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PREFACE,

A surricieNr aceount has been alieady given 1 the preface of my
Differential Caleulus™ of the gradual development of Diferential and
Integial Caleulus i Burope, and also 1n whose mind the notion of tlis
~cience first atose in India Theiefore, hete I only wish to sav that the
learned public mnay not think 1t to be a meie tianslation o1 an abstiact of
some Iaropean book, bt asa new tireatise on the subjeet I have shown, as
far as possible, all the important theotems together with numeious examples,
<o that the students may be able tu giasp the methods thoioughly and
thereby solve problems without the least doubt

Many new methods are desciibed 1 different portions of tlus book,
which will be found simpler than those of RHvriopeans  Wou mstance, Mu
Todhunter n Ins Integral Caleulus, article 1%, for the wntegiation of

v e
7‘“‘———*—7_.—j assumed / WY gt = L — The same assumption was
10 £ a

described by Mi Williamszon, Mi Hymers putting /2% & 2 mto the form
(/¥ £ a?) U"—r,‘/r"ia) ded
v S E
Professor De Moigan worked thus
Let ,/u? & « = y, then &? &+ a2 = )",

aced the integial

CRade=2ydyoradre=ydy

Therefore, v d v + yd o =ydy+ ydur,

y~(_(l_y_+fl.r) d v
P 7 » by subshtubmg. e —

WARKIERE
ydy+dey (do4+dy _ _ S
)( FACE N A bes (ot y) = Log (o / 0

d
Tt s also, by

Cda o=

Professo1 De Morgan deduced a ~ccond mebhod of {

employing an imaginary ynantity, thus

d v f dx d1,/=T
Ve TR R oy e e vy
1 /_-
== S —~
But by De Motiver’s Theorem

Cos8~8mb /1 =cc¢,/ =1

Named Chalana-Kalan, which is dedicated to Iis Honor Sir Alfred Lyall, K
¢ B,C I.E late Licutenant-Governor of the North-Western Piovinces and Chief
Commissioner of Oudh, and published by the oider of Goveinment 1in 1886

Extractls (rom newspapers and journals

A



o=8 /-1 = Log ( Cos§ — Sm8 /1)

CALCULUS *

OPINIONS OF THIE PRESS

It has long been 1egietted that, notwitnstanding the vast dmount of tuitton
constantly given in India anl the undoubted mtelligence ot the people, that countiy
has contributed nothing to the goneral stock of saentihe knowledge  We have to go
back o thousind vears to 1cach 4 period ot tndependent screntific 1eseuch, and from
that 1emote bume to these a pertod ol mbellectual stagnation appears to have super-
vened At last that reproach has been removed, for a scholar hs arisea with suth-
cient mental foree to giasp the highest problems of both Western and Eastern <cienee,
and with sutficient enigimality to weave the two together mbo an hwrmomwus systew,
while cuiticising and unproving on both  The book to which we aie now calling
attention 1s theictore, a 1ematkable one, and ealls for speeral notiece as the hiest tor-
ward step which ladia has made m this department of stuly tor centunies  Dut the
chief point to note 1 the book 1s that 1615 wiitten 11 the Hindi language, whieh not
only affords another demounstiation ot the e easing promincnce which that language
18 attaming, but enables the book to give to thousands of Indian mathematicians who
are unfamiliar with the Enghsh language the means of carlymg then studiesto a
very high point This 1s @« most umportant fact, because 1t 15 well known that a
scientist 1s not often at the same time a Lingmist, Sl less 1s 16 given to mortals to
gamsuch powet over a foreign language as to permit them not only to aecyuire what
that forcign language has to teacl, but to cany on mdependent 1escaich beyond that
pomnt  The work before us removes that obstacle by presenting to Indian scholats in
their own veroacular the highest facts of Western science The  author has Luither
more, had the judgment to unite with those flacts the really cotlect processes of
anetent Indian mathematicrans, and, m this way, he gralts on to the Indian mind the
additronal knowlege ol Hurope  To do this, 1t 19 clear e ad Lo oniginate processes
of his own, for, in « subject lihe the Didlerential Calcndus, restiag on the nicest disers
mination ol the reasoning tacully, mere stanslation of the deas of one peaple nbo the
languago of another people would have been sunply illtll(‘ The auathor has proved
himself to possess o mastetly knowledge of mathematies by the shill with wlhich he
has t1anstused—not translated- -European 1deas 1wto Indian language, and there can
be no doubt that his valuable work will give a real mmpetus to orgmal scientifle
rescatch among his countiymen

It 15 not generally hnown that the old Indian mathematician Bhaskiacharya, so
long ago as A D 1150 had devised a method ol calculation practically 1dentical with
the tfferential Calculus, and the termn tathalihigat:, which he applied Lo the inciement
he used, has much the same sigmhcance as that employed 1 the Difterential
Caleulus  He was 1ight m us method, but wiong in us proof, and hus acenracy 19
scen by the fact that he was able to demonstrate that when o variable attains the
maximum value 1ts diflerential vamshes, and that when o planet 1s euther m apogee
or m perigee the equation of centie vamshes He was aware thab the mcrement
vanishes 1n some intermediate position, and from this the principle of continuous
funetion follows in due course, wlich 1s the basws of the proof of Taylor's theorem

*“Chalana-Kalana” by Pandit Sudhokara Devived: Benares, Lazdarus anr Co,, 1886
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where we omit the constant quantity Log @

The learned Pandit makes usc of these and other facts to interweave Western with
Eastern science, and to lead his countiy-men to move onward fiom the basis of truth
they ahicady possess Pandit Sudhakara Dvivedr has done something to advance
scienbific knowledge 1n India, and 1t 18 to bo hoped that he will be encouraged to
redcem his promise and complete a senies of work on Analytical Geometry, tho
Integral Caleulus, and Quaternions The Indian Government would do"wwely by
cnculating this admuable book among the native students at colleges, and espeeially
among piivate students in the Hindi area of Noithern India —The Overland Maal,
Feb 4, 1887

A REALLY 1emarkable book on the differential Caleulus has just been published
at Benaies, which ought to be made known to Burope It 1s called Chalana Kalana,
and 1t 18 written by Pandit Sudhakara Dviveds, of the Sanskrit College, Benales

It 1s the first forward step that Inlia has made 1 independent scientific research
i modern times, and the author deserves the highest praise for the masterly manner
1n which he has dealt with lns duffienlt sabject Ile has placed 1t in the power of
Indian mathematicians to carry their studies to a very high pomt in thewr native
Hindi, and he has done this not by merely translating an English mathematical
work, but by writing an entirely new treatise, deduced from the discoveries of Des-
cartes, Newton, Leibr itz, Bhaskaracharya and othets The methods of these autho-
11ties are transfused into Indian processes, thereby ecnabling native scholars to follow
Western methods and reasoning with confidence and intelligence He utihises a
method of dealing with variables, devised by Bhaskarachaiya, which 19 practically
identical with that of the differential calculus, und he cites other coirect piocesses
which that admirable old astronomer was able to foumulate In this skilful way the
author grafts Western science on to the Indian mind, while, i the general plan of
lus work, he follows Todhunter's well-known tieatise Oniginaliby 1s likewise shown
by the author’s simphfication of Todhunter's method of tieating vamishing fractions;
and 1n the sections he has appended on analytical geometry and conic sections—addi-
tions rendered necessary by the fact that no treatise on them exists 1in the Hind:
language

The Pandit promises a series of works onthe higher branches of mathematies,
dealing fully with analytical geometry, the integral calculus, and quatermions He
hasg shown 1n the present work that he thoroughly understands his subject, and 1t 1s
to be hoped, for the advancement of science, that he will succeed in directing the
acule reasoming powers of Indians to the mathematical and scientific problems of the
‘Western world —The Academy Feb 12, 1887. F P

In view of the aptitude for numerical calculation which the Hindus are acknow-
ledged to possess in a marked degree, 1t seems smgular that India, mm modern days,
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All the above a~cumptions thit are desenibed by the mathem bicians
can hardlv be apprehended unless 1t 1« bnown that
d .
———— = Lo (1&+,/ & «)
,/ ok v
Therefore T have dexenibed a new method m attiele 9. thus

i

d )
Let [f(i) = Log ;i/ + /(1 )i where 7 15 a function of v, heie the

form of # (1) 1+ to be found.
By dilferentiating the above equation with respect to

A o Q0 dutdy
) F ey 4y
SACY didgdi=Fo0) S LOd et o) dy

By transposing
FOOdv—=F (Ody=) F 0 Lidu=dyl =1 () (2) dv—yida
"'—"3_ 7 (v (O =yl da

By divicien

dv _dv=du _ di=dy
fo Q) —y =y’

and specially duting the perod m which 1t bas been subject to the English, with thenr
free-handed educational encouragement, should have contributed <o httle to the
development of mathematical science 1t was not destined, how ey et, that Bhaskaia-
charya, Brahmuagupta, and their compeers of ages far remote should be wholly
without then ninetieenth century suscessors  Ramachandra, a native of Delly, besides
t1anslating numetous works on mathematics, weluding the higher, from Enghsh mto
Urdu produced, a genciation ago, ab least ene work wn the samoe language, distinguish-

ed by aceredited onginality - Reference 15 here wmtended to lus Problems of Maxima
and Mimma,' the second edition of which, pretaced by the Jate Prol De Moigan,
was published m London m 1659, under the auspices ot the Comt of Directors, who
siguified their appreciation ot it by presenting s quthor with £200, after themr hiberal
fagshion And now wehave to announce the apjearance last vear, of a hindred treatise,
but one of much ampler scope, 'Chalana-kalana,’ hearing the alternative title of “a
Hindi Treatise on the Difterential Caleulus ™ Thig admirably printed volume, extend-
ing to nearly 500 pages, has for its author Pandit Sudhakara Dvivedi, Librarian ot the
Sanskrit College at Benales The learned Pandit, already tavourably known as a
mathematician by what he has written, in Sanskrit, on the pLoper

ties of the ellipse,
lays claim to the introduction of many new wethods,

over and above demonstrating
the valudity of a certain method which had previously bheen pronounced unsound. In

an Englsh preface, abounding with interesting facts and ciiticioms, he gives 1t ag hig
opinion that Bhaskaracharya, who, though he flourished in the twellth century, 1s
supposed to have been indebted for nothing to Buropean souices, “was 1n no way
mnferior to Archimedes, in 1espect of his methods of differential caleulus.” As the
Panlht expresses himself with perfect clearness i our language, 1t 18 due to his 1e-
putetion that he should render mto 1t those portions of his treatise 1n which, as he
alleges, he has improved on whal has been accomplshed by his predecessors—Mr
Todhunter and Mr all, in particular —The Nafwon Feb 10, 1887,
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wheie the constant Log 2 is omitted.
Thus a theorem has been framed that when f (2} X/ (¢) =2 then
dr

J?T—‘Lmj zf(”c)+r§

;/’L:l:
fl(t) A/

——==, () = 2=

= and f (r) f () =x

F@)~) Jaxa
= Log {f (%) +$§ = Log (,/1*£4?+1), by my method.

In like manner many other new methods have been deseribed.

1 have added many 1mportant theorems with numerous interesting
examples regarding the Caleulns of Vanation and Dynamics of a Particle at
the end of this book.

It 1s advisable for the beginners fitst to read caiefully the Differential
Caleulus, then to begin the Integral Caleulus, otherwise 16 1s impossible for
them to understand the latter

In conclusion, I eatnestly iequest all leained gentlemen to under-
stand, that the book 1s not wiitten to show off talent, but to encourage
and 1ncite out own countrymen towaids the cultivation of Westein science.
Why should we not improve our own language and advance our own
countiymen with the aid of Western science to the attainment of which
we ale applying our heart and soul ?

Now-a-days theie being more mutual communication between Euio-
peans and Indians, the Buiopeans are very much interested m the study of
Sanskrit and Hindi. Therefore this treatise will be also useful to those
Europeans who are interested 1n the bistory and development of Indian
Mathematics,

I shall consider my labour not to have been in vain, even 1if my
treatise should have no other 1esult than to ineite otheis to eriticise my
work and to produce more peifect tieatises on the subject.

SUDHAKARA DVIVEDI
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