1 :

V) Biological Seerctary:—Dr, J, L. Bhaduri, D.Se., F.N.I.
Nyl

~

No. 1

8.

Officers and Members of Council
i ASIATIC BOCIETY P,

4
i

1962 .o oC

B President ) . .
: Prof, Dr. 8, K. Mitra, D.Sc., F.N.I.,'F\.A.s.

'Vice-Presidents -+ . i s
_ .Prof2Dr. M. Z. Siddiqi, M.A., B.L,, Ph.D, F.AS, Y
< Mr. K, P, Bhaitan, M.A., B.L., Barrister-at-Law,
Sir Paul Bonthell, K.B.E,, F.L.S. .
Dr. 8. C. Law, M.A., B.L, Ph.D., F.N.I, F.25., M.B.O.U.

.Secretaries and Treasurer
bem;,zw sIecmary t—Prof. J, M, Sen, B.8c., M.Ed., T.D.Dip.Ed., F.R.G.S.,
SN ' g

Treasurcrs—Tho Hon'ble Mr. Justica R, P. Mookerjee, M.A., B.L,
Philological Secrctary:—Dr, N. Dutt, M.A,, L, ', DL, 1A LS,
Jt. Philological Secretary:—DMr. Said Ahmed Akberabadi, M.A,
Physical Science Secretary:~Dr, D, M. Bose, M.A., Ph.D., F.N.I,

Anthgpt;)ﬂog:'cal Secretary:—Rov. Dr. W, G, Grifliths, B.Sc., BD.,, MA,,
1.D, i '

Historical and Archaeological Seeretary:—Dr, U, N. Ghoshal, M.A,, Ph.D,,

Medical Secretary:—Dr. K. N. Bagehi, M.B., D.T.M., F.RLC,, F.N.L
Library Secretury:—Dr., S, L. Hora, D,Sec,, F.Z.S,, F.RS.E,F.NI, ¥.A.8.

Members of Council

Dr. J. N. Banerjeo, M.A., Ph.D,, F.A.S.

Sir Dr, J, C. Ghush, Kt,, D.Se,, F.NI,, F.A.S,

Dr, J. B. Auden, M.A., Se.D. (Cantub.), ¥.N.I., F.A.S,

Mr. Nirmal Kumar Sen, M,A,, B.L,

Mr. Noel Barwell, M.C., M.A., Lt.-Col. (retd.), Barrister-at-Law,

vol.

ASIATIC SOCIETY
PRIVILEGES OF ORDINARY r.mnln'l:‘..lts

(a) To _lm present and vote ut ulll Genernl Mectings, whivh wre.hield on the first
in oneche munthc oxcopt i Septcmbeoe nmd Ocrober,
« () To propodo nnd socond cundidates for Ordinmy Memborship,

(e} To introducy visiturs at the Ovdinney Gonconl Moctings nnd 1o the groundy und public T

rooms of the Socicty during tho hours they wre upen to mombers, .
(d) To t?lv‘?ul]fiuogtll uti-‘l:l,-m:_ to tho Library and othor public roving of the Sucioty; nnd
03 u its collections, iy
i () To tako out hooks, plutes und monuseripte ez the Litiary,
() T rovoiva gratis copivia G s oal ond Year-Howl of 1o Hocioty,
() To 1l suy ollico In the Socicty an Lo duly elootod thereto,
= ot

o Tamers

Mounduy ]

’ Vol. XVI11, No. 1, 1952. A
G . P
CONCERNING THE PERSIAN VERSION OF LILIvATI (/587
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At once one of the most delightful and significant treatises in the
whole history of mathematics, the Lilavati of Bhiskari-cirya is a subtle
exposition in which the analytical and poetical elements of thought are
attractively combined. No one interested in Oriental literature can fail
to fall in love with it. It forms the firstupart.(Patiganitadhyiya)sofsthe
Siddhintas$iromani,! completed by Bhiskara, of Bedar. in the Deccan
around 1150 A.D., and contains, in addition to.the fundamentals of _
arithmetio, certuiniproblems involving simple and quadratic equations, a

{ treatment of permutations und combinutions, writhmetical nnd geometrical

| progressions, various problems in plane and solid geometry, and an

exposition on the indeterminate equation of the first degree—a field in
which both the Chinese and Hindus had excelled for at least half a
millennium.

Since its composition in the middle of the: twelfth century, Lilivati
has inspired a number.-of-commentaries, translations, and editions, of
which the following may be noted 2:—

(1) Ganitikaumudi, which has been dated 1357 A.D.

(2) Ganitimritasigari, by Gangidhara, . 1420 A.D,

(3) The commentary of Moshadeva (prior to 1473 A.D.). -

(4) Lakshmiddsa Misra, 1501 A.D.

(5) Ganitdmritakipikd Siiryadisa, ¢, 1541 A.D.

(6) Buddchivilisini, by Ganesa Daivajiia, 1545 A.D.

(7) Pativydkhyina by VireSvarapandit. |
- (8) Lilavatibhiisana by Dhanesvara, sonof Viresvara. (A later

commentary than that of Siiryadisa.

(0) The Persian translation made:by the pdet Faizip1587-A:D.

(10) Mitabhiishini, by Ranganiitha, probably e. 1630 A.D.

1 'The Siddhinta-siromani has four parts, entitled Patiganitidhyiya (Arithmetic),
Golidhyiyn (Geomotry and Triconometry), Canitidhyaya (Astronomy) and  DBlja-
sunitidhyiiyn (Algebra), thongh the division of subject-matter is oot rivid,

% This list i incomplete: s00 ulso e, * AsDeseriptive Catalope of MSSin Mithila®
( Bnnerji-Sastri), 111, 374 Petnn, 1937, : :

OF the Ml Siddhint-siromuni wo have, o,

(1) "Tho Senskivit tese, edited by Laneelot Wilkinson, Caleaten, 1842, -

(2) English translation,  Laneslot Wilkinson,  (Bibliotheen Indien,  Coleutra,
1HU2),

(1) Sunskreit text, wlived by Biapn Dova lelrl, Bennres, 1806,

() Corunentarvies on thw  Siddhinuedicomuni by Mweiidhoe Jhia,  (Tho
Poancdit, NXX-XXXIIL)

() Mindi translation, Sudhikere Deived, Benires, 18499,

(6} Wunnwda transietion with notes, Shri 14 8, Nagarajun, 1950,

1)
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(11) Maporaijana, by Rimakrishna Deva.!
(12) The Persiun: commentary-of -Dharma Naragai ibn Kalyanmal
, Kayath;c.1663-A.D,
. = (13) Baiswari translation by Lilchand, 1679 A.D.
(14) Ganitamritalahari, by Ramakrishpe, which has been dated

1088 A.D.
(15) An olaborate commentary Sarvabodhini, Patiganitatiki, by
" Sridhara, 1717 A.D. '

, (16) E. Strachey. Observations on the Mathematical Science of
the Hindoos, with extracts from Persian translations of the
Leelewuttee and Beej Gunnit, Caleutta, 1805.

(17) Liiawati (John Taylor). English translation, Bombay, 1816.

. (18) Algebra with arithmetic and mensuration from the Sanserit

of Brahmagupta and Bhascara (H. T. Colebrooke),2 London,
1817.

(19) Faizi's translation, printed Calcutta, 1828.

(20) Sanskrit text, printed Caleutta, 1832, 1846; Madras, 1863.

21) Colebrooke’s translation of the Lilivati with notes (H. C.

+  Banerji),® Calcutta, 1893, (Reprinted Caleutta 1927.)
(22 Lilivati with_nates (Sudbikara Dvivedi), Benares Sanskrit
" Series CLILL, 1912,

A school for the study of the Siddhanta-§iromani was established by
Cangadeva, a grandson of Bhiskara, in the year 1206 A.D. Our present
concern. however, is not with the Sanskrit tradition, but with the Persian
version made by Faizit

II
There is little doubt from the foregoing that Lilivati, and indeed the

whole Siddhanta-siromani, was widely used and appraised in Indias Tt
was held in esteem in the time of Akbar, who ordered his poet laurcate

. (Malik ush-Shu‘ard), the Shaikh Abul-Faiz (Faizi or Fayyizi) to prepare

a transition in the Court language, Persian. This translation was
completed AH. 995.6 (1587 A.D.), and is mentioned in the A’in-i-Akbari.
which is the third volume of the Akbar Namah compiled by Abul-Fazl.
Faizi, woo was the ‘¢ldér brother of Abul-Fazl by some four vears, was
instrumeatal in introducing him to Akbar, whose trusted adviser he later (2
became. W

The Persian commentary based on Lilavati and entitled Bada’i‘-i-
funiin was written A.D. 166364 by Dharma Nuriyan ibn Kalyinmal
Kiynth znd dedicated to ‘Alumgir. 1t would seem, theretare, that during

the perisi of the Mughal emperors the mathematical work of Bhiskara ¥

received zeneral recognition in learned eireles, E
We nave noted MS. copics of Waizi's version in the British Museum

(MS. Add. 3649, dated A.D. 1777),9 the Library ol the India Office (MSS.

1998 dard A.D. 1606 at Shabjuhinibid, 1999 dated XD, 1777, and 2000

1 Alss of uneertain dato,  MS, 2816 of Cat, Sanshreit M35, Indin Ofiee, Pare V7,
1. 1008 (Ecseline), iain Devandearn «oript, o, 17500

2 Densted in Soction T infra s et cele ot L

3 Dersied in Soction JTT dufra w4 15, Celebrzdie 2 ( fbi\h.u‘.-‘a.'&,\ - V_:-)-eq )

4 H L

& g CAtiallih Rashidi bin Ahoed Nadie prodoced a0 Persian version of

Bljoganite tn A, IGHES Tor Shike ann, i

O Car, st the Persin MSS, e Britinhe Museom (00 Biea), T, e CE 1)
o

M 7er. four tfrom ten and obtained six. s sul
248 one hundred, and thus ninety-six remained. By subtracting four from
ondabel live only one remained. 8

- 1952]

\.dated A.D. 1779),! and the John Rylands Library in Manchester (MS.

- 699¢. A.D. 1729).2 There is also o copy listed by Pertsch,® and no doubt
others exist. We have translatedsthesdManchesteFMSg=which=ismor=m
complete version, and it will now be brietly discussed.
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Tkis Persian MS. listed by Michael Kerney comprises Ffe-llovisto ~20ff
134y., the script being enclosed by a thick border, with wide marginal
spaces in which additional writing is generally to be found. It is
incomplete in he sense that it is & selection of examples taken from Lilivati
to illustrate the methods of commercial arithmetic. The procedure *
adopted is that of stating a general rule of caleulation, followed by an
appropriate numerical example.

The first example cited is from Section IV of Chapter IV of Lilavati,+ /35 40
dealing with ‘Investigation of Mixture’ and is as follows:—'A certain man
possesses eight rubies and another possesses ten emeralds, a third a hundred
pearls and a fourth five dinmonds.......... :

‘Bach of them made a friendly gift, to each one of the others, of a
single urticle from his ‘'owvn stock. The owner of rubics gave one ruby to
each of his three friends. Similarly the owners of emeralds, pearls, and
diamonds, each gave one of their articles to each of the other three friends.’
As a result of the transaction ‘nobody owed anything to anyone else’ and
cach possessed o totul stocl of the same value.d

Problem: to find the prico of cuch kind of gem. ‘The mathematical
stutement may be written thus:

5 100 10 8 | Numbers of gems].

[Number in gift].

5 “As the transaction was made by each person giving away one article,
p.N7 we multiplied one by four, and obtained four; next we subtracted four
from cight and obtained four us remainder- Wo then aguin subtracted

e Once more four was subtracted from

Isf\L s ;
7 ok Sty 11 4, b lbahe-3€

6 HI 1
MuZai T, - 422 I ’ l ’
he- j234-3
U, of the Porsinn M55, in the Libeaey of the Tndin Ofico (TL Ethé), T, pp. 11 12-
LLL (1),
2 Biblioilwen  Lindesionnc:  ondlist of  Arabic, Porsiun wnd  Turkish MSS,
(Michuol ernoy), p. 16, Privarely printed, 1898,
W, Peetseh, Berlin Cat,, po 1001
L pe a3, . A, ) )

. 511 the rolutive values of rubies, emoralds, pearls and dinmonds are roprosented
by e, b, ¢, o, thon wttee the vilts have beon mado Sadbdcdd = Thtadedd =
Tepn b pod 2 pa-plhge, -

5 e Denedsi to
deg —= b = O6¢ = d (.= L say).

—r we
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‘Furthermore, we assumed a number, viz. ninety-six, and divided it L R N - e e x
by each one of the remainders. The quotient obtained with four (as ‘I ficst write parmdn which is 16, then pakal which is 32, and finally
divisor) is, twenty-four, with six is sixteen, with ninety-six is one, and achhd which is 20, in this wayl:—

with one is hinety-six. Hence the price of a ruby is twenty-four and the
price of an emerald is sixteen, the price of a pearl is one, and the price of
a diamond is ninety-six, Hence each man possessed articles of price 233
nishkas."t ‘Another solution is this:—we multiplied all the remainders
together, so that when 4 was multiplied by 6 it gave 24, and when 24 was

16 32 20

P

t 1 1 1

multiplied by 96 it-gave 2304, and when this was multiplied by unity it \
remained the same. Then we divided the whole product by each
remainder. The quotient in the [irst case was 576, and in the second 384, We multiplied 32 by 16, which gave 512. We then divided it by 20, and
in the third 24, ana similarly in the fourth 2304. According to the caleu- obtained 25} as quotiént.2 Sc the girl of twenty yvears is valued at 25}
lation each of them possessed articles worth 5592 drammas,2 and when we ashrafis.’
~onvert these drammas into nishkas there are 233 nishkas, as has been ‘Now I discuss the problem of the ex. First I write parmdn wnich is
mentioned in the first method.’ 2, next pahal which is 4, and finally achhd which is 6. in this wayv:—

The second discussion concerns the Rule of Three, and is taken from
Lilivati, Chap. III, Sec. V1.3 ‘The given thing of which the quantity is to '
be found is named pahal,* secondly the price is named parmdan,b and thirdly : 2 + 6
the value of the thing by which we estimate the amount of it is calied
achhd® ................ ' e

‘Example. If two and a half palas? of saffron is bought for three-- We multiplied 4 by 2, thus obtaining 8. By dividing 3 by 6, we obtained
_sevenths of a nishka, what can be bought for nine niskkas? I write parmdn 1}. In this way they bought the ox which had been worked for six vears
3/7, pahal 5/2, and achhd 9/1, in this way:— : for 1} nishkas.’ 8 ) )

There follows now a discussion on compound oroporsion, in which
five, seven, nine, or cleven terms are involved. We reproduce the first

3 5 Y “two of four examples which are given in illustration of the Rule of Five:—
; ‘For instance, I wish to know, that if on 100 rupess there is an interest
7 2 1 of 5 rupcées in one month, what will be the interest on 16 rupees in twelve

months 2 Also, if under the above conditions we obtain 03 rupees interest
on 16 rapees (ns capital), what is the time 1+ .
. We multiplied pekal. which is 52, by achha, which is 9, and obtained 42 ag *irstly, I write down parmdn which is one month. 111 rupees (eapital),
product. We then divided it by 3/7 which is parmdn, and the quotient is 2 and 5 rupees as interest. Next [ write down achhd which is 12 months
52 palas and 2 karshas® of saffron for 9 nishkas.’ and 16 rupees, and below that a zero,* thus:—
The text then proceeds to the Rule of Three, inverse proportion. *As
an instance, if a girl of sixteen years can be bought for 32 ashrafis® (gold
19 coins), how many ashrafis will be required to buy a girl of twenty years? I.] 12
Also an ox which has been worked for two years ean be bought for '
4 nishkas  What will be the cost of an ox which has been worked for six

3l

EraeT, B

. years? « 100 | 16 -
r{: LI wo put & = 9 (the Leam, of 1,4, 0, 06), thenee - 2000 < M e o= 1 d = -
90 wheneo tho total . Bl i
St b oo (suy) is 2303, . |

MH, £ . 1 hins nidhkna, U, s nishens,

2 Ifwo mako & == 42 0% 906, then a =+ 670, 0 = 381, ¢ = 24, d == 2304, Tho total
stoek of ench man = S bge ool (sny) es G52 .

! Tho torms parmin, pahal, and achhd now eonform to inwsr«n proportion,

3.
X r)-l F&
3, pa B 1, LM, d'h'»' . 3 MY, - o 5
5 N, w(“' » W MS. l.,.;..,l ) .
-
' il : 3 This problom is followed by n simila latifg to tie ‘touch and woight of  8°
7 y ) p y n similar one relating to tie ‘touch and weigh
MS. L. Bhas palas, gold’. Hoe C, p. 34. B, p. 41, A further axample is also ziven which reldtes to the . %1
4 MS., ){ J! . Chuy carshas, 13 hos karshas, . . vessol usod m tho mensuremont of shawlsy, ACum 2.
: . ‘ " : : ; L MS, . In the MS. a dot iy used to represent :ie unknown quantity
"MS, g.al. CLC po b Cpodl Tho Sunskrit laoy vishkes, . i
> s which it is roquired to vvaluate.
i " — g o BT -+ =
- ) . S
- -
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We brought tlle
way :i—

.

b [

100 16

&

‘After that we multiplied 12 by 16, which became 192.
multipiied 192 by 5, and obtained 960. This is ackhd.
1 by 100, giving 100, This became parmdn. As achhd was greater than
parmdn, I divided it into parmdn. The quotient is 9§ rupees.l So the
interest on 16 rupees for 12 months, according to the above condmons, is
equal to'that sum........2

"The other example is like this: the time is not known but the capital
and interest aro given. First of all we wrote down parmdn, which is 100
rupees (capital) and 5 rupees as interest for one month, then achhd, which
is 16 rupees (capital) and 42 rupees as interest, thus:—

Then we
Then we multiplied

100 ™

5 | 48/5

‘ After that we put the sum of £ below the 100; and the 5 which i3
now below the 100, we brought below the 16, like this:—

1
100) 16
48/5 H
1
1MS, r
& . s 2
? Lot x = interest required. e
CThen by the prineiso of 5 ;]FﬂTrln—

Aub 2 10X 12 = 6 :x, givingz = 93,

[voL. xvIr,™

under the 16, and took the zero under the 100, in this” ¥

. LT

P R
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*Next we multiplied 100 by 48, which became 4800, below which is &6
4800 ' Then we divided the new fraction by $0. Then quotient

i.e.

was 12, . Thus we found that the number of months is 12.”
The example used to illustrate the Rule of Seven ists—

‘There is a sheet of high-quality silk which is of length 8 cubits? and width
3 cubits; and eight such sheets can be bought for 100 nishkas. What
then will be the price of another sheet of the same quality which is 3} cubits
long, % cubit wide ?

‘I write the achha like th:s -

3n | 12 _
8/1 } ,;2
81 |1

won |

*The solution is then obtained, ags in the Rule of Five, by the method
of . proportion,? and is Nishka (), drammas 14, panas 9, kikini 1, cowry
shells 6§."4 5

It is no bFrop{:med to indicate here the development of this method in
the Rule of Nine and the Rule of Eleven; in the case of nine factors the

. text follows the Sanskrit original in giving the example involring the cost

and dimensionss of wooden planks, and in the case of eleven factors the

same example is repeated but with two groups of coolies, differing in
number, to transport them.8

The nexﬁdlsmomdealamthhuhr and the following example is
given:—

“If 300 mangoes can be bought for 16 panas, and 30 pomegranates for
1 pana, find how many pomegranates of this kind can be obtained for 10

- of these mangoes.

1C,p.37. B,p. 4.

MBS, s :
? Lot z denote the required price. Then, using the nreas of silk, we have

AxIXB:1xixg::i00:2 -

= 1%7x1x100

= EXIXBxEND

4 Anwwer obtuinod using 4 kikints (MS. uif[{} w 1 pana

© 10 prnna

w! nishkoa,

. lidrammna
16 dennman L, | nishka,

(MS. bos ‘_{_pl;, in place of nowry shells.)
:!I"i Folio 118 giveas tahles of quantitiea which correspond with those of lllllvuﬂ

:up I
PO po 37, B, p. 45, Tho *fingor® moasnroment, =581 occurs,

 'n Sanskrit the distance in leagues over which tho planka have to be earried
is different in this case,
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¢T write the parmdn and achhd thus:—

300 30

10

‘ Ther, tha amount which is in the middle of panm.fﬂ, _i.e. 3{'!0, and tl}e
, amount which is in the middle of ackha, ie. 30, we intercnanged in
position, thus:—

16 1
I T T
10

¢Then, in accordance with the foregoing method. T find that 16 pome-
. granates are equivalent to 10 mangoes.’ !

The next illustration is taken from Lilivati, Chap. IV,2 and deals
with Investigation of Mixtures, being a problem on capital and interest
in which both these values have to be found.? ‘For example. on 100
rupees it has been decided to pay 5 rupees per month (as interest). After
one year 1000 rupees were paid (altogether).¢ If Iiwish to know the capital

and the accrued interest, I write in this way:—

100 100N

ot

1 Thero nro two instances of proportion, as noted by Siiryadisa. in this problem—
(i) To find tho number of pomegrnnates z obtainable for 18 panas.
M0 :x::1:18
riving » = 30 x 16,
Thus 0 x 16 pomegranates aro oquivalont to J00 mangoes.
(ii) To find the mber of pomegranates y roquirod.
400 10 23010 1y

016X

giving y = 400 = 10,

»

20,39, B.p 4o TMS g AT

t Afeaning eapitnl pluy neerned interest
T

{y) T OIToHY BIICE 1 the T30CIeTY 0N NCTOE Uury wictt e rnerener —

|voL. xviug,*

e

———
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St ‘We multiplied 100, which is parmdn, by its time, which i on month;

it became 100, After that we multiplied 6, which is pakal, by 12, which is

. the total time interval; it became 60. Then we added 100 to 60 and put

dowr. the total separately. Next we multiplied 60-and 100 in turn by
1000. The product of 60 and 100 is 60,000, and the product of 100 and
1000 i¢ 100,000. We then divided 100,000 by 160; the quotient was 625.
This is the amount of the principal. If we divide 60,000 by 160 the
quotient will be 375. This is the accrued interest. If we add 625 and
375 it will give 1000.’2 - :

The same problem is then solved by the method of supposition, rather
like the solution of a simple equation. ‘We imagine a number, and every
step which was taken in the case of the Rule of Five, we took with this
supposed number......" This number was taken as unity.

1 12

‘In this way, as with the Rule of Five, we brought 5, which is under
parman, below 1, which is achhd; and brought 0, which is below 1, under-
neath 100. All the numbers of achhd and parmdn should then be
multiplied among themselves separately. The product of parmdn, which
is 1001, is 100. The product of achhd, which is 125, is 60. We then
divided 60 by 100; the quotient is 3. Next we added the supposed number,
which is 1, to it. The total came to 1§ = 8/5. Next we multiplied 1000,
which is given, with unity, which is the supposed number. It became
1000.  Then we divided 1000 by 8/5, which became 625, which is the
interest.’

Two further examples follow which involve (i) a sum of money lent in
three portions at different rates of interest for different periods, and (ii) the
sharing of an aggregate sum of money earned jointly by three partners
who each supplied a different initial capital.?

_The next two problems concern purchase and sale in the bazaar; it
will suffice to quote one of them, as they follow closely Lilavati, Chap. TV,
Seetion T1T:— '

_'As another instance, one can obtain one pula of camphor for two
nishkas, and one pala of sandal for } drammat and } pala of aloe-wood for
} dramma. A man gave a nishka, and asked for one part of camphor,
16 parts of sandal, and 8 parts of aloe.’ The answers in price and

1SS, v....
2 By tho modern methad, if the principnl = P, intereat = [, total nmount = .1,
rate per cont por month = r for n timo in years = T, then,
Pyrx12xT
o SLSETN
Lon
) . rxl2xT
nA=Prl=pP[1+ 52T ]
tiving o A x 100 _ Avrr12uT )
DT e s R T e
PO ppe skl B, pp. S1-a8, & MS, Sy
_T__ P - — -
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quantity for camphor, sandal and aloe respectively are 14 2/9 (drammaj
4/9 (paln); 89, 64,9; 8/9, 32/9.’ o

Finally, a question is taken from Lilavati, Chap. IV, Section II, on

fractions,-and relates to the familiar exercise about the cistern:— There is !

a tank into which water flows from four different directions. One.of ita
inlets is such that if we leave it to itself, it will fill the/tank in one day.
Che second one fills it in 4 day, the third one in } day, and the fourth one

would they fill it ¢’
Tt is written in this wayl:—

in } day. If we open all four of them together, in what portion of a dayi
!

1

e 1 1 1 1

1 2 3 6

We divided every number written below by the number written above.
According to the previously-mentioned method of the division of fraetions.

we obtained then :

1

1 2 3 6

11 11

After this we added the numbers written above, which are quotients,
thus obtaining 12. Next we divided unity by 12. Thus it is 1/12th part
of & davw, which is a half nichkeri,2 in which it is filled.
We conclude in the name of God, virtue, and victory.’
Such are the main features of this Manchester MS.; dealing only

-with a part of Lilavati, and that part which concerns primarily business

transactions, it is in the tradition of commercial arithmetic first established
by the mediaeval Sanskrit treatises.

v

This paper, in its small way, calls further attention to the Hindu
genius for mathematics, to its unique contribution to mathematical
thought and symbolism which has survived in virtue of its universality.
It became known to medineval Tslim, and thence to Latin Christendom,
long hefore,, Bhiskara, and was studied with a rare sympathy and
enthusiasm by Al-Biriini; whilst we find it again in the Persian works in
the days of the Mughal emperors, when Europeans in Tndia were, had they
appreciated it, indeed at the fountain-head. Not, however, until the
early nincteenth century did the editions of T. Strachey, .J. Taylor, and
H. T. Colebrooke see the light of day. '

We conclude by oxpressing onre apprecintion of the generons assistanco
atforded hy the stadl of the Joln Ryvlunds Libravy, pareticularly the kindly
en-operation of the Into Dr, Henry Guppy.  Also we are indebted to Roshan
Zamir of the Tducation Dept., Tabriz, Azerbaijan, who kindly helped in

- checking the translation.-

1 The procedurn amounts to this:—If tho inlots separately can fill tho tenkin 1,
3, L, nnd } duy, then thoy also sepnrately (il 1, %, 1, und 7 parts of tho tunk in

ono day, und thus eollectively fill 12 parts of tho tank in ons day, i.o. eollectively they
fill the tank in ; day.

2MS. (%

k)

:

. over 1041 figures.
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CONSTRUCTION OF FERTILITY TABLES FOR INDIA AND
STUDIES THEREFROM
b
By A. C. Nag, Lecturer,
Tital Statistics, Calcutta University

The provisional figure of total population in India has been given as
356-80 millions* on 1s¥March, 1951, This records an increase of 13-49,
The rate of increase in this intercensal period also is
rather high as in previous one. Fear of over-population is therefore
haunting the mind of every intelligent citizen. Many social and economic

difficulties now being experienced have been attributed to this rapid growth

of population. | :
Growth-of population depends mainly on the age and sex composition
of the population and the fertility rate prevailing in the country. In
India among 356-89 millions of population there are now 173-51 millions
of females. Sex-ratio thus works out at 946 females for every 1,000 males
in 1951 as against 940 in 1941. Proportion of females thus shows an
incrense on the whole but its influence on growth of pxpulation cannot be
ascertained unless the age-distribution of this incrensed female population
is known becuuse such increase must be in child-bearing ages in order to
be effective. This age-distribution will become known when the census
report will be published. Even then it would not be possible to measure
accurately the future contribution of this increase to population unless
the rate of fertility among women is'known for all ages of child-bearing
period. DBut the census authorities, for reasons best known to.them, have
so far refrained from collecting information in a form suitable for fertility
studies. It is therefore apparént that diagnosis. of the real cause of rapid
growth of population in India may not be feasible from census figures. |
In the absence of such complete enumerations, we must have recourse
to sample surveys. But sample studies also have been very rare in this
direction in India. Only one fertility table has been published so far
hut that also from a few hundreds of families in Cochin, a very small State
in India. © As the conditions in.Cochin differ greatly from those obtaining
in other parts in India and as the size of the sample was very small, these

- rates covld not be used to represent the fertility of this vast subcontinent.
- For fertility studies in India, we have always heen using the fertility

tables of foreign countrics like Ukraine or Japan. But the use of such
tables in conjunction with our female population is not likely to yield
satisfactory results because the fertility curve of Tndia has a different
shape from that of the nbove foreign lands. The population studies in
Indin have wlways faced this dificulty and the necessity of a fertility table
derived from our own population has long licen recognized but no all-out
attempt has as yet been made. i .

The main object of this paper has, therefore heen to derive specific
fertilit._v rates for different provinces of Tndia, to study the influence of
age-difference and financial position of the couple on these rates, to

" eonstruct a combined fertility table and to study population trends.

* Exclusive of Jammu and Knshmir State and eartnin tribal nreas.



