure this purse, I shall’become twice as rich as both of you with
your moneys on hand.”” Then the second (of them) said, ** I shall
become three times as rich ” Then the other, (the third), said,
I shall beqpme five times as rich.” What is the value of the
money in the purse, as also the money on hand (with each of the
three merchants) ?

The rule to arrive at the value of the moneys on hand as
also the money in the purse (when particular specified fractions
ot this latter, added respectively to the moneys on hand with each
of a given number of persons, make ther wealth become in each
case) the same multiple (of the sum of what is on hand) with all
(the others) :—

238. The sum ot (all the specified) fractions (in the problem)
—the denominator being i1gnored—is multiplied by the (speci-
fied common) multiple number.  ¥rom this produect, the products
obtained by multiplying (cach of the above-mentioned) fractional
parts (as reduced to a common denominator, which is then ignored),
by the product of the number of cases of persons minus one and
the specified multiple number, this last product being diminished

238. The formula given in the rule 15—
z=m (a+b+c)—-a (2m—1), ) where #, y, # are thc moneys on hand, m
y=m(a+b+c)~b@2m- 1),] the comwon multiple, and a, &, ¢, the
and z=m (a+b+c)—c (2m~1), specified fractional parts given.
These values can be easily found out ficin the following equations:—
Patz=m (y+2),
Pob+y=m(z +:c),} where P 1s the money i the purse.
and Pc+ez=m (x+7v)
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by ome, are (severally) subtracted. The resulting remainders
constitute the several values of the moneys on hand. The value
cof the money in the purse<s obtained by caxrying out operations
as before and then by dividing by any particular specified
fractional part (mentioned in the problem)-

An example wn fllustration thereof.

239-240. Five merchants saw a purse of money. They said
one after another that by obtaming %, =, 9% and ¥ (respectively)
of the contents of the purse, they would cach become with what
he had on hand three times as wealthy as all the remaining others
with what they had on hand together. O arithmetician, {you tell)
me quickly what moneys these had on hand (respectrvely), and
what the value of the money in the purse was.

The rule for armving at the measure of the money contents of
a purse, when specified fractional parts (thereof added to what
may be on hand with one among a number of persons)}makes him
a specified number of times (as rich as all the others with what
they together have on hand) :—

241. The specified fractional parts relating to all others (than
the person in view) are (reduced to a common denominator, which
isignored for practiCal purposes. These are severally) multiplied
by the specified multiple number (relating to the person in view)
To these products, the fractional part (relating to the person) in
view- (and treated like other fractional parts) isadded. The result-
ing sums are (severally) divided cach by its (corresponding
specified) mwltiple quantity as increased by ome. Then these
quotients are also added. The several sums (so obtained in relation

241. The formula given in the rule 15—

A a+mb+a+mc+a+md+ o _

n+ 1 g+1 7+ 1 ¢ {8 —2)e (m + 1)
y='b+'na,+b+fnc b+ nd .

m + 1 (j+1+o'+l oo ‘—_(“"2)“}“7‘('"'*'1)

and g0 on, where z, y, . are moneys on hand, a, b, ¢, d,

fractional parts; m, n, ¢, r, . . . various multiple numbers; and ¢ the
number of persons concerned in the transaction.
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to the several cases)are diminished hy the product of the particular
specified fractional part as multiplied by the number of cases less
by two. The difference 1s divided By the particular specified
multiple quantity as increased by one. The result is the money on
hand (in the particular case).

Ezamples wn 1llustration theseof.

242-243. Two travellers saw a purse contaming money
(dropped) on the way. One of them said (to the other), ** By secux-
ing half of this money (in the purse), I shall become twice as rich
(as you).” The other said, « By securing two-thirds (of the money
in the purse), I shall, with the money I have on hand, have three
times as weach money as what you have on hand.” What are the
moneys on hand, and what the money in the purse ?

241-244%. Two travellers saw on the way a purse containing
mouney ; and the first of them took it up and (said, that)that money
along with the money that he had on Land became twice the
money of the other (traveller ~This) other (said that that mouney
in the purse with the aid of what he had on hand would be) three
times (the mouney 1 the hand of the first traveller). What is the
money on hand (in the cdse of each of thém), and what the money
in the purse ?

2451-247. Four men saw on the way a purse containing money.
The first among them said, “If I secure this purse, I shall with
the money already on hand with me become (possessed of meney
which will be) eight times (the money on hand with the remaining
travellers) ”  Another (said, that the money in the- purse with
what he had on hand) would be nine times the money on hand with
the rest (among them). Another (said that similarly he) would
he possessed of ten times the mouey, and another (that he) would
be possessed of eleven times the momey. Tell me quickly, O
mathematician, what the money in the purse was and how much
the money in the hand of each of them was.

248. Four men saw on the way a purse containing money.
(Then), with what each of them had on hand,the L, 1, 4, and §
parts (respectively) of this (money in the purse) became twice,



158 FANITASARASANGRAH 4.

thriee, five times and four {imes (that money which the others
together had on hand ~ What is the money 1n the purse, and what
~ the money on hand with each of them ?)

249-2504 Three merchants saw on the way a purse containing
money. The first among them said, “ Tf I get { of this money
in the purse, I shall (with what I have on hand) become (possessed
of) twice (the moaey on hand with) both of you.” Another said
that, if he secured ¥ part of the money in the purse, he would
with the money on, hand with him (become possessed of) thrice
(tne money ou hand with the others) , The third man said, “If
I obtain  of this (monoy in the purse), I shall become possessed
of four times the money (on hand with both of you).” Tell me
quickly, O mathematician, what the money on hand Wwith each of
them was, and what was the money in the purse.

The rule for arriving at the moncy on hand, which, with the
moneys begged (of others), becomes a specified multiple (of the
money on hand with the ovhers) :(—

2513-252%. The sums of the moneys begged are multiplied
each by its own corresponding multiple quantity as increased by
one  With the aid of these (products) the moneys on hand are
arrived at according to the rule given in stanza 241. These
quantities (so obtamed) are reduced so as to have a common
denominator. Then they arc (severally) divided by the sum as
diminished by unity of the speeified wultiple quantities (respect-
ively) divided by (those same) multiple quantities as increased by
one. (The resulting quoticuts) themselvos should be understood
to be the nfoneys on hand \with the various persons).

2513~2524. Algebraically,
, JL (@+0) m+1) +m {c+d) (n+1) (a+b) (m+1) +m (f+g) (p+1)
&= + — — +
n+l p+1

ete.—(s—2) (a+ b} (m+1) } + (m+1) ]—

m ” P
R A e |
m+l T ol p+1
Bimilarly for y, s, etc  Eere a, b, ¢, d, f, g, are sums of money begged of
each other.
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Ezamples in sllustration thereof.

253%-256%. Three merchants beg‘ge’d money from the hands
of each other. The first begged 4 from the second and 5 from
the third man. and became possessed of twice the money (then on
hand with both the others) The second (merchant) begged 4
from the first and 6 from the third, and (thus) got three times the
money (held on hand at the time by both the others together).
The third man hegged 5 from the first and 6 from the second, and
(thus) became 5 times (gs vich as the other two). O mathe-
matician, if you know the mathematical process known as eitra-
kuttzhdr a-masra, tell me quickly what may be the moneys they
respeetively had on hand.

2563-2583. There were three very clever persons. They
begged money of each other. The first of them hegged 12 from
the second and 17 from the third. and became thus 3 times as
rich as these~two were then. The second of them begged 10 from
the first and 13 from the tbird, and thus became 5 times as rich
(as the other two at the time). 'L'he third man begged 12 from
the second and 10 irom the first, and became (similarly) 7 times
as rich. Their intentions were fulfilled. Tell me, O friend, after
caleulating, what might be the moneys on hanil with them.

The rule for arriving at equal capital amounts, on the last man
giving (from his own money) to the penultimate man an amonnt
equal to his own, (and again on this man doing the same in relation
to the man who comes behind him, and so on) :— A

25931, One divided by the optionally chosen multiple quantity
(in respect of the amount of money to be given by the one to the
other) bhecomes the multiple in relation to the penultimate
man’s amount, This (multiplier) increased by one becomes the
multiplier of the amounts (in the hands) of the others. The

2595 The rule will be clear from the following working of the problem
given i st. 263 —
I3 or 2 isthe multiple with regard to the penultimate man’s amount;
this 2 combined with 1, 4.e., 3 becomes the multiple in relation to the amounts
of the others,



160 GANITASARASANGRAHA.

amount of the last person (so arrived at) is to have one added to
it. This is the process to be adopted.

Ezamples wn 1llustration thereof.

2604-261%. Three sons of a merchart, the cldest, the middle,
and the youngest, were going out along a road. The eldest son
gave out of his capital amount to the middle son exactly as much
as the capital amournt of (that same) middle son. This middle son
gave (out of his amount) to the last sor just as much as he had,
(In the end) they all became possessed of equal amounts of money,
O mathematician, think out and say what amounts they (respect-
ively) had (with them) on hand (to starvt with). )

262%. There were five sons of a merchant. From the eldest (of
them) the one next to Lim obtained as much money as he himself
had on hand. All others also did accordingly (each one giving to
the brother next to him as much as he had on hand. ~In the end)
they all became possesséd of equal amounts of money. What
were the amounts of money they (respectively) had on hand (to
start with) P

263%. Five merchants became possessed of equal amounts of
money after each of them gave out of his own propersy to the one
who went before him half of what he possessed. Think out and

Now . . . 1,1.
Multiplying the penultimate 1 by 2 and the

other, by 3, we get . 2, 3.
Adding 1 to the last . . " 2,4
Write down .. . 2, 4, 4
Multiply the penultimate 4 by 2, and the

others by 3, and add 1 to the lass .. .. 6,8,13.
Again . 6,8,/18,13
Repeating the same operations as above we

get . - . 18, 24, 26, 40.

54, 72, 78, 80, 121.
The figures ir the last row represent the amounts 1n the hands of the 5
merchants,
Algebraically—
a~3b=3b - }¢
=%¢c - }d=3%d~-3f
=} f; where, a, b, ¢, d, f are the amounts on hand with the 5 merchants.
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say what amounts of money they (vespectively) had on hand (to
start with). ’ )

264%. There were six merchants. The elder ones among them
gave i order, out of what they respectively bad on hand, to those
who were next younger to them cxactly two-thirds (of what they
respectively had on hand). Afterwards, they all became possessed
of equal amounts of moncy. What were the amounts of money
they (severally) had on hand (to start with) ?

The rule for arriving at equal amounts of money on hand,
after a number of persons give each to the others among them
as much as they (respectively) have (then) on hand :(—

2654, Oyeis divided by the optionally chosen multiple quantity
(in the problem). (To this), the number corresponding to the men
(taking part in the transaction) is added. The first (man’s) amouns
(on hand to start with is thus arvived at). T'his (and the results
thereafter arrived at) are written down (in order), and cach of them
is multiplied by the optional multiple number as increased by one ;
and. the result is then diminished by one. (Thus the money on
hand with each) of the others (to start with is arrvived at).

Examples wn llustration theréof.

266%. Each of three merchants gave to the others what each of
these had on hand (at the time) Then they all became possessed
of equal amounts of money. What are the amounts of money
which they (respectively) had on hand (to start with) ?

265%. The rule will be clear hrom the following workmg ol the problem

gwven in st. 260} —

1, divaded by the optionally chosen multiple 1, and inercased by the number
of persons, 8, g1wves 4, this s the money in the hand of the first man

This 4, muvltiphed by the optionally chosen multiple, 1, as increased by
1, becomes 8, when 1 1 subriacted from this, we get 7, which 1s the money on
hand with the second person.

This 7, again, treated as above, w.c, multiplicd by 2 and then diminished
by 1, gives 13, the money on hand with the third man.

This solution can be easily arived at fiom the following equations .—

4(a—b-c)=2{2b~ (@a=b=c)= 2} =4dc—2(a=bw=c)
-{2b—-(a,-b——c)-—-2c}A

-

21
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2674, There were four merchants. Hach of them obtained
from the others half of what he had on hand (at the time of the
respective transfers of money;. Then they all became possessed
of equal amounts of money ~ What is the measure of the money
(they respectively had) on Land (to start with) ?

The rule for arriving at the gain derived (cqually) from
success and failure (in a gambling operation) :—

2681-269%. The two sums of the numerators and denominators
of the (two fractional multiple) quantities (given in the problem)
have to be writien down one below the other in the regular order,
and (then) in the mverse order. "LThe(summed up) quantities
(in the first of these sets of two sums) are to be multiplied according
to the vajrdpavnriana precess by the denominator, aid (those in
the second set) by the numerator, (of the fractional quantity)
corresponding to the other (summed up quantity). 'The results
(armved at in relation to the first sot) are written dewn in the
form of denominators, and (those arrived at in relation to the
second set are written down) in the form of numerators. (and the
ditference betwoen the denominator and numerator 1 each set is
noted down). 'Then by means of these differences the products
obtained by multiglying (the sum of) the numerator and the
denominator (of each of the given multiple {ractions in the
problem) with the denominator of the other are (respectively)
divided. These resulting quantities, multiplied by the value of
the desired gain, give i the inverse order the measure of the
moneys on kand (with the gamblers to stake).

An example 1 dllustrotion thereof.

270-272%. A great man possessing powers of magical charm
and medicine saw a cock-fight going on, and spoke separately in

2684-269%. Algebraically,

{c+ d)b (a +b)d
x X p, and y = , wh
(c+d)é—=(a+b)e P v (a+b)d—-(c+d)ax,‘pwere
@ and y are the moneys on hand with the gamblers, and —Z- s %,the fractional parts

taken from them, and p the gan. This follows from z -—% y=p=y - —a.
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confidential Tanguage to both the owners of the cocks. He said to
one: ““If your bird wins, then you givk the stake-mouney to me
If, however, you prove unvictorious, I shall give you two-thirds
of that stake-moncy then.” He went %o (the owner of) the other
(cock) and promised to give three-fourths (of his stake-iaoney on
gimilar conditions). From both of them the gain to him could he
only 12 (gold-pieces 1 each case). You tell me, O ornament on
the forehead of mathematicians, the (values.of the) stake-mouey
which (each of) the cock-owners had on hand.

The rule for separating the (unknown) dividend number, the
quoticnt, apd the divisor from their combined sam —

273} Any (suitable optionally chosen) number (which has to
be) subtracted from the (given) combined sum happens to be the
divisor (in question). On dividing, by this (divisor) as increased
by one, the remamnder (lett alter subtracting the optionally chosen
number from the given combmed sum), the (vequred) quotient is
arrived at The very same remainder (above mentioned), as dimi-
nished by (this) quotient becomes the (required dividend) number.

An example in illustration thereof.

2744 A certain unknown quantity is dvded by a certain
(other) unknown quantity. The quotient here as combined with
the divisor and the dividend number is 53. What is that divisor,
and what (that) quotient ?

The rule for arriving at that number, which becomes a square
either on adding a known number (to the original number), or

on subtracting (another) given number (from that same original
number) *—

275} The sum of the quantity to be added and the quantity
to be subtracted is multiplied by one as associated with whatever
may happen to be the excess above the even number (nearest to

275% Algebraically, let @ be the quantity to be found out, and a, b, the
respective quaniities to be added to or subtracted from 1t, then, the forumla

e 2 ~
10 represent the rule will be {(f’_"'_b)_*‘(_l%l_)_'l'_z} -1 + _“_Tbi_ql
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that sum). The resulting product is (then) halved and (then)

»aquared. (From this squsred quautity), the (above-referred-to
possible) excess quantity is subtracted. The result is divided by
four, and then combimed with one. Then the resulting guantity
is cither added to or subtracted from (respectively) by the half of
the difference betweea the two given quantitics as diminished or
increased by the odd-making excess gnantity (abeve referred to)
according as the origmal given quantity to be subtracted is
greater or less than the original given quantity to be added. The
result arrived at in this manner happens to be the (required)
number, which (when associated as desived with the (given)
quantities) surely yields the square root (exactly).

Ezamples wn dlustraion thereof.

2761, A certain number when increased by 10 or decreased by
17 yields an exact square root. If possible, O arithmetician, tell
me quickly that number.

277%. A certain quantity either as diminished by 7, or as
added to by 18, yields the square root exactly. O amthmetician,
give it out after calculation.

278%. A certair quantity dimmished by %, or again that same
(quantity) increased by 2, yields the square root (exactly) Tell

me thal quantity quckly, O arithmetician, after thinking out
what it may be.

The 1 ationals of this may be made out thus .—

(n + 1P =n?=2n + 1, an odd number, and (n + 2)2 — w2 =14 7 + 4,
an even number ; where n 1 any integer.

From 2% + 1,and 44 + 4, the rule shows how we may arrive at n? + a
when we know

2n + l,ordn + 4, to be equal to a + b.

2785 Since the quantities represented by b and « m the note on stanza 275%
are scen o be fractional in this picblem, being actually % and £, 1t 18 necessary
to have these fractional quantities removed from the process of working out the
problem m accordance with the given rule. For this purpose they are first
reduced to the same denominator, and come to be represented by 4% and &
respectively then these quantities are multiphed by (21)2, so as to yield 294
and 189, which are assumed to be the b and the a in the problem The result
arrived at with those assumed values of b and a 1 divided by (21)%, and the
quotiert is taken t0 be the answer of the problem,
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The rule for arriving at the square root of (an unknown)
number as increased or diminished by a known number :—

279%. The known quantity which is given 1s first halved and
(then) squared and then ome is added (to 15) The resulting
quantity either when increased by the deswed given quantity or
when diminished by the (same) quantity yields the squarc root
(exactly).

An example wm dllustration thereof.

280%. Here 1s a nuwnber which, when increased by 10 or
diminished by the same 10, yields an exact squarve root. Think
out and tell me that number, O mathematician

The rula for arriving at the two required square quantities,
with the aid of those required quantities as multiplied by a
known number, and also with .the aid of (the same known
number as forming the value of) the square root of the difference
(between these products) : —

281%1. The given number is increased by ome; and the given
number is also dimimished by ome. The resulting quantities
when halved and then squarod give rise to the two (required)
quantitics. Then if these be (separately) multiplied by the given
quantity, the squre root of the difference between these (products)
Lecomes the given quantity.

An example wn llustration theregf.

2821-283. Two unknown squared quantities axe multiplied
by 71. The square root of the difference between these (two
resulting products) is also 71. O mathematician, if you know
the process of calcniation known as eatra-kuttikara, caleulate and
tell me what (those two anknown) quantities are.

2794. This 18 merely a particular case of the rule given n stanza 275%
wherein o 18 taken to be equal to b.

2 ~1N 2
28134, Algebraically, when the given numberis d, <0%> and (d._zl

are the required square quantities.
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The rule for arriving at the required increasc or decrease in
relation to a given multiplicand and a given multiplier (so as to
arrive at a given product) :—

284, The differcnce hetween the required product and the
resulting product (of the given multiplicand and the multiplher)
is written down in two places. To (one of) the factors (of the
resulting product) one is added, and (to the other) the required
product 1s added. That (difference written above in two posi-
tions as desired) is {severally) divided in the inverse order by
the suws (resulting thus). These give rise to the quantities that
are to be added (rvespectively to the given multiphicaund and the
multiplier) or (to the quantities that are) lo be (respectively)
subtracted (from them).

Ezumples w llustration thereof

285. The product of 3 and 5is 15; und the required product
is 18; and it is also 14 What are the quantities to be added
(respectively to the multiplicand and the multiplier) here. or what
to be subtracted (from them) ?

The rule for arriving “at (the required result by) the process
of working backwardg:—

286. To divide where there has been a multiplication, to
multiply where there has been a division, to subtract where there
has been an addition, to get at the square root where there has
been & squaring, to get at the squaring where the root has been
given—this 18 the process of working backwards.

Amn example in llustration thereof.

287. What is that quantity which when divided by 7, (then)
multiplied by 3, (then) squared, (then) increased by 5, (then)

284 The guantities ‘o be added or subtracted are-—
d~ab and G~ _a;b.
d+b a+1

4~ ab d ~ ab
For (a:L—_ T ) (Oﬂ: —7 >=d,whereu, and b are the given factors,

and d the required multiple,
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divided by $, (then) halved, and then reduced to its square root,
happens to be the number 5 P

The rule for arriving at (the number of arrows in a bundle
with the aid of the even number of) arrows constituting the
common circumferential layer (of the hundle) .—

288. Add ¢hiee to the number of arrows‘forming the cireum-
ferential layer ; then square this (resulting sum) and add agamn
three (to this square quantity). If this be- further divided by
12, tne quotient becomes the number of arrows to be found in the
bandle.

- An exwmple v tllustration thereof,

289. The~ circumferential arrows are 18 mm number. How
many (in all) are the arrows to be found (i the bundle) withm
the quiver? O mathematician, give this out if you have taken
pains in relation to the process of calculation known as vieitra-
kuttikara.

Thus ends vieitra-kuttzkdra in the chapter on mixed problems

&

288 The foimula here given to find out the total number of ariows is
(n+3)% +3 7
Tz
be muived at from the foilowing considerations It can be proved geomctrically
that, only s1v circles can be described round another cucle, all of them being
equal and each of them touching 1ts two neighbouring circles as- well
as the central circle , that, round these cuicles again, only twelve circles of the
same dinension can be descrnibed smmlatly, and that round these again, only
18 such circles are possible, and so on Thus, the first round has 6 cucles, the
second 12, the third 18, and so on 8o that the number of cucles i any
round, say p, 18 equal to (6 p.

Now, the total number of circles in the given number of 1ounds p, caleulated
from the centralcirsle, 181 +1 X b+ 2 x 6 + 8 x 6 + . . +p x 6=1

+B(L+2+3+ +p)=1+6ﬁ1f_;ﬂ-_=1+3p(p+1) If che

, where 7218 the number of eircumferential arrows. This foimuln can

value of 6p 15 given, say, as %, the total number of circles1s 1+ 3 x Z_(% +1),

which 18 easily redueible to the formula given at the begmning of this note.
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Summation of Series.

Hereafter we shall expdund in (this) chapter on mixed problems
the summation of quantities in progressive series.

The rule for arriving at the sum of a series in arithmetical
progression, of which the common difference is either positive or
negative i—

9290. The first term 18 either decreased or increased by the
product of the negafive or the positive common difference and the
quantity obtained by halving the numbdr of terms in the series as
diminished by ome. (Then,) this is (further) multiplied by the
number of terms 1n the series. (Thus,) the sum of a serjes of terms
in arthmetical progression with positive or negative eommon
difference 1s obtained.

Ezamples mn tllustration thereof

291 The first torm is 14; the mnegalive common *difference is
3; the number of termsis 5. The first term is 2; the positive
common difference is 6; and the number of terms is 8. What is
the sum of the series 1 {each of) these cases?

The rule for arraving at the first termn and the common differ-
ence in relation to the sum of a series in arithmetical progression,
the common difference whereof is positive or negative :—

292. Divide the (given) sum of the series by the number of
terms (therein), and subtract (from the resulting quotient) the
product obtained by multiplying the common difference by the
half of the number of terms in the sories as diminished by one.
(Thus) the first term (in the series) is arrived at. The sum of the
series is divided by the number of terms (therein). The first term
is subtracted (from the resulting quotient); the remainder when
divided by half of the number of terms in the series as diminished
by one becomes the common difference.

280. Algebraically, (%-2-1 b+ a ) n == 3, where n i8 the number of terms,
a the first term, b the common difference, and s the sum of the series.
— -1
292, Algeb =2y, =(_3.. Wk I
9 gebrarcally, ¢ - 3 b;andb p “) 7
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Examples 1n ollustration thereof.

293. The sum of the series 15 40 ; -the namber of terms is 5 ;-
and the common difference is 3 ; the first term is not known now.
(Find it out.) When the first term 15 2, find out the common
difference

The rule for arriving at the sum and the number of terms in
a series in arithmetical progression (with the aid of the known
labha, which 1s the same as the quotient obtained by dividing the
sum by the unknown number of terms therein) :—

294. The libha is diminished by the first term, and (then)
divided by the half of the common difference; and on adding one
to this same (resulting quantity), the number of termsin the
geries (is obtained). The number of terms in the series mult-
plied by the alha becomes the sum of the series.

An example w 1llustration theresf.

295. (There were a number of ufpale flowers, representable ae
the sum of a series in arithmetical progression, whereof) 2 is the
first term, and 3 the common difference. A number of women
divided (these) utpala flowers (equally among them). Hach woman
had 8 for her share. How many were the women, and how
many the flowers ?

The rule for arriviag at the sum of the squares (of a given
number of natural numbers beginning with one) :—

296. The given number is increased by one, and (then) squared ;
(this squared quantity is) multiplied by fwo, and (then) diminished
by the given quautity as increased by ome. (The remainder thus

294 Algebraically,n = l:%& + 1, where 1= -2 , whch 18 the Libha.

2

295 The number of women in this problem is conceived to be equal to the
number of terms in the series.

§ 2(n+1)2-(ﬂ+1)}ﬁ
296 Algebraically, .t < 2

squares of the natural numbers up to n.

== §,, which i the sum of the

22



170 GANITASARASANGRAH L.

arrived ab is) multiplied by the half of the given number. This
‘gives rise to the combined sum of the square (of the given
aumber), the cube (of the given number), and the sum of the
natural numbers (up to the given number). This combined sum,
divided by three, gives rise to the sum of the squares (of the given
namber of natural nurabers).

Examples m ollustration thereof.

297. (In a number of serics of natoral numbers), the number
of natural numbers is (in order) 8, 18, 20, 60, 81, and 36. Tell
me quickly (in each case) the combined sum of the square (of the
given number), the cube (of the given nmumber), and the sum of
ibe given number of natural numbers. (Tell me) alsg the sum of
the squares of the natural numbers (up to the given number).

The rule for arriving at the sum of the squares of a number of
terms in arithmetical progression, whercof the first- term, the
common difference, and the number of terms are given :—

2908 Twice the number of terms is diminished by ome, and
(then) multiplied by the square of the common difference, and is
(then) divided by siz. (To this), the product of the first term
and the common différence is added. The resulting sum is multi-
plied by the number of terms as diminished by one. (To the
product so arrived at), the square of the first term is added. This
sum multiplied by the number of terms hecomes the sum of the
squares of the terms in the given series.

Again, another rule for arriving at the sum of the squares of
o number of terms in arithmetical progression, whereof the first
term, the common difference, and the number of terms are
given :—

299. Twice the number of terms (in the series) is diminished by
one, and (then) multiplied hy the square of the common difference,
and (also) by the number of terms as diminished by one. This

—_— 2
298. [ {QZ—W-ED—ZL‘*‘“I’} (m—1)+a? Jn = sum of the squares of the terms in

a series m arithmetical progression.
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product is divided by sw. (To this resulting quotient), the square
of the first term and tke (continued product) of the number of terms
as diminished by one, the first term,‘a-nd the common difference,
ate added. The whole (of this) multiplied by the uumber of terms
becomes the reqnired result.

Ezamples wn dllustration thereof.

300. (In a series in arithmetical progression), the first term is
3, the common difference is 5, the number of terms is 5. Give
out the sum of the squares (of the terms) 1n the series. (Similarly,
in another series), 5 is the first term, 3 the common difference,
and 7 the number of terms. What 1s the sum of the squares (of
the texms) in this series ?

The rule for arriving- at the sum of the cubes (of a givenm
nnmber of natural numbers) :—

301. The quantity represented by the square of half the (given)
number of terms is multiplied by the squave of the sum of one
and the number of terms I this (science of) arithmetic, this
result is said to be tho sum of the cubes (of the given number of
natural numbers) by those who know the secret of calculation.

Erxumples m ollustration theeof. -

302. Give out (in each case) the sum of the cubes of (the
natural numbers up to) 6, 8, 7, 25 and 256.

The rule for arriving at the sam of the cubes (of the ferms m
a series in arthmetical progression), the first term, the common
difference, and the number of terms whereof are optionally
chosen :— .

303. The sum (of the simple terms in the given series), as
multiplied by the first term (therein), is (further) multiplied by the

A\ 2

301. Algebraically, <;i> (m+ 1)? = g3, which 18 the sum of the cubes of the
natural numbers up to «.

308. Algebraically, -k sa (a ~ b) +s*4 = the sum of the cubes of the terms
in a series m arithmetical progression, where s = the sum of the simple terms

of the series. The sign of the first term m the formula 15 + or — according &r
e> or <b.
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diffarence between the first term and the common difference (in the

-geries). (Then)the square of the sum (of the series) is multiplied
by the common difference. If the first term is smaller than the
common difference, then (the first of the products obtained above
is) subtracted (from the second product) If, however, (the first
term is) greater (thar the common difference), then (the first
product above-mentioned is) added (to the second product).
(Thus) the {reguired) sum of the cubes is obtained.

Ezamples wn dllustration thereof.

304. What may be the sum of the cubes when the first term
is 3, the common difference 2, and the number of terips 5; or,
when the first term is 5, the common difference 7, and the number
of terms 6?7

The rule for arriving at the sum of (a number of terms in a
series wherein the terms themselves are successively) the sums of
the natural numbers (from 1 up to a specified limit, these limiting
numbers being the terms in the given series m arithmetical
progression) :—

805-305%. Twice the number of terms (in the given series in
arithmetical progression) is diminished by one and (then) multi-
plied by the square of the common difference. This product is
divided by siz and increased by half of the common difference
and (also) by the product of the first term and the common
difference. The sum (so obtained) is multiplied by the number of
terms as diminished by one and then increased by the product
obtained by multiplying the first term as increased by one by the
first term itself. The quantity (so resulting) when multiplied by
half the number of terms (in the given series) gives rise to the

required sum of the series wherein the terms themselves are sums
(of specified series).

305-305%. Algebraically,[ {Q’i.giﬂlﬁ 3. +ab } (r=1)+e (a1 1) ]g_ is the

sua of the series 1 arithmetical progression, wherem each term represents the

sum of & series of natural numbers up to a limiting number, which is itself a
member in a series in arithmetical progression.
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Examples in illustration thereof.

3063 It is seen that (in & given sevies) the first term is 6, the
common difference 5, and the number of terms 18. In relation
to (these) 18 terms, what is the sum of the sums of (the various)
series having 1 for the first term and 1 for the common difference.

The rule for arriving at the saum of the four quantities (speci-
fied helow and represented by a certain given number):—

8071. The given number is increased by one, and (then)
halved. This is multiplied by the given number and (then) by
seven. Yrom the (vesulting) product, the given number is sub-
tracted ; and the (resulting) remainder is divided by #hree.
The quotient (thus obtained),when multiplied by the given number
as increased By ome, gives rise to the (required) sum of (the four
specified “quantities, namely,) the sum of the natural numbers
(up to the given number), the sum of the sums of the natural
numbers (up to the given number), the square (of the given
number), and the cube (of the given number).

Ezamples in illustration theseof.

3083. The given numbers are 7, 8, 9, 10, 16, 50 and 61.
Taking into consideration the required rules, separately give out
in the case of each of them the sum of the four (specified)
quantities.

The rale for arriving at the collective sum (of the four different
kinds of series already dealt with) -—

309%. The number of terms is combined with three yat is (then)
multiplied by the fourth part of the number of terms ; (then) one

-
®ox(n+ 1)x 7 —n

3073 Algebracally, i x (n + 1)1s the sam of the

four quantities specified mn the rule. These are (1) the sum of the natumal
numbers up to » , (11) the sum of the sumws of the various series of natural numbers

respectively himited by the various natmal numbers up to #, (iii) the square of
n, and (1v) the cube of n

2
3094 Algebraically, {(n + 3) ;-+ 1} (7 * + #) 15 the collective sum of the

sums, namely, of the sums of the different series dealt with m rules 296, 301,
805 to 305} above, and also of the sum of the series of natural numbers up to n.
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is added (thereunto). The (resulting) quantity when multiplied
by the square of tho number of terms as increased by tho number
of terms gives risc to the (required) collective sum.

Examples wm dlustration thereof.

3101, What would be the (required) collective sum in relation
{o the (various) series represented by (each of) 49, 66, 13, 14,
and 25 P

The rule for a’mviug at the sum of a series of fractions in
geometrical progression i—- )

311%. The number of terms (in the series)is caused to be
marked (in a separate colmnn) by zero and by one (wespectively),
corresponding to the even (value) which is halved and to the
uneven (value from which one is subbeacted, till by conti:-uing these
processes zero 1s ultimately - reached) ; then this (representative
series made up of sero and one is used in order [rom the last one
therein, so that this one multiplied by the common ratio 1s again)
multiplied by the common ratio (wherever one happens to be the
deuoting item), and multiplied so as to obtain the square (wher-
ever zero happens to be the denoling 1tem). The result (of this
operation) is writfen down in two positions. (In ome of them,
what happens to be) the numeratorin the result (thus obtamed)
18 divided (by the result itself ; then) one is subtracted (from it) ;
the (resulting) quantity is multiplied by the first term (in the
ser‘ies) and (then) by (the quantily placed in) the other (of the
two positions noted above). The product (so obtained), when
divided by ome as diminished by the common ratio, gives rise to the
required sum of the series.

Examples vn 1llustration thereof.

38123-313. In relation to 5 cities, (the first term is) § dindra
and the common ratio is 4. (Find out the sum of the dindras
obtained in all of them.) The first term is 2, the common ratio is

¢

3114. In this rule, the numerator of the fractional common ratio is taken to
be always 1  See stanza 94, Ch, IT and the note thereunder.
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1 and 7 is the number of terms 1f you are acquainted with
calculation, then tell mé quickly what ghe sum of the series of
fractions in geometrical progression here is.

The rule for arriving at the sum of a series in geometrical
progression wherein the terms are either imecreased or decreased
(in a specified manuer by a given known guartity) —

314. The sum of the seriesin (pure) geometrical progression
(with the given first term, given common ratio, and the given
number of terms, is written down 1n two positions) ; one (of these
sums 80 written down) is divided by the (given) first term.
From the (resulting) quotient, the (given) number of terms is
subtracted.” The (resulting) remainderis (then) multiplied by the
(given) quantMy which is to be added to o1 to be subtracted (from
the term&¥n the proposed series) The quantity (so arrived at)
18 (then) divided by the common ratio as diminished by one. (The
sum of the series in pure geometrical progiession written down in)
the other (position) has to be diminished by the (last) resulting
quotiont quantity, if the given quantily 1s to be subtracted (from
the terms in theseres). If, however, it is to be added, (then the
sum of the seriesin geometrical progression written down in the
other position) has to he increased by the-resulting quotient
(already referred to. The resultin either case gives the required
sum of the specified series).

Ezamples w llusiration thereof.

315. The common ratio is 5, the first term is 2, and the
quantity to bhe added (to the various terms) 1s 3, and the number
of terms is 4 O you who know the secret of caleulation, think
out and tell me quickly the sum of the series in geometrical
progression, wherein the terms are increased {by the specified
guantity in the specified manner).

314, Algebraically, - (i - ) m — (r — 1) + s1s the sum of the series of
a

the following form a, ar - m, (ar =+ m) r +m, {(ar +myr 4 m }r_—}_— m,

and 8o on,



316, The first term is 8, the common ratio is 8, the quantity
1o be subtracted (from the terms) is 2, and the number of terms ig
10. O you mathematician, think out and tell me quickly what
happens to be here the sum of the series in geometrical progression,
whereof the terms are diminished (by the specified quantity in the
specified manner)

The rule for arriving at the first term, the common difference
and the number of terms, {rom the mixed sum of the first ¢ term,
the common dlffelence, the number of terms, and the sum (of a
given series in arithmetical progression)” —

317 (An optionally chosen number representing) the number
of terms (in the series) is subtracted from the (given) mixed sum.
(Then) the sum of the natural numbers (beginning gvith one and
going up to) one less than this optionally chosenssmber is
combined withore By meansof this as the divisor (the remainder
from the mixed sum 2s above obtained 1s divided). '.J.‘he quotient
here happens to be the (required) common difference; and the
remainder (in this operation of division) when divided by the
(above optionally chosen) number of terms as increased by ome
gives rise to the (required) first term.

An emaniple in illustration thereof.

818. It is seen here that the sum (of a series in arithmetical
progression) as combined with the first term,the common difference,
and the number of terms (therein) 15 50. O you who know
caleulation.~g1ve out quiekly the first term,the common difference,
the number of terms, and the sum of the series (in this case).

The rule for arriving at the common limit of time when one,
who is moving (with successive velocifies representable) as the
terms in an arithmetical progression, and, another moving with
steady unchanging velocity, may meet together again (after start-
ing at the same instant of time) :--

817, See stanzas 80—82 in Ch, II and the note relating to them.
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319, The unchangimg velocity is dinunished by the tivst term
(of the veloeities m series iu arthmefical progression), and 1s
(then) diaded by the half of the common difference. On adding
one (to the resulting guantity), the (required) time (of meeting)
s arrived at  (Where two persons travel m opposite directions,
cach with o defiuite velocity), twice (the avdrage distance to be
covered hy cither of them) s the (whole) way (to he travelled).
This when divided by the xum of their veloeitics gives rise to the
{ime of (their) meeting.

dn evample i Wllusiration thereof.

320 A pertam person goes with a velocity of 8 in the begiuning
wereased (vegularly) by 8 as the (successive) common difference.
The steads ynehanging veloeity (of another person) is 21 What
may be the time of their meeting (again, it they start [rom the
sawe place, a the same tine, and move 1n the same divection)?

An eaanple m lustrateomn of the latter half (of the rule guwen mn
the stanza above).

$21-321% Onc man travels at the rate of 6 yg/anas and another
at the ratc of 3 ygjunas  The (average) distance to be covered by
cither of them moving in opposite directions Is 108 ydjanas. O
avithmetician, tell me quickly what the time of their mecting
together is.

The rule for aniving at the time and dastance of mecting to-
gether, (whew two persons start from the same place at the sanie time
and travel) with (varying) velocities in arithmetical pr(fgx'ession.

3224 The difference between the two first terms divided by
the differcnce between the two common differences, when multiplied
by firv and moerecased by one. gives rise to the time of coming
togetlier on the way by the two persons travelling simultaneously
(with two series of velocities varying 1o anthmetical progression).

319 Algelrarcallh, (v—a) — g + 1 = ¢, where v 1s the unchaugmg veloctty

awd t the trne,

M NV S|

322}, Algehraically n= b b

23
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dnexample in ollustratap Lhereof

3235, A person travils with velocitics hegmning with |, and
Increasing (successively) by the common difference of 8 Agan,
a second person travels with velocities begimuing with 10, and
1mercasiug (saccessively) by the common difference of 2 What is
the time of their mecting ?

The rule for aruvmcr at the time of mecting of two persons
(starting at the same time and travelhng 1 the same direction with
varying volocitics in arithmetical progréssion), the common differ-
ence (in the one case) being positive, and (in the other) negative:-

8241. The differcnce belween the two first Lerms isedivided by
half of the sum of the numbers representing thg two (given)
common differcnces, and (then) one 1s added (to the reswdng yuan-
tity)  This becomes the time of meeting on the way by the two
persons (starting at the same time and) travelling simultancously
(with velocities in amthmetical progression, the common difference
in the one case being positive and in the other negative),

A emifiple wn dluslratwn thereof.

8254. The first®man travels with velocitics beginuing with 5,
and incrcased (suecessively) by 8 as the comwmon difference In
the case of the sccond person, the commenang velocity is 45, and
bhe common difference is minus 8,  What isthe tiwe of meeting ?

The rule for arriving at the time of meetiug of two persous,
{starting at dafferont times and) travelling (respectively) with a
quicker and a less quick velocity (in the same direction)

3263. He who travels less quickly and he who travels more
yuickly—both move 1 the same divection. What happens to
be the distance to be overtalen here is divided by the difference
between those (two) velocities. In the coursc of the number of
days reprosented by the quotient (herc), the more quickly moving
person goes to the less quickly moving one.

3244, Cowpare thus with the rule given 1w 3224 ahove
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3
<l ecample in ollustralion thereof.

3271. A certain pers'n travels at therate of 9 ydjanas (a day);
aud 100 ydpanas have :flready becn gode over by him. Now, a
messengor sont after him goes at the rate of 13 ygjumas (a day).
In how many days will this (messenger) meet him P

The rule for working out the circumferential number of
arrows in the quiver with the aid of the (given)uneven number
of arrows (contained in the quiver; and vice versd) :—

3284, The number of the circumferential 2xrows is inercased
by three and (then) halved. This is squared and (then) divided
by three. On adding one (to the resulting quantity), the num-
her of arrgws (in the quiver) is obtained. When, however, the
number of the circumferential arrows has to he arrived at, the
reverse p};g_(:e;s is (to be adopted m relation to these operations).

Eaamples wn illustration thereof.

3204 'I'he arcomferential number of the arrows 1w 9 Their
total number, however, 18 not known. (What is that P). The
total number of arrows (in the quiver)is 13. Tell me, O axith-
metician, the number of the circumfersntial arrows also in this
case.

The rule for arriving at the number of hricks to be found in
structures made up of layers (of hricks one over another) —

330%. The square of the number of layers is diminished by
one, divided by three, and (then), multiplied by the numBer of
layers On adding (to the quantity so obtained) the product,
obtained by multiplying the optionally chosen number (represent-
ing the bricks in the topmost layer) by the sum of the (natural
numbers beginning with one and going up to the given) number
of layers, the required answer is obtained

n o+

2
3304, Algabraically, j 3 1 ¥ a x Eﬂ;ﬁ 1s the tolal mumber of

bricks m the structore, where nis the number of layers, and o the optionally
chosen number of hiicks n the topmost layer. The nnmber of bricks along

the length or Dreadsh of any layer 11 one less thean the same 1n the itmmediately
Tower Inger
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Baanples m dlustratuwn thereof,

331% There is construeted an eqmlateﬁ{al quadrilaterval stracture
consisting of 5 layers  %he topmost layer is made up of 1 brick.
O you who know the caleulation of muned problems, toll we how
many bricks there arc (here in all).

3324 Thereis a structure built up of suceessave lavers of bricks,

which is in the forn of the wandydearia. There ave 4 layers

built symmetrically with 60 tas the numerical measure of {he
top-bricks 1n single row).  Tell me hiow many are all the bricks
(here).

Rules regarding the six things to he known tu the science of
prosody :—

9334-3364  (T'he nuwber of svllablesin a giyen sy Tabic wotre
or chamdas is cansed to be marked m a separate colunfhi by =2 0 and

382.. The nandyivarta figure 1oferred Lo m rhe stangais L:H

3333—3364.  As each syllable found in o Line formmy a quaiter of a stanza
may be short or long, shore srises a number of vareties coniesponding to the
different arrangements of long and shoit syllables 1n arrangmg these
varieties, & certarn oider 1s Folloned  The rules given here enable us to find
oub (1) the number of varieties possible 1 a metre consistmg of a specified
number of syllables, (2)ghe wanuer of anangemeut of the syllables m these
varieties, (3) the arangement of the sylables v a vamety speafied by 1ts
ovdmal position, () the ordinal position  of a specificd arrangement of
syllables, (5) the nnmber of vayieries containg a specihed nuwber of long
or short syllables, and (#) the amount of yertical space tequued for exhibiting
the vaaieties of & paiticular metve.

The ruies wall become clear hiom the followmg workmeg of the problems
given in stanza 3373 —

(1) Therc are 3 syllables i a metve , now, we procecd thus
Now, wunltiplymg by 2 the figures mn the

3-1 1
S 0 vight-haud chamn, we obtam 0. By the process of
-1 1 2

multipheation and sqnaring, as explamed in the
note to sbaunsa 94, Ch. II, we get §, and this 1s the
number of varieties.

(2) The manner of arrangement of the syllables in each vaiety 18 armved
at thas —

Ist vaviety - 1, hemng odd, denotes a long syllable; sothe first syllable 1s
long. Add 1 to this 1, and divide the sum by 2, the
quotient 18 odd. and denotes another long syllable. Agan,
118 addod to this quotient 1, and divided hy 2, the vesult,
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by ome (respectively), corresponding to the even (value) which is
halved, and the unevo}n (value from which one is subtracted, till
by continuing these processes zero iy ultimately rcached. The”
numbers in the chain of figures so obtaied ave) all doubled, (and
then in the process of continued multiplication from the bottom to
the top of the chain, those figures which come to have a zero above
them) are squared. The (resulting) prodact (of this continued
multiplication) gives the number (of the varicties of stanzas possible
in that syllahie metre or chandas).

The arrangement (of short and long sv ables in all the varie-
ties of stanzas so obtamed) is shown to be arrived at thus —
(The natural numbers commenang with one and ending with
the measure of the maximum uuwmber of possible stansas in the
given metre heing noted down), every odd number (therein) has
one ad<s>to it, and is (then) halved. (Whenever this process
is gone through), a long syllableds decidedly indicated. Where

agiun odd, denotes a thud long svllable  Thus the mst
valiety comsists of thice long sivilables and s mdicated
thus ¢ ¢ ¢.

, bemng even, indicates a short sylloble; when this 2 15
drvided by 2, the quotient 3s 1, which being odd indicates
a long syllable. Add ] to tlus 1, and davide the sum by 2,
the quotient bemg odd nuhcatm; a long syllable thus we
get | 4 /.

Similaily the othesr six varieties aie to be found vut.
(3) The fifth vaunery, for mistance, may be found out as above.
(#) To fin@ out, for mstance, the ordmnal position of the vanety | 7 |
we proceed thus —
Below these syllables, wiite down the terms of a series 1n geometuml po-
gression, having 1 as the first term and 2 as the commonatio  Add the
i+ | figures 4 and 1 ander the the shar t syllables, and creare the sum by 1,
124 weget 6 and we, therefore, say that this 1s the siath variety n the
t1l-gyllabic metre
\5) Suppose the problem s How manv vaneties contn 2 short sylables ©
Write down the natmal numbers m the regular and 1 the mverse order, one

v 123
below the other thus 321

above and from helow, we dvide the product of the former by the product of
the Iatter.  And the (uotient 3 1s the answer 1equired

(6) Tt 18 prescreibed that the symbols representmg the long and short syllables
of any varety of metre should ocoupy an angule of vertical space, and that
the mte1vening space between anv two varieties should also be an angule  The
amount, iheiefore, of vertiecal space required for the 8§ vaneties of thus
metre 1s 2 8=1or 15 angulas.

2nd variety 2

Takmg two terms fromuight to left, both from
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the aumber is even, 1t 1s (immediately ) halved and this mdicates
a short syllable.  In this manner, the proe{r;‘ss (of halving with or

“without the addition ol oae as the case may be, noting down at
the smne time the corresponding long and short syllables as
indicated), is to he regularly carried ou (till the aciual number of
syllables m the metre 15 arrived at in each case).

(If the number representing in the natural order any given
variety of a stanza), the arrangement of the syllables wherein has
to be found cut, (happeus to Dbe cven, it) has to be halved, and
indicates a ~hoit sylluble  (Lf it happgns to he however odd),
one has to be added to 1t, and (then} it is to be halved . and this
indicates a long syllable.  Thus (the long and short syllables have
to be put down over and over again (in their respective Positions),
till the maxunum number of syllables in tho stanza is arrived at.
This gives the arrangement (of long and short syllakke=y the
requived variety of the stanza) -

Where (a stanza of a particular variety is given, and) its
ordinal position (amoung the varieties of stanzas possible in the
metre) is to be found out, the terms (of a series in geometrical
pregression) commencing :rvith one and having ¢vo as the common
ratio are written down, (the number of terms in the serieg being
equal to the number of syllables in the given metre. Ahove these
terms, the corresponding long or short syllables are noted down),
Then the terms (immediately) below the position of short syllables
arcall added ; the sam (so obtained) is increased hy one. (This
gives the required ordinal number )

Nataral numbers commencing with ore, and going up to the
number (of syllables in the given metre), are written down in the
regular and in the inverse (order in two rows) one below the other.
When the numbers 1n the row are multiplied (1, 2, 3 or more at
a time) from the right to the left, and the products (so oliained
in relation to the upper row) are divided by the (corresponding)
prodacts (in relation to the lower row), the quotient represents
the result of the operation intended to arrive at (the number of
varieties of stanzas in the given metre, with 1, 2, 8 or more) short
or long syllables (in the verse).
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The possible numb s (of the varictios of stanzas 1 the given
metre) 15 multiphied By two and (thery dimmished by one  This
result gives (the measare of what 15 called) wdlwan, (wherein an
interval cquivalent to a stanza 1s conceived to exist hetween every
two successive varieties in the wetre)

Eramples o dllustralion thereof.

3374 In relation to the metre made up of 3 syllables, tell me
quickly the six things to be known--viz, (1) the (mwaximum)
number (of possible stanzas in the metre) (2) the manner of
arrangement (of the syllables 1o those stanvzas), (3) the arvange-
ment of$he syllables (in a given variety of the stanza, the ordinal
position whereof among the possible varieties in the metre 13
known)_(4) the ordmal position (of a given stanza) (3) the
number (of stanzas in the given metre coutaining any given
number) of short or long svllables and (6) the (quantity known
as) adhean.

Thus ends the process of summation of series In the chapter
on mixed problems

Thus ends the fifth subject of treatment, known as
Mixed Problems, in Sarasangraha, which is a work
on arithmetic by Mahaviracarya.
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CHAPTER VIL

CALCULATION RELATING TO THIKE MEASUREMENT
OF AREAN,

1. For the accomplishment of the object held . view, T bow
again and again with truc earncstness to the most exccllent
Niddhas who have realized the knowledge of all things.

Hereafter we shall expound the wixth variety of caleulution
forming the subject known by the nam® of the Meusurement of
Arens.  And that is as follows :—-

2. (The wmeasurement of) arca has leen taken (o e of two
kinds by Jina in accordence with (the nature of), the result,
namely, that which is (approximate) for practical puigeses and
that which 1s minutely accurate. Taking this 1uto consideration,
I shall clearly explain this subjeet.

3. (Mathematical) teachers, who have reached the other shoro
of the occan of caleulation, have given out well (the various kinds
of) areas as consisting of those that arve trilateral, quadrilateral and
curvi-linear, being differentiated 1nto thewr respective vameties.

4. A tnlateral arga 1s diffcrentiated in threc ways; a quadri-
lateral oue in five ways; and a curvilincar one iu eigh tways.
All the remaining (kinds ot) areas are 1ndeed variations of the
varieties of these (differont kinds of arcas)

5. Tucarned meu say that the {rilateral area may be equilateral,
isosceles or scalene, and that the guadrilateral area also may be

sand 8 The vartous kinds of enclosed arecas mentioned 1n these stanzas are
ilustrated below -

/

/ /
‘ L _ / N
Sumatribhuja = Bquilaletal  Dvisamatribhoje = Visamauibluga = Sealene
trilateral figwe. Isosceles  fulateral trlateral hguie,

fleure
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equi-lateral, equi-dichastic, equi-bilateral, equi-trilateral and in-
equi-lateral.

5
4
Samacaturasra = Equi-lateral Dwidvisamacaturadra == Equi-dichastic
quadrlateral, quadrilateral.

/ \

Dwisamacatura$ra = Equi-bilateral Trssmacaturasra == Equi-trilateral
quadrilateral quadrilateral.

200

Visamacaturaéra = Inequmi-lateral
quadrilateral

Samavrtta = Cixele,

Aidhavrtta = Semicirele. Ayatavrita = Elhpse.
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6. (The curvi-linear area may be) a circle, a semicircle, an
ellipse, a conchiform area, a concave cicular area, a convex
circular area, an out-lying annulus or an in-reaching annulus.

OO

Kambukavrtta = conchiferm Nimnavrtta = concave Unnaiavrtta = conves
area circular area. crcular area.

16
15 @
Bahiscakravalavrtta = Out-lying Antascakravalavrtta = In-
annulus, reaching annulus,

From a cunsideration of the rules given for the measurement of the dimen-
sions and areas of gquadmlateral figures, it has to be concluded that all the
quadrilateral figures mentioned in this chapter are cyche. Hence an equilateral
quadrilateral is a square, an equidichastic quadrilateral is an oblong, and equi-
Lilateral and equi-trilateral quadiilaterals have thewr topside parallel to the base,
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Calculation relating to approximate measurement
(of areas).3

The rule for arriving at the (approximate) measure of the
areas of trilateral and quadrilateral fields :—

7. The product of the halves of the sums of the opposite sides
becomes the (quantitative) measurement (o the area) of trilateral
and quadrilateral figures. In the case of (a figure constibuting a
circular annulus like) the rim of a wheel, half of the sum of the
(inner and outer) cireumferences multlplled by (the measure of)
the breadth (of the annulus gives the quantitative measure of the
area thereof). Half of this result happens to be here the area of
(a figure vesembling) the crescent moon.

Examples in 1llustration thereof.

8. In the case of a trilateral figure, 8 dundas happen to be the
measure of the side, the opposite side and the base; tell me
quickly, after calenlating, the practically approximate value (of the
area) thereof.

9. In the case of a trilateral figure with two equal sides, the
length (represented by the two sides) is 77 dandas; and the
breadth (measured by the base) is 22 dandgs associated with 2
hastas. (Find out the area.)

7. A tnmlateral fignre is here conceived to be formed by making the topmde,
2.6 , the side opposite to the base, of a quadrilateral so small as to be neglected.
Then the two lateral sides of the trilateral figure become the opposite sides,
the topside being taken to be nil m value. Hence 1t is that the rule speaks
of oppostte sides even m the sase of a trilateral figuie.

As half the sum of the two sides of a triangle 1s, 1n all cases, bigger than the
altitude, the value of the area arrived at according to this rule cannot be accu-
rate in any instanoce.

In regard to quadrilateral figures the value of the area arrived at accord-
ing to this rule can be accurate in the case of a square and an oblong, but only
approximate in other cases.

Nema 1s the avea enclosed between the circumferences of two concentric
circles , and the rule here stated for finding out the approximate measure of the
area of a Némuksétia happens to give the accmate measurs thereof.

In the case of a figure resembling the crescent moon, it is evident that the
vesult arrived at according to the rule gives only an approximate measure of
the area.



188 GANITASARASANGEAHA.
)

10. In the case of a scalene trilateral figure, one sideis 13 dundus,
. the opposite side is 15 dandys ; and the basews 14 dandas. So what
is the quantitative measure (of the area) of this (figure) ?

11. In the case of a figure resembling (the medial longitudinal
section of) the tusk of an elephant, the length of the outer curve
is seen to be 88 dandas ; that of the nner curve is (secn to be)
72 dandas ; the measure of (the thickness at) the root of the tusk
is 80 dandas. (What is the measure of the area ?)

12, In the case of an equilateral quadrilateral figure, the sides
and the opposite sides (whereof) are eachr 60 dandes in measare,
you tell me quickly, O friend, the resulting (quantitative) measure
(of the area thereof).

18. In the case of a longish quadrilateral figure here, the length
is 61 dandas, the breadth 1s 82. Give out the practieallzﬂwproxi-
mate measure (of the area thereof).

14 In the case of a quadrilateral with two cqual sides, the
length (as measured along either of the equal sides) is 67 dandas,
the breadth of this figure is 88 dandas (at the base) and 38 dundas
(at the top. What is the measure of the area of the figure ?)

15. In the case of a quadrilateral figure with three equal
sides, (each of these) three sides measures 108 dandus, the (remain-
ing side here called) mulkha or top-side measures 8 dandas and 8
hastas. Accordingly, tell me, O mathematician (the measure of
the area of this figure).

1€. Inthe case of a quadrilateral the sides of which are all
unequal, the side forming the base measures 38 dandas, the side
forming the top is 82 dandas : one of the lateral sides is 50 dndas
and the other is 60 dandas. What is (the area) of this (figure) ?

17. In an annulus, theinner cirecular boundary measures 80
dandas ; the outer circular boundary is seen to be 8300. The breadth

11. The shape of the figure mentioned n this stanza

seems to be what is given here 1n the margin. it is
intended that this should be treated as a tiilateral figuve,
and that the area thereof should be found out in accordance /

with the rule given in relation to trilateral figures. i //
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of the annulus 18 45. What 1s the calculated measure of the area
of (this) annulus ?

18. In the case of a figure resembling the crescent moon, the
breadth is seen to be 2 hastas, the outer curve 68 Aasfns, and
the inner curve 82 kasfas. Say what the (resulting) area is.

The rule for arriving at the (pructically %approximate value of
the) area of the circle —

19. The {measure of the) diameler multiplied by ¢iree is the
measure of the circumference ; and the number representing the
square of half the dmmeter, if multiplied by #hree, gives the
(resulting) arca in the case of a complete circle Teachers say
that, in the case of a semicircle, half (of these) give (respectively)

- tne measures(of the circumference and of the area).

Examples n llustration the: eqf.

20. In the case of a circle. the diameter is 18. What is the
circumference, and what the (resulting) arca (thercof)? In the
case of a semicircle, the diameter is 18 : tell me quickly what the
calculated measure is (of the arca as” well as of the circum-
ference).

The rule for arriving at (the value of) the arca of an clliptical
figure :—

1. The longer diameter, increased by half of the (shorter)
diameter and multiplied by #wo, gives the mcasure of the cir-
cumference of the clliptical figure. One-fourth of fhe (shorter)
diameter, multiplied by the circumference, gives rise to the
(measure of the) area (thereof).

19. The approximate chaiacter of the measure of the circumference as well
as of the area as given here 1s due to the value of = being taken &s 8.

91, The formula given for the circumference of an ellipse 18 cvidently
an approximation of a different kind. The area of an ellipse 1s =. ab, where
a and b arc the semi-axes If 718 taken to be cqual to 3, then = a.b, = 8 a.b.
But the formula given in the stanza mal.es the area equal to 2ab + b2.
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An exumple w dllustration fz‘izereo f.

22. In the case of an elliptical figure the (shorter) diameter is
12, and the longer diameter is 36. What is the circumference and
what is the (resulting) area (thereof) ?

The rule for arriving at the (resulting) area of a conchiform
curvilinear figure -—

23. In the case of a conchiform curvilinear figure, the
measure of the (greatest) breadth diminished by half the measure
of the mouth and multiplied by three gives the measure of the
perimeter. One-third of the square of half (this) perimeter,
increased by three-fourths of the square of half the measure of the
mouth, (gives the area).

An example w llustration thereof.

24. In the case of a conchi-form figure the breadth is 18 Zastas,
and the measure of the mouth thereof is 4 (lastas). You tell me
what the perimeter is and what the caleulated area is.

The rule for arriving at the (resulting) area of the concave
and convex circular surfaces :—

25. Understand that one-fourth of the circumference multiplied
by the diameter gives rise to the caleulated (resulting) area.
Thence, in the case of concave and convex areas like that of a

23. If a is the diameter and m 18 the measure of the mouth, then 3 (¢ ~ 3 m)
~1 2
ig the measuie of the circumference , and { -.-3—(-“—2—5-@1)——} I3 é + —Z X (»%)2

is the measure of the arca, The exact shape of the figure is not clear from the
description given, but from the values given for the circumference and the area,
it may be conceived to consist of 2 unequal semicircles placed so that their
diameters comcide in position as shown in figure 12, given mn the foot-note to
stanza 6, in this chapter.

25. The area here specified seems to be that of the surface of the segment of a
sphere ; and the measure of the aroa 18 stated to be, when symbolically 1epresented,

equal to -cz x &, where c1s the circumference of the sectional circle, and & is

the diameter thereof. Bub the area of the surface of a spherical segment of
this kind is equal to 2 . 7.h, where 18 the )adius of the sectional circle aund
h is the height of the spherical segment,
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sacrificial fire-pit and like that of (the back of) the tortoise, (the
required result is to bearrived at).

As example i illustration thereof.

26. In the caso of the area of a sacrificial fire-pit the measure
of the diameter is 27, and the measure of sthe eircumference is
seen to be 56 What is the calculated measure of the area of
that same (pit) ?

An ezample about ¢ convez circular surface resembling (the
back) of a tortoise.

27 The diameter is 15, and the circumference is seen to be
36. In the cdse of this area resembling the (back of a) tortoise,
what is the practically approximate measure as calculated ?

The rule for arriving at the practically approximate value of
the area of an in-lying annular figure as well as of an out-reaching
annular figure :—

28. The (inner) diameter increased by the breadth (of the
annular ares) when multiplied by #4ree add by the breadth (of the
annular area) gives the calculated measure of the area of the out-
reaching annular figure. (Similarly the measure of the calculated
area) of the in-lying annular figure (is to be obtained) from the
dia neter as diminished by the breadth (of the annular area).

Eramples m dllustration thereof.

29. The diameter 1s 18 hastes, and the breadth of the out-
reaching annular area is 3 in this case : the diameter is 18 Zastas
and again the breadth of the in-lying annular arvea is 8 Aastas.
‘What may be (the area of the annular figure in each case) ?

28, The shape of the 3T H FATGTITHE as wellasof the ﬁfgmaﬁﬁa

is 1dentical with the shape of the #m'aﬁ mentioned in the note to stanza 7 1n this
chapter. Hence the rule given for arriving atv the area of all these fignres works
out to be the same practically.
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The rule for arriving separately at the numerical measares of
the circumfercnce, of the diameter, and of the area of a circular
figure, from the eombined sam obtained by adding together the
approximate measure of its area, the measure of its circumference
and the mcasure of its diameter :—

30. In relation to the combined sum {of the three quantities)
as multiplied by 12, the quantity thrown in so as to be added is 64.
Of this (second) sum the square root diminished by the square
root of the quantity thrown in gives rise to the measure of the
circumference.

An example w sllustration thereof.

31. The combined sum of the measures of the cir@umference,
of the diameter and of the area (of a circle) is 1116, Tell mre=
what the (measure of the) cwrcumfercnce is, whatestlemt of) the
caleulated area and what (of) the diameter is.

The rule for arriving at the practically approximate value of
surface-areas resembling (the longitudinal sections of) the yava
grain, (of) tho mardula, (of) the panava, and (of) the vajra i —

32. In the case of -areas shaped in the form of the yave
grain, of the mura, of the panave and of the oqyra, the

30. This rule will be clear from the following algebraical representation :—
Tet ¢ be the circumference of the circle, As = 18 taken to be equal to 3,

2
-;— 15° the dwameter and 3§€ 18 the area of the ciicle. If m stands for the
combined sum of the circumference, the diameter and the area of the cwrcle, then
the rule giv€n i the stanza to the effect that ¢ = M 12 m + 064 = /\/ Elmay be
easily arved at from the quadratic equation coutamming the dala 1a the

2
problem .-~ ¢ + -—;—-}- 3§6=m

32, Muraje means the same thing as mardale and mrdanja, The shape of
the various fignres mentioned 1n ths stanza 1s as follows

<> () == <

Yavikaraksstra. Mrurajdkaraksétra  Panavikdraksetia Vajrakaraksétra.
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(require dmeasurement’ of) area is that which results by multi-

plying balf the sum of the end measuye and the middle measure °
by the length.

Ezamples mn 1llustration thereof.

33. In the case of an area resembling the configuration of
a yava grain, the length is 80 and the breadth in the middle is
40. Tell me, what may he the caloulated measure of that area ?

34. Tell (me what may be the calculated measure of the area)
in relation to a field which has the outline configuration of the
mrdanga, and of which the length is 80 dandas, the end measure
is 20 and*the middle measure is 40 dandas.

- 3b. In the case of a field having the outline of the panava,
the length<is 77 dandas, the measure of each of the two endsis 8
dandas, and the measure in the middle is 4 dendas. (What is the
measure of sthe area P)

36. Similarly in the case of a field having the outline of the
vajra, the length is 96 dapdas, in the middle there is the middle
point ; and at the ends the measure is 181 dandas. (What is the
measure of the area ?) *

The rule for arriving at the measure of areas such as the
ubhaya-msédha or di-deficient area :—

37. On subtracting the product of the length into half the
breadth from the product of the length into the breadtlk, you

The measures of the area arrived at according to the rule gwe; 1n this stanza
are approximately correct in the case of all the figures, as the rule 1s based on
the assumption that each of the bounding curved hines may be taken to be equal
to the sum of two st1aight lines formed by joining the ends of the curves with the
middle point thereof.

87. The fignres mentioned in this stanza are those given below :—
These are looked

upon as bemng derived N N
from a  quadrilateral \ ~
figure which is divided

into four triangles by LT «

means of its diagonals gt \
crossing each other. The
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declare the measure of the di-deficient area. That which is
= less (than the latter product; here) by hali of his (above-mentioned
quantity to be subtracted) is the measure of the area of the
uni-deficient figure.

An example mn dllustration thereof.

38. The length is 306, and the breadth is only 18 dandas.
What is the resulting measure of the area in the case of a di-
deficient area, and what in the case of the uni-deficient area ?

'f'he rule for arriving at the practically approximate measure
of the area of flelds resembling the outline of a mulfiplex
vayra i-—

39. One-third of the square of half the perimeter, divided by=
the number of sides and (then) multiplied by the numder of sides
as diminished by ome, gives indeed in the result the value of the
avea of all figures made up of sides. In the case of the area

di-deficient, figuie 1s that 1 which any two of the opposite triangles out of the
four making up the quadrlateral are left out of consideration, the nni-deficient
figure being that in which only one out of the four triangles 1s neglected
39. The rule stated in this stanza gives the area of figures made up of
any number of sides. If s 1s half the sum of the messures of the sides,
and n the number of siéces, the area 18 said to be equal to—;—z‘ xlf:—]- This
n
formula 1s found to give the approximate valne of the area in the case
of a triangle, 2 quadrlateral, a hexagon and a circle conceived as a figure of
infimite number of sides. The other part of the rule deals with the interspace
bounded by parts of circles in contact, and the value of the area airived

at according to the rule here given is also approximate. The figure below
shows an interspace so bounded by four touching circles.

Y
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included between cirgles (1in contact), one-fourth {of the result
thus arrived at gives the required measure).

Examples wn lustration thereof.

40. In the case of a six-sided figure the measure of a side is 5,
and in the case of another figure of 16 sides the measure of a
side 18 3. Give out (the measure of the arda in each case).

41 In the case of a trilateral figure one of the sides is 5, the
opposite (ze., the other) side is 7, and the hase is 6, In the case
of another hexalateral figure the sides are in measare from 1 to 6
in order. (Find out the value of the area in each case).

12. (Give out) the value of the interspace included inside
four (equal) circles (1n contact) having a diameter which is 9 in
measure ; and (giveout) the value of the area of the interspace
iuclnded iaside three circles having diameters measuring 6, 5
and 4 (respectively).

The rile for arriving at the practically approximate area of a
field resembling a bow in outline :—

43 TIn the case of a bow-shaped field the calculated measure
(of the area) is obtained by adding together (the measure of) the
arrow and (that of ) the string and multiplying the sum by half
(the measure) of the arrow. The square ro3t of the square of the
(measure of the) arrow as multiplied by 5 and (then) as combined
with the square of the (measure of the) string gives the (measure
of the bent) stick (of the bow).

43, The field resecmbling a bow in outhne 18 in fact the segment of a circle,
the bow forming the arc, the bow-string forming the chord, and the arrow
measuring the gieatest peipendicolar distance between the arc and the chord.
If a, c, and p represent the lengbhs of these three lines, then, according to the
rules given 1n stanzas 43 and 45 —

Area = (¢ + p) x.%’-
Length of bow = 4/5 p* + ¢*
Va2~ c?
, Of arrow == 5

» of bow-string =4/g% _ 5p?
For accurate value see stanzas 73} and 743 m this chapter.
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An exzample wm llustration thereof.

44. A bow-shaped field is seen whereof the string-measure is
26, and the arrow-measure is 13. Tell me quickly, O mathemati-
cian, what the calculated measure of this (area) is, and what the
measure of this (bent) stick (curve).

The rule for arrix;ing at the arrow-measure as well as the
string-measure (in relation to a bow-shaped field) :—

45 'The difference-between the squares of the string and of the
bent bow is divided by 5. The square-root (of the resulting
quotient) gives the intended measure of the arrow. The square
of the arrow is multiplied by 5; and (this produet) is subtracted
from the square (of the arc) of the bow. The square root (of

the resulting quantity) gives the measure corresponding to the
string.

Examples in illustration thereof.

46. In the case of this (already given bow-shaped) field the
measure of the arrow is not known; and in the case of another
(similax field) the measure of the string is not known.

O you who
know calculation, givi) out both these measures.

The rule for arriving at the practically approximate value of the
area of _the circle which is circumscribed about or inscribed within
a four-sided figure :—

47. Half«of three times (the measure of the area of the inscribed
quadrilateral figure) gives the measnre of the area of the circle in
the case in which it is circumscribed outside. In the case where
it is inscribed within and the quadrilateral is the other way
(¢.e., escribed), half of the above measure (is the required quantity).

47. The formula here given may be seen to be accurate in the case of a
square, but only approximate 1n the case of other quadrilaterals, if 3 be taken to
be the correct value of .
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An examiple in illustration thereof.

48. In relation to a quadrilateral figure, each of whose sides
is 15 (in measure), tcll me the practically approximate value of the
inscribed and the escribed circles.

Thus ends the calculation of practically approximate value in
relation to arcas.

The Minutely Accurate Calculation of the
Measure of Areas.

Hereaftor in the caleulation regarding the measurement of
areas we shall expound the subject of treatment known as
minutely accurate calculation. And that is as follows :—

The rule for arriving at the measure of the perpendicular (from
the vertex to the base of a given triangle) and (also) of the segments
into which the base is thereby divided) : -

49. The process of samkramana carried ou} between the base
and the difference between the squares of the sides as divided by
the base gives rise to the values of the two segments (of the base)
of the triangle. Learned teachers say that the square root of the
difference between the squares of (either of) these (segments] and
of the (corresponding adjacent) side gives rise to the measure of
the perpendicular.

49, Algebraically 1opresented— 2 J\ b
a® — b2 N I
¢y = ( c o+ X35,
2 __ B ¢ 2
Cp == (c -2 b ) X %,
c

1
c

p=~a* —¢? O 46> — 2, Hereq,b,c, represent the measures
of.the sides of a triangle, ¢, ¢, the measures of the segments of the base whose
total length 18 ¢, and p represents the length of the perpendicular,
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"

The rule for arriving at the minutely accurate measurement of
the area (of trilateral and quadrilateral figures) .——

50. Four quantities represented (respectively) by half the sum
of the sides as diminished by (each of) the sides (taken in order)
are multiplied together; and the square root {of the product so
obtained) gives the mimutely accurate measure (of the area of the
figure). Or the measure of the areas may be arrived at by multi-
plying by the perpendicular (from the top to the base) half the
sum of the top measure and the base measure. (The latter rule
does) not (hold good) in the case of an meyui-lateral quadrlateral
figure.

Branples in tllusti ation thereof.

51. In the case of an equilateral triangle, 8 dendas give the
measure of the base as also of each of the two side$r You, who
know caleulation, tell me the accurate value of the area (thereof)
and also of the perpendicular (to the base) as weil as of the
segments (of the base caused thereby).

52. In the case of an isosceles triangle (each of the) two (equal)
sides measures 18 dandayx, and the base measures 10. (What
is) the accurate measure of the area thereof, and of the perpendi-

-

50, Algebraically repiesented —
Aren of a trlateral figme = 4/ s (s ~a) (¢—2) (s —c) , whex®
s 15 halt the sum of the sides, a, b, ¢, tho 1espective measures of
the sides of the trlateral figure;

c
or = xz ;wheie » 15 the perpendicular

distance of the vertex from the basec.

Area of a quadrilateral figure = 4/ (s—a) (s—b) (s—c¢) (s—d)
wheire s 1s half the sum of the sides, and a, b, ¢, d the
measures of the respeotive mdes of the quadrilateral figme ;

b+ ad
2
of an imequilateral guadiilateral) where p is the measure of
eibhex of the perpendiculars dvawn to the base from the extremi-
tres of the top side.
The formulas here given for trilateral figures are correct; but those given for
quadrilatial figures hold good only i the case of cyche guadrilaterals, asin
these formulas sight is lost of the fact that for the same measure of the sides the
value of the area as wellas of the perpendicular may vaiy.

or ==

x p (except mn the case
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cular (to the base) as allo of the segments (of the base caused
thereby) ? .

53. In the case of a scalene triang!é one of the sides is 13 (in
measure), the opposite side is 15, and the base is 14, What
indeed is the caleulated measure (of the area of this figure), and
what of the perpendici:lar (to the base) and of the basal segments ?

Hereafter (we give} the rule for atriving at the value of the
diagonal of the five varieties of quadnlateral figures.

54. The two quantitigs obtained by multiplying the basal side
by the (larger and the smaller of the right and the left) sides are
(respectively) crmbined with the two {other) quantities obtained by
multiplying the top side by the (smaller and the larger of tho right
and the left) mdes. The (resulting) two sums constitute the multi-
plier and tle divisor as also the divisor and the multipher in
relation to the sum of the products of the opposite sides. The
square roots (of the quantities so obtained) give the required
measnres of the diagonals.

Ezamples tn dllustration thereof.

55. In the case of an equilateral quadrilateral which has all
around a side measure of 5, tell me quickly, O friend who know
the secret of caleulation, the value of the diagonal and also the
accurate value of the area.

54. Algebraically represented the meagure of the diagonal of a quadli.latera,l
fgure as given here 1s —

/\/(ac-}-bd) (ab+edy (ac + bd) (ad + be) -
ad + be or ab + cd

These formulas also are correct only forecyche quadrilaterals. Bhaskard-
carya is aware of the futility of attempting to give the measure of the area of
a quadnlateral without previvusly knowing the values of the perpendicular or of
the diagonals  Vade the following stanza from his Lilgvati —

TN FOAEHAERA, F9 |
TEMI ST fag i qorea |
q g% foar an et an e e |
A 7 AN agAGITATI R 1
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56, In the case of a longish quadrilatéral, the (horizontal) side
is 12 in measure and the perpendicular-side is 5 in measure.
Tell me quickly what the measure of the diagonal is and what the
accurate measure of the area.

57 The basal side of an equi-bilateral quadrilateral is 86. One
of the sides is 61 and the other also is the same. The top side is
14. What is the diagonal and what the accurate measure of the
area ?

58. Inthe case oi an equi-trilateral quadrilateral, the square of
18 (gives the measure of an equal side) { the base, however, is 407
m measure What 15 the value of the diagonal, of the basal
segments, of the perpendicular and of the arca ?

59 The (right and the left) sides of an meqmlateral quadn—
lateral are 13 x 15 and 13 X 20 (respectively in measure)
top side 18 5% and the side below 18 300 W hat are all the values
here beginning with that of the diagonal ? )

Hereafter (are given) the rules for arriving at the
minutely accurate values relating to curvilinear figures. Among
them the rule for arriving at the minutely accurate values
relating to a circular figuye is as follows :—

60. The diameter of the ecircular figure multiplied by the
square root of 10 becomes the circumference (in measure). The
circumference multiplied by one-fourth of the diameter gives the
area. In the case of a semicircle this happeus to be half (of
what it is in the case of the circls).

Examples wn vllustration thereof.
61. In the case of one (circnlar) fleld the diameter of the
circle is 18; in the case of ‘another it is 60, in the case of yet
another it is 22. What are the circumferences and the areas ?

60. The value of  given in this stanza is 4,10, which is equal to 316 .

62832

= 3141
0 35060 (= 416) given by
Avyabhata. Bhaskardcarya also gives to it the same value, and represents it in

reduced terms as 3—9—21

1250

Compare this with the more approximate value
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62. In the case of a semicircular field of a diameter measuring
12, and of (another)+field having a (}iameter of 86 in measure
what is the circumference and what the area ?

The rule for arriving at the minutely accurate values relating
to an elliptical figure :—

63. The square of the (shorter) diameter is multiplied by 6
and the square of twice the length (as measured by the longer
diameter) is added to this. (The square root»f thissum gives) the
measure of the circumference  This measure of the circumference
multiplied by one-fourth of the (shorter) diameter gives the
minutely aecurate measure of the area of an elliptical figure.

An ezample in dlustration thereof.

64. In the case of an elliptical.figure, the length (as measured
by the longer diameter) is 36, and the breadth (as measured by
the shorter diameter) is 12. Tell me, after calculation, what the
measure of the circumterence is, and what the minutely accurate
measure of the area.

The rule for arriving at the minutely accurate values in rela-
tion to a conchiform figure :——

6b%. The (maximum measure of the) breadth (of the figure),
diminished by bhalf (the measure of the breadth) of the mouth,
and (then) multiplied by the square root of 10, gives rise o the
measure of the perimeter. The square of half the (maximum)

63 If a represents the measure of the 4onger diameter and b that of the
shorter diameter of an ellipse, then, according to the rule given here, the cir-
cumference 1s 4/ 6b% + 4a®, and the area 18} b x 47 6b* + 4a®, It may be
noted that this stanza, as found 1n the MSS,, omits to mention that the square
root of the quantiby 1s to be taken for arriving at the value of the circnmference.
The formula for the area given hereis only an approsimation, aniseems to be

based on the analogy of the area of a circle as represented by =d x %_, where
d is the diameter and wd 18 the circumference.

653. Algebraically, circumference = (a = §m) x 47103

area == [ [(a, —4$m) x § }Z + (%)2] x 4710, where o is the measure of the
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breadth (of the figure) as diminished by half the (breadth of
the) mouth, and the square of one-fourth of the (breadth of the)
mouth are added together; and the resulting sum is multiplied
by the square root of 10. This gives rise to the minutely accurate
measare of the area in the case of the conchiform figure.

An example in lustration thereof.

66%. In the case of a conchiform curvilinear figure the (maxi-
mum breadth is 18 dundas, and the breadth of the mouth is 4
(dondas). What is the measure of the perimeber and what the
minutely accurate measure of the area as calculated ?

The rule for arriving at the minutely accurates measures in
relation to outreaching and inlying annular figurese—

67%. The (inner) diameter, to which the breadth (of the annulus)
is added, is multiplied by the square root of 10 and by-the breadth
(of the annulus). This gives rise to the value of the area of the
out-reaching annulus, The (outer)diameteras dminished by the
breadth (of the arnulus) gives rise (on being treated in the same
manner as above) to the Yalue of the area of the inlying annular
figure.

Examples in illustration thereof .

68%. Bighteen dandas measure the (inner or the outer) dia-
meter of the annulus (as the case may be); the breadth of the
annulus is, however, 8 (dandas). You give out the minutely
acourate value of the area of the outreaching as well asthe inlying
annular figure.

693. The (outer) diameter is 18 dandas, and the breadth of the
inlying annulus is 4 dandas. You give out the minutely accurate
value of the area of the inlying annular figure.

maximum breadth, and = the measure of the mouth of a conchiform figure, As

observed in the note relating to stanza 23 of this chapter, the figure mtended 18
obviously made up of two unequal semicircles.
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The rule for arriving at the minutely accurate values relating
to a figure reserubling (the longitudinal section of) the yara grain,
and also to a figure ha%ing the outline ¢f a bow :—

703. It should be known that the measure of the string
(chord) multiplied by one-fourth of the measure of the arrow, and
then multiplied by the square root of 10, gives rise to the (accu-
rate) value of the area in the case of a figure having the outline of
a bow as also in the case of a figure resembling the (longitudinal)
section of a yava grain.

Ezamples wn illustration thereof.

713. In the case of a figure resembling (the longitudinal)
section of ‘the yava grain, the (maximum) length is 12 dandas;
the two ends are needle points, and the breadth in the middle is
4 dandas. What 1s the area ?

723. In the case of a figure having the outline of a bow, the
string is 24 in measure ; and its arrow is taken to be 4 in measure.
What may be the minutely accurate value of the area ?

The rule for arriving at the measure of the (bent) stick of the
bow as well as of the arrow, in the case of a figure having the
outline of a bow :—

73%. The square of the arrow measure is multiplied by 8.
To this is added the square of the string measure. The square

704. The fignreresembling a bow is obviously the segment of a circle. The
area of the segment as given here=c x £ v/ 10.
4 a L)
This formula 1s not accurate. It seems to be based
on the analogy of the rule for obtaining the area of a 7
semi-circle, which area 18 evidently equal to the pro-
duct of m, the diameter and one-fourth of theradius, c

r
2.8, T X 2r X — .
4

The figure resembling the longitudinal section of a yava grain may be easily
seen to be made up of two simlar and equal segments of a circle applied to each
other 5o as to have a common chard, It is evident that mn this case the value of
the arrow-line becomes doubled. Thus the same formula is made to hold good
here also.

78% & 74%. Algebraically,

arc=4"6p*+¢*;
- a?— ¢?
perpendicular = Y e
chord = 4@ — 6 p* .
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root of that (which happens to be the résulting sum here) gives
rise to the measure of the (bent) bow-stick. In the case of inding
out the measure of the string and the nasure of the arrow, a
course converse to this is adopted.

The rule relating to the process according to the converse (here
mentioned) :—

741, The measure of the arrow is takon to be the square root
of one-sixth of the difference between the square of the string and
the square of the (bent stick of the) bow. And the square root of
the remainder, after subtracting six times tho square of the arrow

from the square of the (bent stick of the) bow, gives rise to the
measure of the string.

An example wn illustration thereof

75%. Inthe case of a figure having the outline $f a bow, the

string-measure is 12, and the "arrow-measure is 6. The measure
of the bent stick is not known. You (find it out), O Triend (In
the case of the same figure) what will be the string-measure (when
the other quantities are known), and what 1ts arrow-measure (when
similarly the other requisjte quantities are known) ?

The rule for arriving at the minutely accurate result in relation
to figures resembling a Mrdange, and having the outline of a
Panava, and of a Vayra—

763. To the resulting area, obtained by multiplying the
(maz:mum) length with (the measure of the breadth of) the
mouth, the value of the areas of its associated bow-shaped figuresis
added. The resulting sum gives the value of the area of a figure
resembling (the longitudinal section of) a Mrdanga. In the case

In gwving the rule for the measure of the arc in terms of the chord and the
largest perpendicular distance betweeen the arc and the chord, the arc forming
a semicircle is taken as the basis, and the formula obtamed for 1t 18 utilized for
arnving av the value of the axe of any segment. The semicircular arc==r x
Y I0= ¥ 10r%= +"6° + 4° Dased on ths is the formula for any arc;
where p = the largest perpendicular distance between the arc and the chord,
and ¢ == the chord,

76%. The ratronale of the rule here given will be clear from the figures
given in thenote under stanza 32 above.



CHAPTER VII—MEASUREMENT OF AREAS. 205

of those iwo (other) tigures which resemble (the longitudinal
gection ofj the Panavi, and (of) the Vayra, that (same resulting
area, which 1s cbtainéd by multiplying the maximum length with
the measure of the breadth of the mouth), is diminished by the
measure of the areas of the associated bow-shaped figures. (The
remainder gives the requird measurc of the area concerned.)

A ]

Eaxomples 1 llustration thereof.

77% In the case of a figure having the outline configuration
of a Mrdanga, the (maximum) length is 24 ; the breadth of (each
of) the two mouths is 8; and the (maximum) breadth in the
middle is 16 ~ What is the area ?

78%. In the case of a figure having the outline of a Panava, the
(naximum)qJength is 24 ; sumilarly the measure (of the breadth of
either) of *he two mouthsis 8; and the central breadth is 4.
What is the area ?

79%. In the case of a figure having the outline of a Vajra,
the (maximum) length is 24 ; the measure (of the breadth of either)
of the two mouths 18 8; and the centre isa point. Give out as
before what the area 1s.

The rule for arriving at the minutely accurate valne of the
areas of figures resembling (the annulus m;king up) the rim of
a wheel, (resembling) the crescent moon and the (longitudinal)
section of the tusk of an elephant :—

804. In the case of (a circular annulus resembling) thé rim of
a wheel, the sum of the measures of the inner and the outer
curves is divided by 6, multiplied by the measure of the breadth

°
80%. The rvle here given for the area of an annulus, if expressed algebraic.

+ ——
ally, comes to be -al—G——L—L—z— x p x 4 10, where a, and a, are the measures of
the two circumferences, and » i1s the measure of the breadth of the annulus. On
a comparison of this value of the arca of the annulus with the approximate value
of the same as given 1n stanza 7 above (vide note thereunder), 1t will be evident
that the formmla here does not give the accurate value, the value mentioned
in the rule in stanza 7 being itself the accurate value. The mistake seems to
have arisen from a wrong notion that in the determination of the value of

this area, = is mvolved even otherwise than in the values of «; and ag.

K
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of the annulus, and again multiplied by (;che square root of 10,
(The result gives the value of the required area.) Half of this is
the (required) value of the area in the case Bf figures resembling
the crescent moon or {the longitudinal section of) the tusk of an
elephant.

Ezxamples wn dlustrateon thereof.

81%. In the case of a field resembling (the cirenlar annulus
forming) the rim of a wheel, the outer curve is 14 in measure and
the inuner 8 ; and thes(breadth 1n the) middle is 4. (What is the
area?) What is it in the case of a figure resembling the cres-
cent moon, and in the case of a figure resembling (the longitudinal
section of) the task of an elephant (the measures requisite for
calculation being the same as above) P

The rule for arriving at the minutely accurate galue of the
area of a figure forming the interspace included inside four (equal)
circles (touching each other) : — .

82%. If the minately accurate measure of the area of any one
circle is subtracted from the quantity which forms the square
of the diameter (of the circle), there results the value of the area
of the interspace ineluded within four equal circles (touching each
other).

-

An exwample in illustration thereof.

83%. What is the minutely accurate measure of the area of the
interspace included within four mutually touching (equal) circles
whose diameter is 4 (in value) ?

82%. The ratwnale of the rule will be clear from the figure below «~—
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The rule for arrivi;xg at the minutely accurate value of the
figure formed in the interspace caused by three (equal) circular
figures touching each other :— ’

841, The minutely accurate measure of the area of an equila-
teral triangle, each side of which is equal in measure to the
diameter (of the circles) is diminished by shalf the area of any
of the (three equal) circles The remainder happens to be the
measure of the interspace area caused by thrge (mutually touching

equal circles). .

An ezample i tllustration thereof.
851. What is the minutely accurate caleulated value of a
figure forlming the interspace enclosed by three mutually touching
(equal) circlas the diameter (of each) of which is 4 in measure ?

The rule for arriving at the minutely accurate values of the
diagonal, the perpendicular and the area in the case of a (regular)
six-sided figure :—

861. In the case of a (regular) six-sided figure, the measure
of the side, the square of the side, the square of the square of the
side multiplied respectively by 2, 3 angd 8 give rise, in that same
order, to the values of the diagonal, of the square of the perpendi-
cular, and of the square of the measure of the area.

844, Similarly the figure bere eluei-
dates at unce the reason of the rule —

864. The rule seoms to contemplate a regular hexagon. The formula given
for the value of the area of the hexagon is 4/3a%, where a is the length of a side,

The correct formula, however,1s a2 x -3——‘-{2-3—

.
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An example m illustration |t/zereof.

87%. In the case of a (vegular) six-sided® figure each side is 2
dandas in measure. In relation to it, what are the squares of the
measures of the diagonal, of the perpendicular and of the minutely
accurate area of the figure ?

The rule for arrivilig at the numerical measure of the sum of a
number of square root quantities as well as of the remainder left
after subtracting a number of square root quantities one from
another in the natural order :—

881 (The square root quantities are all) divided by (such) a
(common) factor (as will give rise to quotients which are square
quantities). The square roots (of the square quantities so vbtained)
are added together, or they are subtracted (onc from arother in tke
natural order). The sum and remainder (so obtaineds are (both)
squared and (then) multiplied (scparately) by the divisor factor
(originally used). The square roots (of these resulting produets)
give rise to the sum and the (ultimate) difference of the quantities
(givenin the problem). Know this to be the processof caleulation
in regard to (all kinds of) square root quantities.

An e:camp;e in illustration thereof.

892. O my friend who know the result of calculations, tell me
the sum of the square roots of the guantities consisting of 16, 36
and 100; and then (tell me) also the (ultimate) remainder in
relation to the square roots (of the same quantities).

Thus ends the minutely accurate calculation (of the measure
of arcas).

88%. The word karans ocourring here denotes any quantity the square root
of which is to be found out, the root 1tsell being rational orrrational as the case
may be. The rule will be clear from the following working of the problem given

in stanza 89§ — . - .
To find the value of 4/16+4/36+4/100, and 4/100—(4/86—4/18). These

are to be represented a8 4/4 (474 + 470+ 4/25), 4/ & {4/%—- (4/9—4/4) } .

=4 4(2+8+5), =4/'4?{5—(3-2)}.
=4 4(10), =V & (4%

=44 x 4/ 100; =44 x ¥ 16.

=4/ 400; = V64,

== 20; = 8,
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Subject of treatment known as the Janya operation.

Hereatter we shall give out the junya operation in calculations
relating to measuremoent of areas. "he rule for arriving at a
longish quadrilateral figure with optionally chosen numbers as
bijas :—

903. In the case of the optionally derived longish quadrilateral
figure the difference between the squares (of the lijz numbers)
constitutes the measare of the perpendicular-side, the product (of
the b7/u numbers) mu]ﬁiplied by two becomes the (other) side,
and the sum of the squarcs (of ‘he 67¢ numbers) becomes the

hypotenuse.

? Ezamples m sllustration thereof.

913. In Yelation to the geometrical figure to be derived option-
ally, 1 and 2 are the {7as to be noted down. Tell (me) quickly
after caleulation the measuremeits of the perpendicular-side, the
other side and the hypotenuse

921 Having noted down, O friend, 2 and 8 as the bjesin rela-
tion to a figure to be optionally derived, give out quickly, after
calculating, the measurements of the perpendicalar-side, the other
side and the hiypotenuse.

Again another rule for constructing a longish quadrilateral
figure with the aid of numbers denoted by the name of dzjus:—

931, The product of the sum and the difference of the d7as
forms the measure of the pernen licular-side The saikramana of

903 Janye hterally means * ansing from” o “apt to be derved ”, hence
1t rofors here to tiilateral and quadrilateral figures that may be derived out of
certain given data  The operation knewn as janya relates to the finding out of
the Jength of the sides of trilateral and quadrilateral fignres to be so derited

Brye, a8 given here, geneially happens to be a positive mteger. Two such
are invariably given for the derivation of tiulateral and quadrilateral hgures
dependent on them.

The ratwnale of the rule will be clear from the following algebraical
representation —

If o and b are the b7ja numbers, then a? — b2 15 the measure of the perpendi-
cular, 2 ab that of the other side, and a* + b® that of the hypotenuse, of an
oblong. Krom this it 1s evident that the b7jas are numbers with the aid of the
producs and the squares whereof, as forming the measures of the sides, a right-
angled triangle may be constructed.
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the squares of that (sum and the differencc of the b%jas) gives rise
(respectively) to the measures of the (other) side and of the
hypotenuse. This also is a hrocess in the operation of (construet-
ing a geometrical) figure to be derived (from given lzjas).

An example w sllustration thereof.

941. O friend, who know the secret of calculation, construct a
derived figure with the aid of 3 and 5 as 6%as, and then think
out and mention quickly the numbers measuring the perpendi-
cular-side, the other side and the hypotenpse (thereof).

The role for arriving at the b7« numbers relating to a given
figure capable of being derived (from bzjas).

953. The operation of sankramana between (an optionally chosen
exact) divisor of the measure of the perpendicular-side and the
resulting guotient givesrise to the (required) b7jas. (An optionally
chosen exact) divisor of half the measure of the (other) side and
the resulting quotient (also) form the 0%as (required). Those
(bijas) are, (respectively), the square roots of half the sur and of
half the difference of the measure of the hypotenuse and the
square of a (suitably) chosen optional number.

Aun<zample in illustration thereof.

964. In relation to a certain geometrical figure, the perpendi-
cular is 16 : what are the d77as? Or the other side is 30 : what are
the b70s? The hypotenuse is 84 : what are they (the b7jas) ?

The rule for arriving at the numerical measures of the other
side and of the hypotenuse, when the numerical measure of the
perpendicular-side is known-; for arriving at the numerical
measures of the perpendicular-side and of the hypotenuse, when
the numerical measure of the other side is known ; and for arriving

93%. Inthe rule given here, @® —b% 2 ab, and a®+ b2 are represented as
@+ b)2— (a—Db)2 + b) 2 - b) 2,
N AR LR P L LE St
95%. The processes mentioned in this rule may be seen to be converse to the
operations mentioned in stanza 90%.
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)

al the numerical meastire of the perpendicular-side and of the other
side, when the numeyical measuie of the hypotenuse is known :—
971. The operation of saikramama, conducted between (an
optionally chosen exact) divisor of the square of the measure of
the perpendicular-side and the resulting quotient, gives rise to the
measures of the hypotenuse and of the other side (respectively).
Similarly (the same operation of sankraniona) in relation to the
square of the measure of the other side (gives rse to the measures
of the perpendicular-side and of the hypotenuse). Or, the square
root of the differcnce hatween the squares of the hypotenuse and of
a (suitably chosen) optional number forms, along with that chosen
number, the perpendicular-side and the other side respectively.

" An example wn llustration thereof.

98% L. the case of a certan (geometrical) figure, the perpendi-
cular-side is |1 1n measure ;in the case of another figure, the (other)
side is 6C°; and in the case of (still) another figure the hypotenuse
is 61. Tell me in these cases the measures of the unmentioned
elements.

The rule regarding the manner of arriving at a quadrilateral
figure having two equal sides (with the aid of the given &jas, :—

99%. The perpendicular-side of the primary figure derived (with
the aid of the given h%as), on being added to the perpendicular-
side (in another figure) derived with the aid of the (two option-
ally chosen) factors of half the base of (this original).derived

974. This rule depends on the following 1dentities ~—
I { (@ _bb)z) e 2L (a—b)2 }—:—2:-—- a® + b® or 2ab as the case may be
®
11.{ (20 | g } L 9=a® + b or a® — B
252
III. 4/(a® + b%)? — (2 ab)? = a®-b°
99}, The problem solved in the rule stated in this stanzy is to construct with
the aid of two given bijas a quadrlateral having two equal sides, The lengths
of the sides, of the diagonals, of the perpendicular from the end-pomnts of the top-
side to the base, and of the segments thereof caused by the perpendicular areall
derived from two rectangles constracted with the aid of the given d%as. The
first of these rectanglesis formed according to therule given in stanza 903
above, The second rectangle is formed according to the same rale from two
optionally chosen tactors of half the length of the bass of the first rectangle,
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figure (taken as the bijus), gives rise to the” measure of the base of
the (required) quadrilateral ’with two equal sudes. The difference
(between the measures of "these two perpeudiculars) gives the
top-measure (of the quadrilateral). The smaller of the diagonals
(velating to the two derived figures already mentioned) gives the
measure of (either of the two equal) sides. The smaller of the
(two) perpendicular-sides (in relation to the two demved figures
under reference) gives the measure of tho (siwaller) segment (of the
base formed by the pefpendicular dropped thercunto from either
of the end-poists of the top-side). The larger of the (two)
diagonals (in relation to the two derived figures of refercnee) gives
the measure of the (required) diagonal  The area of the larger (of
two derived figures of reference) is the arca of thf (required)

p
taken as biyas. Hence the fust rectangle 1s called the prumary hgure m the
translation to distingnish 1t frowm the secoud 1cctangle

The ratwonale of the 1ule will be clear frowm the followmng (hagrams llustiating
the problem given for solution mn stanza 100}, Ilere 5 and 6 aue the 07jas given,
and the first rectangle or the primary figure derived fr1om the dyasi1s ABCD -—

<D
—

is 80, and two factors of this, Damely, 3
and 10 may be chosen. The rectangle
constructed with the aid «f these numbers 60 Y
as bijas isEFGH —

A
Half the length of the base 1n this figure 1 l’

To construct the requued quadrilateral
with two equal sides, one of the two
triangles nto which the first rectangle is
divided by 1ts disgonal 1s applied to the g3
second rectangle on one side, and a portion
equal to the same triangle 1s removed fiom
the same second rectangle on the other
side, as shown 1n the figore H A’ T ¢/,

109

60



CHAPLER VII-~MEASUREMENT OF AREAK. 213

figure; and the measute of the base (of either of the derived
figures of reference) happens to be the moasure of the perpendi-
cular (dropped to the base from oithel of the end-points of the
topside in the required figure).

An example wm illustration thereof.

100%. In relution to a quadrilaseral with bLwo cqual sides
constructed with the aid of 5 and 6 as &yas give o1t the
measures of the top side, of the base, of (eitlier of the two equal)
sides, of the perpendicur (from the top to the base), of the
diagonal), of the (lesser) segmeant (of the base), and of the area

The rule forarriving at the measures of the top-side, of the
base, of (any one of) the (equal) sides, cf the perpsndicular (from
the top to the base), of the diagonal, of the (lesser) segment (of
the base) and of the area,m relation to a quadnlateral havivg threc
equal sides (with vhe aid of given Uyas) :—

The process will be clear from a comparison of the diagrams-

I c’

11| G
/ \ 80

Aves of theiequired | !
yuadnlateral, HA'FC’ g i
= area of the second 60 109 61 80
rectangle, EFGH.

11 91

A’ B 1Q2 F
Base A'F = perpendicylar-side of the first rectangle plus perpendicular-
side of the second rectangle, 1.e.. AB + EF.
Top side HC ==perpendicular-side of the second rectangle menus per-
pendicnlar-side of the first rectangle, e, GH ~ CD.

Diagonal HF = diagonal of the second rectangle

Smaller segment of the base,s ¢ , A'E = perpenchcular-side of the first
rectangle, v.e , AB

Perpendicular HE = base of the first or of the second rectangle, .e., BO
or FG.

Bach of the lateral equal sides A’Il and FC' = diagonal of the first rec-
tangle, 1.e, AC.
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1011, The difference between the (given) b7jus is multiplied
by the square root of the base (of the quadrilateral immediately
derived with the aid of tMose 0ijas). The area of (this immedi-
ately) derived (primary) quadrilateral is divided (by the product
so obtained). Then, with the aid of the resulting quotient and
the divisor (in the operation utilized as 6%as, a sccond derived qua-
drilateral of reference is conmstructed. A third quadrilateral of

1013 If ¢ and bx\oprqcsonf, the given 67jas, the measuies of the sides of the

immediately derived guadulateral are —
Parpendicular-side = a* — b°
Base = 2ab
Diagonal= a® + b*
Area = 2ab x (a® ~ 1%)

As 1 the case of the construction of the quadiilateral witheiwo cqual sides
(vde stanza 99% anté), tlus 1ule proceeds to constiuct the requned guadrnlateral
with vhice equal sides with the aid of two derived iectangles  The bjasm
rolation to the first of these rectangles are —

2ab x (a® — b%)
43ab x (a = b)
Applying the rule given in stanza 90% above, we have for the first rec-
tangle
Perpendicular-side = (¢ + b) * x 2ab — (a — ) 2 x 2ab or 8 b2,
Baso = 2 X 4/3gh % (a + b) x 4/3ap % (a — b) or +ab (a° — b?),
Diagonal = (a'—?(- b, * x 2ab + (a — b) 2 x 2ab or 4ab (a* + b2).
The &7y@s 1n the case of tho sccond rectangle axe  «f— 0% and 2ab
The various clements of this rectangle arc
Peorpendicular-side == 4a? b* — (a® - b*) %,
Buse = 4ab («* — b%);
B Diagonal = 4a® b2 + (a® — b2 or (a® + %) &
With the help of these two rectangles, the measurcs of the sides, diagonals,

ete, of the required qaadrilateral arve ascertamned as 1 the 1ule given 1n stanza
99% above. They are

Base = sum of the perpendicular sides == &a®b? + 4¢®b® — (a® ~1%)2,
Top-side = greater perpendreular-side manus smaller perpendicular-side
= 8a°b% — {4@2732 - (a® ~b2)? } = (a® +b2)%

ten 47200 X (@ + b), and 4/2gp x (¢ — D).

Either of the lateral sides = sn.aller diagonal=(a® + b?)2.
Lesser segment of the base = smaller perpendicular-side = 44?b? ~ (a®
— bz) 2 .
Perpendicular = base of either rectangle = 4ab (a® — b2).
Diagonal == the greater of the two diagonals = 4ab (a®+b2).
Area == area of the larger rectangle = 8a2b% x 4ab (a® —b2),
It may be noted here that tle measure f either of the two lateral mdes is equal

to the measnre of the tep-side. Thus 1s obtained the required quadrilateral with
three equal sides.
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reference is further eonst‘rueted) with the aid of the measurements
of the base and the perpendicular-side (of the immediately derived
quadrilateral, above relerred to, used as {71s. Then, with the aid
of these two last derived secondary quadrilaterals, all the required)
quantities appertaining to the quadrilateral with three equal sides
are (to be obtained) as in the case of the quadrilateral with two
equal sides.

An example wn ollustration thereof.

102%. In relation to a quadrilateral with three equal sdes and
having 2 and 3 as its b7jas, give out the measures of the top-side,
of the base, of (any one of) the (cqual) sides, of the perpendicnlar
(from the Yop to the base), of the diagenal of the (lesser) segment
(of the base) wnd of the area.

The rule for arriving at the measures of the top-adc, of the
base, of the (lateral) sides, of the perpendiculars (from the ends of
the top-side to the base), of the diagonals, of the segments (of the
base) and of the area, in relation to a quadrilateral the sides of
which are (all) uncqual :—

103%. With the longer and the shorter diagonals (of the two
derived rectangular yuadrilateral figures related to the two sets

1034 The rule will be clear fiom the followwng algebraical repesentation.,
Let a. b, and ¢, d, be two sets of given bijas Then the various requized
clements arve as follow —

Lateral sudes = 2ab (c® +d%)(a® +b%) and (a®—b2)(c* +d®)(a® + b3)°

Base = 2¢d (a® + b2)(a® +1?)

Top-side = (¢*—~ a2?)(a® +b%)(a® +b2), -

Diagonals = { (a®~b%) x 2cd + (c? —dZ?)2ab } % (a®+b?%) , and
{(az ~b2) (e~ d?) +4.«abcd} x (a® +1?)

Perpendiculars = {(czt.2 —b%) x 2¢d + (¢ —d*) 2ab } x 2ab , and

{ (a2 = b )(e? —d2)+4abcd} x (% —b?)
Segments =

{ (a®—=b2) x 2¢d + (c*—d>) % 2ab } (e —b%), and {(a”-—b‘) (c®—24)
4 4abed } x 2ab.
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of given %as), the base and the perpendisular-side (of the smaller
and the larger derived fignres of reference) are respectively multi-
plied. The products (so, obtained) are (separately) multiplied
(again) by the shorter diagonal ~ The resulting products give the
meagures of the two (unequal) sides, of the base and of the top-side
(in relation to the required quadrilateral). The perpendicular-sides
(of the derived figurés of rcference) are multiplied by each other’s
bases ; and the two products (so obtained) are added together.
Then to the product of the (two) perpendicular-sides (velating to the
two figures of reference), the product of the bases (of those same
figures of reference) is added  The (two) sums (so obtained), when
multiplied by the shorter of the (two) diagonals (of the two figures
of reference), give rise to the measures of the (required) diagonals.
(Those same) sums, when multiplied by the basc andsthe perperdi-
cular-side (respectively) of the smaller figure (of 1eference), give rise
to the measures of the perpendicalars (dropped fiom the ends of the
diagonals) ; and when multiplied (respectivcly) by the perpendi-
calar-side and the base (of the same figure of reference), give rise to
the measures of the segrents of the base (caused by the perpendi-
culars). The measures of these segments, when subtracted from
the measure of the base, rgive the values of the (other) segments
(thereof). Halt ob*he product of the diagovals (of the required
figure arrived at as above) gives the measure of the area (of the
required figure)

An example wn 1llustration thereof.

1041. After forming two derived figures (of reference) with
1and 2, and 2 and 8 as the requisite b7jas give out, in relation
to a quadrilateral figure the sides whereof are all uncqual, the
values of the top-side, of ilie base, of the (lateral) sides, of the
perpendiculars, of the diagonals, of the segments (of the base),
and of the area.

Again another rule for arriving at (the measures of the sides,
ete., in relation to) a quadrilateral, the sides of which are all
unequal :—
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1053—107%. The squglre of the diagonal of the smaller (of the
two derived oblongs of reference), as multiplied (separately) by
the base and also by the perpendicular-side of the larger (oblong
of reference), gives rise to the measures ﬂ(respee’cive]y) of the base
and of the top-side (of the required quadrilateral having unequal
sides). The base and the perpendicular-side of the smaller
(oblong of reference, each) multiplied successively by the two dia-
gonals (one of each of the oblongs of reference), give rise to the
measures (respectively) of the two (lateral) sides {of the required
quadrilateral). The difference between the base and the perpen-
dicular-side of the larger (oblong of reference)is in two positions
(separately) multiplied by the base and by the perpendicular-side
of the smaNer (oblong of reference). The two (resulting) products
(of this operation; are added (separately) to the product obtained
by multiplying the sum of the base and the perpendicular-side of
the smaller {oblong of reference) with the perpendicular-side of
the lavger foblong of reference) The two sums (so obtained),
when multiplied by the diagonal of the smaller (oblong of refer-
ence), give rise to the values of the two diagonals (of the required
quadrilateral). The diagonals (of the required quadrilateral) are
(separ.tely) divided by the diagonal oi the smaller (oblong of

1053 —107%. The same values as are mentioned 1n the footrnote to stanza
108% above are given here for the messarcs of the sides, ete , only they are

stated 1n a shghtly different way  Adopting the same symbols as 1n the note to
stanza 103%, we have —

- »
Dmgunals—"[ 1 2cd— (c® ~d?) } 2ab + {_Eab +(a?— bz)} ¢? —-a’,zﬂ x (a®+b2%),
< J
,‘nd[ { 20— (s —dZ)} (a® = %)+ { 2ab + (a2-b2)] (c? -—dﬁ‘)] x (a2 +07).
1
Perpendiculars =

[ {2001“(62("42) } x 2ab + { 2ab +(a2—b2)'} (c®— dg)](a?-i-bQ)

@ (@-5),
[ {ch-—(cz-—dz) bar—p2 o) {2004 (@51, Le—ay ]a”+ 5.
and a5 15) x 2ab,

The above four cxpressions can be reduced to the form n which the measnres
ot the diagonals and the peorpendiculars are given in stanza No 1083. The
measures of the segments of the bise ure here derived by extracting the
square root of the difference between the squates of the side and of the perpendi-
cular corresponding to the segment.

28
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reference). The quotients (so obtained) #re multiplied respectively
by the perpendicular-side and the base of the smaller (oblong of
reference). The (resultirg) products give rise to the measures
of the perpendiculars (in relation to the required quadrilateral).
To these (two perpendiculars),the above values of the two sides
(other than the base and the top-side) ave (separately) added, (the
larger side being added to the larger perpendicular and the smaller
side to the smaller perpendicular). The differences between these
perpendiculars and-sides are also obtained (in the same order).
The sums (above noted) are multiplied (respectively) by (these)
differences. The square roots (of the products so obtained) give
rise to the values of the segments (of the base in relation to the
required quadrilateral). Half of the product of the diagonals
(of the required quadrilateral) gives the value of (i4s) area. -

The rule for arriving at an isosccles triangle wi?:h the aid of a
single derived oblong (of reference).

108%. The two diagonals (of the oblong of refelenoe con-
structed with the aid of the given #7jas) become the two (equal)
sides of the (required) isosceles triangle. The base (of the obleng
of reference), multiplied by fwo, becomes the base (of the required
triangle). The perpendicular-side (of the oblong of reference) is
the perpendicular (of the required triangle from the apex to the
base thereof). The area (of the required triangle) is the area (of
the oblong of reference).

108%. The ratronale of the rule may be made out thus —Let ABCD be an
oblong andlet AD be produced to B so that AD =DE. Jomn EC. It will be
geen that ACT is an 1sosceles triangle whose equal sides are equal to the diagonals
of the oblong and whose area 1s eq‘ua,l to that of the ublong

C

B[
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An exanple w dlustration thereof.

109%. O mathemapician, caleulate and tell me quickly the
measures of the two (equal) sides, of*the base and of the per-
pendicular in relation to an isosceles triangle derived with the »id
of 3 and 5 as byas. a

The ruole regarding the manner of constructing a trilateral
figure of unequal sides :-—

1103. Half of the base of the (oblong of reference) derived
(with the aid of the given b7as) is divided by an optionally
chosen factor. With the aid of the divisor and the quotient (in
this operation as 7jas), another (oblong of reference) is derived.
The sum of the perpendicular-sides belonging to these two (oblongs.
of reference) gives the measure of the base of the (required)
trilateral figure having unequal sides. The two diagonals (related -
to the two oblongs of reference) give the two sides (of the required
triangle). The base (of either of the two oblongs ot reference)
gives the measure of the perpendicular (in the case of the required
triangle).

An example wm ollustration thereqf.

1113.- After constructing a second (derived oblong of reference)
with the aid of half the base of the (original) figure (i.c. oblong of
reference) derived with the aid of 2 and 3 as b7jus, you tell (me)
by means of this (operation) the values of the sides, of the base
and of tne perpendicular in a trilateral figure of unequal sides.

Thus ends the subject of treatment known as the Janya
operation.

1104. The rule will be clear from the foljJowing construction :—Let ABCD

and EFGH be the two B =T ——C F I
derived oblongs, such that >
the base AD = the base \

EH. Produce BA to K so

that AK= ER. Itcanbe ‘

eagily shown that DK = A D B "
EG and that the triangle

BDK has 1ts base BK=

BA + EF, called the K

7
perpendiculars of the
oblongs, and has its sides equal to the diagonals of the same oblongs,
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Subject of treatment known as Paisacika or
devilighly difficult prcblems.

Hereafter we shall expound the subject of treatment known
as Padciha

The rvule for em(rivmg, m relation to the equilateral quadri-
lateral or longish quadrilateral figures, at the numerical measure
of the base and the perpenicnlar-side, when, out of the perpen-
dicular side, the base, the diagonal, the area and the perimeter, any
two axe optionally taken tobe equal, or «when the area of the figure
happens to be the preduct cbtamned by multiplymg respectively
by optionally choson multipliers any two desired guantities (out
of the clements mentioned above) * that 18—(the rule for arrving
at the numerical values of the base and the perpefidicular-side in
relation to an equilateral quadrilateral or a longish quadrilateral
figure,) when the area of the figure is (numerically) equal to the
measure of the perimeter (thereof) ; or when the area of the figure
is numerically equal to the measure of the hase (thereof) ; or, when
the area of the figure is numerically equal to the moeasure of the
diagonal (thereof) ; or, when the area of the figure is numerieally
equal to half the measure of the perimeter ; or, when the area of
the figure is numerically equal to one-third of the base ; or, when
the area of the figure is numerically equal to one-fourth of the
measure of the diagonal; or, when the area of the figure is
numerically equal to that doubled guantity which is obtained by
doubling the quantity which is the result of adding together twice
the diagomal, three times the base, four times the perpendicular-
side and the perimeter and soon:—

1124. The measure of the base (of an optionally chosen figure

of the required type), on being divided by the (resulting) optional
factor in relation thereto, (by multiplying with which the area

112%. The rule will be clear from the following working of the first example
given in stanza 1134 —Here the problem 1s to find out the measure of the
side of an equilateral quadrilateral, the numerical value of the area where-
of is equal to the numerical value of the perimeter. Taking an equilateral
quadrilateral of any dimensiou, say, with 5 as the measme of its side, we
have the perimeter equal to 20, and the area equal to 25. The factor with which
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of the snid optionally chosen figure happens fo be arrived at);
or the base (of sueh an optionally chosen figure ot the requisite
type), on being multiplied by the fdetor with which the area (of
the said figure) has to be multiplied (to give the required kind of
result) ; gives rise to the measures of the bases of the (required)
equilateral quadrilateral and other kinds gf derived figures.

Ezxamples wn llustration thereof.

1134, In the case of an equilateral gquadrilateral figure, the
(numerical measure ofthe) perimeter is equal to (that of) the area.
What then is the numerical measore of (its) base ? In the case
of another mmilar figure), the numerical measure of the) area
is equanl to (that of) the base. Tell me in relation to that (figure)
also (the mumerical measure of the base).

1145. 4n the case of an cquilateral quadrilateral figure, the
(numerical) measurs of the diagonal 1s equal to (that of) the area.
‘What Iﬁay be the measure of (its) base P And in the case of
another (similar) figure, the (numerical) measure of the perimeter
is twice that of the area. Tell me (what may be the measure of
its base). X

1153 Here in the case of a longish quadrilateral figure,
the (numerical) measure of the area is~<equal to that of the
perimeter ; and in the case of another (similar)figure, the
(numerical) measure of the area isequal to that of the diagomal.
‘What is the measure of the base (in each of these cases) ?

1163, In the case of a certain equilateral quadrilateral figure,
the (numerical) measure of the base is three timesthat of the area.
(In the case of) another equilateral quadrilateral figure, the
(numerical) measure of the diagoral is four times that of the area.
‘What is the measure of the base (in each of these cases) P

the measure of the perimeter, viz. 20, has to be multiplied in order to make it
equal to the measuro of the area, viz., 25.18 2. If 5, the measure of asmde of the
optionaily chosen quadrilateral is diwided by this factor §, the measure of the
side of the required quadrilateral 1s arrived at.

The rule gives also in another manner what 1 practically the same process thus :
The factor with which the measuve of the aiea, viz. 25 has to be multiplied
order to make it equal to the measure of the perimeter, viz, 20,15 %, 1f 5, the
measure of a side of the optionally chosen figure 1s multiplied by this factor %, the
measure of the side of the required figure is arrived at.
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1173. In the cass of a longish quadrilateral figure, (the numeri-
cal measures of) twice the diagonal, three times the base and four
times the perpendicular-s:dé heing taken, the measure of the
perimeter is added to them. Twice (this sum) is the (numerical)
measure of the area. (Find out the measure of the base.)

1184 In the case, of a longish quadrilateral figure, the
(numerical) measure of the perimeter is 1. Tell me quickly, after
caleulating. what the measure of its perpendicular side is, and
what that of the base. ~

1191. Inthecase of a longish quadrilaieral figure, the (nome-
rical measures of twice the diagonal, three times the base, and four
times the perpendicular, on being added to the (numerical) measure
of the perimeter, become equal to 1. (Find out the measure of
the base.) ' .

Another rule regarding the process of arriving at sno number
representing the b%as in relation to the derived longish quadri-
lateral figure :—

1203. The operation to arrive at the generating (6%7as) in re-
lation to a longish quadrila’teral figure consists in getting at the
square roots of the two quantities represented by (1) half of the
diagonal as diministed by the perpendicular-side and (2) the
difference between this quantity and the diagonal.

An example wn sllustration thereof.

121%. In the case of a longish quadrilateral figure, the per-
pendicular-side is 55, the base is 48, and then the diagonal is 783,
‘What are the bzjas here ?

1205 The rule in stanza 95} of this chapter relates to the method of armvy-
ing at the bYas from the base or the perpendicular cr the diagonal of a longish
quadrilateral. But the rule 1n this stanza gives a method for finding out the
bijas from the perpendicular and the diagonal of & longish quadrilateral. The
process described is based on the following 1dentities :—

R e
I\/a,z + b2 (a®=B2) — b; a.nd,\/ T a? + b2 — (az__bz)

2 2 =

where a®+ # is the measure of the diagonal, and a®~3%is the measmre of the
perpendicular-side of a longish quadrilateral, @ and b being the required b7jas.
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The rule for arri’;ing at the (longish quadrilateral) figure
associated with a diagonal having a numerical value optionally
determined :— ‘

1221, Bach of the various figures that are derived with the
aid of the given (7jas) is written down; and by means (of the
measure) of its diagonal the (measare of the) given diagonal is
divided. The perpendicular-side, the bade, and the diagonal (of
this figure) as multiplied by the quotient (here) obtained, give rise
to the perpendicular-side, the base and the djagonal (of the required
figure).

An example in llustration ther eqf.

1281-1241. O mathematician, quickly bring out with the aid of
the given (bijas) the (value of the) perpendicular-sides and the bases
of the fom: longish quadrilateral figures that have respectively 1
and 2,2 and 3, 4 and 7, and 1 and &, for their b3es, and are also
charactexised by different bases. And, (in the problem) here, the
diagonal is (in value) 65. Give out (the measures of) what may
be the (required) geometrical figures (in that case).

The rule for arriving at the numerical values of the base and
the perpendicular side of that derived-longish quadrilateral figure,
the numerical measures of the perimeter as also of the diagonal
whereof are known :—

125%. Multiply the square of the diagonal by two; (from the
resulting product), subtract the square of half the perimeter;
(then) get at the square root (of the resulting difference).» If (this
square root be thereafter) utilized in the performance of the

-

1223 The rule s based on the principle that the sides of a 1ight angled
triangle vary as the hypotenuse, although for the same measure ot the hypo-
tenuse there may be different sets of values for the sides.

125%. If a and b represent the sides of a roctangle, then 4/ a®+b® is the
measmie of the diagonal, and 2a + 2b 18 the measure of the perimeter. It can be
seen easily that

2a+2b ,\/ P/ 2a+3b \*

2(,\/0._”,2 _( 2 ) ; — 2==a; and
8
{

{ 20+ 2b A/2 (,\/a~+b2) (2“21’ );}+ 2 =1b.

These two formulas represent algebraically the method described 1 the rule here.
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operation of sankramana along with half the perimeter, the
(required) base and also the perpendicular-side are arrived at.

An example o wllustratuwn therecf.

1262, The perimcter in this case 1s 8+; and the diagonal 1s
seen to be 13. Give out, after caleulating, the measures of the
perpendicular-side and the base in relation to this derived figure.

The rule for arriving at the numerical values of the base
and the perpendicular-side when the area of the figure and the value
of the diagonal are known :-—

1273, T'wice the measure of the area is subtracted from the
square of the diagonal. It is also added to the square of the
diagonal. The square roots (of the difference and of thesum so
obtained) give rise to the measures ofthe (required) perpendlculaz-
side and the base, if the larger (of the square roots) i is made to
undergo the process of sankramana 1m relation to the smaller
(square root).

An example m 1llustration therenf

128%. In the case of alongish quadrilateral figure, the measure
of the area is 60, and the measure of its diagonal is 13. T wish
to hear (from you) the measures of the perpendicular-side and the
base.

The rule for arriving at the numeiical values of the base and
the perpendicular- side in relation to a longish quadrilateral
figure, v when the numerical value of the area of the ﬁgure and the
numerleal value of the perimeter (thereof) are known

129%. From the quantity representing the square of half the
perimeter, the measure of the area as multiplied by four is to be

1274, Adopting the same symbols as iu the note to stanza 1254, we have the
following formula to represent the rule here given —

{N/(WW Jrew = A/(A/a ) ew }—'—2=aorb,

as the case may be
129%. Here we have

( 20+2b 2a+2b \°
{ 5 + ( 2 ~ 4 ab } —2=q or b, as the case may be.
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subtracted. Then, on carrying out the process of sankramana
with the square root, (of this resulting difference) in relation to
half the measure of the perimeter, the values of the (required)
base and the perpendicular-side are indeed obtained.

An example in dllustration {hereof.

130%. In aderived longish quadrilateral figure, the measure
of the perimeter is 170 ; the measure of the given areais 1,500.
Tell me the values of the perpendicular-side and the base (thereof).

The rule for arriving at the respective pairs of (required)
longish quadrilateral figures, (1) when the numerical measures of
the perimeter are equal, and the area of the first figure is double
that of thegecond; or, (%) when the areas of both the figures are
equal, and the numerical measure of the perimeter of the second
figure is twice the numerical measure of that of the firet figure;
or, (8) (again) when, in relation tothe two required figures, the
numerical measure of the perimeter of the second figure is twice
the numerical measure of the perimeter of the first figure, and the
area of the first figure is twice the ares of the second figure :—

1311—-133. (The larger numbers in the given ratios of) the
perimeters as also (of) the areas (relating to the two required
longish quadrilateral figures,) are divided by the smaller (numbers)
corresponding to them. (The resulting quotients) are multiplied
(between themselves) and (then) squared. (This same guantity.)

-

1314 to 188. If z and y represent the two adjacent sides of the first
rectangle, and ¢ and & the two adjacemt sides of the second rectangle, the
conditions mentioned in the three kinds of problems proposed to be solved by
thig rule may be represented thus .—

(1) z+y=a+b:
zy = 2ab.
(2) 2(z+y) =a+b.
2y = ab.
B) 2(@+y)=a+d
2y = 2ab.
The solution given in the rale seems to be correct only for the particular
cages given in the problems in stanzas 134 to 136.

29
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on being multiplied by the given optional multiplier, gives rise to
the value of the perpendicular-side. And ir the cage in which
the areas (of the two requiked figurcs) are (held to be) equal,
(this measure of) the perpendicular-side as diminished by one
becomes the measure of the base. But,in the other case (wherein
the areas of the required figures are not held to be equal), the
larger (ratio number) relating to the areas is multiplied by the
given optional multiplier, and (the resulting produet is) diminished
by one. The measuré of the perpendicular-side (arrived at as
above) is diminished by the quantity (thus resulting) and is (then)
multiplied by hree: thus the measure of the base (is arrived at).
Then, in respect of arriving at the other (of the two required
quadrilateral figures), its base and perpendicular are to be brought
out with the aid of the (now knowable) measure of 1ts area and
perimeter in accordance with the rulealready given (1n stanza 129%)

Bxamples wm illustration thereof.

134. There are two (quadrilateral) figures, each of which is
characterised by unequal length and breadth; and the given
multiplier is 2. The measure of the area of the first (figure) is
twice (that of the seeond), and the two perimeters are equal.
What are the perpindicular-sides and the bases here (in this
problem) ?

185. There are two longish quadrilateral figures; and the
(given) multiplier is also 2. (Their) areas are equal, (but) the
perimetér of the second (figure) is twice that of the first. (Find
out their perpendicular-sides and bases.)

136. There are two longish quadrilateral figures. The area of
the first (figure) here is twice {that of the second figure). The
perimeter of the second (figure) is twice (that of the first). Give
out the values of their bases and their perpendicular-sides.

The rule for arriving at a pair of isosceles triangles, so that
the two isosceles triangles are characterised either by the values of
their perimeters and of their areas being equal to cach other, or

by the values of their perimeters and of their areas forming
multiples of each other :—
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137. The squares“(of the ratio-values) of the perimeters (of
the required isoscek’as triangles) are multiplied by (the ratio-values
of) the areas (of those triangles) i alternation. (Of the two
products so obtained), (the larger one is) divided by the smaller ;
and (the resulting quotient) is multiplied by siz and (is also
separately multiplied) by two. The smaller (of the two products
so obtained) is diminished by one. The Jarger product and the
diminished smaller product constitute the two 47jus (in relation
to the longish quardrilateral figure) from which one (of the ro-
quired triangles) is tq be obtained. The difference between these
(two tzas above noted) and twice the smaller one (of those 67jax)
constitute the ¢7as (in relation to the longish guadrilateral figure)
from which the other (required triangle) is to be obtained. (From
the two lorgish quadrilateral figures formed with the aid of their
respective ~b7as), the sides and the other things (relating to the
required triangles) are to be arrived at as (explained) before.

_—

187. When a b1stheiatio of the perimeters of the two 1s0sceles triangles, and

¢ @ the ratio of thewr areas, then, according to the rule, %dﬁ and ..ibT“; —1
and 47 e + 1 and e 2 are the two sets of bijas, with the help of which

o d a®d &
the values of the various requned elements of the two 1s0sceles triangles may be
arrived at. The measmes of the sides and the altibudes, calouluted from these
t7jas according to stanza 1085 in this chapter, when multiphed respectively by a
and b, (the quantities occurring 1n the ratio of the perimeters), give the required
measures of the sides and the altitudes of the two 1s0sceles triangles They are
as follow —

6 b2c\2 28 ¢ s
I Equal side = a x {(Td + <“~--1>}

@ d
6 b2¢ 2%
Bage:—.axzxzxa—za—x('ﬁ“—l)
Gbﬂcz__ 2b31‘__1
Altitude = a x {(qﬂd a }
©

40 2 B 2
I Equal side == b x {(a"; +1> +(70—Z —2) }

4 b2 ¢ 4b%¢
Base:bx2x2x<a~,d +1>>< oy )
4d2¢ 2 40b%¢ 2
—_— Rahaiig —_ —2
Altitude =b x {(a”af + ) <a5d ) }

Now it may be eamly proved from these values that the ratio of the perime-
ters i3 a * b, and that of the areas 15 c. d, as taken for granted at the beginning.
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Examples 1 llusiration thereof.

188. Thete are two 1sosceles triangles. Their arca is the same.
The perimeters are (also) equal mn value. What are the values of
their sides, and what of their bases ?

139. There are two isosceles triangles. The area of the first
one is twice (that of the second). The perimeter of both (of them)
is the same. What ar’e the values of (their) sides, and what of
{their) bases ?

140. There are two isosccles triangles. The porimeter of the
second (trtangle) is twice (that of the first)T The areas of the two
(triangles) are equal. What are the values of (their) sides, and
what of (their) bases P

141, There are two isosceles triangles. The area of the first
(triangle) is twice (that of the second); and the perifieter of the
second (triangle) is twice (that of the first). What are the values
of (their) sides, and what of (their) bases ?

The rule for arriving at an equilateral quadrilateral figure, or
forarriving at a regular aircular figure, or for arriving at an equila-
teral triangular figure, or for armving at a longish quadrilateral
figure, with the aid of the-numerical value of the proportionate
part of a given suitable thing (from among these), when any
optionally chosen number from among the (natural) numbers,
starting with one, two, &c., and going beyond calculation, is made
to give the numerical measure of that proportionate part of that
given suitable thing :—

142. The (given measure of the) area (of the proportionate part)
is divided by the (appropriately) similarised measure of the part
held (in the hand). The quotient (so obtained), if multiplied by
Jour, gives rise to the measure of the breadth of the circle and

142. In problems of the kind given under this rule, a circle, or a square, or
an cquilateral triangle,or an oblong 1s divided into a desired number of equal parts,
each part being bounded on one side by a portion of the perimeter and bearing
the same proportion to the toral area of the figure as the portion of the perimeter
bears to the perimeter as a whole. It will be seen that in the case of a
circle each part 1s a sector, in the case of a square andan oblong it is a rectangle,
and in the case of an equilateral triangle 1t 15 a triangle. The area of each part
and the length of the origiral perimeter contained in each part are both of given
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(also) of the square. (%[‘hat same) quotient, if multiphed by s,
gives rise to the requju'ed measure of the base of the (equilateral)
triangle as also of the longish quadyilateral figure. Half (of
this) is the measure of the perpendicular-side (in the case of the
longish quadrilateral figure).

An example m 1llustr ation tbfreof.

143-145. A king caused to be dropped an excellent carpet on
the floor of (his) palace in the inner apartments of Lis zonana
amidst the ladies of his harem. That (carpet) was (in shape) a
regular circle. It was DNeld (in hand) by those ladies The fist-
fuls of both their arms made each (of them) acquire 15 (dandas out
of the total area of the carpet). How many are the ladies, and
what is the diameter (of the circle) here ?  What are the sides of
the square (if that same carpet be square in shape) ¥ and what the

magnitude. The slanza states u 1ule tor finding out the measumicof the diameter
of the circle,br of the sides of the squaie, 01 the cquilateral tizangle or the oblong
If m represents the atea of cach part and » the length of a part of the total
perimeter, the formulas given in the rule are—

m
- % 4 = diameter of the circle, or sade of the square,

and 7 « 6 = sde of the equilateral triangie or of the oblong ,
n

and half of % x 6 = the length of the perpendicula™side 1n the case of the
oblong.

The rationale will be clear from the following equations, where =z ve-
presents the nnmber of parts mnto which each figure 1s divided, a 1s the length of
the radius 1n the case of the circle, or the length of a side mn the case of the
other figures , and b 1s the vertical side of the oblong ?

2
. T xm _mTa
In the case of the Cucle = .
z X n 27 )

m__a %

x X
In the case of the Square ”

@ n —4‘_0, ;
In the case of the Equmlateral Triangle TXM 2
@ T 8a
In the cose of the Oblong 223" —__ @ X L here b 18 taken to be equal
g

z xn 2(arby’
to half of a,

Tt has to be noted that only the approximate value of the area of the equilateral
triangle, as given 1n stanza 7 of this chapter, 1s adopted here. Otherwise the
formula given m the rule will not hold good.

143-145. What 1s called fistful i this problem 1s equmvalent to four angulas
in measure.
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sides of the equilateral iriangle (if 1t be ‘equilaterally triangular
in shape)? Tell (me), O friend, the measures of the perpendicular
side and the base, in (case, the carpet hapi)ens to be) a longish
quadrilateral figure (in shape).

The rule for arriving at an equilaterally quadrilateral figure or
at a longish quadrlateral figurec when the numerical value of the
area of the figure is known :—

146. The square root of the accurate measure of the (given)
arca gives rise to the value of the side of the (required) equilateral
quadrilateral figure. On dividing the (gfven) area with an option-
ally chosen quantity (other than the square root of the value of
the given area, this) optionally chosen quantity and the-resulting
quotient constitute the values of the perpendieular;mde and the
base in relation to the (required) longish quadrilateral figure.

An example in dllustration thereof.

147. What indeed is that equilateral quadrilateral figure, the
area whereof is 64 ? The accurate value of the area of the longish
(quadrilateral) figure is 60. What are.the values of tho perpen-
dicular-side and the base here?

The rule for arpiving at a quadrilateral figure with two equal
sides having the given area of such a quadrilateral figure with
two equal sides, after getting at a derived longish quadrilateral
figure with the aid of the given numerical b7jas and also after
utilizing a given number as the required wultiplier, when the
numerical value of the accurate measure of the area of the required
quadrilateral figure with two equal sides is known :—

148. The square of the given (multiplier) is multiplied by the
that (given) area. The (resulting) product is diminished by
the value of the area (of the longish quadrilateral figure) derived
(from the given bijus). The remainder, when divided by the base

148. The problem here is to construct a quadrilateral figure of given area and
with two equal sides. For this purpose an optionally chosen number and a set of
two bzjas are given. The process described in the rule will become clear by
applying it to the problemm given in the next stanza. The bijas mentioned
therein are 2 and 8 ; and the given area is 7, the given optional number being 3.
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(of this derived longls}:; quadrilateral figure), gives rise to the
meagsure of the top-side. The value of the perpeadicular-side (of
the derived longish quadrilateral figue), on heing multiplied by
two and increased by the value of the top-side (already arrived
at), gives rise to the value of the base. The value of the hase (of
the derived longish quadrilateral figure) js (the same as that

The first thing we have to do1s to constiuct a rectangle with the aid of
the given bZjas 1n accordance with
the rule Jaxd down n stanza $0% in
this chapter. That rectangle comes
to have 5 for the measurs of 1its .
smaller side, 12 for the measure of 13
its larger “side, and 13 for the
measure of its diagonal; and 1ts
area is 60 m vzlue. Now the area
given in the prablem 1s to be multi-
plied by the square of the given . 12
optional nurgber in the problem, so that we obtamn 7 x 8*=03. From this 63,
we have to subtiact 60, which 1s
the measuie of the area of the %
rectangle constructed on the basis £ Te
of the given b7zs and this gives 8 12
as the remainder. Then the thing
to be done 1s to construct a rectangle, the area whereof 1sequal to this 8, and
one of the sides 1s equal to the longer side
of the rectangle derived from the same
bjjas. Since this longer side is equal to 12 ¥
in value, the smaller side of the required
rectangle has to be % in value as shown
in the figure here. Then the two triangles, /
into which the rectangle derwved from the
bijas may be spht up by its diagonal
are added one un each side to this last
rectangle, so that the sides measuring 12
in the case of these tmangles coincade 12| 12
with the sides of the rectangle having
12 as their meusure. The figure here
exhibits the operation

Thusin the end we get the quadrnlatera}
figure having two equal sides, each of
which measures 18, the value of the other 5
two sides bewng § and 10% respectively,
From this the values of the sides of
the quadmlateral required in the problem may be obtained by dividing by the

given optional number namely 3, the values of 1its sides represented by 13,1, 13
and 10},

[}

N
T

-
o
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of) the perpendicular dropped (from the ends of the top-side) ;
and the diagonals (of the derived longish quadrilateral figure) are
(equal in value to) the sides. These (elements of the quadrila-
teral figure with two equal sides armved at in this manner) have
to be divided by the given multiplier (noted above to arrive at
at the required quadrilateral figure with two equal sides).

An example in ol lustration thereof.

149. The accurate value of the (given) area is 7 ; the optional
given multiplier is 8 ; and the b%as are sean to be 2 and 8.  Give
ouw the values of the two sides of a quadrilateral figure with two
equal sides and of its top-side, base, and perpendicular.

The role for awriving at a quadrilateral figure with three
equal sides, having an accurately measured given urtga, (with the
aid of a given multiplier) :—

150. The square of the value of the (given) area is divided by
the cube of the given (multiplier). (Then) the given (multiplier)
isadded (to the resulting quotient). Half (of the sum so obtamed)
gives the measure (of one) of the (equal) sides. The given

T

150. It 18 stated in the rule herc that the given area when divided by the
given optional number €1ves nise to the
value of the perperdicular m relation
to the required figure. As the area 1s
equal to the product of the perpendi-
cular and half the sum of the base and
the top-mde, the given optional number
represents the measure of half the sum
of the base and the top-side If
ABCD be a gquadmlateral with three /
equal sides, and CF the perpendicular
from C on AD, then AE 1s half the
sum of AD and BC, and 1s equal to the
given optional number It can Tc A E D
easily shown that 2 AD. AE = CE*+
AEZ

B C

CE2x AE? (CE x AE)?
o CEF+AE?_ OBt AR~ * ~5 - TAE
AD="538 sArt Tz = 3 = 3
Here O x AR ~=the given area of the quadrlateral. This last formula
happens to be what is given inthe rule for finding out any of the three equal
sides of the quadrilateral contemplated 1n the problem.
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(multiplier) as multiplied by fwo and (then) diminished by the
value of the side (jugt arrived at) gives rise to the value of the
top-side. And the (given) arca divied by the given (multipler)
gives rise to the value of the perpendicular (droppd from the
ends of the top-side) in relation to this required quadrilateral figure
with three equal sides.

An example 1n dllustration thereof.

151 In the case of a certain quadrlateral figure with thiee
equal sides, the accurate value of the areais 96. The given
multipliér is 8. Give out the values of the base, of the sides, of
the top-side and of the perpendicular.

The rule for arriving at the numerical measures of the top-
side, of the base, and of the (other) sides 1n relation to a quadrila-
teral figure having unequal sides, with the aid of 4 given divisors,
when the accurate value of the area (of the required guadrilateral
figure) is known :-~

152 The square of the given area is divided (separately) by
the four given divisors; (and the four resulting quotients are
separately noted down). Half of the sum of (these) quotients
is (noted down) in four positions, and is (in order) diminished
(respectively) by those (quotients noted down above) The
remainders (so obtained) give rise to the numerical values of the
sides of a quadrilateral figure (having unequal sides and conse-
quently) named ¢ unequal.’

152. The area of a quadnlateral with unequal sides hes already been men-
tioned to be ./ (s—a) (3=0) (5—2) (s—a), where s=half the perimeter, and
a,b, ¢, and d are the measures of the sides (v1de note to stanza 50 1n this chapter).
Tbe rule here given requires that the numerical value of the area should be
squared and then divided separately by the four optionally chosen divisors. It
(s—a) (s=b)(s—c) (s=d) is divided by four suitably chosen divisois so as to
give as quotients s—a, s—D, s—¢, and s— d, then on adding these guotients and
halving their sum, the result 1s seen to bes. If s is diminishedin order by
s—a, s—b, s—¢, and s-d, the 1emamders represent respectively the values of the
s1des of the quadrilateral with unequal sides

30
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An cxwample wn dllustration thereof.

153-1531. In the the case of a quadrilatersl figure with unequal
sides, the (given) accurate nfeasure of the area is 90. And the
product of 5 multiplied by 9, as multiplied by 10, 18,20 and
36 respectively, gives rise to the (four given) divisors Tell me
quickly, after caleulating, the numerical values of the top-side, the
base and (other) mides.

The rule for arriving at the numerical value of the sides
of an equilateral triangular figure possessing a given accurately
measured area, when the value of (that) accurately measored area
is known :—

154%. Pour times the (given) area is squared. (Tho Tesulting
guantity) is divided by 8. The quotient (so) obtained happens
to be the square of the square of the valuc of the side of an
equilateral triangular figure.

An example m llustration thereof.

155%. In the case of a certain equilateral triangular figure,
the given area is only 8. ('alculate and tell me the value of (1ts)
side. .

After knowing the exact numerical measure of a .(given)
area, the rule for atriving at the numerical values of the sides,
the base and the perpendicular of an isosceles trangular figure
having that same accurately measured area (as its own) :—

156%. In the case of the isosceles triangle (to be so) construe-
ted, the square voot of the sum of the squares of the quotient
obtained by, dividing the (given}arca by an optionally chosen
quantity, as also of (that) optionally chosen quantity, gives rise
to the value of the side: twice the optionally chosen quan-
tity gives the measure of the base; and the area divided by

1544, Therule here given may be seen to be derived from the formula for
the area of an equilateral triangle, viz, arca=a ? x /\/;f where a 15 the
measure of a side.

1563. In problems of the kind contemplated 1n this r ole, the measure of the
area of an isosceles tiiangle 15 given, and the valae of half the base chosen at
option 18 also given. The measures of the perpendicular and the side are then
easily derived from these known quantities.
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the ojtionally chosen quantity gives rise to the measure of the
perpendicular.

An example in 1llustration thereof.

157%. In the case of an isosceles triangular figure, the accurate
measurement of the area is 12 The optionally chosen quantity
is 3 Give out quickly, O friend, the valuds of (its) sides, base,
and perpendicular.

The rule for arriving, after knowing 'the exact numerical
measure of a (given) area, at a triangular figure with unequal
sides, having that same accurately measured area (as its own) :—

1581+ The given area is multiplied by eight, and to the
resulting product the square of the optionally chosen quantity is
added. Tbg‘n the square root (of the sum so resnlting is obtained).
The cube (of thus square root) is (thereafter) divided by the option-
ally chosem number and (also) by the squareroot (obtainedas above).
Half of the optionally chosen number gives the measure of the
base (of the required triangle). The quotient (obtained in the
previous operation) is lessened (1n value) by the (measure of this)
base. (The resulting quantity) is to be used in carrying out the
sankramana process in relation to the equare of the optionally
chosen gquantity as divided by fwo as well as the square root
(mentioned above). (Thus) the values of the sides are arrived at.

158%. If A represents the area of a triangl:, and d 1s the optonally chosen

number, then according to the rale the required values are obtained thus
a
‘2“ == base ,

(VEEx@) 4 4 &

d A 8A +dt 22 2 A8a+A%_ oo

When the area and the base of a triangle are given, the locus of the vertex
is a line parallel to the base, and the sides can have any sel of values. In order
to arrive aba specific set of values for the sdes, 16 is evidently assumed here
that the sum of the two sides s equal to the sum of the base and twice the

altitude, %.e., equal to —g+ 23%_-2. With this assumption, the formula above

and

g1ven for the measure of the sides can be derived from the general formula for

the area of the triangle, 4/s(sqy (1=b) (s—c) BVR in stanza 50 of this
chapter.
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An example in zllu,sz‘ratwﬁ'tlzereof.

1594, In the case of a certain triangulay figure with unequal
sides, it has heen pointeds out that 2 conslitutes the accurate
measure of its area and 3 is the optionally chosen quantity.
What 1s the value of the base as well as of the sides (of that
triangle) ¥

Again, another rule for arriving, after knowing the ezact
numerical measure of a (given) area, at a triangular figure with
unequal sides having that same (accurately measured) area (as its
own) i— i

1602-161%. The square root of the measure of the given area
as multiplied by ezg2fand as increased by the square of ax option-
ally chosen number is obtained ~ This and the optionally chosen
number arc divided by each other  The larger (of thege quotients)
is diminished by half of the smaller (quotient). The remainder
(thus obtammed) and (this) half of the smaller (quoticnt) are
respectively multiplied by the above-noted square root and the
optionally chosen number. On carrying out, in relation to the
products (thus obtained), the process of swikramana, the values
of the base and of one of -the sides are arrived at. Half of the
optionally ehosen number happens to be the measure of the other
side in a triangular figure with unequal sides.

An ewample in Jllustration thereof.

162}. Inthe case of a triangle with unequal sides, the accurate
measure of the area is 2, and the optionally chosen quantity is 8.
O friend who know the secret of caleulation, give out the measure
of the base as well as of the sides.

The rale for arriving, after knowing the accurate measure of
a (given) area, at a'regularly circular figure having that accurately
measured area (as its own) :—

163%. The accurate measure of the area is multiplied by four
and is divided by the square root of ten. On getting at the square

-7 2
1683, The rule in this stanza is derived from the formula, area = % x A/70,
where d is the diamefer of the circle.
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root (of the quotient :%sulting thus), the value of the diameter
happens to vesult In relation to a regular circular figure, the
measure of the area’and the cireumference are to be made out as
explained before.

An example wn idllustration thereyf.
164%. In the case of a regular circular figure, the accurate
measure of the area has been pointed out to be 5  Caleulate
quickly and tell me what the diameter of this (circle) may be.

On knowing the approximate measure a% well as the accurate
measure of an area, therule for arrving at a quadrilateral figure
with two equal sides aswell as at a quadrilateral figure with three
equal sices, baving those same approximate and accurate measures
(as such measures of their areas) :—

1654. Ixs the case of (the quadrilateral with) two equal sides,
the square root of the difference between the squares of the
(approximate and accurate) measures of the area is to be obtained.
On adding (this square root) to the optionally chosen gquantity and
on subtracting (the same square root from the same optionally
chosen quantity), the base and the top-side areso obtained as to
have to. be divided by the square root of the optional guantity.
The approximate measure of the area gives risc to the value of the
sides so as to have to be divided by the square roof. of the optional
quantity.

165¢. If R represents the approximate area of a quachilateral with two cgual
s1des, and r the accurate value thereof, and p 18 the optionally chosers number,

then o
2 o ol g — FS )
VR f_ E > top-side = v R__ -, and® each of the
) V2

R
equal ;ides =—— If @, b,c and d be the mecasures of the sides of

bage ==

r
the quadrilateral with two equal sides, b
then it may be sewn that
a \ c
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In the case of (the quadrilateral ﬁgurc”with) three equal sides,
the square root (of the cufference between the two area-squares above
noted) 1s added to the approximate measure of the arca. (On
treating thoe resulting sam as the nptional quantity and) en adding
and subtraching (the said square root as before), the base and the
top-side are obtained so as to have to be divided by the square root
of (such) optional quarfuty. (Here also), the approximate measure
of the area, on being divided by the square root of {this) optional
quantity, gives rise to the measure of tho other sides

Amn ecample mn illustration thereof.

166%. The accurate measure of the area is 5 ; the approximate
measure of the area is 13 ; and the oplionally chosen quantﬁty is 16,
What are the values of the base, the top-side, and the (other) side
in the case of a quadrlateral figure with two equal sides ?

Amn example relating to a quadridateral figure with th e
equal sides.

167%. The accurate moasure of the area is 5 ; and the approxi-
mate measare of the area 18 18.  Think out and tell me, O friend,
the values of the sides of the quadrilateral figure with three
equal sides.

The rule for arriving, when the approximate and the accu-
rate measuves of an area are known, at the equilateral triangle and
also ab the diameter of the circle, having those same approximate
and accurate measures (for their area) ;—

1683. That which happens to be the square root of the square
root of the difference between the squares ol the (approximate
measure and of the accurate measure of the given) area is to be

R::g'_(.b_i_.i); » ::(u)z, and ¢ == b_j_i X l\/ag—- ib_f_‘_i)_z,
2 2 2 4
The formulas given above for the base and the top-side can be easily verified
by substituting these values of R, » and p therein. Similarly the rule may be
seen to hold good in the case also of a quadrilateral figure with three equal sides.
168%. For the approximate and accurate values of an equilateral triangle see
rules in stanzas 7 and 50 of this chapter.
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multiplied by #wo. The result 1s the measure of the side in the
required) equilateral triangle 1t is also the measure of the
diameter of the (required) regular eirele.

Ezxamples sn 1llush ation thereof

1691, The approximate aiea is 18. The accurate area is the
square root of &% as multiplied by 9. Tell me, O friend, after
calculating, the measurement of the (required) equilateral triangle.

170%. The accurate sneasure (of the arca) is the square root of
6,250. The approximate measure (of the area)1s 75, What is the
measure of the diameter of the circle (having such areas) P

When the practically approximate and the accurately caleu-
lated measuges of an area aie known, the rule for arriving at the
numerical values of the base and_the side of an isosceles triangle
having thd same approximate and accurate i ensures for its area :—

171%. T'wice the square root of the differcnce between the
squares of the (approximate and the accurate) measures of the
area is to be taken as the base of a (certain isosceles) triangle ;
and the given approximate measurc (of+the area) is to be taken as
_the value of one of the equal sides. And on dividing (these
values of the base and the side) by the square root of half (the
above derived value) of the base, (the required measures of the
base and the side of the required isosceles triangle are obtained).
This is the rule in relation to the isosceles triangle.

An example wn 1llustration thereqf.

172%. It is pointed out that here, in this case, the accurate
measure of the area is 60, and the approximate measure is 65.
Tell me, O friend, after caleulation, the numerical measure of the
sides of the (required) isosceles triangle.

An optional number and a quadrilateral figure with two cqual
sides being given, the rule for arriving at the numerical values of
the base, and the top-side, and the (other) sides of another quaduri-
lateral figure (with two equal sides) which has an accurate measure
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-

of area equal to the accurate measure of the area of the given
quadrilateral figure with two equal sides :—

178%. If the square of the value of the perpendicular (in the
given quadrilateral figure with two equal sides) is used along with
the given optional number in carrying out the process of wisama-
sankranapa, then the larger (of the two results obtained) becomes
the measure of either of the equal sides (in the required quadri-
lateral figure with two.equal sides). Half of the sum of the values
of the top-side and tlfe base (in the given quadrilateral figure with
two equal sides) on being respectively inCreased and decreased by
the smaller (of the two results in the wisamasankramana Process
above-mentioned), gives rise to the values of the buase and the
top-side in the (required) quadrilateral figure with two equal s1des.

1735 The problem contemplated 1n this rule 1s to constiuct™a quadrilateral
with two equal sides that shall be equal i area to o given quadrilateral with
two equal sides and shall also have the same pe1pendicular distance from the top-
side to the base  Let a and ¢ be the equal sudes of the given quadrilateral, and b
and ¢ be the top side and the base thereof respectively , and let the value of the
perpendicular distance bep. If ay, by, ¢}, dy, be taken to be the corresponding
sides of the tequued quadrilateral, then, since the area and the perpendiculax
are the same 1 the case of both the quadrilaterals, we have,

dy +by=d + b(I) "

and af - (5’51;—1’—1) f=p

. d, - & dy — b R
that 1s, (‘11 + ‘l—r l) (“1 - _l“"l> =P

2
' d; — by — dl—_..___bl::‘...z\-
Let qy = . 1 = N, then a, + 3 ¥’
v d)—b dy —b\_p?
(a1+-_1—§._1)+ <al—-—1—2-——l)=~lv—+N,
L
N

’ .~“'2———=a1(]H),

7 / a-a) d—b
1 1) St R
ad+b F- d+ by (“”’_T w73 ’)
2 T =, P)

dyordy; (IV)
Here N1s what is called $F or the optionally given nomber in the rule, and

formulas I{T and IV are those that are given 1n the rule for the solution of the
problem.
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An example u sllustration thereof.

1744, The base (of the given quadrilateral figure)is 14 ; each of
the (two equal) sides is 13 ; the top-side is 4; the perpendicular is
12; and the optionally given number 1s 10. What is that other
quadrilateral figure with two equal sides, the accurate measure (of
the area) of which is the same as (the accurate measure of) the
area of (this given quadrilateral)?

When an area with a given practically approximate measure
is divided into any required number of, parts, the rule for
arriving at the numerigal measure of the bases of those various
parts of the quadrilateral figure with two equal sides, as also at
the numerical measure of the sides as measured from the various
division-p‘oints thereof, the numerical measure of the practically
approximate walue of the area of the quadrilateral figure with two
equal sides being given :——

1753. :the difference betweer the squares of the (numerical)
values of the base and the top-side (of the given guadrilateral
figure with two equal sides) isdivided by the total valae of the
(veyuired) proportionate parts. By the quotient (so obtained),

175%. If ABCD be a quadrilateral with two elual sides, and 1f EF, GH and

KL divide the quadrnlateral so that the divided portions A b D
- are 1 the proportion of m, %, pand g in respect

of area, then according ro the rule, m
BF =N/ Y xm b & ¥

m+n+pt+g / a n "'A
a0 =,/ _ T  (mamy e G/ PR \Y‘

m+n+p+g 2
ZL ,\/ B — b ( I K Y

= — X (mA+n+p) + b2, A
m+n+p+g ») / g \
and so on. , B d
d+b m a+b n
“ —é_)xmﬁn—'*rp:" (ax 2 )xm+71+'p+q5
Stmilarly 4B ="——pp y 45 > F¢= GH + BT
— s
(a x 2 ; - X + i +q
m+n+p
= ,and 8o on.
. L x ol i
2

. AB BC—A4D
It b ly sh that === ==
can De easily shown th A3 T D

31
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the ratio values of the (various) parts* are <respectively) multiplied.
To each of the products (so obtained), the square of the measure
of the top-side (of the given figure) is added  The square root
(of the sum so obtained) gfves rise to the value of the base (of
each of the parts). The arca (of each part divided by half the
sum of the values of the base and the top-side (thercof) gives in
(the requisite) order 4he value of the perpendicular (which for
purposes of approximate measurement 15 treated as the side).

Ezgmples wn sllustraton thereof.

1765. The measure of the top-side s given to be 7; that of
the base below 18 23, and that of cach of the (remaining) sides is
30. The area (include! within such a figure) is divided. between
two so that each obtains one (share). Whut is the value of the
base (to be found out here) ?

1773-1785. The measure of the hase (of a quadrilateral with
two equol sides) is 162, and thaf of the top-side (theregf) is seen
to be 18.  The value of each of the (two equal) sides is 400 The
area of this (figure so enclosed) is divided among 4 men. The
parts obtained by the men are (in the proportion of) 1, 2, 8,
and 4 respectively. Give out, in accordance with this propor-
tionate distribution, the values of the area, of the base, and (of
either) of the (two=qual) sides (in cach case).

1793. The measure of the base (of the given quadrilateral
figure) is 80, that of the top-side 1s 40 ; the measure (of either) of

AB(BC + AD) __ BC*—AD?
'+ AB (BF ¥+ AD)  EM_AD®
ABBC+AD) m+n+p+yg LB CZ’-A.Q2

Bt T S EFTA D) p :

mAntety,

EFP—AD:= "7
PR 2 L hR
cap e BOSADY e aepr
m+'n+p4-q m+'n+p+q

2 2
andEF:—-l\/——‘__.__,d"b 5
m+,,,,+p+q><m+b.

Bimilarly the other formulas may also be verified
¥ Although the text simply states that the

the value of the parts, what is intended is that the quotient has to be multiplied
by the number representing the value

of the parts up to *he top-side in each case.
That is, ir; the figure on the previous page, to arrive at GH, for stauce,
df—b

P r— A nas to be multiplied by m + # and not by n merely,

quotient has to be multipled by
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A
the (two equal) mdes is 4 x 60. The sharc parts are (in the
proportion of) 3, 8, and 5. (Find out the values of the areas, the

bases, and the sides of the required pats).

In the case of two pillars of known height, two strings are
tied, one to the top of vach. Each of these two strings is stretehed
in the form of a hypotenusc so as to touch the foot of the other
pillar, or so as to go beyond the other pillar and touch (the
ground). From the point where the two hypotenuse strings
meet, another string is spspended (perpendicularly ) till (it touches)
the ground  The measure of this (last) string goes by the name
antardvalamboka or the inner perpendicular. The line starting
on either'side from the point where (this) perpendicular string
touches (the, ground) and going to the points where the (above-
mentioned) hypotenuse strings touch the ground has the name
of @bddhd, or the segment of the base. ‘I'hc rule for amiving at
the values of such inner perpendicular and (such) segments of the
base :—

180}. The measurement of each of the pillars is divided by
the measurement of the base covering the length between the
(foot of the pillar) and the (point of contact of the hypotenuse)

.string (with the ground). Kach of the quotients (so obtained) is

1803. If a and b represent the
heght of the pillars in the diagram,
¢ the distance between the two pilla

19, and m aund # the respective dist- o
ances of the pillars from the pomt b
where the string stretched from the P
top of the other pillar meers {he . .
carth, then, according to +he rule, [ 2
m ¢ n
¢ = {_ - -%—a(Hm) LG n)}x (c+m+mn),c, = b -
c+m (c + m) (¢ + ) c+ m
ae+m + b(e+ ”‘)} x (¢ + m + n) where ¢, and c, are segments of
c +m) (¢ + m)
the base as a whole; and p =¢; X J.__, or ¢y x @ _, where p is the meas-
c+ m c + n
ure of the inner perpendicular. Flom a conmideration of the similar triangles
¢+ m.
in the diagram 1t may be seen that e . ctn g O =C¢F™m

a » b
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(then) divided by their sum. The (resulting) quotients, on being
multiplied by the measure of the base (as a whole) give rise to the
(vespective basal) segments. These (measures of the segments
respectively) multiplied in the inverse order by the quotients
(obtained in the first instance as above), give rise (in each case) to
the value of the inner, perpendicular.

Examples wn dllustration thereof.

1813 (The givens pillars are 16 Zastas in height The base
(covering the length between the points “where the strings touch
the ground) is pointed out to be 16 Zastus. Give out, in this
case, the numerical value of the segments of the base apd also of
the inner perpendicular.

182%. The height of one pillar is 36 hastas ; that“of the second
is 20 hastas. The length of the base-line is 12 Jaslds. What is
the measure of the (basal) segments and what of the (inner)
perpendicular ?

1833-1843. (The two pillars are) 12 and 15 Zastas (respect-
ively) ; the measure of the interval between the two pillars is
4 hastas. From the top of the pillar of 12 lastas a string is
stretched so as to cover 4 hastas (along the basal line) beyond the
foot of the other pillar. From the top of (this) other pillas
(which is 15 Aastas in height) a string is (similarly) stretched so
asto cover 1 Lasta (along the basal line) beyond the foot (of the
pillar of 12 hastas in height). "What is the measure of the (basal)
segments here, and what of the inner perpendicular P

1853. (In the case of a quadrilateral with two equal sides),
each of the two sidesis 13 hastas in measure. The base here is 14

From these ratios we get-S = aletm)
cy b (c+m)
o a {c+m) el = alc+m) (c+m+mn)
L =

“eite,  alcHEm)+blotn) @ (c+m) +b(c+n)
b(c+m) (c+m+n) 3
ac+m)+b(c+n) ¢ +m.
185%. Herea quadnlateral with two equal sides is given , in the next stanza
a quadrilateral with three eqnal sides, and 1n the one next to 15 & guadrilateral
with unequal sides are given. In all these casesthe diagonals of the quadri-
lateral have to be first found out m accordance with the yule given in stanza

Simlarly ¢, =

a
sand p=¢, % , 0T Cy X
c+mn



CHAPTER VII—MEASUREMENT OF AREAS. 245
"»
hastas, and the top-side is 4 hastas. What is the measure of the
(basal) segments (cajised by the inner perpendicular) and what
of the inner perpendicular (itself)? »

1863. In the case of the (quadrilateral) figurc above-mentioned,
the measures of the top-side and the basc are each to be taken to
be less by 1 hasta  From the top of eachof the two perpendi-
culars, a string is stretched so as to reach the foot (of the other
perpendicular). You give out the measures of the inner perpendi-
cular and of the basal segments (caused théreby).

187%. (In the case’of a quadrilateral with unequalsides), one
side is 13 /astas in measure ; the opposite side is 15 fastas; the
top-sidev is 7 hastas; and the base here 1z 21 Jaslas What are
the values of the inner perpendicular and of the basal segments
(ca.used theteby) P

1885—1§9$. There is an equilateral quadrilateral figure,
measuring 20 hastas at the side. From the four angles of that

VII-54, and then the measures of the perpendiculors from the cnds of the top-
side to the basc as also the measmes of the segments of the huse caused by
those peipendiculars have fio be axrived at by 4he application of the 1ule given
i stanza VII.49. Then taking thesc measwmes of the peipendiculais o be
those of the pillars, the 1ule g1ven 1n stanza 180} above 38 apphed to ariive at the
measures of the innex perpendicular and the basal segments caused therchby
The problem given m stanza 1874 1s however worked 1n a shghtly different wayin
the Kanarese commentary. The top-side 1s supposed 1o be parallel to the base,
and the measures of the perpendicular and of the basal segments caused there-
by are arrved at by construeting a tuiangle whose sides are the two sxdes of the
quadrilateral, and whose base1s equal to the difference between the base and the
top-side of the guadrilateral.

1883-1894. Tho figure contemplated 2 [\~ N 7
tn this problem seems te be this — o Sa

The inner perpendiculars referied to S X
heremn are GH and KL. To find out /,/ \\\\
these, FE 18 first determined FE, ac- . ’/ AN
cording to the commentary, 1s said to be - ~.
equal to

CM2 2 2 Mz}. / F \
,\/ & _{DM+DE+(§D) M

Then with FE and BC or AD taken as / \

pillars, the rule nnder reference may > { \\O

be applied. H E L

B
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(figure) sirings are stretched out so as to reach the middle point of
the (opposite) sides, (this being done) in respect of all the four sides.
What may be the measure Gf each of the strings so stretched out ?
In the interior of such (a quadrilateral figure with strings so
stretched out), what may be tne valuc of the (inner) perpendicular
and of the basal segments (caused thereby) ?

The measure of the height of the pillar is known. For some
reason or other that pillar gets broken and (the upper part of the
broken pillar) falls (to the ground, the lower end of the broken off
part, however, remaining in contact wlth the top of the lower
part). Then the basal distance between the foot of the pillar and
its top (now on the ground) is ascertained, And (her; is) the
rule for arriving at the numerical value of the messure of tlre
romaining part of the pillar measured from its foot :—

190%. The half of the differonce between the square of the
total height and the square of the (known) measuare of Ui basal
distance, when divided by the total height, gives rise to the
measure of what remains unbroken What is left thereafter (out
of the total height) is the measure of the broken part.

Egamples mn ollustr ation thereof.

1913, The height of a pillar is 25 hastas. It is broken some-
where between (the top and the foot). 'The distance between
the (fallen) top (on the floor) and the foot of the pillaris 5 hastas.
How far' away (from the foot) is it (viz., the pillar) broken ?

1903, If AB C 18 2 nght-angled triangle, 'nd
1f the measures of AC and of the sum of AB and
BC are given, then AB and BC can be found out
from the fact thut BC®* = AB24+ AC:  The for-
mula given in the rule 1s

__(AB+RC)*— AC?,
AB="—5 (AB+BC)
and this can be easily proved to be tiuc from
the above equality.
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192%. There are 49 hastas in the measurement of the height
of a bamboo (as it is growing). It is broken somewhere between
(the top and the botpom). The distance (hetween the fallen top
on the floor and the bottom of the bamboo) is 21 hastas. How
far away (from the foot) is it broken ?

1934-1951. The height of a certain tree is 20 hastas. A
certain man scated on the top (of it} threw down a fruib thereof
along a path forming a hypotenunse. Then another man standmng
at the foot of the tree went towards that fruit taking a path repre-
senting the other side (i.e., the base of the triangle in the situation)
and received that fruif. The sum of the distances travelled by
that fruit and this man turncd out to be 50 lasizs. What is the
numericsl value of the hypotenuse representing the path of that
fruit ? 'What may be the measnre of the other side representing
the path offthe man who was at the foot of the tree ¥

The numerical value (of the height) of a taller pillar as also the
numerical valae (of the height) of ashorter pillar 1s known. The
numerical value (of the length) of the intervening space between
the two pillars is also known. The taller (of the two pillars) gets
broken and falls so that the top thereof rests ou the top of the
shorter-pillar, (the other end of the hrdken bit of tle taller pillar

_being in contact with the top of the remainiwg portion thereof).
And now the rule for arriving at the numerical value (of the
length) of the broken part of the taller pillar as also at the numeri-
cal value (of the height) of the remaining part (of the same taller
pillar) :—

196%. From the square of (the numerical measure of) the
taller (pillar), the sum of the square of the measure of the shorter

»

(33

196%. If o represents the height of the taller pillar
and b that of the shorter pillar, ¢ the length of the mter-
vening space betweenthem, and a, the height of the
standing portion of the broken pillar, then, according to
the rule, b
a?— (b*+ 6%,

(ll':‘——————z(a"_—b) 3 @y ¢
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(pillar) and the square of that of the base<s subtracted. Half (of
the resulting remainder) is divided by the difference between
(the measures of) the two pillars. The quoticnt gives rise to the
measure of the height (of”the standing part) of the hroken
(pullar).

An example m llustration thereof.

197%. One pillar is & kastas in height ; similarly another pillar,
which is the taller, is 28 Aastas (in height). The (length of the)
interveuing space (between the pillars) is 12 astes.  The top of the
broken taller (pillar} {alls on to the top of the other (pillar). (Find
out the height of the standing part of the broken taller pillar.)

Taking two-thirds of the numerical value of the vertical sde
of a longish quadrilateral as the height of a mountéin, the
rule for arriving, with the aid of the numerical value of the height
of that mountain, at the numerical values of the horizontal side
and of the diagonal of that longish quadrilateral —

1981 Twice the height of the mountain 1s the measure of the
distance between the (foot of the) mountain and the city (there).
Half (the height) of the mountain is the measure (of the distance)
of the upward flight in the sky. The diagonal is arrived at on
adding together half the height of the mountain and the distance
(of the city from the foot of the mountain).

An example wm illustration 1hereof.
1993-2004. On a mountain having a height of 6 ydjanas there
were 2 ascetics. One of them went walking on foot. The other

B
1994-200%, If in the marginal figure, a

represents the'height of +he mountain, b N
the distance of the city from the fool of E
the mountain, and ¢ the length of “the ¢
hypotenuse course, then a 1s, according
to the suppomition made in the preamble
to the role in 1984, 3 of the side AB,
Therefore the height of the flight upwards
ey, BB ,is fa I A

b
As the courses of the two ascetics are equal,
et da=a+b, e=%a +b W IX
st =1af + b2 + ab.
Bub ¢® = §a® + b%; .. ab = 2a® ', b= 2a .., “er o " W III
The three formulas marked I, IT and TII above are those given in the rule.
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was capable of moving in the sky. This ascetic flew up and then
came down to the city taking the nypotenuse course. The other
ascetic descended from the summit (vertically) to the foot of the
mountain {and walked along) to the city. (It was found that)
both of them had travelled over the same distance. (What is) the
distance of the city (from the foot of the mountain) and what the
height of the flight upwards ? )

In an area representable by a (suspended) swing (and its
vertical supports resting on the ground), the measures of {he
heights of either two pillars or two hill-tops are taken to be the
measures of the horizontal sides of two longish quadrilateral figures.
Then, (with the aid of these known horizontal sides and) in
relation to the base line either between the two hills or between
the two pillacs, (as the case may be), the values of the two segments
(caused by the meeting point of the perpendicular) are arrived at.
These two segments are written down in the inverse order. The
values of the two segments so written down in the inverse order
are taken to be the values of the two perpendicular sides of the
two longish quadrilateral figures. And, now, the rule for arriving
at the equal numerical value of the diagonals of those (two longish

squadrilateral figures) :—

2013-203%. In relation to a figure representable by a (sus-
pended) swing (and its vertical supports resting on the ground),
the measures of the heights of either two pillars or two hills are
taken to be the measures of the two sides of a triangle. Phen, in
relation to the value of the base (line) enclosed betWeel.l those two

2013-208%. In the two quadiilaterals
of the kind contemplated m this 1ule, let
7 l " the veitical s1des be reprcsented by a, b,
a b let the base be ¢, andlet ¢y, ¢;, be its seg-
ments and ! the length of each of the

e cs equal portions of the rope.

32
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sides (which has to be the same in value as the base line between
the given pillars or hills), the segments (of the base caused by the
meeting of the perpendicular from the vertex with the base) are
arrived at in accordance with the rule laid down already. If the
values of these (segments) are written down in the inverse order,
they become the values of the iwo perpendicular sides of the two
longish quadrilaterals in the required operation. Then,in accord-
ance with the rule given already, the values of the diagonals
of the two longish Guadrilateral figures may be arrived at with
the aid of the values of those two side§ (of the triangle above
mentioned which are taken here asthe two horzontal sides of
the longish quadrilateral) and of thesec two perpendiewlar sides.
These (diagonals) are of equal numerical value.

Exzamples in tllustration thereof.

2043205 One pillar is 13 (Zustas in height). The other is
15 (hastas in height). The intervening distance (between them)
is 14 (hastas). A rope (having its two ends) tied to the tops (of
these two pillars) hangs down so as to touch the ground (some
where between the two “pillars). What are the values of the
two segments, (sp caused, of the basc-line between the pillars) g
The two (hanging) parts of the rope are (in their length) of equal
numerical value. Give out also the rope-measure.

206-2074. The height of (one) hill is 22 (ydjanus). That of
another hill is 18 (ydjanas). The intervening space between the
two hills is 20 (ydjamas in length). There stand two religious
mendicants, (one) on the {op of each, who can move along the
sky. TFor the purpose of begging (their food), they (came down

Now, a? + 2 =1b% + ¢?,
Soleg+e)(co—ci)=uf — b2 jande +ep=c;
a? — b? a? — p?
+e o
P
Sl = and ¢y = —5——
2 3 2

These values are obviously those of the segments of the base ¢ of a triangle

having the sides a and b, the segments having been caused by the perpendicular

from the vertex. This s what is stated 1 this rule. Vide ruie given in stanza
49 above.
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through the sky and) m%t in the city there (hetween the hills) ; and
1t turned out that they had travelled (along the sky) over equal
distances. (Under these circumstances), of what numerical value
were the segments (of the basal line between the two hills) 2 Of
what value, O you who know calealation, is the numerical measure
of the equal distance travelled in this (arca) representable by a
(3uspended) swing. "

2083-209%. The height of one hill 18 20 ygjanas; and simi-
larly, that of another (hill) is 24 ydjanas. The intervening space
between them is 22 ydfanas (in length). Two mendicants, who
stayed on the tops of these two hills, (one on each), and were
able to move through the sky, came dowa, for the purpose of
begging their food, to the city situated between those (two hills),
and were found to have travellel (along the sky) over equal
distances. What 15 the mcasare (of the length) of the intervening
space between that (city) in the middle and the hills (on either
side). '

The rule for arriving at the value of the number of days
required for the meeting together of two persons moving with
unequal speed along a course representable by (the boundary of)
a triangle consisting of (three) unequal sides : —

210%. The sum of the squares (of the namerical values) of
the daily speeds (of the two men) is divided by the difference
between the squares of the values of (those same) daily speeds.-
'Ihe quotient (so obtzined) is multiplied by the number of days
spent (by ne of the men) in travelling northwards (before tra-
velling to the south-east to meet the other man). The meeting
together of (these) two men takes place at the end of the number
of days measured by this produet. *

210%. The course contemplated here 1s that along the sides of a right angled

triangle. The formula given 1n the rule, 1f algebraically represented, 1s
b% +a?
5 % d,

2=

bg —_a
where z is the number of days taken to go thiough the hypotenuse course,
@ and b the rates of journey of the two men, and d the number of days taken 1n
going northwards. This follows from the under mentioned equation which 18
based on the data given in the problem
b2w2=d2 bz + (ﬁi‘d)z % az
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An example in lustratior. thereof.

2113-212%. The man who travels to the cast moves at the
rate of 2 ydjunas (a day); and the other mian who travels north-
wards moves at the rate of 8 ygjanas (a day). This (latter man)
having thus moved on for 5 days turns to move along the hypo-
tenuse. Inhow many days will he meet the (other) man ?  Both
(of them) move out“at the same time,and the number of days
gpent (by both of them) in journeying out is the same.

The rule for arriving at the numerical value of the diameters
of circles described about the eight kinds of figures consisting
of the five kinds of quadrlateral figures and the three kinds of
triangular figures (already mentioned) :—

213%. In the case of a guadrilateral figure, the value of the
diagonal (thereof), divided by that of the perpendlcul@r, and (then)
multiplied by that of the lateral side, gives rise to the value of the
diameter of the circumscribed cirele In the case of & trilateral
figure, the product of the values of the two sides (other than the
base) divided by the value of the perpendicular (gives rise to the
required diameter of the circumseribed circle).

Examples m ollustratron thereof.

214%. In the cése of an equilateral quadrilateral figure having
8 as the measure of each of (its) sides, and ulso in the case of
another (quadrilateral figure) of which the vertical side measures 5
and the horizontal side measures 12, what is the measure (of the
diameter) of the circumseribed circle P

2134, Let ABC be a tiiangle idseribed
in a cncle, AD the diameter thereof, and BE
the perpendicular on AC. Join BD. Now
the triangles ABD and BEC are similar.

D
< AB . AD=BY - BC
ABxBC
S AD = BE
C

This is the formula given in the rule A
for the diameter of a circle circumseribed R
about a quadrilateral or a triangle,
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2153. The two lateral sides are (each) 13 in measure ; the top-
side is 4 ; and the base is said to be 14 in measure. In this case,
what may be the diameter of the circle described about (such) a
quadrilateral figure with two equal sides ?

2163. The top-side and the (two) lateral sides are each 25 in
measure. The hase 18 89 in measure. Tellme (here) the measure
of the diameter of the cuwcle described abeut such a quadrilateral
figure with three equal sides.

217%. One of the lateral sides is 39 in measure; the other
lateral side is 52 in measure ; the base is 60 and the top-side is 25.
In relation to this (quadmla.telal figure), what is the value of the
diameter (of the circumscribed circle) ?

2182. Themeasure of the side of an equilateral triangle is 6 ;
and that of.an isosceles triangle 1s 13, the base (in this case) being
10 in measpre. Give out what the values are of the diameters of
the circles described about these triangles.

21927 In the case of a triangle with uncqual sides the iwo
gsides are 15 and 13 in measure; the base is 14. Tell mo the
value of the diameter of the circle described about it.

220%. If you know the paisacika (processes of caleulation), tell
me after thinking well what may be the value of the diameter of

_the circle described about a (regular) six-sided figure having 2 as
the measure of each of (its) sides.

The rule for arriving at the numerical values of the base, of
the top-side and the (other) sides of the eight (different) kinds of
figures beginning with the square, which are insciibed in a
regular circular figure having a diameter of known numerical
value :—

221%. The value of the given diameter (of the circle) is divided
by the value of the (hypothetically) arrived diameter of the
circle (described about an optionally chosen figure belonging to

220%. The Kanarese commentary on this stanza works out this problem by
pointing out that the diagonal of a regular hexagon 18 equal to the diameter of
the circumscribed circle.

2214. The rule follows as a matter of course from the similarty of the
required and the optionally chosen figures.
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the specified variety). The values of the sides (of this optionally
chosen figure) should be multiplicd by the resulting quotient
(arrived at as mentioned above). Thus, theaumerical values of
the sides of the figure produced (i the given cirele) are deduced.

Baamples m ollustraion thereof.

222%. The diameler of a circular figure is 18. O friend,
think out well and tell e the (various measurcments relating to
the) eight different kinds of figures beginning with the square
which arc (inseribed) in this (eircle).

The rule for arriving at the value of the dianmetew of the
circular figure inscribed within the varous (kinds of guadrilateral
and trilateral) figures meutioned before, with the cxception of the
longish quadrilatexal figure, when the accurate measare of the
area and the numerical valuo of the porimeter are known in
relation to (those same) quadrilateral and other figures :~-

223%. The (known) accurate measure of the area of any of the
figures other than the longish yuadrilateral figure should be
divided by a quarter of the- numerical value of the perimeter (of
that figure). The rosult is pointed out to be the diameter of the
cirele inscribed within that figure.

Examples in 1llustration thereof.

224%. Having drawn the inscribed circle in relation to the
already specified figures begmning with the square, O you who
know the secret of calculation, give out now (the valuc of the
diameter of each such inscribed 3ircie).

2234, If ¢ represents the sum of the sides, and d the diaweter of the
inscribed circle, and 4 the area of the quadrilateral or the triangle in which the

circle 18 inscribed, then
- =4
X = A.

Hence the formula given in therule 1w d=d4 = 5
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Within the (known) numerical measure of the diameter of a
regular circle, any known number being taken as the measure of
an arrow, the rule for arriving ab the numerical value of the
string (of the bow) having an arrow of that same measure :—

225%. The difference hetween (the given value of) the diameter
and (the known value of) the arrow is mpultiplied by four times
the value of the arrow. Whatever is the square root (of tho
resulting product), that the wise man should poiut out to he the
(required) measure of the string (of the bdw).

An example m illustration thereof.

226%. The diameter of the circle is 10. It is cut oft by 2. O
mathematigian, give out, after calculating well, what may be the

string (of the bow) in relation to (that) cut off portion (of the given
diameter).

The rule for arriving at the ramervical value of the arrow-
line, when the numerical value of the diameter of a (given)
regular circle and the value of a bow-string line (1n relation to
that circle) are (both) known :—

2273. That which happens to be the squaie reot of the
difference between the squares of the (kfown) values of the
diameter and the bow-string line (relating to the given cirele)—
that has to be subtracted from the value of the diameter. Half
of the (resulting) remainder should be understood to give (the
required value of) the arrow-line.

An example in 1llustration thereqf.

2281, The diameter of the (given) circle is 10 in measure.
Moreover, the bow-string line inside is known to be 8 in measure.
Give out, O friend, what the valueof the arrow-line may be in
relation to that (how-string).

225%. The rules given in stanzas 2253, 2273, 2293 and 231} are all based on
the fact that in a circle the rectangles contained by the segments of two
intersecting chords are equal,
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The rule for arriving at the numerical value of the diameter
of a (given) circle when the numerical values of the (related)
bow-string line and the arrov line are known :—

929L. The quantity representing the square of the value of
the bow-string line is divided by the value of the arrow line as
multiplied by fowr. Then the value of the arrow line is added
(to the resulting quotient). What is so obtained is pointed out
to be the measure of the breadth of the regular circle measured
shrough the centre.

An example in lustration theregf.

230%. In the case of a regular cireular figure, it is known
that the arrow line is 2 dandas in measure,and the bow-string
line 8 dandas. What may be the value of the diametsr in respedt
of this (circle) ?

When two regular circles cut each other, there arists a fish-
shaped figure. In relation to that fish-shaped figure, the line
going from the mouth to the tail (thereof) should be drawn.
With the aid of this line, there will come into existence the
outlines of two hows applied to each other face to face. The
line drawn from the mouth to the tail (of the fish-figure) happens
to be itself the bow-string line in relation to both these bows.
The two arrow lines in relation to both these bows are themselves
to be understood as forming the two arrow lines connected with
the mutwally overlapping circles And the rule here is to arrive
at the values of the arow lines connected with the overlapping
portion when two regular circles cut each other :—

231%. With the aud of the.values of the two diameters (of
the two cutting circles) as diminished by the value of (the
greatest breadth of) the overlapped portion (of the circles), the
operation of praksépaka should be carried out in relation to this
(known) value of (the greatest breadth of) the overlapped portion
(of the circles). The two results (so obtained) are in the matter

2314. The problem here contemplated may be seen to have been also

sclved by Aryabhata, and the rule given by him comecides with the one under
reference here.
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of (such) circles pointedl out to be the values, each of the other,
measnring the two arrow lines related to the overlapping (circles).

An example wm llustration thereof.

232%. In relation to two circles whose extent is measured by
(diameters of) 32 and 80 hastas (in value), the (greatest hreadth
of the common) overlapping portion is 8 dustas. Gave ont what
the values of the arrow lines, as related respectively to those two
{circles), are (here).

Thus ends the scctien treating of devilishly difficult problems.

Thus ends the sixth subject of treatment, known as
Calculdtions regarding Areas, in Sarasangraha, a work
on arithmetic by Mahgviracarya.
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CHAPTER ViLl.
CALCULATIONS REGARDING EXCAVATIONS.

1. I bow in religious devotion with my head (bent downwards)
to Jina Vardhamana, whose foot-stool is honoured by the crowns
worn by all the chief. gods, who is omniscient, ever-enduring,
unthinkable, and infinite in form, and is (further) like the young
(rising) sun in relation to the lotus-lakes representing the good
and worthy people that are his devotees.

2. I shall now give out the (three) varieties of karmantika,
aundraphala, and siksmaphala (in relation to excavations), which
varieties are all derived from {hoso various kinds of gecmetrical
figures, mentioned before, as results obtained by multiplying them
by (quantities measuring) depth. This seventh subject of treat-
ment is the subject of excavations.

A stanza regarding the conventional assumption (implied in
this chapter) :—

3. The quantity of earth required to fill an excavation mea-
suring one cubic hasta is 3,200 palns. From that (same cubie
volume of excavation) 8,600 palas (of earth) may be taken out.

The rule for arriving at the cubical contents of excavations :—

4. Area multiplied by depth gives rise to the approximate
measure of the cubical contents in a regular excavation. The
sums of (all the various) top dimensions with the corresponding
bottom dimensions are halved ; and then (these halved quantities of
the same deromination are all added, and their sum is) divided by
the number of the said (halved quantities). Such is the process of
arriving at the average equivalent value.

2. The term Awndra in Aundraphale 15 rather strange Sanskrit and is
perhaps 1elated to the Hindi word a‘{?vg’ meaning ‘decp ’

3. The idea in this stanza evidently 1s that one cubic hasta of compressed earth
weighs 8,600 palas, while 8,200 palas of earth are sufficient to fill loosely the
s pace of 1 cubic hasta.

4, 'The latter half of this stanza evidently gives the process by which we
may arrive at the dimensions of a regular excavation farly equivalent to any
given irregular excavation.
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Ezamples m illustration thereof.

5. In relation to,(an equilateral) quadrilateral avea (represent-
ing the section of a regular excavation), the sides and the depth
are 8 hastas (each in measure) In respect of this regular excava-
tion, what may be the value of the cubical contents here ?

6. In relation to an (equilateral) triangplar avca (vepresenting
the section of a regular cxcavation), the sides are 82 lLastas each,
and in the depth there ave found 36 Zastas and 6 angulas. What is
the calculation (of the contents) here ?

7. In relation to a’ (regular) circular area representing (the
section ol) a regular excavation, the diameter is 108 Laséas, and the
depth (af the excavation) is 165 Zastas. (Now), give out what the
cubical contents are.

8. In relation to a longish quadrilateral area (forming the
section) of a regular excavation,the breadth is 25 Zastas, the
gide (mensuring the length) is 60 hastas and the depth {of the ex-

cavation) is 108 Zastas. Quickly give out (the cubical contents of
this regular excavation).

The rule for arriving at the accurate value of the cubical

contents in the caleulation relating to excavations, after knowing
. the result designated karmdntika as well as %he result designated
aundra snd with the aid of these results :—

9-11%. The values of the base and the other sides of the figure
representing the top sectional area arc added respectively to the
values of the base and the corresponding sides of tHe figure
representing the bottom sectional area. The (several) sums (so
arrived at) are divided by the number of the sectional areas taken
iuto consideration (in the problem} The (resulting) quantities are

9-114. The figures dealt with in this rule aie truncated pyramids with
rectangular or triangular bases, or troncated cones all of which have to be
conceived as turned upside down The rule deals with three different kinds
of measures of the cumbical contents of excavations  Of these, two, viz., the
Karmdntiha and Aundre measurcs give omly the approximate values of the
contents. ‘Lhe accurate measure1s caleulated with the help of these vaiues.
If X represents the Karmdniika-phala and A represents the Aundra-phala

then the accurate measure is said to be equal to A;K + Kyne, 5K 4+ LA,
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multiplied with each other (as required by the rules bearing upon
the finding out of areas when the values of the sides are known)
The area (so arrived at), when multiplicd by the depth, gives rise
to the cubical measure desigana,ted the Aarmantika result. In the
case of those same figures representing the top sectional area and
the bottom sectional area, the value of the area of (each of) these
figures is (separately) &rrived at. The area values (so obtained)
are added together and then divided by the number of (sectional)
areas (taken into coufsidera.tion). The quotient (so obtained) is
multiplied hy the valuc of the depth. This gives rise to (the
cubical measure designated) the aundra result. If one-third of
the difference belween these two results is adided to the karmantika
result, it indeed becomes the accurate value (of the required cubical
contents)

Examples wn sllust) ation thereof.

124, There is a well whose (sectional) area happens to be an
equilateral quadrilateral. The value (of each of the sides) of ihe
top (sectional area) 1s 20 (%astas), and that (of each of the sides)
of the bottom (sectional area) is only 16 (%astas). The depth is 9
(hastas). O you who know. calculation, tell me quickly what the
cubical measure here is.

18%. There is a well whose (sectional) area happens to be an
equilateral triangular figure. The value (of each of the sides) of
the top (sectional area) is 20 (Aastas), and that (of each of the
sides) of the bottom (sectional area) is 16 ; the depth is 9 (hastas).
‘What is the value of the karmdntika cubical measure, of the

If @ and b be the measures of a side of the top and bottom surfaces respectively of
a truncated pyramid with a square base- it can be easily shown that the accurate
measure of the cubical contents 1s equal to } h (a® + b* + ab), where h1s the
height of the truncated pyramid. The formula given in the rule for the aceurate
measure of the cabical contents may be verified to be the same as this with the
help of the following values for the Karmantike and Aundra results given in the
xule t—-

K=(“+b)2xh; A.—.—:M x h,
9 2

Bimilar venfications may be arrived at i the case of truncated pyramids
having an equilateral triangle or a rectangle for the base, and also 1n the case
of truncated cones.



CHAPTER VIIT—CALCULATIONS REGARDING EXCAVATIONS. 261

aundra cubical measu®, and of the accurate cubical moisure
here ?

141. There is a®* well whoso (scctional) area happens to be
regularly circular. The (diameter of the) top (sectional area) is
20 dandas, and that of the bottom (scclional arca) is only 16
dangas. The depth is 12 dandas. What may be the harmanbika,
the aundra, and the accurate cubical measur®s here ?

151, Inrelation to (an excavation whose sectional area happens
to be) a longish quadrilateral figure (v.e., oblong), the length at the
top is 60 (%astas), the byeadth is 12 (lastas) ; at the bottom, these
are (respectively) half (of what they measure at the top). The
depth is 8 (kastas). What is the cubical measure here ?

161 *(Here is another well of the same kind), the lengths (of
whose sectiopal areas) at the top, at the middle, and at the bottom
are (respectively) 90, 80, and 70 (fastus), and the breadths are
(respectively) 32, 16, and 10 hastas. This is 7 (hastas) in depth.
(Find out the required cubical measure.)

17%. In relation to (an excavation whose sectional area happens
to be) a regular circle, the diameter at the mouth is 60 (haséas), in
the middle 80 (kastas), and at the bottom 15 (%asias). The depth
is 16 hastas. What is the calculated result giving its cubical
smeasure ?

18%. In relation to (an excavation whose sectional area happens
to be) a triangle, each of the three sides measures 80 /astas at the
top, 60 kastas in the middle, and 50 hastas at the bottom. The
depth is 9 hastas. What is the caloulated result giving itsecubical
contents P

The rule for arriving at the value of the cubical contents of a
ditch, as also for arriving at the value of the cubical contents
of an excavation having in the middle (of it) a tapering pro-
jection (of solid earth) :—

193-20%. The breadth (of the central mass) increased by the
top-breadth of the surrounding ditch, and (then) multiplied by

193-204. These stanzas deal with the measurement of the cubic contents of
s ditch dug round a central mass of earth of any shape. The central
mass may be in section a square, a rectangle, an eqmlateral triangle, or a circle ;
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three, gives rise to the value of the (reqilired) perimeter in the
case of triangular and circular cxcavations. In the case of a
quadrilateral excavation, (this same value of the required peri-
meter results) by multiplying the yuantity four (with the value of
the breadth as before).

Tn the case of excavations having central masses tapering up-
wards or downwards fhe operation (for Harmantikaphala) is (to
add the value of) half the breadth of the excavation to (that of
the breadth of) the central wass, and (for dundraphala),to add
(the value of) the broadth (of the excavatien to the value of the
breadth of the central mass); then (the procedure is) as (given)
before.

Examples w ilustration thereof.

211 The already mentioned trilateral, quadrilateral, and
circular (areas) have ditches thrown round them. The breadth
measures 80 dandas, and the ditches are as much as 4 (dandus)

in breadth, and 3 (dandas) in depth. (Find out the cubical
contents.)

and the excavation may be of the same width both at the bottom and the togg
or may be of dimimshing or mcreasing width. The rule enables us to find out
the total length of the ditch in all these cases.

1. When the width of the difch is umform, the length of dateh == (d + b) x
3 m the case of an eqmlateral triangular or curcular ditch, where d 1s the
mweasure of a side or of the diameter of the central mass and b 1s the width of
the ditck but this length = (d + b) x 4 in the case of a square excavation
with a central mass, square in section.

II. When the ditch 18 tapering fo a pomt at thejbottom or the top, the length

of the ditch for finding out the Karmantika-phale = (d + %) X 3,0r (d + _g)

-

% 4, according as the central mass (1) 15 in scetion trilateral or circular, or (2)
square.

Length of ditch for finding out dundre-phale = (& + b) x 8 and (d + b)
x 4 respectively,

These expressions have to be multiplied by half of the width of the ditch and
by its depth for finding out the respective cubical phalas. The formulas given
above in relation to triangular and circular excavations give only apvroximate
results. With the aid of rhe total length of the ditch so obtained, the cubical
contents arc found out in the case of ditches with sloping sides by applying
the rule given in stanzas 9 to 11} above,
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22%. The length of a longish quadrilateral is 120 (Jandas) and
the breadth is 40. The ditch around is as big as 4 dandesin breadth
and 3 in depth. (Find out the cubical contents.)

The rule for arriving at the value of the cubical contents
of an excavation, when the depth of the excavation varies (at
vggious points), and also for arriving, when the cabical contents
o?a,n excavation are known, at the depth of digging necessary in
the case of another (known) area (so that the cubical contents may
be the same) :—

23%. The sum of the depths (measured in different places) is
divided by the number of places; this gives rise to the (average)
depth. This multiplied by the top area (of the excavation) gives
rite to thle (vequired) cubical contents of the exeavation in the case
where that arcais trilateral, quadiilateral or civeular.  The cubical
contents (of a given excavation), when divided by the (known)
value of another area, gives rise to the depth (to which there should
be digging,so that the resulling cubical contents may be the
same).

Bxamples in illustration thereof.

24%.. In an equilateral quadrilateral ficld, the ground covered by
which has an extent measured by 4 hastas (in lgngth and breadth),
the excavations are (in depth) 1, 2, 3, and 4 hustas (in four different
cases). What is the measure of the average depth (of the
excavations) ?

25%. There is a well with an equilateral quadrilateral scction,
the sides whercof are 18 hwstas in measure; its depth 1s | Zastas.
‘With the water of this (well), another woll measuring 9 Aastas at
each of the sides (of the seetion) is filled. ¥hat is the depth
(of this other well) ?

When the measures of the sides of the top (sectional area) and
also of the bottom (sectional area) are known, and when the

223. For finding out the total length of the surrounding ditch when the
central mass of earth is rectangular in section, the measures of the sides as
increased by the width or half the width of the ditch are added together,
gocording as the Ka-mdntrka or the Aupdra result 1s required.
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measure of the depth also is known, in refition to a certain given
excavation, the ruls for arriving at the value of the sides (of
the resulting bottom section) at any optionally given depth,
and also for arriving at the (resulting) depth (of the excavation)
if the bottom is reduced to a mere point :—

261. The product resulting from multiplying the (given) depth
with (the given meastire of a side at the) top, when divided by
the difference between the measures of the top side and the bottom
side gives 1ise here to-the (required) depth (when the bottom is)
made to end in a point. The depth measured (from the pointed
bottom) upwards (to the position required) multiplied by (the
measuve of the side at) the top and (then) divided by the sum of
the side measurc, if any, at the pointed bottom and the (total)
depth (from the top to the pointed bottom), gives rice to tho side
measure (of the excavation at the required depth).

An example in tllust ation thereof.

27%. There is a well with an equilateral guadrilateral section.
The (side) measure at the top is 20 and at the bottom 14. The
depth given in the beginning 1s 9. (This depth has to be) further
(carried) down by 3. What will be the side value (of the bottom
here) ? What is the measure of the depth, (if the bottom is) made
to end in a point ?

263 The problems contemplated 1n this stanza aie (a) to find out the full
latitude of an mverted pyramid or cone and (35 to fied oui the dimensions
of the oross section thercol at a desued level, when the altitude and the
dimensions of the top and botiom sorfaces of a truncated pyramud or cone
are given If, 1n a truncated pyranud with square base, a1s the measure of a
side of the base and b that of a side of the top surface and h the height, then
according to the rule given here, 11 taken as the height of the whole pyramd
%‘i‘%, and the weasure of a side of the cross sectun of the pyramid at any

o (H—h,)
—F

n

given heightepresented by iiy=

These formulas are apphicable m the case of a cone as well. In the rule the
meusure of the side of section forming the pointed yait of the pyiamid is required
to be added to H, the denominator in the second formula, for the reason that 1n
some cases the pyramid may not actually end in a point. Where, however , it
does end in a point, the value of thisside has to be zero asa matter of course.
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The rule for arriving’at the value of the cubical contents of a
spherically bounded space :—

28%. The half of the cube of half the diameter, multiplied
by nine, gives the approximate value of the cubical contents of a
sphere. This (approximate value), multiplied by néne and divided
by ten on neglecting the remainder, gives rise to the accurate
value of the cubical measure.

An emample in rllustration thereqf.

291. In the case of a spherc measuring 18 in diameter, calou-
late and tell me what the approximate value of (its) cubical mea-
sare is, and also the accurate measure (thereof),

The rule for arriving at the approximate value as well as the
accurate valug of the cubical contents of an excavation in the
form of a trisngular pyramid, (the height whereof is taken to be
equal to the length of one of the sides of the equilateral triangle
forming the base) .—

303. The cube of Lalf the square of the side (of the basal
equilateral triangle) is multiplied by #en; and the square root (of
the resulting product is) divided by nine. This gives rise to the
approximately calculated value (required). (Thisapproximate)
value, when multiplied by ¢/ree and divided bysthe square root of

8
283. The volume of a sphere as given here is (1) approximately= (g_) x

3
%, and (2) accurately=: < %) % .% x_‘q_ The correct formula for the cubi-

10° »
cal contents of a sphere 15 'L « 23, an‘d this becomes cawmparable with the
3

above value, if = is taken to be 4/ 10. Both the MSS. 1ead THANIY
TATW, making it appoar that the accurate value is l(? of the approximate

value ; but the text adopted 1s TTE AT Hﬂi[fﬁ which makes the accurate value
% of the approximate one, It iscasy to see that this gives a more accurate

result in regard to the measure of the cubical contents of a sphere than the other
reading.

30}. Algebraically represented the approximate value of the cubical

N S
contents of a triangular pyramid according to the rnle comes 0 —ai-é » 45,
8

on 8
%.8uy '{«2 x '\/ ?g; and the accurate value becomes equal to ({-2— X ¢ 2; where

84
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fen, gives rise to the accurately calculated cubical contents of the
pyramidal excavation.

An example in {llustration thereof.

811. Calculate and say what the approximate value and the
accurate value of the cubical measure of a triangular pyramid are,
the side of the (basal) triangle whereof is 6 in length.

When the pipes leading into a well are (all) open, the rule
for arriving at the value of the tume taken to fill the well with
water, when any number of optionally chosen pipes are together
(allow ed to fill the well).

1-33. (The number ome representing) each of the pipes is
d1v1ded by the time corresponding to each of them -(separately) ;
and (the resulting quotients represented as fractions) are reduced
50 as to have a common denominator ; one divided by the sum of
these (fractions with the common denominator) gives the fraction
of the day (within which the well would become filled) by all the
pipes (pouring in their water) together. Those (fractions with the
common denominator) multiplied by this resulting fraction of the
day give rise to the measures of the flow of water (separately
through each of thie various pipes) into that well.

An example m (lustration thereof.

8" There are 4 pipes (leading into a well). Among them,
each fills, the well (in order) in }, §, %, + of a day. In how
much of a day will all of them (together £ill the well, and each of
them to what extent)? )

In the Fourth Subject of Treatment named Rule of Three, an
example (like this) has (already) been given merely asa hint ; the

a gives the measure of the altitude of the pyramid as also of a side of the basal
equilateral triangle.
It may be easily seen that both these values are somewhat wide of the mark,

and that the given approximgte value is nearer the correct value than the
8o-called accurate value,
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subject (of that examyle) is expanded here and is given out in
detail.

35-36. There is at the foot of a hill a well of an equilaterally
quadrilateral section measuring 9 hadfus in cach of the (three)
dimensions. From the top of the ill there runs a waler chau-
nel, the section whereof is (uniformly) an equilateral quadm-
lateral having 1 aigula for the measure of aside. (As soon as the
water flowing through that channel hegins 1o fmll mto the well),
the stream is broken off at the top; and (yet), with it (that well)
becomes filled in with yater. Tell me the *height of the hill and
also the measure of the water in the well.

37-88%. There is at the foot of 1 hill a well of an cquilaterally
quadrilateral section measurmg 9 Zastas 1 each of the (three)
dimensions.  From the top ol the hill, there runs a water channel,
(the section,whereof is throughout)a circle of 1aigulain diametor.
As soon as the water (flowing through the channel) begins to fall
into the well, the stream is broken off at the top. With the
water filling the whole of the chanunel, that well becomes
filled. O friend, calculate and tell me the height of the mountain
and also the measure of the water.

891-40%. There is: at the foot of a hill a well of an
°qu11atera11y quadrilateral section measuring 9 hastasin (each of
the) three dimensions. From the top of the hill there runs a water
channel, (the section whereof is throughout) triangular, each side
measuring 1 asigula, As soon as the water (flowing through
that channel) begins to fall into the well, the stream is broken off
atthe top. With the water (filling the whole of the channel) that
(well) becomes filled. O friend, calculate and tell (mey the height
of the mountain and the measure pf the water. b

85 to 42}. The refercnce here 1s to the example given in stanzas 15-16 of
chapter V—ude also the footnote thereunder.

The volume of the water is probably intended to be expressed in vdlas. (Vide
the table relating to this kind of volume measure in slanzas 36 to 38, chapter
1.) Tt is stated in the Kanarese commentary that 1 cubie angula of water 18 equal
to 1 karsa. Then according to the table given in stanza 41 of chapter I, 4
karsas make one pala ; according to stanza 44 in the same chapter, 124 palas
make one prasthe ; and stanzas 36 to 37 therein give the relation of the prastho

to the vgha.
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414-423. Thereis at the foot of a hill a*well of an equilaterally
quadrilateral section measuring 9 hastus in (each of the) three
dimensions. (From the top of the hill) there runsa water channel,
(the section whereof is uniformly) 1 anjula broad at the bottom, 1
angula at (cach of) the dug (side slopes), and 2 angulus in length
(at the top). Assoon asthe water (Howing through that channel)
begins to fall into thé well, the stream is broken off at the top.
With the water (filling the whole of the channel) that well be-
comes filled. What is the height of the hill and (what) the
measure of the water ?

Thus ends the seetion on accurate measurements in the cal-
culations relating to excavations.

Calculations Relating to Piles (of Bricks).

Hereafter, in (this) chapter treating of operations relating to
excavations, we will expound caleulations relating to (brick)
piles. Here there is this convention (regarding the unit brick).

433. The (unit) brick is 1 haste in length, half of that in
breadth, and 4 angulas in<thickness. With such (bricks all)
operations are to be garried out.

The rule for arriving at the cubical contents of a given
excavationin a field and also at the number of bricks corresponding
to the above cubical contents.

44%. The area at the mouth (of the excavation) is multiplied
by the depth ; this (resulting product) is divided by the cubiz
measure of the (unit) brick. The quotient so obtained is to be
understood as the (cubical) measure of a (brick) pile; that same

(quotient) also happens to be the measure of the number of the
bricks.

Ezamples in illustration thereof.

45%. There is a raised platform equilaterally quadrilateral (in
section) having a side measure of 8 Zastas and a height of 9

44}, The cubical measure of the brick pile here is evidently in terms of the
unit brick.
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hastas. That (platforn:\ is built up of bricks. O you who know
calculation, say how many bricks there are {in it).

46%. A raised plga‘cform, equilaterally trangular (in section),
having 8 Zastus (as 1ts side measure), and 9 kaestas as height, has
been constructed with the aforesaid bricks. Calculate and say how
many bricks there are in this (structure). s

47}, A raised platform, circular in section, having a diameter
of 8 hastas and a height of Y Lusfas is bwmlt np with (the same
aforesaid) bricks. O you who know calemlation, say how many
bricks there are in it.

48}. In the case of (a raised platform having) an oblong
{section), the length is 60 Aastas, the hreadth 25 hastas, and the
height is 6 /iastas. Give oul in this case the measure of that brick
pile.

49%. A Doundary wall is 7 Jasfas in thickness, 24 lastas in
length ard 20 hastas in height. ' How many are the bricks used in
buildirg it P

504. The thickness of a boundary wall is 6 Zastas at the top and
8 hastas at the hottom ; its length is 24 iustas and height 20 Zastas.
How many are the bricks used in building it

51%. (Inthe case of a raised sloping platform), the heights
-are (respectively) 12, 16 and 20 kastas (at thred different points) ;

)

50351}, In finding opt the cubical contents of the wall, the average breadth
caleulated accor-
ding to the rule,
given In thelal-
ter half of stanza
4 above, is nsed ;
s0 the Karmdn-
tika value is
takon 1into con-
sideration here.
51%. This
sloping platform
is bounded at its
two ends by two
vertical planes,
the top and the
side surfaces
alone , being
sloping. The top
forms an inclined
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the measures of the breadth at the botcom are (respectively)
7,6 and 5, (the same) at the top being 4, 3 and 2 hasfas ; the
length is 2% lastas. (Fin@ out the number of bricks in the

pile).

The rule for arriving, in relation to a given raised platform
(part of) which has fallen down, at the number of bricks found
(intact) 1u the unfallen (part) and also at the number of bricks
found in the fallen (part) :—~

524 The dafference’between the top (breadth) and the bottom
(breadth) is multiplied by the height of tHe fallen (portion) and
divided by the whole height. (To the resulting quotient) the
value of the top (breadth) is added This gives rise to the

measure of the basal breadth in relation to the wupper (iallen
portion) as well asto the top breadth in relation t¢ the lower
(intact portion) The remaining operation has been already
described.

An example in dllustration thereof.

53%. (In relation to a raised platform), the length is 12 Zastas
the breadth at the bottom is 5 Aastas, (the breadth) at the top is
1 hasta, and the height all through is 10 kastas. (A measure of),
5 hastas (in height) of that (platform) gets broken down and falls,
How many are those (unit) bricks there (in the broken and the
unbroken parts of the platform) ?

When a (high) fort-wall is broken down obliquely, the rule for
arriving at the number of bricks which remain intact and of the
bricks that have fallen down :—

~

plane, the breadth of which is 2 hastas at the raised cnd and 4 hastes at the other
end. Vide diagram in the margin of page 269,

52%. The measure of the top-breadth of the standing par of the platform —
which is the st Lme as the bottom=breadth of the fallen part of the pla.tform—-—ls

algebrmcally b) d + b, where a 18 the bottom.breadth, b is the top-

breadth, h the Lotal height and d the height of the fallen part of the raised
platform. This formula can be easily shown to be correct by applying the
properties of similar triangles.

The operation referred to in the rule as having been already described is what
is given in stanza 4 above.
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54%. The bottom (broadth) and the top (breadth) are (each)
doubled. To these are added (respectively) the top (breadth) and
the bottom (breadtll). The (resulting) quantities arc (respectively)
increased and decreased by the heigﬁt {(above the ground) of the

unbroken (part of the wall) ;

and (then the quantities so obtained)

are multiplied by the length and also by the sizxth part of the

(total) height.

(Thus) the number of”bricks intact and the

namber of bricks fallen off may be obtained in order.

Examples in illustration thereof.

55%. This high fort-wall (of measurements already given,
struck by a cyclonic wind) has been (obhquely) from the bottom,

broker’ down along the diagonal section.

In relation thereto,

how many are the bricks intact and the hricks fallen down ?

563. The same lugh fort-wall has heen broken down by the
cyelone obliquely after leaving over 1 hasta from the bottom.
How many are the bricks that remain intact and how many the
bricks that have fallen down ?

The rule for arriving at the growing number of layers (of
bricks) in relation to the central height of a fort-wall, and

(also) for arriving at the (rate ot the) dimmnution of layers

543, If abe the breadth at the bottom, b the breadth at the top, 4 the total

1

|
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gent the number
of bricks intact
and the number
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oft.

The fignre in the margin shows the wall mentioned in stanza 56% ; and ABCD
ndicate the plane along which the wall fractured when it brolke.
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(happening to be the diminution in breadh) on both the sides
(of the wall in passing from below upwards) :~—

571, The height (of the central section) divided by the height
of the given brick gives iise” to the (required) measure of the
layers (of bricks). This (number) is diminished by one and (then)
divided by the difference between the top (breadth) and the
bottom (breadth). The resulting quotient gives (in itself) the
value of the (rate of the) diminution {(in hreadth) measured in
terms of the layers.

Ewamples wn tllustration thereof.

* 58%. The breadth of a high fort-wall is 7 Aastas al the bottom
Its height is 20 Aastas. It 1s built so as to have 1 Atsta (as
its breadth) at the top. With the aid of bricks of 1 kasta in
height, (find out) the (measure of the) growth of tfle zﬁ'entral)
layers and of the (rate of) diminution (in the breadth).

591-60. In a regularly circular well, 4 kastss in diameter, a
wall of 1} hasfas in thickness is built all round by means of (the
already mentioned typical) bricks. The depth of that (well) is 3
hastas. It you know, calculate and tell me, O friend, how many
are the bricks used in the building.

In relation to a shructure built of bricks (around a place), the'
rule for arriving at the value of the cubical contents (of that
structure), when the breadth at the bottom (of the structure) is
given and also the breadth at the top :—-

61. Twice the (average) thickness of the structurce has added to
it the given length and the breadth (of the place). The sum (so
obtained) is doubled, and the result is the (total) length (of the
structure when it is) in (the form of) an oblong. This (resulting
quantity), multiplied by the (given) height and the (already men-

tioned average) thickness, gives rise to the (required) cubical
measure).

593-60. The bricks contemplated Lere is the unit brick mentioned in stanza
43% above This problem does not illustrate the rule given above in stanza 57§,
but it has to be worked according to the rules given in stanzas 19§-203 and 443
of this chapter,
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An example wn dlustrution thereof.

62. In relation tothe (place known) as vidyddhara-nayhara, the
breadth is 8, and the length is 12 The thickness of the sur-
rounding wall is 5 at the bottom and 1 at the top. Its height
i 10.  (What is the cubic measure of this wall ?)

Thus ends (the section on) the measuremgut of (brick) piles in
the operations relating to excavations.

Herealfter, we shall exponnd the operafions relating to the
work done with saws (m sawing wood).  The definitions of terms
in relation thereto are as follow —

63. TWo /astas less by six aigulas 1s what is called a Aushu.
The nutaher measurmw the courses of cutting from the heginning
to the end of,a awven (log of wood) has the name of marga ‘or
way).

64-66." Then, 1 relation to oollecfmn\ (of logs) of wood of not
less than two varieties, consisting of teak logs and other such logs
hereafter to be mentioned, the number of ungules measuring the
breadth, and those measuring the length, and the number of
margus are (all three) multiplied together. The resulting product
is divided by the square of the number of wigulvs found m a
hasta. In operations relating to saw-work, this gives rise to a
valuation (of the work as mecasured) in (what 1s known as)
pattrkds. In relation to logs (of wood) consisting of teak logs and
other such logs, the number of Zastus measuring the breadph and
of those measuring the length ave multiplied with each other,
and (then) multiplied by the number of mdrgus, and (thereafter)
divided by the pultikds as above determined ; this gives rise to
the numerical measure of the work done by means of the saw.

63 to 674 Kushu=1% haste. Md29a 15 the name given to any desired
course or line of sawing in a log of wood The extent of the cut surface m a
log of wood measures ordinarily the work done in sawing it provided that the
wood is of a definite hardness assumed to be of umit valne. 'This extent of the
cut surface is measnred by means of a special unit area which is called a
patikd and is 98 angulas m length and one kiskw or 42 angul asin breadth, Ttis
easy to see that a patfukd 18 thus equal to seven square hasias.

. 35
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67-87%. In relation to (logs of wood obtéined from ) trees named
Sake, arjuna, amla-vétase, sarala, asite, serje and dunduke, and also
(in relation to varieties of wood) named §riparnz and plaksa, the
mdrga is 1in each case, the length is 96 angulas, and the breadth
is 1 kisku (for arriving at the measure of a pattikd).

An exiomple in illustraton thereof.

68%. In relation to a log of teak wood, the length is 16 hastas,
the breadth is 8} Azias and the mdrgas {or saw-courses) are 8
in number. How many are (the units of saw-work) done here ?

Thus ends the scetion on saw-work in the (ehapter on)
operations relating to excavations.

Thus ends the seventh subject of treatment‘known
as Operations relating to Excavations in Sarasangraha,
which is a work on arithmetic by Mahaviracarya.
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CHAPTER IX.
CALCULATIONS RELATING 10 SHADOWS.

[. That Jina, Santi, who bestows peace upon people, is the
lord of the world, knows all beings, and is (ever) growing in
influence through his eight miraculous polvers—to him, who has
vanquished the hosts of his enemies, I bow in salutation.

Iv the beginning, we shall give out the “means of determining
the eight directions commencing with the ocast.

2. On an even ground-surface which is (a horizoutal plane) like
the uppdr surface of water, a (perfectly) round circle should be
drawn with the aid of a looped string having twice the length
of an ophonally chosen style (fixed in the centre).

3. The shadow of that optionally chosen style fixed in the
* centre of that cirele touches the (circumferential) line of that cirele
at the beginning of the day as also at the time forming the close
of the day. By this, the western direction and the eastern direc-
tion are pointed out in order.

4. By means of the string running in the line of these two
(ascertained) directions, a fish-shaped figure (or lune) should be

4 'The string with the ad of % /
which the fish-shaped figure 15 drawn P . //'
should be longer than the radius of /
the circle drawn according to stanza /

2 above. If OE and OW in the
annexed diagram ropresent the 5
A B

eagtern and the western directions,

NPSR will be the lune drawn by
deseribing two civeles with centres
respectively at B and W and with
ER and WP as equal radii. The
line N'S onfting the angles of the lune
marks the northern and the southern
djrections.
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drawn which will extend from north to south. 'The straight line
ronning through the middle of the angles of this (fish-shaped
figure) represents of itself the northern and the southern direc-
tions. The intermediate dircetions have to be ascertained as being
derivable from half the (interspace between these) directions.

41, The (measurs of the) equinoctial shadow is indeed half of
the sum of the measures of the shadows obtained at the middle of
the day-time (or noon) on days when the san onters the sign of
Aries as also the sigp of Libra. '

5. In Lanka, Yavakdti, Siddhapuricand Romakapuri, there
18 no (such) equinoctial shadow at all; and, therefore, the day-time
is of 30 ghatis.

6%. In other regions, the day-time happens to be longer or
shorter by 30 ghafis. Ou the days of the entrance (of thewun) into
Aries and mto Libra, the day-time ¢ everywhere of 30 ghatis (in
duration).

73. Having understood the measure of the duration of the day-
time and also of the shadow at (noon or) the middle of the day
according to the way described in astronomy, one should learn
heremn the calculations regarding shadows by means of the collec-
tion of rules hereafter to be given. '

The rule for é,rriving at the time of day, on knowing the
measure of the shadow of a given style at a given time (in the
forenoon or afterncon) in relation to a place where there is no
equinoctial shadow :—

8%. One is added to the measure of the shadow (expressed in
terms of the height of an object), and (the sum so resulting)

8} If o be the height of the object and s the lemgth of its shadow,
then the time of the day that has elapsed or has to elapse is, according to the
rule given herve, equal to 1 s Lt : 1

s 2 (cot.A + 1)

22
(G +" (
senting the altitude of the sun at the time. 1t may be seen that this formula
gives only the approximate value of the time of the day in all cases cxzcept
when the altitude is 45°, and that the approximation 1s very rough only in the
case of large altitudes, nearing 90° The formula seems to be based on the fact

that for small values the angles in a right-angled triangle are approximately
proportional to the opposite sides.

, wheie A is the angle repre-
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is doubled; with the (vesulting) quantity the measure of the
(whole) day-time is divided. [t should be made out that this
gives rise, according to the mathemgtical work (known as) Sara-
sangraha, to the portion of the day elapsed in the forenoon and
also to the portion of the day remaining in the afternoon.

An example w dlustration thereof.

91. The (length of the) shadow of a man is 3 times (his
height). Say, dear friend, what portion ¢t the day has gone in the
forenoon, or what portion of the day remains in the afternoon.

The rule for arriving at the (corresponding number of) ghatis,
when the portion of the day (elapsed or to elapse) has been arrived
at (already)

104. The (known) mcasure of (the duration of) the day multi-
plied by the numerator and divided by the denominator of the
fraction representing the (already arrived ot) portion of the day
(elapsed or to elapse) gives rise to the ghat?s elapsed in relation
to the forenoon, and to the ghatis to clapse in relation to the
afternoon.

An example (n iltustration thereof.

114. In a region without the equinoctical shadow, 4 part of
the day has elapsed; (or in relation to the afternoon), the
remaining portion (of the day which has to elapse) is also 4. What
are the ghafis (corresponding to this } portion)? Theve are, (it
may be taken), 30 g4afZs in a day.

The rule for arriving at the time taken up by a prize-fight
between gymnasts.

123. The day diminished by the sum of the portion of the day
elapsed and of the portion (thereof) remaining to elapse, when
brought into the form of time (measured by ghatis), gives rise to
the (required duration of) time.

The measure of the shadow of a pillar divided by the measure
of (the height of) the pillar gives rise to the measaure of the
shadow of a man (in terms of his own height).
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An example w dllustration vher eof.

13L. A prize-fight between gymnasts bege}n in the forenoon,
when the shadow was cqual in measure to the style. (Its)
conclusion took place in the afternoon, when (the measure of the
shadow was) twice (that of the style) What is the duration of
the fight ?

A example in llustration (of the 1ule) m the latter half
(of the stunza).

143. The shadow of a pillar, 12 hastas (in height), is 24 hastag
in measure. At that time, O anthmetician, of what measure will
the human shadow be ?

The rule for arriviug, at the period (of the day elapsed or to
elapse), in places having the cquinvetiul shadow, when ?fhé“Measufe
of the shadow al any time is hnown :—

15§. To the measure of the known shadow (of the style)
the measure of the style is added; (this sum is) diminished
by the measure of the equinoctial shadow, and (the resulting
difference is) doubled. The measure of the style divided by the
quantity (so arrived at) gives rise tothe value of the portion of the
day (elapsed) in the Fforenoon, or (to elapse) in the afternoon, (as
the case may be).

An example wm illustration thereof.

164-17. In the case of a style of 12 wigulas, the (equinoctial)
noon-shadow is 8 angulus, and the known shadow (at the time of
observation is 8 asigulus. What portion of the day is gone, or
what portion (yet) remains? If the portion of the day (elapsed
or to elapse) happens to be , what are the ghatss (corresponding
to it), the duration of the day being 80 ghats ?

153. Algebrarcally the formula given here for the measure of the time of the
day is m*————.m where ¢ is the length of the equinoctial shadow of the

style. The formula is obvionsly based on the formula given in the note to the
rule in stanza 8% above.
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The rule for arriving at the measure of the shadow correspond-
ing to a time (of day) given in ghatus.

18. The measurc of the style is diviGed by twice the measure
of the (given) portion of the day ; (from the resulting quotient)
the measure of the style is subtracted, and (to it) the (equinoetial)
noon-shadow is added. This gives rise 1o the measure of the
shadow at the required time of day.

An example n llustrabion theieof.

19 1f,in the casc of a style of 12 wpgulus, the (equinoctial)
shadow 18 2 angulus, what is the measure of the shodow (of the
style) at a time when 10 gkatis bave clapsed or have {o elapse,
the duration of the day-time being 380 ghupis ?

The definition of the measure of a man’s foot in relation to
measursments carried oub by means of the foot-measure as involved
in the shadow.

20. One seventh of the height of a person happens to be the
length of that person’s foot. It this he so, that person shall be
fortunate, (Thus) the measure of the shadow in terms of the foot-
measure is obvious.

The rule for arriving at the numerical measure of the shadow
which has ascended up (a perpendicular wall).
© 21. (The height of) the style is multiplied by the measure of the
human shadow (in terms of the man’s height). The (resulting)

18 Algebraically

8=

Q—L -—a + ¢, where ¢ is the measure ot t'he time of
¥

the day m ghutes. This formula may be seen to fellow fica thut givin in the
note to stanza 15} above

21. Algebraically, =" I;)_— ‘, where a is the altitudo of the shadow-

° casting style, & the height

of the shadow on the wall,
the wmeasuie of the human
shadow 1 terms of the man’s

~. height, and ¢ the distanee be-
a 3 S o tween the pillar and the wall.
~ The dragram here given eluci-
~o dates the rule It has to be
> noted liere that the distance
between the pillar and the wall
has to he measured along the

c

line of the shadew which is cast in sunlight.
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product 1s diminished by the measure of tha interval between the
wall and the style. The difference (so obtained) is divided by the
very measure of the human shadow (veferred to above). The
quotient so obtained happens<o be the measure of (that portion
of) the style’s shadow which is on the wall.

An ewample in wllustration thereof.

22. A pillar is 20 hastus (in height); the interval bitween
(this) pillar and the wall {on which its shadow falls) is 8 hastas,
The human shadow (at the time) is twic@ (the man’s height)‘.
What is the measure of (that portion of) the pillar-shadow which
is on the wall ?

The rule for arriving at the namerical value of the maasure-
ment of the interspace between a wall and a pillar, "vhen the
height of the pillar and the numerical value of (that portion of)
the shadow thereof which has fallen upon the wall are (both)
known.

23. The difference between the height of a pillar and that
(of its shadow) cast un (a wall), multiplied by the measure of the
human shadow (in terms of the man’s height), gives rise to the
measure of the interspace between that (pillar) and that (wall).
This value of the interspace divided by the difference between the
height of the pillar and that of (the porsion of) the shadow thereof
cast on (the wall), gives rise to the measure of the human
shadow (ir terms of the man’s height).

An example in illustration thereof.

24. A pillar is 20 Hastas (in height) ; and the (portion of its)
shadow on a wall is 16 (hastas in height). The human shadow (at
the time) is twice (the human height). 'What may be the measure
of the interspave between the pillar and the wall ?

23. This ruleand the one 1n stanza 26 following give the converse cases of
the rule in stanza 21 above,
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An example i ilustratun of the (rule in the) latter half
(of the stanza).

25. A pillaris 20 Aastas (in height) and the (portion of 1ts) sha-
dow on a wall 15 16 (hastas m hcight).’ The measure of the inter-
space between the wall and the wvillaris 8 (Zasfes)  What 1s the
measure of the human shadow (1 terms of the man’s height) ?

" The rule for arriving at the numerical valne of the height of
a pillar, when the numerical measure of the (portion of its) shadow
cast on (a wall and the measure of the mterspace between (that)
pillar and (that) wall, 3nd also the human shadow (in terms of
the human height) are known.

26. ¥he measure of the (pillar-shadow) cast on (the wall) is
multiplied by the measure of the human shadow (i terms of the
human ixﬂg?‘t) ;and to this product the measure of the interspace
between the pillar and the wall 3 added  The quotient olhiained
by dividing (the sum so resulting) by the measwe of the human
shadow (in terms of the huwan height) is made out by the wise
to be the measure (of the haght) relating to the pillar.

An example m (lustiatwn thereof.

27 -The measure of (the height ob the portion of) the pillar-
shadow cast on the wall is 10 (Zasfas). The value of the human
shadow (at the time) is only twice ({lw human height). The
measure of the wterspace between the wall and the pullar being 8
(hastas), what is the height of the pillar ?

The rule for separating the measure (of the height) of the
style and tho measure of (tho length of) the shadow of the style
from (their given) combined sum :—

98. The combined sum of the measure of the style and the
measurc of the shadow (thercof), when divided by the measuro of
the human shadow (in terms of the human height) as increased
by one, gives rise to the measure of the height of the style. The
measure of the shadow of the style is of course the (given)
combined sum diminished by this (mcasuie of the style).

26. Vade note under stanza 23 above.
28 and 80. The rnles here given arc based on the rule stated in the latter half

of the stanza 12% above.
36
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An example m wllustratio® thereof.

29. The combined sum of the (height) measure of the style
and the (length) measure of its shadow is 500 What may be the
height of the style, the human shadow being (at the time) 4 times
(the human height) ?

The rule for sepal;ating the (length) measure of the shadow
of the style and the nmeasure of the human shadow (in terms of
the buman height) from (their) combmed sum :—

30. The combined sum of the moasures of the shadows of a
style and of a man is divided by the (knewn height) measure of
the style as increased by one. 'The quotient (so obtained) is the
measare of the human shadow (in terms of the humaun  height)
The combined sum (above-mentioned) as diminished by this
(measure of the hnman shadow) gives rise to (the lemgteemeasuie
of) the shadow of the style.

An example w (Uustratwn Uhereof.

31. The height of a style is 10. The sum of the human
shadow (1n terms of the human height) and (the length of) the
shadow of the style is 55. How much is the measure of the
human shadow (in terms of the human height and how much is
the length of the sliadow of the style) ?

The rule for am;wing at the measure of the inclination of a
pillar (or vertical style) :—

32-33. The product of the square of the human shadow and
the squere (of the height) of the style is to be subtracted from the

32-33 Let ABrepresenttho position of a slanting pillar, and AC its shadow |
and let AD be the same mllar i the vertical D

< AR B
‘position and AL its shadow. Then Xﬁj G
is equal to the ratio of the shadow of a
man to his height at the time; and let thas
ratio be . B(, the perpendicvlar from
B on AD, represents the amount of
slanting of the pillar, AB. It can be easily
shown that sz 4D =1
AC - BG A YA F“‘*“‘F‘)“*—LC

From this 1t cam  be seen that
. AC -~ ,v’ 0z 3 PR z
BG = Al (AC*—AB*x7r%) (P +1).
241

The rule here gives this
same formula. '
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square of the {given) shddow.  This (remaimder) is to be multi-
plied by the sum of the square of the human shadow and one.
(The quantity so avrlved at) is to be subtracted from the square
of the (given)shadow  The square root of this (resulting romain-
der) is to be subtracted fiom the (given) measure of the shadow ;
and, when (the quantity thus obtained 1s) divided by (the sum of)
one and the square of the human shadow, there results cxactly
the measure of the inclination of the pillar.

A example i dlustratson Rereof,
£ [

3
34 'T'he buman shadow (at the time) is twice (the human
height). Theshadow of & pallar, 13 Austas in height, is 29 (kastas),
L)
What is the measure of the slanting of the pillar here ?

(Gencral Haeamples.

'85-375. A wertain prinee, staying w the interior of a palace,
was, (at 4 certamn woementm {he comrse of a torenoon, desirous of
knowing the time clapsed in the course of the day, as also the
moasure of the human shadow (in terms of the human height).
Then, the light of the sun coming through a window at a height of
32 hastas in the middle of the easternawall fell at a place on the
western wall at the height of 29 Zastes. The distance between
those two walls is 24 kastes. O mathematician, if you have taken
pains (to acquaint yourself) with shadow-problems, caleulate and
give out the measure of the time elapsed then, on that day, and
also the measure of the human shadow (at that tinie in terms of
the human height). ’

381-391. Al the time when, in the course of a forenoon, the
human shadow is twice the human, height, what, in relation to a
(vertical excavation of) square (section) measuring 30 Aastas in cach
dimension, will be the height of the shadow on the western
wall caused by the eastern wall (thereof) ? O mathematician,
give out, if you know, how you may arrive at the value of the
shadow that has ascended up (a perpendicular wall).

35~-37%. This example beurs on the rules given in stanzas 8} and 23 above.
883-391. This example has to be worked out accordmng to the rule given in
stanza 21 above,
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The rule for arriving at the shadow of astyle due to (the
light of) a lamp -—

40% The height of th'o lamp as diminished by the height
of the style is divided by the height of the style. If, hy
means of the quotient so obtained the {(horizontal) distance between
the lamp and the style is divided, the measure of the shadow of
bhe style is arrived at’

An example m ollustration thereof.

411-42 The (horfzontal) distance between a style and a lamp
is in fact 96 angules  The height of the fianie of the lamp (above
the floor) is 60 (angulas). O you who have gone to the other
shore of the ocean of calculation, tell me quickly the measure of
the shadow duc to the flame of the lamp, in relativn to a style
which is 12 wngules (in height). )

The rule for aniving at the (hoiizontal) distance between the
lamp and the style :—

43. The height of the lamp (above the floor) is diminished by
the height of the style. The (resulting, quantity is divided by the
height of the style. The measure of the shadow of the style, on
being multiplied by the quotient so obtained, gives rise to the
(horizontal) measure of the intervening distance between the style
and the lamp.

An example m dllust ation thereof.
44. The shadow of the styleis 8 angulas (i length). The
height -of the flame of the lamyp (above the floor) is 60 (angulas).

40%. Algebracally stated the rule

18—
s=¢— b-a , where sisthe length, \
@
U

of the shadow of the style whose
height 1s represented by a, b 1s the
height of the lamp above the ground,
and ¢ the horizontal distance between
the lamp and the style. The formula
may be seen to be correct by means ¢ $
of the diagram here given .

48. Using the same symbols, ¢ =g x 29
a

44, The given measure of the height of the style is 12 angulas, vide stanzas
46-47 below.
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O you who have gone tJ the other shore of the ocean of caleulation,
say what (the measure of) the intervemng horizontal distaunce 1s
between the style and the lamp.

The rule for arriving at the numerical measure of the height
of the lamp (above the floor) .—

45. The measure of the (horizontal) distance between the lamp
and the style is divided by the shadow of’ the style  (Then) one
is added (to the resulting quotient) The quantity so obtained, on
being multiplied by the measure of the height of the style, gives
rise to the measure of she height of the Jamp (above the floor).

An cxzample in dllustration theregf.

16-17. The (length of the) shadow of the style is exactly
twice (@ts-hsight). The measure of the intervening (horizontal)
distance between the style and the lamp is 200 angulas. What
is the measurc of the height of the lamp (above the floor) in
this case P Here and also in the foregoing example, the measure
of the height of the style has to be understood as consisting of 12
angulas, and then the way in which the meaning of the rule works
out is to be learnt well.

The rule for arriving at the numerical measure of the height of
a trec, when the measure (of the length) of the shadow of a man in
terms of (his) foot and the measure of the length of the shadow of
the tree in torms of the measure of that same foot are known; as
also for arriving at the numerical measure (of the length) of the
shadow of the tree in terms of that same foot-measure, .when the
numerical mcasure of thoe height of the tree and the numerical
measure (of the length) of the shadow of a man in terms of (his)
foot are known :—

48. The measure (of the length) of the shadow of the tree
chosen by a person is divided by (the foot-measure of the length

45. Similarly, b= (< +1) a.
5. Similarly, b (s + )a

48, This deals with a converse case of the rule giwven in the latter half of
stanza 12§ above. The relation between the height of a man and his foot-measure
is ntilized in the statement of the rule as given here.
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of) his own shadow, and then it is multiplitd by seven : this gives
rise to the height of the tree. This (height of the tree) divided
by seven and multiplied by the foot-measure of Lis shadow surely
gives rise to the measure (of the length) of the shadow of the tree
exactly.

4n emgnpz’e m llustration thereof.

49 The foot-measur: (of thelength) of one’s own shadow is &,
The (length of the) shadow of a tree is 100 in ferms of the (same)
foot-measure. Say what the height of that tree is in terms of the
measure of one’s own foot.

An example for arriwmg at the numerical measure of the sFadow
of a tree.

50, The measure (of the length) of one’s own shadow (at the
time) is 4 times the measure of (one’s own) foot. The height of
a tree is 175 (in terms of such a foot—measure). What is the
measure of the shadow of the trec then P

51-52}. After going over (a distance of) 8 yijanas (to the
east) of a city, there is a hill of 10 ydjunas in height. In the city
also there is a hill of 10 ydjanas 1n height. After going over (a
distance of) 80 g gjanas (from the) eastern hill to the west, thero i%
another hill. Lights on the top of this (last mentioned hill)
are seen at nights by the inhabitants of the city. The shadow of
the hill lying at the centre of the city touches the base of the
eastern hill. ive out quickly, O mathematician, what the height
of this (western) hills.

Thus ends the eighth subject of treatment, known
as Calculations relating to-shadows, in Sarasangraha,
which is a work on arithmetic by Mahaviracarya.

80 ENDS THIS SARASANGRAHA.

51-523. This example is intended to illustrate the rule given in stanza 45
above.
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APPENDIX L

SANSKRIT WORDS DENO(ING NUMBERS WITH THEIR
ORDINARY AND NUMERICAL SIGNIFICATIONS.

HAS

A

A=y

SEEED

~

T -

The eye

Fire

Number

An auvihary divi
S )
sion or depart-

ment of serence

A mountwn

A mountain

The shy
Fure

An oarmy

The sky

The ocean

The eye
The sky ..
The ocean

The ocean

2

~¥

~

“~ <

B = W

Men have tyo cyes.

The number of sacrificaal fires 1s three,
iz, META, TEAATT, ard TR0
There wie ouly nme numenecal fguies

exclading the zeto
There ame siv aunilary deparoments of
study

m aelatien to the Vodas, viz,
Frer, e, =T, (A%, F54,
st

Seven prmeipal monntaims called Kuld-
calas axe recognized i the geography
of the Puiinas, viz ,H§=K, Hd 9.
ARGEA, Y, [Food, QAT

Vide A, >

The sky isconsidercd to be voud.

Vide aﬂi"‘-{,

There are cight hinds of army mentioned
m Sanshiit, viz, 909, “H:ﬁf_{@ i{m
o, AR, JAAT, G, AATHAL

{de Sy

It 18 held that there we fowr oceans,

viz , castein, southern, western and
northern.

Vade 313y,
Vade A=A,
nide 3fed.,
Vide 37fH.
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ke
ATHT
EIETEY
EC

¥
L

GO

™

FT
HOMT
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A horse ... ... 7 The horses of the sun’s chariot are sup-
posed to be seven,
Cousisting of hoise. 7  Vide 377,

The sky ¢ Vide TR,

The sun . w. 12 The naniber of suns 1s1eckoned to be 12
corresponting to the 12 months of a
sea v I, B, w49, wE,
FEU, A W, [GFETT, EEF{,
qIag, <47 and AT, Iheyare called
the twelve Adityas

The moon 1 We have only $ne moon.

The god Indra 14 Fowtcen Indias ure usually rechoued a

the rate of one India for each of the
fourteen wmanventar as

(923

An  organ ot There me bve orgaus of Sengesviz, ne#s,
sense tongue, eve, shin and ear |
Anelephant ... 8 laght elephanes are saud §o puard the cight

cardinal pomnts of the world, They are
WA, IEE,  AwR, A,
AHA, To74=d, HTAATA, and AT,

An arrow ... B 'The airows ot Manmatha or the Indian
S Cupd are declared to be five, iz
faeg, Wiw, Td, AIHTERI,
and RIS
The eye w2 Yade STIM.
The ocean . 4 TVade 3q(EA,
God Visnu 9 There arc saud to be nine Visnus corre-

sponding to the nine past imcarnaticns
- of Visnu
A season . G There are, according t> Sansknt liter-
-atule, six seasons in o year, viz.
Tq=d, odte@, AN, WE, BEA,
and fﬂ'ﬁ{[{.

The hand 2 Human beimngs have two hands

That which hag to 5  There are 5 vratas o1 austerities to be
be done : an act observed according to the Jaina veh-
of devotion or gion, V4., 3“%?"‘, ﬁﬁa: T,

austerity. W‘Eﬂ'{f , and 3{UTCAE.
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-~

FAT

FSTEL

FAITT

farfe
T .

a8

qg"

g HY
A&YIY

E 71 SN
SST

An elephant
Action the effect
of action as its

Larma

The moon oo

to
wordly objects,

Attachment

The faces of*Ku-

mdara or the

Hmdu war-god.
A name of Visuu,

vou

"i‘he maon
Al

Sky~

Sky
Ilephant

Passage passage

mnto re-birth.

Mountain .

Quality

A planet .
Tho eye
The moon

The moon
Sky -
Ocean ..
Ocean
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Vide TH,

According to  Jammas there are eight
km::ls of  karme, viz. FIATICOIY,
AT, dred, q=AY,
FEATT, ANHF, TIIF and s

Tde 3G,

According to the Jana religion there are
four causes for such attachment, viz,

1T, HR, WAL, S

This War-z0d 1s supposed to have six

oy, g,

taces

Vade 3‘?3'.
Vade 375,
Vide HT=,

Vade 3T,

Fade TH-

Ac.oor(%mg to the Jarna religion souls may
have four kinds ot embodiment, viz.,
as 39, foeds, AIST, AT

Tide 37T

Primordial matter is saiul to have three
“qualitios’. viz, @79, {‘3{(;{\, qad,

Nine planets are recognised in RHindu

astronomy, wviz, Mars, ~Me:cury, Jupi-
,ter, Venus, Saturn, Ralhn, Kétu the
Sun and the Moon.

Vide 3T,
Vide ?FE .
Tide {75
Vide €A
Tide (9.
Vide (9.
37
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SIS
aw

g
R
gﬁz
gsq
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Name of a Jaina

saint.
Fue e oo
Elementaly prine

ciples.

Body ...

Ewvidence rou

Visnu ... oe

Tirthankara or
Jina.

An elephant

Worldly action

Name of a mani«

festationef Par-
vati or Durga.

Quarter or a
cardinal point of
the universe.

Do.

Sky e
The eye
The eye ..

Elementary sub-
stance.

24  According tL the Jainas there are 24

6

24

10

S o O O

tirthankaras or saints,

Vade 7T,

The Jamas recognize seven such princi-
ples, viz., 19, 3T, AqEd, -y,
AT, I, A

Siva 15 considered $o have his body made
up of eight things, viz., Eﬁﬁ?, HI,
AT, arg, wrww, @, W,
RERIC N

The six kinds of evidence ars g,
AFATT, ITAT, T57, M, and
EGECIECR

Vide TR,

ide THA.

Vide TH.

Vade ﬁﬁﬂ:

Nine separate manifestations of Durgd are

recognized,

There are eight cardinal points of the
universe,

Ten directions are recognized, namely the
eighi eardmal points of the universe, the
upward and the downward directions.

Vide 3T+,
vide ATH.
Vade 3T %.

Acccording 1o the Jainas there are six

varieties of elementary substance, viz.,

Stg, ud, oad, ww, @,
AT,
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An elephant

An elepha.‘nt

A Purapic msular
division ot the

terrestrial
world.

Constituent prin-

ciples of the
body.
Name of a Kind
of metre.
Mountain

b£ ame of a dynasty
of kings.

Sky~ see e

Method of com-

prehending
things from
particular
stand-points.
The eye, e
An elephant ...

Treasure

'The eye veo

Category of
things.

The serpent ...

Ocean .
Qcean ... .
Fire

8
8

~T

18

W

291

Vide .

Vade TH.

Therqare seven such divisions, viz 3’[51,
99, TEHSL FJ, AE, ;H,
qrs &7

These are said to be seven, viz,, chyle

blood, flesh, fat, bone, marrow, semen.

Hach line of a stanza n this metre
contains 18 syllables.

Vaide 39T,

Nme Nanda kmngs are said to have

reigned 1n Magadha

Vade 3.

According to Jainis there are two Nayas:

TANGFFT and GIIATIHIT

Vade ATH.

Vide TH-

Nine famous treasures are suid to belone
to Kubera, the god of wealth, viz,
Uh, WE9W, USE, WHU, S,
HET B, fi@, @a.

Vede 1.
9

The Jainas recognize nine cabegories of

things.
Sometimes eight and sometimes seven

principal serpents ure reckoned in
Hindu mythology.

Vade 3(TSH.
Vide 3754
Vide 37T,
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KA ... City
gﬁﬁff:{ .. Elephant

arsat Y . The moon

g9 Bondage

197 Ariow ...

B .. A constellation
g Fem

qT Elements vee
HIERT The sun

Y39 ... The world e
‘iﬂ' Element

2] Mountair

A3 . Passion

W%'fh'r - Mountain
Hri% A goddess

Sage e e

TTT%: The moon e
S <o A name of Siva or
¢ Rudra.

ara . Bage ..

THAHT ... The meon

3

[923

12

-~

~3

~T

GANITASARASANGRAHA.

Three cities rrepresenﬁng three Asuras
are sa1d 1n the Purdnas to have caused
great havoc te the gods, and Siva is
said to have destioyed them Cf.

Ma=as.
Fade gH.
“ide §°.
The Jainas recognize four kinds of spiritual

bondage, wiz, GHfd, ATy, HIATT
and H%QT.
Pade 9.

The Hiudu astronomers count 27 chief
stelllar constellations or lunar man-
sions around the echptior

Five elements are recognized, viz.,

9T, AT, I, A7, AT
Tide .

The number of worlds ordinarily counted

are three, viz., the upper, the lower and
the middle worlds.

Vade 4.
Mide TS,

Vide 3.

Generally seven of these goddesses are
enumerated.

Seven chief sages are usually mentioned ;

they are, 3T, 3, TETST,
[EEUEER ‘ﬁﬁq, mﬁ:{s qras.
Vide 37g.

It 18 held that there are eleven Rudras.

Vide .
Vide FS



Excellent thing

A precious gem .

Opening

Taste

Name of a deily

Form or shape ...
Attamment
-
attamnment of the
Al

nine powers.

Attainment

World ...

The eye

A class of Vedic

derties.

Fire
Elephant

Ocean

The moon

QOcean ...
QOcean ... .

Object of sense...

Sky

APPENDIX I. +93
3 There aie three excellent things for
Jaiuas, viz., Wﬂﬁ, IR,
SERERCHEC
9 Nme gems are usuvally iecokned, viz.,
3, 954, AR, T, G,
H{TF, Aoy G, 4TS,

9  Tueie are mmme chief openings in the

human body.

6  The six prmeipal tastes are HY{, ;J¥S,

TV, HLF, Ta<h, HIT.
11 Vede T::T'E.

1 Everything has its one only shape.

9 Tho nime powers to be attamned are
HATAZAT, HA-AFA, WIARATT, FA-
AFATG, A=A,  F=a=nT,
AT, HATATAHM 4 AT,

9 Vide J3V,

6

3 Vade AT,

2 Vade 3.

6

8 These deities are considered to be eight in

number.

3 Vide V.

8 Ve TH.

4 Tade 3TSH.

1 Tde 5.

+ Vide 3T

4 Vade HTSH.

5 The objects cognizable by the five organs

of sense are five, viz, T+, {q, &I,
ed, TR,

0 Vide 3+,
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(a3 .

IEC] .. A group of Vedic 13 This group of deities is said to consist
deities. of 13 members.

@R . Sky .. .. O Vade AL

aq‘ The Vedas -4 There are four Vedas, F%F, 134, 914,

EoCh

SAAT .. Fire e e 8 Vade AN,

9| An unwholesome 7  Seven such addictions are prohibited in
addiction. the case of kings.

TR Sky Lo 0 Vide AT o

el Act of devotion 5  Vede SHUUITH.
or austurity.

’JE{' . Name of Rudra . 11  Vade 11’?,’

AT Arrow 5 Ve TH.

FJJYT ... The moon 1 Vide R<3.

FTAIASFD  The moon 1 TVide {{a:'

il”.mg’ . The moon 1 Vide §7%.

ATTTL The moon 1 Ve §75.

EU<t .. Arrow .. 5 Ve ¥T.

ﬁﬂ'@{ . Fire e e ’ 3 Vide N,

ﬁra“rg@:ﬁ{ The leds of a 6 The legs of a bee are held to be s1x.
bee.

S .. Moonntain o e Tide AFS.

qq . . 1

waﬁﬁf QOcean ... we 4 Vade afsq,
HOT .. NoEBD  we w4 Vade TSI
qOF ... Amow .. w b Vide TT.
fﬂ=qt ... Elephant 8 Vide §¥.

-

8 . Thesun.. .. 12 Vide §.

it ... The moon w4 Vide §°G.

A .. Elephant w8 Vade TH.

T .. A note of the 7 Seven notes are recognized in the Hindu

~
musical seale. musical scale, viz., §, {, M, H, U,

g, 4.
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FATT ..

femg
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ey

coe

Horse ...

Name of Rudra ...

Al
Siva's eyes

Firs
Fire e
The moon
The moon

The moon

see

APPENDIX 1. 295

11

L -

Vide 377,
Vide ch.
Siva is said to have one extra eye in the

N
middle of the forehead making up three
in all

Vide ST,
Vede R,
Vide §7F.
Vide 95,

Vide ﬂ.
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SANSKRIT WORDS USED IN THE TRANSLATION

Abadnd

Adhaka ...
Adhvan ...

Adidhana ...

Adimisradhana

Agarw .
Amla-vétasa

Amaghavarsa

-

Amsa

Amamila
Améavarga ...
Anga-SEstra

Angula - o

Antar@gvalambaka ...

ANT THEIR EXPLANATION.

Segment of a straight hne forming the base of a
triangle or a quadrilateral.

A measure of gram. [Fide Table 3, Appendix‘IV.

Tho vertical space required for presentmng the long
and the short syllables of all the possible varieties
of metre with any given number of syflables, the
space requucd for the symbol of a short or a long
syllable bemng one angule and &h& in%ing
space betwecen each variety beingealso an angula,
See note to VI—333} to 3303®

Bach term of a series 1n arithmetical progression 1s
concerved to consist of the sum of the first term
and a multiple of the common difference. The
sum of all the first terms s called the szdhana.
See note to II—63 and 64.

Thé sum of a series m arithmetical progression
combined with the first term thereof. See wppte
to II—80 to 82.

A kind of fragrant wood ; Amyris agallocha.

A kind of sorrel ; Rumea vesicarwus.

Name of a king, ¢t ;: one who showers down truly
useful raia.

A measure of weight in relation to metals. See
Table 6, Appendix IV.

Square root of a fractional part. See note to IV—3.

Square of a fractional part See note to IV—3.

An auxiliary science.

A measure of length ; finger measure. See I—26 to
29 also Table 1, Appendix 1V,

Inner perpendicular; the measure of & string
suspended from the point of intersection of two
strings stretched from the top of two pillars to a
point in the line passing through the bottom of
both the pillars.



Antyadhana
Anw

Aristaném
Arbuda
Arjuna
Asita

ASika

Aundra—.dundraphala

Avals
Ayana
Bue

Bhiga

Bhégabhdga

Bhdgdbhyd se

Bhdgahdra. .

Bhdgamdir

Bhagd nwbandha
Bhigdpave ha
Bhayasa v ya

Bhd jya

Bhira

Bhannadriya
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“the  last term of a series 1 anthmetical or
geonetiical progression,

\tom or partiele  See stanzag 25 to 27, Chapter I
and 'Lable 1, Appenain iV,

Name of a Juna sam , one of the 24 T7thankaras,

Name of the eleventh place m notation.

Name of o tree, Te nnnelw Jlrjune, W, & A,

Name ot a tree , Gnvlc_g To mentosa,

Nanwe of o tree , Junesie, ok Roxb.

A land of appronimate measuare of the cubical con-
tents of um exeivation or of a sohd.  See mote to
V1iil-2  Tias kiad of approximate measure 1s
ealled Aunttra by orahmagupta.

A measwe of time,  Fide Table 2, Appendix IV,

Do. do.

Laterally seed here itos vsed to donote a set of two
positive mtegers with the aid of the product and
the squares whereof, as fornung the measnre of
the sules, & right angled tiangle may be cons-
tructed Tude note to VI [--201.

A measuse of haney metals, Fide Table 6, 4 ppendix,
v,

A simple fraction,

A vanety of miscellancous problems on fractions,
See note to IV 3.

A complex fracticn

A vartety of miscellaneons problems on fiaclions.
See note to IV—3.

Ihvision.

Fractions consisting of two or more of the varieties
of Bhega, I'rabhiga, Bhigadhdya, Bhiginubandha,
and Bli7ydpaodhia fractions. See note to [L1—138.

Fractions in association.  Vede note *o i1I-— 113

Dissociated frastions,  See note to TII—1286.

A variety of mscellancous problemis on fractions.
See note to IV—3,

The maddle one of the three places forming the cube
root group ; that which has to be divided, See
note t> JI—5& and 54,

A measure of baser wetals Fide Table 6, Appendix
Iv,

A variety of miscellaneous problems on fractions.
See note to IV—3,

38
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Bhinnakufiikdre ...
Cakrkdbhafijana .
Campaka

Chandas

Cati

Catra-kuttikdra

Catra=hutitk@ramisia

Danda e .
Dasa

Dasa-kitr ...
Dasa-laksa oo
Dasasahasra .
Dharanu .

Dinfre v

Draksina
Drina

Dunduka
Dviragrasésamila
Eka e e
Gandaka

Ghana

Ghanamitla

Ghatl

Gunakdra ... "
Gunadhana

GANITASARASANGRAHA.
Proportionate distailjition involving  fractional
quantities.  See footnote 1 page 125,
The destroyer of the cycI’e of reourrmg 1ebirths,
:1lso’ihe nawe of a king of the Rastrakuta dynasty.
Nume of a tree bearing a yellow fragrant Hower
Machelie Chumpaka.
A syllabic metie.
‘ Summation of seres
Curious and interesting problems involving propoi -
tionate division,

., Mixed problems of a curious and interesting natme

volving the a,pphc::tmn of the operation of
proportionate division,
A measure of distance.
v
Tenth place.

Vede Table 1 of Appendix

Ten crore

‘Ton lakhs or one nulhion

Ten thousand,

A weight measure of gold or silver; Fade’ Tables 4
and 5 of Appendix [V

A weight measuie of baser metals. Vide Table 6 of
Appendix V. Also used as the nawe of a coin.

w. A weight measure of baser metals Vide table 6 of

Appendix 1V

A measure of capacity n relation to grain  Vigde
Table 3 of Appendix IV

Name of a trec.

A variety of miscellaneous problems un fractions.

Umt place.

A weight measure of gold. Vide Table -, Appendix
Iv.

Cubing, the first figure on the 11ght, among the
three digits forming a gioup of figures to
which £ numerical quantity whose cube 1004 is
to be found out has to be divided. See note tin
11--53, 54,

<o Cube root.

A measure of time. Vade table 2 of Appendix IV.

Multiplication.

The product of the common ratio taken as many
times as the wumberof terms i a geometri-
cally progressive series multiphicd by the first
term.v Ses note to 11--93.



Guilsd
Hastu .
Bantidla
Icchd

Indranila
Jamhi

Janya

Jenads

Jinapat

™
Jima-sanhy

wen

Jwna-Vardhamdna ..

e

Kadamba ...~

Kald

Kalasavarna

Karmas

Karmdntrka

Ko sa

K18 paia
Ketaki

Khdr? "
Kharva e
Krshu .
Kati

Katakd s

Kiisa
Krsndgarw

Krin
Ksépapada
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.1 weight measure of gold or smlver.
and 5 of Appendix 1V,

A measure of length. "2de Table 1 of Appendix 1V

Name of aties , Phaeniz or Elate Paludosa.

That quantity 1 o problem on Rule-of-Three iu.
relation to which something 1s required to he
tound out acemding to the given 1ate.

Vide Tables 4

Happlne.

Name of a tvee  Bugenw Jambalona.,

Tulateral and quadnlateral figures that may be
derived out ot certary given data called bijas.

The gieat teachers of the Jana rehgion, the Jama
Ththoiharas,

The Chiet of the Jinas, Vardhamana

Name of a Juma saint , a Trthankara.

Vardhanana, the gieat ppopagator of the Jamna
rehgion and the last of the T8 thaik aras,

Nwae of n tree , Nuueled Cadamba,

A warghtomeasure ot baser metals
\I!}lf‘ll!ll\ v

Tade Table b,

Fraction,  See lootnote en page 38.

Consequence of acts done 1 previons births, Ac-
cording te Jainas the Karmas are of eight
kinds. See under N 1m Appendix I,

A kind of appr oxmate measure of the ocubical
contents of an excav vhog or of a solid, See note
to Chapter VITI--0

A weight measure of gold o silver,
Land 5, Appendix 1V,

A Karsa.

Nane of o tree , Pundanws Ndor atessima,

Vawde Tablos

A measare of capserty in relation to grain,

The 13th place in notaton., '

A measuroe of length inrelation to the sawing of wood,

Jrove, the 8th place m notation.

A numerical measare of clothy, jewels and canes.
Vide Table 7, Appendix 1V,

A b casure of length, Vide Table 1 of Appendix IV,

A kind of fragrant wood ; a black variety of dgallo-
chum

S((marng.

Half of the difference between twice tho first term
and the common differcnce in aseries in arithmeti-
cal pLogression
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Ksityd

Ksibha

Kesini .
Kudaha or Kufaba

Kumbha
Kunkuma

Kuravaka

Kutaia
Kuttikdra

Libha

Laksa

Lanhd Ve ves

Lava e e
Madhuka ...
Mad hyadhana

Mahdkharva

Mahdkswtyd
Mah&ksobha e
Mahdksont v

Mahdpadma e

Mahdsankha
Maohévire ..
Mani
Mardala ...
Mdrga
Mdsa

Mérv or

MiSradhana
Mrdanga ...

Muhirte, .. I
Mukha ee
Miila e e

Milamisra ...

GANITASARASANGRAHA.

The 21st place n notati o

T'he 23rd place m notation.

The 17+h place 1n notation.,

A meagure of capucity i relation to grain,
Table 3 of 4 ppendix TV

Fade

Do. do

The pollen and filaments of the flowers of saffron,
« Croeus sutrvus,
Name of a tice, the dmoranth or the Basleria.
Nauwe of a tree, Wiwghtia Antedysenterica,
Froportionate division.  See VI -794,
Quot nt o share,
Lakh, the oth place m notation
The place where the mendian passing through

Uy meets the equato h
A measure of tume,  Tade Table 2 of Appendax IV,
Nawme ot a tree, Lussia Lotrjolia. :
The nuddle term of a seires m arithmetical progres-
See note to IL--63,
The 14th place 1n notation

ston

The 22nd place i notation

The 24th place in notation

The 18th plaee 1 noration.

The 16th place m notation

The #th place in notation,

A name of Vaxdhamana.

A measmie of capacity m 1ielation to gram. Vide
Table 3 of Appendix 1V,

A kind of drum, for a longitudinal section, see note
to VII —32

Section, the line along which a piece of wood 1w
cut by a saw.

A weight measuce of silvor,

See Tubles 5, Appendix

Neawme of a, fabulous mountam forming the centre
of Jambdavipa, all plancts revolving round it.

Mixed sum  See note Lo 1II—80 to &2.

A kind of drum , fora longitudinal section, see note
to VIII—32.

A measure of tume. Fade Table 2, Appendix 1V,

The topside of a quadrilateral.

Square root ; a variety of miscellaneous problems on
fractions. Vade note to IV—3.

Involving square 1oot, a variety of miscellaneous
problems on fractions. Vide note to 1V—3



Muraja
Nandydvaria

Narapdla
Nilitpala
Niruddha
Naska
Nyarbuda
Pdda
Padma
Padmardya
Paisdciha

Paksw
Paal

Parna
Ponara
Paramdiu
Partkary man
Pdrsva
Pdtall

Pattrkd e

Phala

Plakea
Prabhdga
Prakirnaka ..
Paaksfpala

Praksépaka-karayi
Pramdana

Praparanikd . .
Prastha " ver

Pratyutpanna o
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& hind of druni, sawme as Midanga

Nanwe of & palace bmlt in a particular form.
note to V1—3323.

See

King, probubly vame ot a kg
Blue water-lly
Least common multiple,
A golden com
The 12th place in notat™n.
A measure of length.,  Fade Table 1, Appendin IV,
The 15th place in notauon
A kind of gem 01 precicus stone
aRelating to the devil ; hence very diffioult or com-
plex
A measure of time  Fide Table 2 of Appendix IV,
A weight measure of gold, silver and other metals.
Vade Tables 4, 5, 6 of Appendix IV,
A weght measure of gold, vide table 4ol Appendix
1V, also a golden coin.
A lnd of dram, for longitudinal section see note
to VII—32
Smallest partidde  Vade Table 1, Appendix 1V
Arithmetical operation
A Jama samtb , one of the Tirthankaras.
A tiee witk swect-scented blossoms,
Suuveolens. N

Bugnonwa

A measure of saw-work. Vide Table 10, Appendix
IV, also note to VLI~ 63 to 674.

A erven quanuity corresponding to what has to be
found out 1n a problem on the Rule-of-Three
Se¢ note to V—2

Nuwe of a trec, the waved-loaf fig-tree, Ficus In-
Jee torur vy Relryrosu,

Fraction of & traction,

Miscellancous problems.

Proportionate distribution.

An operation of proportimnate distribution.

A maasure of length., ¥ude Table 1 of Appendix IV.
The given (uantity carresponding to Icchd, 1n a
problem on Rule-of-Three. See note to V—2. .

Iaterally, that which completes or fills ; here, baser
metals mixed with gold ; dross.

A measure of capacity 1n relation to grain.
Tables 3 and 8, Appendix IV,

Multiplication.

Vide



0%

Pravartikd
Punndya

Purdia

Pusyardgu
Ratharenu
Romalkd pur?
Riu

Sahasra
Saka
Sakelakutiitkdra

Sdla

Sallakt
Samayu
Sankalita
Sankhu
Sankramara

Sankrant

:§ﬂ’nt‘b
Sai ala

vae

Sdrasa
Sarasaigraha

Sariu

.

Sarvadhona,

Suta
Satakits
Satéra

Szsa.

Sésamila

e

Siddhapuri

GANTTASARASANGRAHA.

A measure of capacity ;xn relation to grain.

Name of a tree , Rottleria Tanctona.

A weight measure of silver.~ Jide 'fable 5, Appendix
1V, probably also a coin.

A kind of gem o2 precious stone.

72de Table 1, Appendix IV,

A place 90 to the west of Lanka,

Season, here used as & measure
Table 2, Appendix IV

Thousand.

The teak tree

A particle.

of time. TVide

Piopertionate dishiibuteon, m which fractions are
not involved

The sal tree , Shorea Bobusta or Valeria Robusta.

Name of a tree, Boswellia Thurfera.

A wmeasure of time Fade Table 2, Appendix IV,

Summation of series

The 19th place 1n notation.

An oparationipyolving the balves ¢f the snm and the
difference of any two guantities.
Vi-2.

The passage of the son from one zodwacal sign to
anothe:,

See note to

See Jina-Sinte,

Name of a tree, Pwnaus Longyfolea.

A Kind of bird.

Laterally, a brief exposition of the cssentials or
pimeiples of a sabjeot, here, the name of this

Name of a Jauna saint

woirk on arithmetic, ,

Name of a trec , same as the sal trec.

The sum of & seriesin arithmetical progression.
note to 1I—63 and 64.

A huundred.

A hundred crores

See

A weight faeasure of baser metals.
Appendix IV.

The terms that remain in a series after a portion of
1t from the beginning 18 taken away.
on page 34

A variety of miscellaneous problems on fractions.
See note to IV—3.

A variety of miscellaneous problems on fractions.
See note to IV—3.

The antipodes of Lankd.

Vade Table 6,

See note



Svddhas

Sodasikd ..

Sodhya

Sravaka

griparni e
Stoka e

Sitksmaphala

Suvarna-kuttihdra...

Suvrate

Svarna

Syddvdda .. .
Tamile- .

Tlaka L s0e ™
Tirtha . . Tee e
Tirthankaras v ‘e
Prasarénu . v e
Triprasna e
Tuld

Ulhayaresédha ... e
Ucchvdsa .
Utpala .
Uttaradhana o

Uttaramisradhuna

Viha

Vajra "
Vajrapavariana
Vakula
Vallikd

Yolbkdbwttikdre ...
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Those who have attaned to the highest position n
regard to spiritnal knowledge.

A measare of capacity i relation to graln. Vade
Table 3 of A}»Eondlx v

One of the three figures of a cubie root group See-
note to II—53 and 54,

A lay follower of Jamism.

Name of a tice , Premmn Spenosa

A measwe of tume.  Vade Table 2, Appendix IV.

Acourate wmeasure of the alea or of the cubcal
contents.

»Proportionate distuibution as apphed to problems
relating to gold.

Name ot a Jaina saint, one of the Tlrthankaras.

A gold com,

The argument of * may be.”  See footnote on page 2.

Name of a tice , Xanthochymus Pact,1vus

Name of a tree with beaatiful Howers

Ford  See mote to VI-—1,

The 24 tamous Jama samnts and teachers. See note
to Vi—1

A particle. Tade Table 1, Appendix 1V,

Name of a chapter in S8anskut astrocomiocal works.
See footnote on page 2

A woeighs measurc of baser metals.

A di-deficient quadulateral. | See note to VII—37.

A mcasure of tume. Vade Table 2, Appendix TV,

The water-lily flower

The sum of all the mul'iples of the common differ-
ence found in a series 1n arnthmetical progression.
See note to Il -63 and G -

A nuxed sum  obtamed by adding together the
common difference  of a senies In anthmetical
progression and the swa thereot.  See note to IL
—80 to 82.

A weasure of capacity in relanon to grain.

A weapon of India, for longitudinal section see note
to Chapter VI1—32,

Cross reduction in multiplication of fractions. See
noto to IT1I—2.

Name of a tree ; Mrmusops Elengs.

Proportionate distribution based on a creeper hike

3 chain of figures. Ses note to VI—1154.
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Vardhamdna
Vargamila
Varna
Vicitra-kuttikdra
Vidyddhara-nagera
Viamakuttikdra

Thsamasank amana

Vitast

Vrsabha ...
Vyavahdrd ngula
Vyuthalita

Yava o

Yavakats
Yiga

Yijana

... Name of the chief of t@m Jinas , vide .lina-

vos

GANITASARASANGRAMA,

‘ardha-
maEna.

Square root.

Laterally volou ; here denoves the broportion of pure
goldm any given prece of gold, pure guld being
taken to be of 16 garnas,

Curious and interesting problems wmvolving propor-
tionate division,

P
. A rectangular town 1s what seems to be intended

here
Proportionate dstribution involving  fractional
quantities  Fide footnote on p. 123,

An operation involving the halves of the sum and
the difference of the two (uantities represented
bv the divisor and the quotient of any gwo given

See note to VI—g,

A measure of length

quantities.

Vide Table 1 of Appendix 1V.

Name of o Jama samnt , one of the % !hanka’ra,s.

A measure of Iength, Tde Table 1 oiTAppendix 1v,

Subtraction of part of a serres fi o‘m the whole serieg
n arithmetical progression.  Ses note on page 34,

A kind of grain, a measuare of length, Vide Table 1,
Appendix [V,

Longitudinal section of a gram, for disgram see
note to VII—3z.

A place 90° to the East of Lankd.

Penance, practice of meditation and mental edn-
ecenbration,

A measure of length  Vide Table 1, Appendix VI
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ANSWERS TO PROBLEMS.

CHAPTER II,

(2) 1152 lotuses,
(3) 2592 gems.
(4) 15151 gems,
(5) 5?:‘946 lotuses.
(6) 9255327948 lotuses.
(7) 12345654321,
(8) 43046721,
(9) 1419147,
(10) 1n1111111°
(11) 11000011000011.
(12) 100010001
(13) 1000000001
(14) 111111111, 222222223, 333333333 ; 444444444 ; 555555555 ; 866666666
77771777, 888888888 ; 999999999,
(15) 11111111,
{16) 16777216,
(17) 1002002001.
(20) 128 Dindras.
(21) 73 pieces of gold.
(22) 131 Dmdras.
(23) 179 pieces of gold.
(24) 803 fruits.
(23) 173 fruits.
(26) 4029 gems.
(27) 2799 1681 gold preces.
(28) 2191 gems.
(32) 1, 4; 9, 16; 25, 36, 40, 84; 81; 225; 256, 625; 1206; 5625.
(83) 114244 ; 21724921, 65536.
(34) 4294967296; 152399025 ; 11108889.
(85) 40793769, 50908225 ; 1044484,
(87) 1; 2;8;4;5; 6;7;8; 9; 16; 24
(38) 81; 256.
(39) 65536 ;789.
(40) 7979; 1831,

H

39
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(41) 36; 25;

(42) 833, 111, 919

(48) 1; 8; 27, 84, 125; 216, 343; 512,720, 3375, 15625, 46656 ; 456533 ;
884736

(49) 1030301 , 5088443, 137388096, 368601813, 2427715584,

(50) 9663597 ; 77308776, 260917119, 618470208, 1207949625,

(51) 4741632, 37933056 128024064, 303464448, 592704000 , 1024192512
1626879776, 2427715584,

(52) 859011369945948864

(65) 1; 2,8, 4,5, 6,7,8,9;17; 123,

(56) 24; 833, 852.

(57) 6464, 4242,

(58) 426; 639.

(59) 1344, 1176,

(60) 950804

(85) 55, 110, 165, 220, 275; 330, 385, 440; 495, 550.

(66) 40.

(67) 564 ; 754; 980, 1245, 1552, 1904 ; 2304

(68) 4000000. i

(71) 5; 8, 15

(72) 9; 10

(77 2, 2.

(79) 2; 520; 10; whenthe chosen numbers are 2 and 10.

(83)2,38,5: 2; 3;5.

(85) 120, 24, when the sum of the required series is twice the known su®
30; 60, when the sum of the required series is half of the known sum.

H

(87) 46, 4, when the sums are equal 36; 24; when one of the sums is
twice the other* 44, 26, when one of the sums is thrice the other.

(38) 100; 216 ; when the sums are equal  232; 192 ; when one of the sums
is twice the-other 34 ; 228 ; when one of the sums 18 half of the other.

(90) 21; 17; 18,9, 5,1 25;17,9; 1.

(92) 6; 5;-4, 3; 2, 1.

(96) 4374 coins.

(99) 1275 dindras.

(100) 68887; 22888183593.

(102) 4 2.

(104) 4.

(105) 8; 9; 15.

(111) 224; 201 ; 175; 244; 261.

(112) 4836 ; 4656 ; 4200 ; 75250.

(113) 182038 ; 5846,

(114) 180; 112; 60; 40,

(115) 4002 ; 2044 ; 1020 ; 508 ; 252 ; 124 ; 60.
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CHAPTER IIL

1
(3) & pana.

(4) 1_“'(7 panas.

(6) 2 ﬁpaua,s.

(6) 2% palas

(o B 18 120 224 120
15’ 21° 1437 255 ° 133"

9 -§- ponas,

(10) 17& panas.
(11) 14 T palas,

20 48 80
12 - = 22
a2, o5 ®° 8L
19 49 81 256 400 10000 40000
4,’4’4’9’9’9?9‘
asy & 25 49 8L 121 109 225 289 361 441 52
3°°9 16’ 5’ 36 40 64 8L To0d 181 Tas
625 | »
169" :
agl, L. 1 1 1

23 33 T4 5 g
(17) See examples 14 and 15 in this chapter; %ﬁ

1 1 1 1 1 1 1

P27 40 1287 2160 3487 RI1ZP 720

.oy 2L, B8 1831 35 G850 12167 10663 20701 4285
s’ 64’ 216’ 51z 1000° 1798° 9744’ 4006 ° 6882 °

59319

(18)_

8000 *
5 9

@0 35 3

EARE U T WS TR AN I
P33 % 50 60 780 0% 20 %0 e 8% T0° 120 T4A°

31 36 39 13
s’ IB_ y ’26“; ER
11
(23) 64 > 60

(20 32 69 20 EE 927 3377 1391 8535

160° 49’ 88’ 9366° 8704’ 8610’ 22264
(26) In each of the series the first term 18 1, and the common difference is 2,

4 9 16 25 86 49 64 81

The squares of the sums are < 16 T 3 W 6 B 100
100 121 8 27 64 125 2i6 348

loo 121 : £ th 8 21 64 135 216 348
o 1ag oo cubesof the sums aeo, o o e, wE0 1Y

612 729 1000 1831
729° 1000 183L° 1738°
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8 27 84 125 , 216
(28) The cubic sums are —- 7 65 1% 5—1—6,’ 35 the first terms are

" 150 B B —1-4?; the common differences are —%‘, 8 2 5

6 ERRC T
—?_; the numbers of terms are-i:— ,r _g-, %, %, 173

(30) - .;%

@2 3 g

(3) 25 =,

1 3
BN 33 3
@ )3222, 4128 are the interchangeable first tetm and common difference

1551488

when the sums are equal, and S5 1r the equal sum  When he sums are

in the ratio of 1 to 2, 7‘552 and 2558

= 7 are the fiist term and the commen differe

ence; and the dounble sum 18 3132270, When the sums are 1n the proportion of

1 to %, the first term and the common difference are 12? nd 4_3.?; and the
. 7551488
hal
alved sum is 358
341 1
2) —; ——
(42) 2048° 72048

135 135 63

4 285, 63

4 T 5
1

(48) 5

127
(49) 5760
11
(50) <55
1) 4367 683 93657
11000 1440 ’ 28520

(52) T; 21; _Ei;__l‘_v...

2
(58) The first terms are 18716; Zg Zgg’ the sums ave z';éiG
22880 13376 : the numbers of terms are 5; 4 ; 4.
“8561° o561
(57 & 58) 1.
(5Y) 1.

(60) 1;1;1.
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(61&62) 1;1;1,1. -
(63) 0.
2
64) 2
(64 <

101
65 & 66) =, —.
( )5' 8

(67t0 71) 4,

(74) 2;3; 4.

(76) (a)2,8;9, 27, 5% (b)) 2, 3,9,27,81,162. (c)2,8;9;27;81,
243 , 486.

(78) (1) 85 1365 340; 260. (2) 44; 220, 460, 299. (3) 78; 286 ; 550,
325. ?

(81) (1) 5521; 420, wien the optionally chosen quantity is 1 throughont ;

2) 3 ; 12 ; 232 ; 58592 , when the optionally chosea quantities e 2,1,1
(83),2, 5 _é.; when the chosen quantites are 6, 8, 9.

<

(84) 8,12, 16, when the chosen quantites arc 6, 4, 3.
(88) (1) 18;9, when the chosen number is 3.

(2) 80; 15 ; when again the chosen numbe: is 3.
(84) (1) 6, 12; the chosen number bemng 2.

(2 8;15 do 5.
(3) 46; 92 do 2
(4) 22;110 do 5.

(90) (1) 4;28; (2) 25;175.
(91) 16, 240.
(92) 151, 3020.
(94) (1) 22,44,388,66,58,116, wnen the sum 18 spht up into _}, 1
- 2
and % and the chosen number 1s2.
(2) 11; 22, 59, 236, 101 ; 38 ; 20, when the sum is split up into L 1 . 1
2’ 4’20
(96) 62,
(97) 21.
1
98) —.
98 <
(100 t0102) 1.
(108 & 104) 1.
(105 & 108) 1.
3
108) =,
(108) =

(110) %’ 2_(3)_; %; if %; .1% and_.i are the optionally chosen quantities,

5
() 73
2
2) <
ws) 2
(114) o.
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(115) 14 maskas.

(118) 0.

(117) 2 dyopas and 3 magas.
3

(118) 1.
4

(119) 2 7 mskas.

(120) 1.
3

az) 14

1.1 1f 101 %_ are the optionally spht up parts,

1 L1
(123)"3’ 0 3 R

1
(124) -
(127) 24 karsas.
5
(128) -
29) 1.

(130) 1.

@sy) 1.
1 1
(183) =

1 2 . when e

_— L and L oare the optionally split up
v T4 T3 12 - 3 ,

parts.
@z 2.

1 1 1 1 1 1 . .
ek1p) T when 5 8wy gy g are the optionally chosen fractions
inmni “ 1 1 1 1 1
1n places other than the beginning ; % when e T are
gimilar fractions.

1
(139 & 140) 8 75~

CHAPTER IV,
(5) 24 hastas.
(6) 60 bees.,
(7) 108 lobuses.
(8 to 11) 288 sages.
(12 t0 16) 2520 parrots.
(17 to 22) 3456 pearls.
(28 to 27) 7560 bees.
(28) 8192 cows.
(29 and 30) 18 mangoes.
(81) 42 elephants,
(32) 108 purdras.
(84) 36 camels.
(85) 144 peacocks.
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(86) 576 birds.

(87) 84 monkeys.

(38) 36 cuckoos.

(39) 100 swans.

(41) 24 elephants.

(42 to 45) 100 ascetics.
(46) 144 elephants,

(48) 16 bees,

(49) 196 hions.

(50) 324 deer.

(58) 48 angulas.

© (54 & 55) 150 elephants.
(56) 200 boars.

(58) 98 or 32 vdhas.
(59)"144 or 112 peacocks.
(60) 240 or 120 hastas.
(62) 64°or-18 baffaloes.
(63) 100 r 40 elephants.
(64) 120 or 45 peacocka.
(66) 16 pigeons

(67) 100 pigeons.

(68) 256 swans.

(70) 72,

(71) 324 elephants,

(72) 1728 ascetics.

CHAPTER V.
4
(8) 638 3 ydjanas.
19
@ 5 95 Yojanas.
(5) 105600000,

7
(8) 10~ days.
(7) 8110 # years.
262041
(8) 9-i3t0s vGhas.

(©) 32 palas.

24
(10) 573 panas.

(11) 196+ bhdras.

20
(12) 665 =53, dindras.

311
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4
(13) 238035 palas.
(14) 163 pairs.
86 81
(15 & 16) 12 135 wojanas ; 27 To5— Vdhas.

(17) 112 dronas of kidney bean; 504 kudabas of ghee; 836 dripas of rice
448 pairs of cloth ; 336 cows ; 168 svarnas,

169
(18) 160, 112 7535 dharavas.
(19) 720 pieces.
(20) 525 pieces.
(21) 24 Trthankaras,
(22) 216 blocks.
(24 & 25) 5 years and 117 days.

1
(26) 2185 gdays.
3
(27) 10 years and 245 5 days.

9
(28 to 30) 3513 days.

4
(81) 763 days.
(83) 10 purdnas; 18 purdnas ; 28 purdnas,

19
(84) 29 T35 goldcomns.

(35) 36 gems.

(88) 4000 panas.

(87) 250 karsas.

(38) 960 pomegranates,
(89) 560000 gold coina.
(40) 750 gold coins.
(41) 54,

(42) 262 gold coins.
(43) 945 +7has.

CHAPTER VL
(3) 7;5:4;5.
(8) 9;18; and 25—%- purdnas,
© 7 % kErsdpanas.

(7) 81 purdnas and 14 panas,
(8) 200,

(9) 33% kdrs@épanas,

(11) 1834 purdpas.
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(12) 14

(18) v, 60, 70

{15) 10 months

(16) 8 months

(17) 10 months.

(19 & 20) 35 palas
(22) 30, 18

(24) 30.

(26) 5 months

(37) & months, 75
{88) 4% mouths, 31}.
+(80) 314

(81) 60, 6 months.
(32) 24 monthy , 30,
(34) 1‘0 , 25 months
(36) 48, J0 months , 24.
(38) 10,6.,.3;15.
(40) 40;30; 2, 50
(41) 5,10,15, 20, 30,

(48) 5 months , 4 mouths , 3 months , 6 reonths.

(45) 8.
(46) 6; 1%
(48) 20; 28, 36,
(49 & 50) 25,

~(32) 18.
(53) 30,
(55) 900,
(58) 8uu.
(58) 28 montha.
(59) 18 months
(61) 2400, 800, 1200 , 96.
(62) 1000, 420 ; 480, Y0,
(84) 60.
(85) 50.
(67) 2400, 2720, 3400
(68) 1050 ; 1400, 1800
(69) 5100, 4590 , 4050,
(70) 1300 ; 119¢, 1150,
(72 and 73}) %(;04 8 % months.
(78% to 76) 140,11, 5 months.

(78%) 27-2.montha s g

(803) 48;382; 24, 16.

36

313
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(814) 8,4, 27, 51, 243
(824 to 85%) 120, 80, 40 . 160, 6U . 20,
(S63) 48, 72,46, 120, 144,

"
N - Rt ;
(90) and 91}) 70 pomegranates 35 mangoes , : “wood apples

(92} to 944).
Curd, Ghee  Malk
128 32 64

L pot 5 3 o
I pot. 82 8 18
B 3
I1T pot 64 1? 353
) Bl 8 . 9

(954 and 96}) 15 men, 50 men

(98%) 4; 0,18, 86

99%) 8,13,21,36
(100f) 2,4, 7,18, 25,
(101}) 16, 39, 96, 234
(103}) 220, 37,
(1043) 20, &
JO05%) 6.4, 3.

(the tatter two having hecn opiionally chooscn)
(1063) 8.

(1084) 803Lbuw, 1860, 2231
(1104) 148, 35320, 1& 4,

3
(1124 and 113%) ’3’ Aowers

1404
1y —— Htowers
(1143) 5 flow

(1173) 5.
(1183) 17.
(1193) 2.
(120%) 2.
(1213) 5.
(1224) 6l.
(128}) 50.
(1243) 30
(125%) 16.
(1263) 15.
(1273) 537.
(128}) 188,
(129}) 194.
(1313) 11.
(132§ and 133,) 25

(135%) %;?'

(1873) 10 ;57.

(188%) In the case of positive associated numbers

21,16, 18,11, 21,19;87,7,87;6, 2, 21,138,512, |

66

H

3 4b.
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In the case of negative a}.ssocxated numbels
11,18;28,27,19; 23,7, 39,11 ; M—— 541 ; 51 46 , 59, 87.

(140} t0 142}) 8, 5.
(144} and 145%)—

Citrons. Plantans. Wood-apples Pomegranates
I heap 14 3

3 1

I, 16 3 2 1
Ir 18 3 1 1
Price 2 10 4 3

(1473 to 149).
Peacocks. Pigeons. Swans Sarasa-bids.

Number 7 16 45 4,
Price m panas -1-;; 12 36 };
(150)—
Ginger. Long ptpper. Pepper
Quéntuty 20 4k 4

Price 1 panus 12 16 32
(152 and i52) Panas 9, 20, 35,.36. .
(155 and 136) When tl.e optional numbm 18 6, Si , 1_1,, 3,7.
‘When the olﬁ,louul numheris 8,5,06,16, 4
(158) Length of a stage 10 Y7yanas, cich horse his to travel 40 Yojanas.
(160 to 162) 10, 9,8, 5.
(164) 20, 15 and 12.
(165 and 166) 8, 20, 40.
(168) 243 panas.

(170 to 1714) 10%;

«(178%) 32.

(174%) 87%

(177% and 178) 14,
(179) 8.

(181) 21.

(184) .2_99. 129.

2 4 9 16 40 25 80
220 70 AR

(186) 20;4,4;4;4 24,

17 109 175 111
(88) T35 16 10
(190) 123 13.

29

(91) §,18;10; -
(198 to 1963) (o) 3 2 00;1007’ ® 11 75 %s;
(1983) 560 , 448.
(2003 to 201) 2% 200 5 1005 3.8739 ; 8.29.
(204 and 205) 47 ,17, 34; 685 136.
(207 and 208) 2400.

41
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(213 to 215) 3; 2. i‘; » 88,

5
(217) 11,
(219) 6,15;20;15;6; 1 3.
(220) 5;10,10,5;1.31
(221) 4,6,4,1;15.
(298 to 225) 10, 24; 32
(227) 4 jack fruits.
(229) 2 Yojanas.
(231 and 232) Dindras 18, 57 ; 155, 480.
(236 and 237) 155153, 5.
(239 and 240) 201,921, 1416; 1801, 2109, 110880.
(242 and 243) 11, 13 ;380.
(244 and 244}4) 3, 4, 5.
(245% and 247) 5177, 103, 169, 223, 243
(248) 1460, 350 ; 585, 445, 624,
(249 to 250%) 55; 71 ; 66, 876.
(2535 to 255}) 7, 8, 9.
(2563 to 2584) 11,17, 20.
(260% and 281%) 7,3, 2,
(262%) 8, 12,14, 15, 31,
(263%) 54; 72; 78, 80 ; 121,
(264%) 1875; 2625, 2925 ; 3045, 3093 ;75187
(266%) 4, 7;13.
(267%) 12, 16, 225 81,
(270 to 2724) 42}, 40.
(2744) 5 8.
(276%) 186.
e
(278%) TR
(2380%) 26,
(282} to 283) 129G ; 1225,

1

@85) (@ 5+ =3, =

(esr) 2
(289) 37,

(291) 40 184,
(293) 2;3.

(295) 5 women ; 40 flowers.

(297) 204; 2109, 2870; 73810 ; 180441 ; 16206-

(300) 1095 ,1624.

(802) 441 :1296 ; 784 ; 105625 , 1082146816,

(304) 2555', 126225.

(306%) 27663,

(808%) 504 ; 783 ; 1020 ; 1375 ; 5304 + 150875 ; 272304,
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(310%) 1568100 ; 5038869 , 9646 ; 12705 ;'114400,
(3123—s13) 1Z 501
1627 12288
(815) 426. :
(316) 416348873
(318) 2; 38,5540,
(320) -1-21—
(321 to 321%) 24 days.
(323%) 3.
(8254) 6.
(8275) 25 days,
(3201) 18 9.
(3311) 55.
(8324) 6;20.
(337%) For answer see footuote ma the tianslation.

CHAPTER VIIL.

(8) 32 ~. davdas. .
(9) 866 sq dardas and 4 sq. hastus,
(10) 98 sq dandas.

(11) 1200 sq. danrdas.

(12) 3000 sq. dandas.

(18) 1952 sq, dandas.

(14) "2878% sq dandas.

*(15) 6304} sq. dandas.

(16) 1925 sq. dandas.

(17) 7425 sq. dandas.

(18) 50 sq. hastas.

(20) (i) 54 ; 243, (i) 27", 1214,
(22) 84, 252,

(24) 48 hastas; 195 sq. hastas,

(26) 378.

(27) 135.

(29) 189 sq. hastas; 135 sq. hastas,
(31) 108; 972; R6.

(33) 1600.

(34) 2,400 sq. dandas,

(85) 462 sq. dandaes.

(36) 640 sq dandas.

(88) 824 rq. dandasy 486 sq. dandes,

125
(40) =5 ; 180

(41) 18; 304
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(42) 205, 34.
(44) 2531, 39,
(46) 1

(48) —, >

(51) V768 sy dwidus, damla~ ViS4, !

(£2) 60 sq dandas; damias 12, 5, 5

(33) 84, 12, 5, 9.

(55) V50, 25.

(56) 13, 60.

(57) 65, 1500, )

(58) 312, 288, 119, 130, 31500, r

(50) 315, 280, -8, 252, 183, 168, 224, 189 . £1100,

(61) V82105 V3610, V36000, ¥/S100000, VISH), 41 110,
(62) 4350, V32105 V3IH, 4 262140

(61) YOOI, V5I132

(66%) 4/ 2500 dandas , V43250 sq. denlas,

(U8Y) 4789690 sq. dasilns, V20250 sy dalas

(693) 431860 sq dandas.

() v1 130 sq. dandas.

(721) #5760

(75%) /360, 12, €.

(773) 192+4/230%0

(78%) 1924/ 5760,

(79%) 192— 4/230410

) A/wsoo NI A 4810
R

(81%

(83%) 16—4/160.
(851) 448 — /0.
(871) 16, 12, 48.
(89%) 20 8.
(91}) 3, 4; 5.
(923) 5; 125 13.
(942) 165 30 ; 34,
(96%) 5; 3, for the tnree cases.
1983 (1) 60, 61
(1) 11; 61.
(i) 11; 60,
(100%) 80, 102; 61, 60; 109, 11 ; 5460
(102%) 169 ; 407 169; 120, 812, 119, 84560,
(1043) 1255 300; 260, 195, 2245 189, 48, 252; 168, 132 ; 44100.
(109%) 34; 60; 18,
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(1119 13; 15, 14; 12,
(1133) 4; 1.

(114h) +2; 3.

{115}) 6; 3.

1
(e 3; NI,
(117%) 82; (perpendicular 24).

3 4

Q18 13 17

1 . 1

(1193) 1% (perpendicnlar 7).

-(121%) 3; 8.

(128} and 1243) 39; 52; 25, 60; 83; 56; 63; 16.

(1263) 5, 12,

(1283} 5, 12.

(180%) 25; 60.

(134) 8; 155 3; 20.

(185) 8; 74 2; 28,

(136) 32, 87;6; 232.

(188) 37, 24; 29 ; 40,

(139) 17 ; 16; 13; 24.

(140) 625 ; 672; 970, 1904.

(141) 281, 320, 442; 880.

(143 to 145) Circle: 25920 ladies, 720 dandas =quare : 34560 ladies; 720
dandas. Equlateral triangle - 38880 ® ladies; 1080 dandas. Longish
quadrilateral: 38880 ladies; 1080 dandas ; 540 dandas.

(147) (i) Side 8

(i) Base 12; perpendicular 5.
18 8 1.41

(149) 35 35 37 35 4

(151) 18; 13; 13}; 8, 12.

(158 to 158%) 8, 16; 11; 12

(155%) “4/48

(1574) 5; 6; 4.

45 89 116

(59%) 3¢5 55 36+

116 83 45

(132*) ‘3'6 H EN) 3 a)‘

(1643) 4740

(168} 7;1; 1473-.

167 §Z 13 13 18

587 5% 5
(1699) 6.
(170d) 10.
42
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(1723) 10; 13.
61 3t ot
(174%) Sades =, top-side =, base *j:)
(176) 17.
L 775 50 1783) (a) 8600, 7200 LOS00 , LE40, (& 5%, 00, 120, 162, (¢) 109
100, 100, 100
(179%) (a) 2700, 72005 4500, () 50 70, a1, (o0, 120, ao,
(1813) 8 hastas ; 8 hustas.
54 30 40
(1823) ] hastas , = hastas ; = hastas.
(183% and 184%) 8 hastas, 6 hastas; U Lastas

oy
(285%) 7 hastas; 7 hastas 5 hastas,

(1861) %3: hastas, 1; hastas , 'i: hastas,
(1873) 9 hastas, 12 hastas, 9 hastas.
(188% and 180}) 8 hastes, 2 husias , & hastas
(191}) 13 hastas
{192}) 29 hastas
(193} to 1953) 29 hastas, 21 hastas.
(197%) 10 hastas,
(199% to 200}) 12 yijanas, 3 yiganay
(2044 to 205) 9 hastas, 5 hastas, 4250 hastas,
(206 to 207}) 6 yijanas, 14 yéjanas , 4330 yianus,
(208 to 209}) 15 yéjanas, 7 yojanas,
(211} to 212§) 13 days.
(2144) +'18; 13,
85
(215%) -
2tep) 22,

@L73) 65.

— 169
(218%) 1/43, T+

(210} %‘j’—.

(220%) 4.
169
(222)) Square 77 Oolong. 5, 12, Quadnlatoral with two equalsides ;

B2 .. 16
sides 5 top-side T base*s' Quadnlateral with three equal sides:

.89 1521
sides 5> base 125+ Inequilateral quadrilateral: gides %9-; {%2; top-side
5; base 12, Equilateral triangle : ,\/ 5(737 Isosceles triangle. sides 12 :

56

120 . 55
base = Scalene triangle: sides, 12; 32 ; base z .
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(224%) Square, 3. Quadnlateral with two cqual mdes 1_1018_ Quadrilaveral

512
with three equal‘mdes T Inequilateial quadrlateral ?—-Tl Equlateral

triangle 4712. Isosceles triangle. 230 Scalene triangle 8. Hexagon:

16 _
,\/ 3 1t the area of the same 1s taken as 448 1n accordance with the rule

given in stanza 86% of this chapter.
(2263) 8.
(2281 2.
(230}) 10.
(232%) 6; 2.

CHAPTER VIIIL.

(5) gfz cubic hastas.

(6) 18560 cubrc hastas.

) 144320 cubic hastas,

(8) 162000 cubic hastas.
(12%) 2928 cubic hastas.
(18%) 1458 cukic hastas; 1476 cubic hastas; 1464 cubic hastas.
(14%) 2916 cubic hastas; 2952 cubic hastas . 2928 cubic hasias.
(15%) 3860 cubic hastas.

(16%) %9980 cubic hastas.

(17%) 16100 cubic hastas.
(18%) 18283% cubic hastas.
(21%) (i) 3024 cubic dandas ; 8024 cubic dandas; 4032 cubic dandas;
(1) Central mass is tapering, 1488, 1488 ; 1984 cubis dapdas
(22}) 4032; 1984 cubio dapdas.
(24%). 40 cubic hastas.
(25%). 106 hastas.
27%). 12, 80.
(29%). 2304; 2073 %
(@13, /720, A/EE
1 2 3 4 5
(84). Tqgofadey. T 1P 13’ 12 of the well.
(85 and 86). 18 ydjanas, and 976 dandas , 39 +§3 vdhes,
(87 to 88%). 17 yganas, 1 krésa and 1968 dandas.
(89} and 40%). 26 ydjanas and 1952 dandas.
(41% 2and 42%). © ydjamas, 2 kdsas and 488 dandas
(45%). 6912 unit bricks.
(46%). 3456 umt bricks.
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(47%). 5184 mnit bricks
(48%). 108000 unit bricks,
(49%). 40320 umit bricks.
{50%). 40320 wuit bricks.
(51%). 20736 unit bricks

GANITASARASANGRAHA.

(53%). 1440 umt brrcks; 2880 umit bricks
(55%). 2640 unit bricks, 1680 umt bricks.
(56%). 2880 unit bricks; 1440 unit bricks.

19
(583). 20, §
(59-60). -891 unit bricks.
(62). 18,720 unit bricks.
(68%). 84 patfikas.

CEAPTER IX,

1
(9%). g of aday.
(11%). 3% ghatis

7
(183). {3 of a day.
(143). 2.
1
(163 to 17). 3 of & day, 10 ghatis.

(19). 8 angulas.
(22). 16 hastas
(24). 8 hastas.
(25). 2.

(27). 20 hastas.
(29). 10.

(81). 5; 50.
(84). 5 h&sias,

1
(85 to 87%). 33 of a day; 8.

(88% and 30%). 5 hastas.
(41% to 42). 24 angulas.
(44). 32 angulas.

(46 and 47). 112 angulas.
(49). 175 foot-measures.
(50). - 100 foot-measnres.
(51 to 52%). 100 yojanas,
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APPRNDIX IV.

TABLES OF MEASURES.

1. LINEAR MEASURE.

Infifity of Paramdpus = 1 dpu.
8 Anus == 1 Trasarépw.
8 Trasd¥éypus = 1 Ratharénu.

1 hair-measure.

I

8 Ratharénus
8 hajr-measures 1 louse-measure.

1 sesamum-measure or wmustard-

ol

8 louse-measures
measure.

1 barley-measure.

1 angula or Vyavahdrdngula.

1 Pramdna or Pramdndngula,

1s foot-measure (raeasured across).

I

& sesamum-measures
8 barley-measures

500 Vyavahdrdngulas

68 Angulas (finger-measure)

I

It

I

» 3 feet = 1 Vrtasti.
2 Vitastis = 1 Hasta.
4 Hastas = 1 Darnda.
2000 Dandas = 1 Krisa.
4 Krifas. = 1 Yojana,

2. TIME MEASURE.

Iafinity of Semayas = 1 Avals.

A number of Avalss = 1 Ucchvdsa.

7 Uecchvdsas = 1 Stoka.
Sétkas = 1 Lava.
} Lavas = 1 Ghati.
Ghatis = 1 Muharta.
Muhartas = 1 day.
days = 1 Pakea.
Paksas = 1 month.
months = 1 Riu,
EBius = 1 Ayana.
Ayamas =s 1 year.
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8. MEASURES OF CAPACITY (GRAINAMEAST

L4

4 Sidasikis
4 Kudahas

4 Prasthas

4 Adhakas

4 Dronas

4 Manis

5 Khdris

4 Pravartskds
§ Prawartikds

4 Gandakas
5 GuRyis
8 Panas

2 Dharanas
4 Karsas

2 Grains
2 Guijds
16 Mdsas
3} Dharanas

GANITASKRASANGRAHA,

4. MEASURES OF

4 Kargas or Pw

== 1 Kuiaha,
== ] I-’uz.s'ha.'
= 1 _I{haka,
=1 /ona
== 1 Aliini.

= 1 Khdasi,

= 1 Pravartska,

= 1 YTdha.
= 1 Kumbha.

e

WEIGHT—GOLD.

= 1 Guilyd,
= 1 Papa.
= 1 Dharana
= 1 Karsa,
= 1 Pala,

=1 Guid,
1 Masa.
1 Dharana.

I

REMENT),

5. MEASURES OF WEIGHT —8ILVER.

= 1 Karsa or Puwrdna,

== 1 Pala,

6. MEASURES OF WEIGHT—OTHER METALS.

4 Pddgs

6} Kalds

4 Yavas
4, AnmSas

6 Bhdgas

2 Draksunas
2 Dindras
12} Palas
200 Palas
10 Twulds

= 1 Kald,
1 Yava.
=1 4msa.
—= 1 Bhdga.
= 1 Draksina.

I

= 1 Dindra.
1 Satéra.
1 Prastha,
= 1 Tuld.
= 1 Bhdra.

I

It

7. MEASUR EMENT OF CLOTHES, JEWELS AND CANES.

20 pairs

= 1 Kofika,
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8, EQB.TH MEASUREMENT.

== 3600 Palas,

1 cubic Hasta of compressed earth
= 3200 Palas.

1 cubic Hasta of loos® earth
9, BRICK MEASUREMENT.,

Brick of 1 hasta % % Hasta x 4

Angulas == Unit bri%k,

10. WOOD MEASUREMENT.

. 1 Hasta and 18 angulas = 1 Kusku.
‘Work done 1n cutting a.]o?ng by means
of a saw a piese of wood 96 Angu-

lallong and L Kiskwu broad = 1 Paftikd.

11, SHADOW MEASUREMENT.

= his foot measure,

4 of & mah’s height
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