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PREFACE."Y 

TRIS little book is an J}dition of 00lebrooke'8 tnmslanon of 
Lbe lAtavat(, a st.'l1tdnr<i work on n:nuu OlR.thclllau I wtitwn by 
BluI.sknrach4.r~·yu. II. c~l"bratod m:tth{'nu~liri;ln lInu II.5trollomer 
who lived in the tW'-llflb century of tho Obristillil ero,' Th 
work form!!! lohe fh'sl. rt of u larger work of tho author r:lll<,J 
tbo SiddluInlq.-,irom.ani. This part ti! caUcd by th Ruthar, Pdt(­
gan/ta or Arithmetic; but this nil/ita tins Ilol hel'u properly 
given. For, t.he work, bc~h.lc~ denlil1g with ~ubjt'ct.t which liu 
wit.hin the l)J'O"iuce of ArithlUt::tic, nl>lo treats o( 8,lbje('~ whieb 
properly beltmg to Algebra and {ieometry. It coUlprL'lCs tho 
four simple rules. extraction of thu i'quaro root aUti the cul>c root, 
vulgar fractions, Hule of 'l'hreo, interest., aUigatioll, probl(lms 
producing ile and quadrntio e<)I.l:ttion~, .QritI.tUl(ltiea.ll~nd geo­
metrical progressions, pttUlutatioD:I and combi nl\tiou~J indoter­
minato equatioll" of ~1)J; J:i r degt:c0,J .3cn;ml propcrtio:o of trian­
gloa nud quadriJ,:tt<.!~tlJ.i ; areai tef .cii~ , volulIlI<s of @.pbl' re@., 
COuPS nnd pyr.lll1Sdll' SOl id Ooot.3nf'OC ;!i."C.ft \lEfHo'\t:l,aud ~(I\'ora l other 

~ ~ i' • ~ 
lJlattel"S. olUe~f ,.ibe Rrobl'C1n!l 801v\,1 Q\'J \I.~ l~ greut deal or 
p~ss in 11lg(!~q"iJ ~iun:'tignti~ l'bo' fl.ut 'f)r dO('" not .. htw 
tho rea~ns for lbe ·'~;ot,;j f~le.\!..gi\Ul ~jlO" 1 hlwo tric·t! to 
lIupply the rCl\.SOns as 8Gup~~lld ?rlIY' ~~~thc'y oocurrod 1.0 inA; 
huL still in I!Ome cageS nl;'awr a~ s!aorter delUOIl.'lt.roti(J~ Illy 
po~bly be giyeo. The explanntions given hnve l~.'('u prillW in 
::'UllP.ll type and enclosed within IIquaro bnlCk{·t:c. it i~ thu.i hOI'N 
that tho presont OOtt'on will prove u'O(>ful anu inlor<'!!ting not 

I Tlota'dat.e I, ucart./liuOO front thelae, tbllc Bh&eklu himl4llt inform, \,I. 
i.1l n pMllo,e 0' bit S4ddltlhta..Ail'tllll.lllfi, tbat he WM boro in the .'8&t IO;d 
~f !.he &Aa ora, nnd t.b .. ~ he t!otnpiet.ai hi.! rrea~ work whell be w". SG ,Ilttl 

(.lId. Tbill give. 1160 A.D .. u t.b.o dntfo ~f tbe completion o( we SWld/tllffrs. 
,lrIHlt4J1i. See Cut t;1I11rl1lVrif40f the SiJldM4ta.,.tr~II";. WilklD4f\t1'. 'ran •. 
.u.tJou. XUi, 68. 

• 
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j only to the schobr and tho nntiquar:an, but also to the student 
of modern algebra. 

In hi .foot-notes, Colebt'ooke ha given tram lations of extract 
from the leading commentaries on ' tbe L{lavati. These are:­
(1) The commentary of Gangadhara, written about 1420 A .D. : 
(2) that of uryadasu., called Ganitamrita, written iu 1538 A.D., 
containing a clear interpretation of the text with concise expla­
nations of the rules : (3) that of Ganestl., called Buddhivilasin{, 
the best of :~ll the commentaries, written in 1545 A.D., compris­
ing a copious exposition of t~xt, with demonstrations of the 
rules : (4) the gloss of Ranganhtha on t.he rasana, or Bha karu's 
demon tratory annotatiolls of the Siddhaltta-si/'ornani, written 
toward the beginning of the seventeenth centmy A.D. : (5) the 
Man01'anjana, writtep. by Ram Krishna Deva, of uncertaiu date : 
and (6) the Ganitalca,umttdi, which has not been recovered, but 
is known from the quotations cited from it hy Suryadasa and 
Ran ga,nil tha. Some of the tl',anslated extracts contain exposi­
tions of tho J'ules and of technical term~, and some oonta,in de­
monstrations of the rul es in a few cases. Of these demon. tra­
tlOD S which are given chiefly by GIlUS a and 'ul'yadasa, th\)~ 
which are sati.sfactory aud instructi VO, have Leen retained in tl,e 
pre,cut eJitioll ; whil'lt others which are obscure aLd unsatisfac­
tory, have bN'n omitted. For converuenc " of reference, the 
Lilavati in Sanskrit is printed at. the end, with divisions jllto 
chapter and sections corresponding to those made in the trans­
lation. No such divisions were made by BM kara.· 

NARIKELDANGA, OALCUTTA, 

December, 1892. 

H. O. B. 
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LIL'VATt. 
• 

• 
CHAPTER I. 

IN T ROD U C T ION. 

1. Having bowed to the deity, whos head is like an 
!~lephant'Bl ; whose feet are adol'ed by gods; who, whon 
l~alled to mind, relieve his votaries from embal'r s ment; 
: nd be~tows happines on hi.s worshipper ; I propound 
,this ea y proce s of computation,2 delightful by it ele­

ance,3 perspicuous with words concise, !,loft nnd correct, 
nd pleasing to the learned. 

DEFINITIONS OF TECHNICAL TEltMs. 

(Money by tale.) 
. 2. Twice ten cowry shells· are a kdlcint; four of 
!thc e are a pana; sixteen of which must be hel'e con­
I idered as a dl'amma " and in like manner, a ni.sM·a, r consisting of sixteen f the, e, 

• 

• PdUgauita .. paU, p;J,"ipaU, or .1'yaktagaltda. arithmotic. . t 
' Gane , repreeouteC with an elephaot'e head o.nll humau body. 

• LflacaU, delightful : nil allusion to the title of ~be book. See note,. 
III §§ 18 nud 277. 
I · Oyprroa. moneta, Snns., Varataka, kalJardf. ilindl, .K.tII,·i. 

B, lit 

• 
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( Wei,qhlB.) 
8. A gu'ya' (or seed of Abrus) i. reckoned eqaol t 

two barley-corns; a valla] to three !/ttnjas; and eight 0 

thc8e nre a dharana; ~wo of 'which wake n gadyanaka 
In like manner one dlwtaka is composed of fourteeJ 
vallas. 

4. Half ten gunjua are called n 'fTuUilta, by such al 
nre conversant wid.! the use of the balance; a. karshG 
contains sixteen of what nre t.erp:acd mas/tas i a pala, 
four kars/tas. A karsha of gold i.B naomed b'Uva,'ua. 

(Measures. ) 

5-6. Eight breadths of n barley-corn' nre hCXd .. 
finger; four times six fingers, n cubit'; four cl\bits, r 
staff· i :lnd a krosa coDt.'l.illS two thousand of thes~; and 
a. yojatla l four kl'OSatJ . 

. So u bnmbu pole consiSi8 of ten cubits; and a field 
(or plune figure) bounded by iour sides, mC!l.8uring

1 

twenty bambu poles, ilA 1IivQl'Uma.· 

1. A cube,8 which in length, breadth and thickness 
measures a cubit, is termed a. solid cubit: and, in tb., 
meting of corn and the like, n mensure, which contnina 

• A ~ of 11 bro, precatoriua, black or red ; the ODe called ErI4""",I., t.be 
o~ber f'allliN, ntti, nl f'attiM. 

'ElBb, barley·OO¥IU (r_rQ.) by brll&d~h, ox thrt'8 ,r&lul of riee by le.ugtk 
are eo.ual to one Buger (illig ilia). -Gao. 

• AOOOrditli too aaUNa, the el.lbl~ (AlUla) ItIPOI tho pr.oUcal onbU employ. 
ed by .rtisa.ol aud called ,1Ij. h ia 10tilflr than the ordinary oubit of It 
IDabel, 

, Jhl1lda. a .tal! : direotAld too becut nhriJ of man', hel,bt. (Maou, U. "6.: 
·11 ltlpe.rftcial MeNUN! eoOt.ailliu, tOO Iqur. (IOIM.-9I1r. 
• I:wIlidal4,,.,., m. dodeeagoo, bu' meauinr" parallelepiped; the HrD AI". 

corDer or augle, bolD, here applied to lobo edre or 1: .. / of incilkaoe eI W. 
\ll&ll .. , 

c 
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solid cut)t, is a kAur! of Mogadha' itS it is denomi· 
ated in acienl1e. 

8, A d,'ona is t.he sixteenth part of a kharl; nn 
dAaka is a. quarter of ~ drona; :+prastlta is no fourth 
art of 3n adltaka; and :.a. kudaba is by ~he ancients 
}rmed a quarter of n prastlla.' 

The rest of the axioms, relative to tilDe' nnd BO fortll, 
re familiarly known . 

• The oountrlliLUi\teit on the &J1tebluulr4 rh'er.-Gall. It it South Beb.,. 
' Anothar 8tallA OOOUnI bere io. on .• copy ot the ted. Hi, explained in 
e M4I1D,...1\I41&4, alld by dancadhara. bu~ no~ hI Gaue-. a.,"111 SlfrylUliA 
''I theretore t.o be rejected M .pUrlOD' and int.erpolaWd. lG I ... tollow.;-

, "nil ill here reokoued at twioe .eyeD UlIIMI, eACb equal to tbr&.~to1l.rtb. 
" g&lywi4J: and a "'"N4, at lorty Hru. Tho name 11 in UN amu.o, the 

.rHlA"",,, for .. weight ot C()I'U Iud like artiolel." See 110tell OD IS \J7 
•• J 25»-
I 'l'he aut.bor hu himaelf eltpiaiued the mfINurBl 0' timo In hltSUlIlA.JUd_ 

4rlJ_ItI. (See ~ue OlllddA ,,6/1f1, Wilkinson', ~l'auIIQtwn, IV. 6-12.-EJ .) 

• 



CHAPTER II. 

SECTION I . 

INVOCATION.! 

• 

• 

• 

9. Snlutation to Gnnestl., resplendent as a blue nn 
spotless lotus; and delighting in the tremuloos motio 
of the da.rk serpent, which is perpetually twining withiJ 
his throat. 

NUMERATION. 

10-11. Name. of Ibe places of figures bave boot 
assigned for practical use by ancient writers,' increasinB 
regularly' in decuple proportion: namely, unit, ten, 
hundred, thousand, myri:;Ld, hundred thousands, million, 
ten JnillioDS, hundred millions, thousand millions, ten 
thousand millions, hundred thousand millions, Lilli:>D, 

I A reuotl of thb MOnnd introductory ltallUo 'I, that the fOl'Cfoiof deft­
lIitiOOI ot term. aJ'O not properly a part o! the ~ret.ti&e tteelf; none ,lIch 
havln, 11(l(1n premieed by iJ. ry. Bhatt. and Othf!>f f.Ilcien ~ aot.b.OI1 ill their .. 
treati_ 011 aritJullct.io.-Gan. and "val&O. 

t Aooordlur to the Hindu., numeration t. of dlrioe origilt; the iDvention 
of niDe figur811 ( .. "la). wHh the cIe'Yice ot piiOOll to mike them nfH.ce!{1f 
III Dumbe.l'I. belo, IIIIQribed to tbe beuefleeot ONIILtOl' of the Universe. i, 
Bhukln.'. VU4IU! lod Itl Ila. j and ;11 Rrilboa'. Oommeow, OR tobe "fill' 
'IJIM~, Rere nine fI,uree areapeolfied j lobe PI-, when noue belOllgt to it 
bfllu, lhoWl! b, I blauk ('~1f'4), "fhic.b, to obviate mifltake, ill denoted by ~ 
dot or emlU circle. 

I From lobe right. when tlJe fint aDd lo.,....t llU1l1ber II placed , toWlrd! 
the left baud.-GGu. . ~ 

" • 
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ten billions, hundred billions, thousand billions, ten 
thousand billiolls, hundred thOllStuld billions.' 

SECTION U. 

EwnT OPERATIONS' OF AmTIIJfETIC. 

12. Rule of addition and subtraction': half D. stanZ[L, 
The sum of the figures according to their plnces is 

to be taken in the direct or inverse order4
: or (in the 

cnse of subtraction) their diJfel'ence . 
• 

[Tbe rule as exemplifiod in tho .. tfunoraIVat14 is more cum-
brOtl6 than the ordinary rule.] 

13. Ex.mple. Dear intelligent LO'vati,· if thou he 
okilled in addition and subtrnction, tell we the sum of 
:WO, five, tLirty-two, a hundred nnd ninety.three, 
eighteen, ten, and a hundred, added together; and the 
remainder, when their sum is Bubtr::LCtt.'d from ten 
thousatld. 

I Salll. d:a, lIMa, ,,,tA, ,.d,U1·4, 4111fOl, l.h.l4, p1'arwt4, 1111£" .-IINda, UlU4 
or J¥UfJ#la, kAanA, 1Ilkll.TrtJ, "fd4paliM4, ' ..... b. jal4dAi or M","dl'll, 4."',." , 
_JlIy.',p41"4rdM-. 

A puure ot lobe Vt44. which ~ cU.ed b, Stirlad6Aa. ooutr.iwl t.be pl.-col 
ot l!.irGroa :-" Be theae Lbe milch kine before mo, oue, ten, A hUDdred, .. 
thonund, teD thoa.aa.nd, .. hw;uued thouaand," miliUm, •••••. De Wille 
milClb. kine JOll'WdfIB in thi. wodd." 

• Parii.:l""o,lt4Jia. ei,h~ oper"tlon,,", or modGi of proeeu; IOSilwOl or 
e.1goriBm. 

'&"iAJalia. wdo'it., _,"4oU, ,Nt'. t1lt4, 4'('" IUDlmAtioo, wditiou. 
r'Y4"IJWa .. "" f:~ar.glit4, udI&i:sJHI. p«tlt,w, ,fD.. lubtrlliOtion. AtUIJTQ. 

dllfereuoe, J"elluoillder . 

• From the Snit on lhe right, tow~ Ule lett; or from the I ... 0&1 t.bu 
:en. towud. tile ri,hs.-OIlUlI. 

, Beemmgl, the a..m .. ot "femat. to whom ialLt uctioa. i.e ada.,~. nut 
tbo t.e.nn lIiuWlrptllted 1.:1 IOUIO ot t.he OCtUl.OlOJlI6rle., C()lIlial.l.lntll willi i 
"'1molotT •• eharmiur.'- SLI is I Qud 271. 
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Statement: 2, ~, 32, 193, 18, 10, 100. 
Result of t.he addition' : 360. 
Statement for Bubtraction : 10000, 360. 
Result of the subtraction: 9640. 

• 

14-1 n. Rule of multiplication': two and a half 
stanzas. 

Multiply the lastS figure of the multiplicand by the 
multiplicator, and nex.t the penult, and then the rest, by 
the same repeated. Or let the multiplicand be repeated 
under the several parts of the multiplicator, and be 
multiplied by those parts: and the products be added 
together. Or the multiplier being divided by any num· 
bel' which is an aliquot part of it, let the mult iplicand 
be multiplied by that number, and then by the quotient, 
the result is the product. These are two methods of 
subdivi ion by form. Or multiply separately by the 
places of figures, ann add the products together. Or 
multiply by the multiplicator diminished or increased 
by a quantity arbitrarily assnmed; adding or subtract­
ing 'he product of the multiplicand taken into the 
assnmed quantity. 

[The authot gives here six methods. The fir t method is th 
ordinary one, lind includes the lat8tlia of the older authors, which 
i worked by repeating or moving the multiplier over or ULdet 
every digit of the multiplicand, and which, according to Gane 's 

I Mode f working addition Il!I 8hown in the IIIMl<lrlMjana: 
80m of the unita, 2,5,2,3.8,0.0,... ... ... 20 
80m of the tan8, 3,9,1.1,0, ... ..• . .. ... I 4 
Sum ot the hoodreds, 1.0.0,1, ... ... ... .., 2 

80m of the 80mB ... ... ... ... ... ~ 6 0 
• Gu1tana, abh1la,Q,; al80 kana"a and allY term imp'ying a teude~y to 

destroy. 10 i8 denominated pratll"tpanna by Brnbmagnpta an~ by SrIdhar&. 
OIl1llla. multiplicand. O",naNa, multipliMtor. Ghlfta, product. 

, The digit standing iB8t toward. the left. 

; 

• 
-----~.'''''---
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e~planation, proceeds obliquely, joining p"J\iucts along comparj,.. 
ments. Thll se.cond is tedious, following from the formula, 
a (b + c) =ab + uc. The third is multiplication by factors. The 
fourth is practically the Sa.Illll"aS the first, and the fifth, the arne 
as the second. The sixth follows from tho formula, a (b - c) ... 
ab - ac.] 

16. Example. Beautiful and dear Lililvati, whose 
eyes are like a fawn's! tell me the numbers resulting 
from one hundred and thirty-five, "taken into twelve, if 
thou be skilled in multiplication. by whole or by parts, 
whether by subdivislon of form or separation of digits. l 

Tell me, auspicious wo:Uan, the quotient of the product 
divided by the snme multiplier. 

, 

St:ltement: Multiplicand 135. MultipJicatol' 12. 
Product (multiplying the digits of the multiplicand 

successively by the multiplicator) 16'W. 
Or, subdividing the multiplicator into parts, as 8 [\liel 

4; and severally multiplying the multiplicand by them; 
adding the products together, the result is the same, 
1620. 

, The adjoined Bcheme of the prooess of multiplioation is e"hibited lot 
Gane...a's commentary. 

5 

2 

1 

Au~ording to ~ba tat.tl". method, the process will stand thus :-
12 l\l 12 or 135 135 

1 8 5 I 2' 
• 12 6() 270 

36 In~ 
1620 IG20 
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Or, the multiplientor 12 being divided by 8, the 
quotient is 4; by which, and by .it successively multi­
plying the mu1tiplicnnd, the la.st product ja the snme, 
1620. 

01', taking the digits 8S parts, viz., 1 and 2 ; the mul­
tiplicnnd being multiplied by them sc\"crally, and th13 
IJl"Oducts nddcd together, nccoroing to the places of 
figures, the result is the same, 1620. 

Or: the multiplicand being multiplied by the multi­
plicator le~s 2, I..'i.:., 10, nnd mlded ~ twice the Ulultipli­
eMil, the result is the same, IG~O. 

Or, the multiplicnp.d being multipllccl by the multipU­
cntor increased by 8, t ' /Z" 20, and eight timos the multi­
plicand being Bttbtmcted, the result is the same, 1620. 

17. Rule of division': one stanza. TLat num .. 
her, by which the divisor being IUllltiplie.J La.lo.tlee,~ 

ti,e Inst digit of the di\·iuend (anti so 011'), is tile 
ql101ient in tlidsion: 01', if pl'acticnble, first abridge-' 
hoth the {livisor nnd the dividend by an equI\J Humber, 
Hod proceed to division. 

Example. Statement of tl,e number produced hy 
multiplicafion in the foregoing exnrnple, and of its 
mulLiplicntor, for a dividend, 1620, nud n divisor, 12. 

Q lotient 135 ; the samo 1"itb the ol'iginnl multi~ 
plicllud.' 

I BUgll . .o\4rll, U6jIlAII, ""rcaoM, tlAm1~ ..... , di.llion. BUjr/j, di.iooad. 
Dr./JjdtJ, All"' , di.iIor. T.o.fliltf, q!lodellt. 

, ~peatin, tbe divi.a, tor eyer1 digit, like 'be mQl~plier in mol. 
,Ip!ioation.-G,II,. 

t AlIW1rl,lI, abridging. See note Oil § ~WI . 
• The proo- of lon, divi~jou ill 8Khibited io the Aft."or4ltju.s, tho,; 

The hie-hlllllt p~ or tbe propoeed di,tdeud, lG. locinr dI,tded hy 12, the 
quotient. i, I ; aDd. OYU, Then.tll beoom68 tho Ilightllt remAinin, number. 
"hieb divided b1 a ""'(II tlUl quotient S, to be pl.oed in a IiDe wiLh 'I)t! 
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Ot' both the di,·jdt'lH.l and the div isol', being relluced 
to least terms by tile common mcnsUl'c 3, nre 540 
nnd 4; OJ' by tile c. Inmon mensure 4, they become 
405 nnd 3. Di dding h.' tile respective l'educed 
tJivisOTS, tIle quotient .s the same, 135. 

[The first part of the rule is nl.!{ue and incomplete, n1thon~h 
it, is practically the sume :t.; tho ordinary rull', as will be Avidcut 
frortl the foot-note .J, p. 8. The 5c(:oml part follows from tho 
identityab -;- ac=l, -;- r.] 

18-19. Rule fOt' t1te squflret of n quantity: two 
st:mZflS. • 

The multiplication of two like numbers together is 
the square. The square of the last' digit is to be pln.ccd 
over itj nnd the rest of the digittl, doubled and multi· 
plied by that 1:15t, to be placed abo\"'c them respectively; 
then repeating the number, except the Jast digit. ngain 
(perform tbe like operation), 0" twice the p,'oduct of 
two ptll'LS, added to the sum of the squnres of the parts, 
is the square (of the whole number,)' Or tbe product 
of the 8um nnd diffcl'ence of tile nl1wber tl.nd an ns· 
8U1I1ed qunntity, added to the square of the nrsumed 
qno.htity, is the square.4 

preoedlnr quotienlll : thDI lS, Ilema.inder fiO, whleh divided b,12 (lYse 
Ii: ID,! tht. bellnr carried to the llUUe Une ... befol'O, \he entire quolieu~ il 
exhiblt.ed: ~i~" 136, 

, Va",,,, "'riH, a ~nJlre Dumber, 
t l'be prooeea ml, beiliu with the flr~t digit. .. IntiDlat.ed by Ule author 

In § 24., 
'The proposed Q.lUl.ntity may be divided Into three partl, IDeLead ot t"o~ 

and the products ot the firat ana ~d, Jlfl~ and third, aud MClOud Iud 
third, bein, ad,;...! \ogeUler and dot,~leil, Iud IIodded to the 811m ot the 
~uarca of the pl.rt., the total is ~he I!qttAfIIIJOU~ht,-G.n, 

• .Anot.hu tneLhod ia biuteti In the aut.hor', Ilate on thi. pware : oon,lat.­
ina iu adding tocctller tuc prodllct ot the propoeed. quant.(t1 by.n' .... nmed 
on ... ud ita pro.luc~ b,t the propolOd INI the "Awned olle.-llanr. (l'htl 
(ollow. lrom Lho ideDta" iii +a (4 - h) _ IIT,_C.I,) 



f 

( 10 ) 

[" The quare of the last iligit, &c." The translation here is 
slightly incorrect. It shonld run thn~, :-" The square of tbe 
last digit, and the rest of the digits doubled and multiplied by 
that lmt, are to be placed one above the other (regard being 
had to the local values); then repeating, &c." It will thel). 
appear tbat the first two methods are really t.be same, and are 
based on tbo fo rmula, (a+b+c)2=a2 +2a (b+r) + [,2+2bo+c2, 

The working of the first method is this: -SupPoBe we have to 
find the square of 297. 

Then 
~2 
I = 4.9 or, 22 = 4. 

7 X 2 x 29 = 4.06 2 X 2 X 97 = 388 
• • !J2 92 = 81 = 81 

9x2x2 = 36 9)(2x7 = 126 
22 = 4" 72 

~ 49 

: . (297)2 = 88209 ; :. (297)2 = 88209 
The c!phers are omitted for simplicity. Tbe third metbod 

follows from the identity, (a + bHa - b) + bl ; = a2, a being the 
proposed, and b, the assumed quantity.] 

20. Example. Tell me, de~ woman, the sq1lares 
of nine, of fourteen, of three hundred less throe, ana 
of tl!n thousand and five, if thou know the method of 
computing the square. 

5tatement : 9; 14, 297, 10005. 

Proceeding as directed, the squares ore found: 81, 
196, 88209, 100100025. 01', put 4 and 5, parts of 9. 
Theil' product doubled 40, added to the sum of their 
squares 41, makes 8l. So, taking 10 and 4, parts of 
14, their product 40, being doubled, is 80 j which, added 
to 116, the sum of the squares 100 and 16, makes the 
entire square, 196. 

Or, putting 6 and 8, their product 48, doubled, is 
96 j which, added to the sum of tile squares 36 and 64, • 
viz., 11,;0, makes the same 196. 
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Agmn, 297, diminished by 3, is 294 ; and, in another 
plo.ce, increasE'd by the same, is 300. The product of 
these is 88200 ; to which adding the square of 3, viz., 
9, the sum is o.s before the square, 88209. 

21. Rule for the square rootl
: one stanza. 

Having deducted from the last of the odd digits2 the 
' square number, double its root; and by that divi­
ding tbe subsequent even digit, and subtro.cting the 
square of the quotient from the next uneven place, 
Dote in a line (with the preceding double number) the 
double of the qnotientt Divide by the (number as 
noted in a) line the next even place, and deduct tIle 
~quare of the quotient from the following une en one, 
and note the double of the quotient in the line. Rcpp.o.t 
the process (until the digits be exhausted). Half the 
(number noted in the) line is the root. 

[The rule is practically the srune as the ordinary one for the 
oxb·"C\tion of the sq llaro root. Only it is a litMe more cumbrous, 
ItS will appear from the two processes placed side by side :_. 

1 1 _ 1 ( 

88209 4 
, 4 18 

482 
4 x 9= 36 58 

-=-1;;"22""-- 14 
9'= 81 594 

4109 ! of 594 
7 x 58= 406 ,.. 297, 

49 the root required. 

72 = 49 

~ 8209 ( 2l!7 

49 482 

587 

441 
4109 
4109' 

-------- ----- ----------
I Y''''ga ,,,,!.la, root of the .qoll.re; 'n.til4, pada. are synonym. of root. 
• E~6ry uneven place i. to be marked by 1\ vertim.\ line, lIud the Inlier­
edill.te even digit. by II horizontal line, Bnt, it the I .... t place be evell, it 

,_ '_' 
i.e ioined with tile contignou, odd digit. Enmp\e. • •••• 
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Thus we sec that, iUSL ad of Jirec1:illg the sttbtraction of 9 X 49 
ut once from 411i, the rule directs Ii rst ths subtraction of 9 >< 40, 
llUd then from the remainder the subtraction of 9 x II or 92• And 
imilarly for the next step. The pncess shown ou the left-hand 

side is the same as that explained in lOho Manorardana. ] 

22. Example. Tell me, dea;7 \loman, the root of 
foul', and of nine, and those of tLe squares before found, 
if thy"kuowledge extend to this calculation. 

Statement. 4,9,81, 196, 88209, 100100025. The 
roots are 2, 3, 9, 14, 297, 1000.'j, 

23-25. Rille for the cubel 
: three stanzas. 

The continued multiplication of three like quantities 
is a cube. The cube of the l~.st (digit.) is to be set 
down; and next the squat'e of the la. t multiplied by 
three times the first; and then the square of the firilt 
taken into the la~t and tt'ipled; and lastly, the cube of 
the first: all these, added together according tu their 
places, make the cube. The proposed quantity (consist­
ing of more than two digits) is distributed into two 
portions, one of which is then taken fot the last (and 
the other for the first) ; and in like ma.nnet' l'ep~ated­
ly tif there be occasion.)' Or the same process may 
be begun from the fir t place of figures, either for find­
ing the cube or the squat·e. Or three times the pro­
posed number, multiplied by its two par ts, added to the 
sum of the cubes of those parts, give t~e cube. 01' the 

------------.-----------------------_.-------
, Oha/Ia, I> cu'>e i lit., solid, 

• The subdivision i. continuel \lntil it comes to eingI6 digit •. Genesa 
conlines it to the plnces or figures (8t'<lilla.viM, ri!l"), \lot allowing ~he portion 
ing of the number (y,ipa· .. ibMoa); beonu •• cue uudition i. 1lO be lllade 
IICCOldillg to the pla.ces. 
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sfJunre root of t.he pi'oposed number being cubed, tbn.t 
multiplied by itself, is the cube of the proposed squnrc.' 

[The different mothod~ foUow from tho following forillulru:­

(a + b)l=al +3a'b +3all'+/}, 

Ca + 0)'_ a'+/>'+3abCa +b). 

{ C.,Ia')' }'= Ca')"] 
26, Example. Tell me, dear "oman, tbe cube of 

nine, the cube of tht' cube of three. ond the cube of 
the cube of five, nnd the cube roots of these cubes, jf 
thy know Jedge be great in the "omputation of cubes. 

Statement: 9,27, 125. 
The cubes in the snme oroer nre, 729, 19683, 

1953125.' 

The proposed number being 9, and its pnrts 4 nod 5, 
9 multiplied by them and by 3 is 540 ; whicb, added 
o the BUm of the cubes 64 nnd 125, t.i:., 189, make. 

~----------------------------
I Thi, carrie. t.li aUn,ion to the r.uainr of lJuandtiM ~o higher powere 
an t.he OQbe. G.DNa lpeciliu IIOme of t.L6m. TbIU tbe fourth power 

ot .. number i, allied ~/Jrgu.f'~"'(.: t.he liJ(~b power, l\11f-g .... 'A"'''*' or '''.nll' 
4rg4.- y'e eighth power, =.,.glJ·r(lf'Ua.t:arga; tbe uinth power, g'w:lliS-g,u .. ", 
e dtr.h power, f:4rga -IIItaM.-.,ltfta. .. and t.hll lCI ,ont.h powor, ea"'()'N"'~ 

Ulwl.,....'Mta. 
'The following proeeu 01 ftudlng dIe cube of 125 is ginn 10 the Mu1tu­

altjalla. The proposed uumber 125 ill distributed into two part.l12 aDd 15 i 
aDd tbe Iltat of theM aBUin inloo "wo pArt.l! and 2 : 

Then, 1 oubed I, 1 
1, equare 01 I, tripled aud multiplied b12, i, 
4, ~uuo of :3, tripled IUUI multipUed b,l, ill 
2 cubed 11 

Now, 12 oabell at !;bon fa 
141, -.lla!ool12, trfpled And mD1LipUed hI:;, it ... 

2i>, ~nareot G, tripled and lDultiplied III 12, iI .. , 
6 cubed ia 

1'hlll, 1 Zli culled ill .•• 

• 
" 8 

1723 .." 

'!IS 
1160 

tOO 

'" 
10~1:lli 

• 
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the cube of 9, viz., 729. The entil'e nnmber being 27, 
its parts are 20 and 7; by which the number being 
successively multiplied, and then tripled, is 11340 ; und 
this added to the sum of the cubes of the part. 8343, 
makes the cube 19683. 

The proposed number being a square as 4, its root 
2 cubed is 8. This taken into itself gives 64, the cube 
of 4. So 9 being proposed, its liiquare root 3, cubed, is 
27 ; the square of which, 729, is the :mbe of 9. In 
short, the square of the cube is the same as the cube 
of the square. • 

[" In short, the square, &e." The translation should be, "in 
short, the cube of a square ' ntunbflr is the salUe as the square 
of the cube of the squlIre root of the number." This follows 
from the t.hird formuht given in the preceding artiole.] 

27 -28. . Rule for the cube rootl
: two stanzas. 

The first (digit) is a cube's place; and the two next, 
uncubic ; and again, the rest in like manner. From 
the last cubic place take the ( nearest) cube, anJ set 
down its root apart. By thrice the square of t hat 
root divide the next (or uncubic) place of figureq, and 
note the quotient in a line (with the quantity before 
found). Deduct its square taken into thrice the la t 
(term), fl.·om the next (digit); and its cube from the 
succeeding one. Thus the line (in which the result is 
reserved) i the root of the cube. The opel'ation is 
repeated (as necessary). 

Exampll':. Statement of the foregoing cubeI' f01' 

extraction of the root: 729, 196&3, 1953125. 
The cube roots respectively {u'e !:I, 27, 125. 

I G!,ana'm,lla, toot of the cube. 
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[The rule l~ more cUlllhrou~ thall the ordinary Oile, 11$ will 
np(X'3.I below :-

3x12'~43i 
,)x432- 2160 

-0125 
5!x12x3-9fU) 

--rrr-
5' - 1~5 

[Thf\ proce~ shown on tlte lu/'t.-LmnJ skhl i" the ~ame :l.'1 that 
c'tpilliuorl in the Jillllor<wjallll. 'l'hu ciphers arc omiltlJd for 
siUll,licity.] 

SF-eTION IH. 

FRACTIONS.I 

F OCIl RULl:S FOR TUE .AssnuLATION on RlmUCTION 

OF FnAC'l'IONS TO A CoMMON DENOMfNATon,' 

29. l!.ule for the simple reduction of fractioDs': one 

I BlwuUl.,,, fBlltion; lit.., a di'fl,led; 'Juantit1. or one obtaluoo bydl,ieioo. 
-Gan, Au IUOClmplete quautlty or nou.i.at.e&,ar (apurMl).-Gaur. 

J DM!lQ.,jdH.cltatwdt41ff, jlfti-llutltlAUyo, Of tOOf modet ol •• mllalJon 
Of p~ for reducinr to a ooo.moll denominator, (tactioal bln-!.or db • 
• inlilar dellOlllluatol1l, preluoinarJ to adclltion and 'UbtractiOU of fraotion •. 

"lJAtf,I;jdH or U ... ·'lIfllrIWJltIa, a81hnU.tioll of fnotiona, reducin, tb..n 
to uuitonnt~1. 



• 
( J G ) 

St.'l D7.n.. TIle DUlllCrhtor Ilud deno:nitnlol'l hcing mill· 
tiplied I'CcipTOCt\lIy by t he deI10IHin:l~o l'" of the I wo 
quantities,' they arc thus I'educeo to Lle sallie deocJlui· 
n(ttor. Or both numerator lll1l1 denominator mny be 
multiplied by the infelligeot calculator into the recipro­
C(U denominatori5 nbl'idgl..'il by n CQIIlHlOU measure. 

[Thi,; is th,· ordinary rill,' fo r roducing rrac:tion~ to their lro.:.t 
common (It·nom in:ltor. Till' (lr~t pnrt. 01 Iht. l'u1(> i.:: lIleIlnt for 
t'l':lctiolh wbo~ dt'lltlminator, lt ru !Il'im{' 10 f'llch Od1N.J 

30. Example. Tell me rue fr.1Cti CJ l1s reduced roO n. 
common denominator which flJ.lswel' to tlJrcc aud a 
fifth, ana one-third, pl'Oposerl fol' addition; and those 
which correspond to n sixty-third and a. fourteenth 
offered for subtraction. 

Statement': ~,i, 1· 
Reduced to a COlUlOon denominato!', ~g, 1"6' to,. 

Sum H-
Statement of the second example: TJ1tl-h:. 

'fhe dCllominntOl's being abridged, or reduced to 
Joost terms, by the common mensure 7, the fractioniJ 
become ~,t. Numerator and denominator, multiplied 
by the abriUgeu denominators, gil'C rcspectively r~1f 
Bnd dtr. SuLtraction being mnde' , the difference is 
rho This abridged by 7 is n . 

• B/lfllll, j;l1Un., t'i6U!lIf, 14t'(l., .,'c" tho nnmerat.or o f a traction. /lara, AdM, 
r1aAHd, <tr., the dfln(lmillalAt of a fl"l.CltiOIl. 'fhll.t whiM ~ t.o be didded II 
the part. (IU,H); aud t.h .. ~ by which b t. t(l be di '",dU t. 1Ia'(I, tbe di.illOr.­
Oau, and Bb, 

I Rid, .. qnlUltity. § 88, ' 
I Amonr MtroMmert lind oUter arltJlIllllticlans, oral illl'truotiou bu Ll.u/{b~ 

to place tbe UIUUElrat,or abo.e and the denommat.or belleath,-Olln, 
No line b inkrpolled in the origiual: bub Ib hu been lutroduood i D. the 

"aueation to oooform to tbe modern PrACtice, nhbkara IDbMqu.l:ntiT 
dirtlOt. (§ 3G) a. in~ger to be writtfl. &II a (raction by placing under I~ IUlltl 
for iw denominator. The 81uno it doue bl bim. iu "hi. plaeo in t.hn. telte.. 
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31. Rnle for the reduction of subdivided fmctions l
: 

half U Btnnzn.. 

The numerntors being multiplied by the numern.tors, 
and the denominators by the denominators, the result 
is n reduction to homogeneous form in 8ubdivision of 
frfl.Ctions. 

[This i! the ordino.ry rn)e for n-ducing a oompound fractio~ 

t.o a simple fraction. ] 

32. Example. TJ1C quarter of n. sixtoonth of tbe 
fifth of tbree-quarters of two-thirds of n moiety of 
II dramma was given t<f fL beggn.l' by a. person, from 
whom he asked alms: tell me how many cowry sheIla 
the mil:lcr gave, if thou be com'ersnnl, in arithmetic, 
with the reduction termed subdivision of {metion,. 

Statement: t ~ If '/, ! .,.,.!. 
Reduced to homogeneousness, 'ju\u, or in least lenus. , 

n .... · 
Answer: A single cowry shell \vns given.' 
33. Rule for the relluction of ql1:mtities increased 

or decreased by n. fraction :8 a stu.nza. null 0. half . 

• Pr$b}lf1ia-j6ti, _imUaUon of lu.b·r~acUOIl" or makiug uniform the 
t tACtion of a fractioll,_Glll. 

p,.""lItipo ... di1'ided trMtion or fraction of .. fmotion : u a par~ of ~ 
llloklt,. and 110 fortb.-Gaur. • 

• For .. OP1f1',lhell ill to the tale of molll, the 1280tb part of. J~"",_. § 2. 
• • JJJuJ9d ... hM~6ti. auimllo.\.Ion of fractional locreUG, rednotJoo to 

ullifonllit,. of an iO(JrofIoM b1 .. tr&otiOJl, Qr the addition 01 .. part; ftoUl 
OUl-blUlldAD , iboetioo.- 01.0. Bl4gJplu~j4U, u&1wJ.I~tlOD of fre.otiOUftI 
decf'tlO4e; [fOUl. npar6114, dedUoUOD -OIUl. 

TbfJIfJ, .. '~.lnarked b1 GAneM, arc meN!, parlJolllar OMOI of IJdditiOD .Dd 
'"Ubb'AC~IoD. The fracUora ma, be pan. ot lUlillt.et"er, or partl III tbo pro­
IkIIed 'luau tit, ItMlt. Beaee 'IN get. t ... o aon. ot ea.cl1, named bl O.og4dh .... 
_d SdrlA1l ... r'li.p4·U6"hll~uwlM , additioD of lob. trloOtiOIl of _!,Inlt; NpA. 
tfttI,6~ el1w, abbtraotion Ilf tho. fraction of .. uni~ ; rdIf·b}ui,41l1liJ.u,dlt" , 
aM,tlon lit .. fract.'oo or ttl. lj,lllUltU,; rIf,j·UdgtIpM:41_, ellbtraotion of .. 
fr.m.loo of tbe IllWllJt,. 

n.~ t 
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The integer being multiplied by the denominator, the 
numerator is made positive or negative,' provided parts 
of a unit be added or be subtractive. But if indeed 
the quantity be increased 01' diminished by a part of it­
self, then, in the addition and subtr~ction of fractions, 
multiply the denominator by the denominator standing 
underneath", and the numerator by the same augment­
ed or lessened by its own numerator. 

[The first part of the rule follows from the identity, a+~ 
c 

ac+b 
"" -;, and the second part, 

ad±ac a(d±c) 
=~d=~d" 

Hence, if we write ; underneath ~, we get th(' second part of 

t,he rule. 
The process may be repeated, if I}ecessary. 

Th a+: ~+:(~+!' ~)_a(d+c)(f+t') 
us, b d x b f b d X II - bdl . 

An application of' this last formula occurs in the examples 
given in § 35.] 

34. Example. Say how much two and a quarter, 
and three less a quarter, are, when reduced liO uni­
formity, if thou be acquainted with fractional increase 
or decrease. 

Statement; 2 3 

i ·1 • 

Reduced to homogeneousness, they become t and lj. 
[In tbo original a dot (-) is used instead of the sign: minus 

(-).] 

I Dllana, positive; "i • .a, negative. 
• In~inn nrithmehiol!lllB wnw fractions under tho qUl\ntitica to which they 

arB IIIIditivo, or from whioh they l1ro snbtractive. Accordingly, the nUDIdrt\. 
tors (Iud denominators are put iD their order, ODe nnder the other. 
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35. Example. How much is 0. quarter add to its 
third part, with a half of the sum, a-nd how much are 
two-thirds lessened by one - eighth of them, and then 
diminished by three· seventh ()f the residue ? T 11 me 
likewise, bow much half less its eighth part, added to 

• 
nine-sevenths of the residue is, if t.hou be skilled, den~ 
woman, in fractional increMe and decrense. 

Statement: ;i, i ., ~ 
~, 'k, .! 
J ·3 
~, ..,-, 9 ..,- . 

Reduced to uniformity, he results are ~, !, f . 
[In the above examples we may a.pply tb la;;t formula given 

in § 33. Thus in the first example, we have a= 1,0=4, c=l, 
d=3, e= 1,/=2, and all the signs are·plus. Hence the re nit 
. 1 x (3+]) X (2+1) J' ~ d"1 I ~ ... , 'h 
\S 4 X 3 x:2 =n=. j an SlIru ar y lor IdW o. er 

two. Tbe same process is exhibited in th ManOrtlnjana.] 

THE EIGHT RULES OF ARITHMETIC APPLLEO 

TO FRACTIONS.1 

S6. Rule for addition and subtract.ion of fractions' : 
half a stanza. The sum or (in the case of 8ubtr'tction) 
the diffe.ence of fractions having a comtnon denomi­
nator, is (tnken). Unity a is put denominatol' of a 
quantity· which has no divisor.G 

[ThL rule and tho others which follow arf' Ill! ordin:lry rule •. J 
• 

I lJhin/la'pariloar.,d",taka, tbe eig!lt modes of proo ••• , lUI appU""ble to 
,rp~~~c~~~~: tU& preceding Section relating to those nrithmetical procca.e. a8 
"-I to integors (abllinn"'paril,armaalltaka.) 

, mlinl/.,. .. ,,,,,kaUta, addition of !raotion!; b"'il/na .. I:!Ia~"kalitll. eubtrac· 
of t .. ""Won •. 

• Iltlpa, the ~reeie8 or torm; Bnytbing baving bonnd •. -Ganll. In the 
the nritbmetio. ... 1 unit ; ill tbe plural, any integer • 

• .Rti..i, .. oongeries; .. heap of things, 01 which nnity II the I!()/lle of 
; II qll&ntity or nnmber . 

• That' , It is put denominator of au ~l1teg.r. 
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37. Example. Tell me, den,r 1Voman, quickly, how 
much It fifth, It quarter, a third, a half, and a sixth, make 
when added tog;ether. Say instantly what. the residue 
of three is, subtracting those fraf.ltions. 

Statemen t: i, :t, !, !, !-~ 
Added tog!:>thet the sum is H. 
Subtracting those ft'actions from three, the remainder 

. al. ts ·zo. 

38. Rule for multiplication of fractions l
: half a 

st.anza. 0 

The product of the numerators, divided by the pro­
duct of the denominators, (gives a quotient, which) is 
the result of multip1ication of fractions . 

39. Example. What is the product of two and t1 

sev~nth, multiplied by two and a third, and of a moiety 
ruultiplied by a third? Tell, if thou ue !lkillcd in the 
method of multiplication of fmctions. 

Statement: 2 2 
. ! ~. 
Reducing to uniformity we get ~,l,f-. The product 

is t. 
Statement: ~ t. 
The product is !. 

• 

• 

40. Rule for division of fractions': half a stanza . 

After revet'sing the numerator and denominator of 
tbe divisor, the remaining process for division of frac­
tions is that of multiplication. 

41. Example. Tell me 'the result of dividing fiv~ 
by two and a third; and a sixth by It third; if thy 

, Bltimla·Ot"lana, multiplioation ot fractions. 
, BM1IM·bh60aMra, division of fractions. 

• 
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under tanding, sharpened into confidence, be competent 
for the division of fractions. 1 

Statement: i (}) t· !, l 
Proceeding as directed, the quotient are JI and i-. 
42. Rule for involution and evolution of fraction .2 : 

half a stanza. 
If the square be ought, find both qum'es j if the 

cube be required, both cubes: or, to discover the root 
(of cuhe or square), extract the roots of both (numerator 
and denomma tor). • 

43. E. ample. Tell me quickly the qnnre of three 
and a half; and the square root of the quare j and the 
"ube of the same' and the cube root of tbat cube, if 
thou be conversant with fractional ~quares and roots. 

Statement: 3 t or reduced ~. 

Its square is ¥; of which the square root is {. The 
cube of it is .ll.gli j of which again the cube root is t. 

• SECTION IV • 

CIPHER.3 

44 45. Rule for arithmetical process relative to 
cipher: two couplets. 

In addition, cipher makes the sum equal to the 
additive.' In involution and (evolution) the result is 
cipher. A definite qualdity,' divided by cipher, is be 

• 
, Ga.ne ... omits tho la~ter halt of the sto.nz I. aa.ngl>dh"ra gives it entire. 
1 Dhi"na.~ar!l4, lIqua e of a. tr""tion ; bl,inna'ph'11Il1, cube ot a trooMon. 
• ti.ya, kha, a.ud otber .yoooyms of vacuum or etherial spnce; nough~ 

or oipber; a. bl ok or tb privation of speclfio qoantity.-Krfehna on Vfiu. 
,an · ~ a. 

, KIIt,ep", that which ia ~lIII' or thrown in i e.dditi1" •. -Gani. 
• RuL , Set' § 86. 
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submultiple of nought. l The, ptoduct of cipher is 
nought: but it mus.t be retained ll.S a.. multiple of cipher,' 
if any furthel' opera.tion impeJd. Oipher having be­
come a multiplier, should nought after\vards beco\ne 
a. divisor, the definite quantitYI must be understood to 
be unchanged. So likewise any quantity, to which 
cipher is added, or from whIch it is subtracted, (is 
unaltered ). 

[The first four rules are clear. 'l'he rule, liiz., " cipher having 

become a multiplier, &0.," is not f},ocurate. For a 6 0 = {t=in~ 
determinate, and not=a, as tba rule says. The idea. of i1l.ftnity is 
not introduced bere by the author. It is, however, introduced 
by him in the Vya-ganitll, and a};;o by Ganesa in his commontary 
011 the abo'Ve couplets. ) 

46. Example. Tell me how much cipher a.dded to 
five is, and the square of cipher, ann its Squaro root, 
its cube, and cube root; and five multiplied by ciphc:- ; 
and how much ten is subtrltCting cipher; and what' 
nurobel' it is, which multiplied by ciphet·, and added 
to half itself, and multiplied by three, and divided by 
cipher, a.mounts to a given number sixty-three. 

Statement: O. Cipher added to 5 makes 5. Square 
of cipher, O. Square root, O. Cube of cipher, .0. 
Cube root, O. 

," 
1 Elta-ltar;', a fraction with oipher lor its d'juominaOOr. AOO9rding to 

the remark ot Gaueaa, It i3 ·an inflnibe qtlantity: since it cannot be do­
termined how great It III. It remaina un~lterod by tbe addition cr Btlbtrae, 
tion of finite quantities: sinoo, hi the ,preliminary operation of rod':lcing 
both tX-action&l eJ:preasious to 90Plmon denominator, pl'epar&t;ory to taking 
their sum or difference, both nllmehl'/'or Rnd de\lominator of the finit6" 
IJnlUltity IInniall. Rang&uAtha affirms that it is Infinito, beoau8e the 
maller the divisor is, tbe greater is the quotient; now clphor, bei\1g in the 

ntmost del1roo small, gives II qnotient iutiuitely grOt\t, 
• Kh"Ulnl.a, II qnant.ity whioh htls oiph -, tor its multiplier. Oipher ill set 

down by the side of t.he multiplicand, to denote ib.-Gan. j 
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• 
Statement: 5. This multiplied by cipher makes O. 
Statement: 10. This divided by cipher gives .lJ>. 
Statement: an unknown quantity; its multiplier, 0; 

additive, t ; multiplicator, 3 ; divitlol', 0 ; given num· 
bel', 63 ; assumption, l. 

Then, either by inversio.n or posipion, as subsequently 
explained (§4 7 and §50), the number is found, 14. 
This mode of compu,tation is of frequent use in as­
tronomical calculation. 

[The last e~ample as translated by Colebt'ooke appears to bo 
meaningless and absurd. we put ,'!) f01 the required nnmber, 
we.get the eqnation, 

3 (x X O+tx) _ 63 
0-' 

• whioh is mauifostly absurd. The correct translation, however, 
would lead to the equation, 

Q.. X (a:~tx) X 3 = 63, __ 

of whi(}h ,e,,-,l1 is II sdlution.] 

• 



CHAPTER III. 
\ 

MISCELLANEOUS RULES. 

SECTION I. 

INVERSIO~. 

• • 

47-413. Rule of inver:;.ion t: tVI"'O stanzas. To in­
ve tigate a quantity, one being given,' make the divir,or 
a multipJicator j and the multiplier a divisor; the 
squure, a root j and the root, a square· j turn the nega­
tive into positive, and the positive into negative. If 
a quantity is to be increased or diminished by itl:! oV'n . 
proportionate part, let the (lowerS) denominator, being 
increased 01' diminished by its numerator, become the 
( corrected6

) denominator, and the numerator remain 
unchanged j and then proceed with the other opera­
tions of inversion, as before directed. 

['l'he re on for the rule is clear from the example "'iven in 
§ 49. If we want an arithmetical olution of snch a problem. 
we must begin from the end, and invel·t every opemtion indi­
cated in the pl'oblem. If a. quantity is W lJe increased or dimi­
nished by i own proportionate part, i.e. if we have an equation 

I Prak!rJUt, miBOelJaneoua. Th~ rules contained. in the fir8t live sections 
of lobi. cbapter bave none answoring to them in the A.rithmetio of IIrtlhma· 
gupt& and Srldbl\Tf\. 

t VUollta.ddTti, Viloma.l<rilld, VlItl8ta.vitlhi., inverRion. 
• Dri.ya, tbe quantUy Or number, wbich is visible j tbe given qn ntity, 
• .And the gobe, 8 oube root I and tile oube root, 8 oUbe.-Gan. 
• GaogAdhara, • 
• Oang~b~I'1l, 

• 
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of tho form .~ (1 ±~) - c, then evidently .;c - ~ - c+ ~ v b±a b±a 
This explnins the lllttor part of lhe rule.] 

49. Example. Pretty girl, with tremulous eyes, 
if thou know the correct method of inversion, tell me 
the Dumber, which multiplied by tbree. and .dded to 
tbree·quarters of the product, and dh·jded by seven, 
nnd reduced b)' subtraction of • third part of the quo­
tient, and then multiplied into itself, (lod having fifty· 
two subtracted from the prodn,.t, nnd the square root 
of the remtlinder extra. ted, nnd eight added, and the 
sum divided by ten, yields two. 1 

Statement: Multiplier 3. Additive it. Divisor 1_ 
Decrense i. Squnre-. Subtractive 52. Square root-. 
Additive 8. Divisor 10. Given number 2. 

Proceeding lUI directed, the result is 281 the number 
8Ought. 

SECTION U. 

SUI·POSITION. 

50. Rule of supposition': one stnnza. Any num­
ber .nssumed at pleasure is treated as specified in the 
particular question, being multiplied nnd didded, 
raised or diminished by fractions j then the given 
quantity, being multiplied by the assumed number and 

, AU t.he operation. Rre tuvert.ed. The known nnmber 2, multipUed b7 
the dl't'iIor 10 wavortoo into 110 lDu]tiplicatof, maktlll 20; from "bioh the 
IUldhi,.. 8, 00'"8" Inbtraoi.ed, JeavOil 12, ~he .quare whoreof (utrlUltion ot 
t.he I'OOt beiujt direc~ .. d) i. I H ; and addini the lubttaoUve 52, It beoomlll 
196; tberoot ot T.bil~lCJu8.nlbeinidifect;ed)t.H; added to it. ball, 7, It 
amouute too 21, ,.Mob muUipUed b,7, b 147. Thll again dhlde<l b,7 acd 
multiplied by 8 mU(!II '33, whiob, lubtrMt.ed from 147,lea't'el84; aud thil 
divided by 8, rind 28,-.. tfAil6, 

'l,,4tlI·~,...a., opora~ion with an &named Dumber. It U! t.be rule ot 
talee ))OIIit.(on. fJtlppollitio[', and trial Alld error. 
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(w hich has been found), yields the 
This is called the process of suppo­

I 

51. Example. What is that number, which multi­
plied by five, and having the third part of the product 
subtracted, and the remainder divided by ten, and one­
third, a, half and a quarter of the original quantity 
added, gives two less than seventy? 

Statement: Multiplier 5. Subtractive! of itself. 
Divisor 10. Additive i ~ i of the qua,ntity. Given 68. 

Putting 3; this multiplied by 5 is 15; less its third 
part, is 10; divided by 10, yields 1. Added to 'the 
third, half and quarter of the assumed number 3, viz., 
i i 1, the sum is ¥. By this divide the given number 
68 taken into the assumed one 3 ; the quotient is 48. 

The answer is the same with any othcr assumed 
number, as 1, &c. 

Thus, by whatever number the quantity is mUltiplied 
or divided in any example, or by whatever fraction of 
tLe quantity it is increased or diminished, by the same 
should the like operations be performed on a number 
arbitrarily assumed; and by that, which results, divide 
the given number taken into the assumed one; the, 
quotient is the quantity sought. 

[The rule in § 50 is a clumsy way of solvhlg II simple qua-
tion. The reason for it will appoar belo . 

Let it denote the number sought in § 5l. 

Then, 5mx~)(*+(t+t+t)x==68. 
1tfultiply both sides by any a sumed integer k, and we get 

X= {68 X k}+ {~x 5 xi x itr+a+t+t)k}. 
Thu we see that there is no need at all of n sumiug un 

integer Ie, a~ the rule direct~.] 
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52. Example of reduction of It given quantity.l Out 
0f a hen,p of pure lotus Jiowers, It third part, a fifth and a 
sixth were otl'ered respectively to the gods Siva, Vishnu 
find the Sun; and a quarter was presented to Bhav8.nl. 
The remaining six lotuses were given to the venerable 
preceptor. Tell quickly the whole number of lotuses. 

Statement: -k } ~ !; known 6. Putting one for the 
n sumed number, aod proceeding as above, the quantity 
is found 120. 

[In Pandit J!'vananda Vidynsagam's edition, thero is an 
example before thL, which is omitted by Oolebl"ooke. It is as 
follows :-

. Out of a herd of elephants, half together with a third part 
of itself was roaming in tt forest; a sixth part together with a 
seventh of itself was drinking water in a river i and an eighth 
part together with a ninth of itself was playing with lotuses. 
The leader of the herd was seen accompanied by throe £ males. 
What was the number of elephants in the herd P 

This may be solved either by an arithmetical or an algebrai­
cal method, both being pl"J.ctically tho same. Adopting the 
lattElr, and putting 111 for the required number, we get the equa~ 
tion -{tCl+t)+t(l+-l)+k(l +!)j (C+4=.x, whence a:=1008. 

It may be observed here that all the examples in this Section 
are proLlem, producing simple equations, 'Yhich are solved not 
by the ordinary method of solving imple equations, but by 
the author's method stated in § 50. They may also be worked 
out by a purely arithmetical method. 

The algebra.icalsolution' pf the problem in § 52 is as follows:­
Let ~ dennte tho whole numher of lotuses. 
Then Ct-H+!+t)ro+6=llJ, whence $=120]. 

I })ru1l4 .jdti, reduotbn of the 'fip!b1e or given quantity wit.b fractions 
affirmative or negative, here, witt. negativo j in tho preceding eXlUllplo, 
wiLh affirlllati VB. 



• ( 28 ) • 

53. Example of reduction of re~idues.' A tl'aveller, 
eDO'aged in a pilgt'image,gave half his money at Prayagaj 
two·ni~ths of the remainder at Kds£ i a quarter of the 

-residue in payment of taxes on the road; six-tenths of 
what was left at Gaya ; there rem:1ined sixty - three 
nisltkas, with which he returned home. Tell me the 
amount of his odginal stock of money, if you have 
learned the method of reduction of fractions of residues. 

Statement; : t ~ :t !u; known 63. Putting one for the 
assumed number, subtracting the numerator [1'000 its 
denominator, multiplying denom nators together, and 
in other respects proceeding n,s directe~, the remainder 
is found -lcr. By this dividing the given number 63 
taken into the assumed que.ntity, the original sum comes 
out 540. 

01' it may be found by the method of reduction of 
fractional decrease (§ 33) 

Statement: t . ~.llitr. l3eing reduced to homo­
geneous form, the result. is -,,715; whence the sum is 
deduced 540. 

Or this may also be found by the rule of inveroion 
(§ 47). 

[Let It denote the originol stonk in nislJcas. Then, at Pmyaga, 
there remained t .1: ; at Kds{, ;/- of this being spent, there re­
mained t of tx ; similarly, on the road, there remained t of % 
of t:1:, and at Gaya, 1\ of ! of t of -!.v or 1;~I)); hence wo get 
."."1rx= 63, whence iC= 540.J 

54. Example of reducti,?n of differences.' Out of n. 
swarm of bees, one· fifth part settled on a blossom of 
-----------------. -----·rl --------~-----------

I So&lta.-jat;.., assimilation of residue; reduotion of fraotions of residues cir 
,noo02Bive tractional remainders. • 

, Vi,ZB&hajpti, assimilation of diifert'nce ; rednction of traotional differ­
enccs. 
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Kadamba/ and one-third on a flower of siUndlu',,' ; 
three times t.he difference of those numbers flew to the 
bloom of a Kutaja! One bee, which remained, hover d. 
and flew about in the air, allured at the same moment 
by the pleasing fragrance of a ja mine IlDd pandllJlu . 
Tell me, charming woman, the number of b es. 

Statement: t t y\ ; known quantity, 1 ; assumed, 30 . 
• 

A fifth. of the assumed number is 6; a third is 10· 
difference 4; multiplied by 3 gives 12; and the re­
mainder ie 2. Then the product of the known quan­
tity by the assumed one, being divided by this remain­
der shows the number of bees 15. 

Here also putting unit for the assumed quantity, the 
number of the swarm i found 15. 

So in other instance likewise.· 

[Let III denote the numb l' of bees. 
Then, fll1+k:c +3(i.'V-i.v)+ 1 ""III, whence Ill - 15.J 

. 

SECTION m. -
55. Rule of concurrence: half a tanza. 
The sum with the difference added and subtracted, 

• Kadan.ba, Nauclea orion taUs or N. Kads.mba. 
2 SIU,!(lhl'f, " plant ree.embllng the Kaohwa.-Krlsbna or V(ja.gaillta, 
• Eohit.es nntidyeenterica. 
'The Mo"wrallJalia introduoes one more examplo, which Is there pl~tld 

after the eeoond, (lnd is bere subjoined. -" The third part of a oeokl1lO8 ot 
pe&rla, broken in ao 'Amorous Btrug'gle, tell to the ground; ita OJtb part rost. 
ed on the couoh j tbe sixth pllrt wa save<l by tbe wenoh i and the t.elltb part 
w .... takeo up by her lover j e:x; pearls remaioed strung. Say ot how 1IllIDY 
pearl, the neclrJaQo was comp08ed." 

Statement: t l ra. Rem. t. 
An'wer: 30. 
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being halved, gives the two quantities. This is termed 
concurrence.1 

• 
{Let a; and y denoto the required numbuTs. 'Ihen, 

a; + $1= k, a; - y = l, where k and l It.oo given quantities; 
wMnce x=t (k + l), y==t (k-l).] 

56. Example. Tell me the numbers, the sum of 
which i a hundred and oue, and the difference, twenty­
fi ve ; if thou know the rule of concufrence, dear child. 

Statement: sum 101 ; difference 25. 
The two numbers are 38 and 63. 

o 
57. Rule of dissimilar operation' j half a stanza. 
The difference of the squares, divided by the differ­

ence of the radical quahti'ties, gives their sums; whence 
the quantities are found in the mode before directed. 

[Lot ,'C arId y be the numbers. Then, 
:JJ~ .- 'Il == m, II: - y .. n. 

:. /lJ + Y ""~, &c.] 
n 

58. Example. Tell me quickly, skilful calculntor, 
what numbers they are, of which the difference is eight, 
and the difference of squares four hundred. 

St tement: difference of the quantities 8 ; difference 
of the square 400. 

The numbers are 21 and 29. • 

1 Sank,.at/laM, corlourteuoe o. mutual penetration III tbe sbape of sum 
lIud dUferonoe.-Ga g. Investigation of two qUQlltlti~s ooncunaut Ot $'rowu 
toget,her in the torm of sum nud different:e. -Gan. O&lcuJntiou ot quantitielf 
latent within thMo oxbibited. -Stir. 

, V'~h.a'llla·kal~)u/'II, the finding of the Qllll'tltitles, wben tbe dUt renoe of 
their squaroa is given, and either the sum or tho dill'eror. e of the quanti· 
tioa.-Gan. A species of couourrcuce.-Gal\g. See below, §186. 

• Or divided by their awn, gives theu dilfereno .-Gan, 
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E'TIO. IV. 

PROBLE { CONCERNING SQUARES.! 

A certain problem relative to squares is Pl'OPO ded 
in the next instance. 

59. Rule. '.I'J:te square of an arbitrary number, mul· 
tiplied by eigHt and lessenf:1d hy one, then b ve and 
divided by the assumed number, is one quantity; its 
square, halved and udcled to one, is the other. 01' 
unity, divided by dou e an assumed number and added 
to that number, is a first quantity; and unity is the 
other. These give pairs of quantities, the sum and 
difference of whose squares, lessened by one, are 
squares. 

[Let n be the n sumed number. Th n, by the first part of 
the rul , the two numbers are, 

:l~( n2-1)andt{2~(8n2-1) r + 1. 

The urn of tb qUaJ'o of these llumbers Ie senecl hy 1 i~ 

i (41'1 _ 2:.)' + 2(4n _ .-!..)2 
271 2n 

co (4n -~y{ t (4n-~r+2} 
= (In - /;)

2 (2n + ~ ) 2, a perfect quare. Similarly. 

tho difference of the squares of the numbers les ened by 1 is a 
pl'rfect sqU!Lre. 

Again, by the seoond part of tho rulo, tho nUllibers are 

:L + nand t; 3nd { (i + ~I Y + (1)2} -1 =( in ± nY, which 

nre perfoot qllares. 

H ·nce tho reason for the rul i ovident.] 
-

I y .. :ga'~1'1i14n. operation relative to aqnar08 ; an indeterminAte prublem. 
IIdnmbing lonumefablo solution!. 
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60. Tell me, my friend, number, the sum and dif­
ference of whose squares, less one, afford square roots, 
which dull smatterers in . algebra ' labour to excruciate, 
puzzling for it in the six-fold method of discovery there 
taught. l 

To bring out an answer by the first rule, let the 
number put be~. Its square, i, multiplied by 8, is 2 ; 
which lessened by 1 is 1. Thi halved is t, and divided 
by the assumed number ~ gives 1 for the first quantity. 
Its square halved is ~, which,eadded to 1, makes j-. 
Thus the two quantities arc 1 and i-

So, putting 1 for the assumed number, the numbers 
obtained are i- and y. With the supposition of 2, 
they are ¥ and !J·l'!.a. 

By the second method, let the assumed number 
be 1. Unity divided by the double of it ie }, which 
added to the assumed number makes f. The first 
quantity is thus found. The second is unity. With 
the supposition of 2, the quantities are t: and 1. 'Put­
ting 3, they are ¥ and l. 

61. Another Rnle.2 The square of the square .of an 
arbitrary number, and the cube of that number, res­
pectively multiplied by eight, adding one to the fir t 
product, are such quantities, equally in arithmetic and 
in algebra. 

Put 1-. The square of the square of the assumed 
Dumper is 111'1 which multiplied by 8 makes -}. This 
--------------------.------~------~--

I This queatioD, found in Bome lJopies of the toxt, and interpreted by 
Gang6.dbara and the Ma.noTa~alla., is unnoticed by the other commentator. 
[We do not know what the aubhor means by the ti0j"ld method Df di,doVdry. 
OoJebrooke does Dob say lUlything about. it.-Ed.] 

• To bring out answers iu whole numbers, the two precediDg Bolotior.d 
giving /l'IIctiOIlS.-GIlD. and Slir. 
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aJded to 1 is ~, which is the first quantity. Again 
put l. Its cube is }, which multiplied l)y 8 gives the j 

seco ld quantity 1. ext suppo iner 1, the two quanti­
tie are 9 and 8. Assuming 2, th Y arc 129 nud 64-. 
Putting 3, they are 649 and 216. And 0 on, ithout 
enJ, by means of various suppo idons, in the everal 
foreg ing method's. 

It is said that Igebmic solution imilar to arit.hme-
tical rules appears ob cure j bllt it is not to the 
intelligent j nor is it six- old, but maui £, l(t 

[L t n be tb arbitrary numb r. Th 11, by ih rule the 
numbers are, n' + 1 and n8 ; 

anlll ( n' + 1)2 ± ( n8)2} -1 = (41lt)t (2111-1- 1)2, which nre per­
fed quare . 

• 
H nce th reru.oll for the rule is obviou .] 

SECTION v. 

62-63. Rule for a imilation of the root's co ffi­
dentl 

: two stanzas. 

The sum or difference of a qunntity and or a lUul.i. 
pIe of its squnre root being given, the qnnre of balf 
the co fficient'is added to ilIe given numoer, and the 
quare root of their sum (i extracted j that root,) , ith 

half the coefficient added or subtracted, being qnarecl, 
i the qua.ntity sought by the intcrrogator. If the 
quantity have 0. fl'action (of itself) added or ubtl'acted, 
divide the number given Rnd the Inultiplicator of the 
root, by unity increased or Ip.ssened by the fraction, 
------------------------------------------

I Mulu-jcftl. mu!a-UltJUlluljcW Ot ;fhto.-nlliloll.",.joti, _imll lion anel reo 
dU~lioll of tbe root's coefficient with ~ frlW~ion . 

• Gmta. multiplic~tor; 1Jdlu·fllma, roofs multIplier, tbe coeillcip,nt of 
the root. 

n, I 
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and the re uired quantity mny be then discovered, 
proceeding with those quotients as above directed: 

A quantity, increased or diminished by its square 
root multiplied by some number, being given, add the 
square of half the multiplier of the root to the given 
Dumber; nnd extract the squat'e root of the sum. 
Add half the TIlultiplier, if the difference were given; 
or subtract it, if the sum were so. The square of the 
result will be the quantity sought. 

[The third paragraph is in prose in the original, and is adlled 
by the author by way of explan tion of the two preceding 
metrical rule, . 

Suppo e we have the equation. 
:1: + a"; iC = b ......... (I). 

Then, completing the squn.re, we get 
• 

AI ± a";x + ( ~)2= b + (~)2 ; 
:. VX = fb+(;r+ ;; 
.'. Ie = {Jb+ (;f+if. 

Hence the I'eason for the first part of the rule is clear. It is 
the ordinary rule for solving an equation reducible t a quad­
ratic by completing the square 

The second part of' the rule is meant for equations of the form 
r -

;r, ± d Ie + a V a; = b • . • • . , (2), 

whence we get _ 
a va; b 

jV+' -= , 
- a c 

1 + - 1 + --d -d 
wl1ich is of the form (1), :lnd mlty be 1'0Iv d as aboye. Thus 
We ee the TetlSOn for the second pn.rt of the rule.] 

64. Example: the root subtracted, and the diif.el'­
ence given. One pail" out o~ [I, flock of geese remained 

\\ 
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p "lin in the wat~r, and saw ven time tbe half of 
the quare root of tbe fl ck proceeding to the sbore 
tired of the diver ion, Tell me, dear girl, the number 
of tbe fl6ck. 

mtement: coeft'. t· giveo 2. Half the coefficient 
it; it s Iuare ~* added to the given number, mak 
ft, the square root of which is t. Half the coefficient 
beinO' added, the um is ¥ ; or, reduced to least term, 
4. This squared is 16; tbe number of the flock, as 
reqnir d. • 

[Let :r d note tho numLer of' the flo ·k. 
7 -Thon, 2 + Q .; .'1: =-.'1: ; 
~ 

: • • '1:- ~';7 + GY =2+ GY = (if; 
- 7 9 : . .;.r-iC:

4 ; 

llPuco x = G+D2 = 16. 

This is lin in tanc of tho first part of /hc pl' I' ding ruI!'.] 

65. Example: the root add d, a d th~ III 1)1 given. 
Tell me what the number ~ which, aiMed to nio imes 
its (ll '\1'e root, amount to tweh'e hundred and forty. 

Statement: coeft'. 9; given 1240. l' ceedinO' by the 
rule, the required number i 961. 

[Lei.r d not th number r quirocl. Th n, x+9 .; ,e-.... 12-10, 
wh n .r.] 

6G. Example: the root and a fraction both ub­
trncted. f a flock of ge\:. e, ten times the square root 
of the number departed for the Manaaa lake/ 00 the 

---------------------------------• r.'l!.l IIce~ are ob8er7ed to quit the plains of Indill, at the "pprOllCh of 
the nir, y e ; alld lhe lake onIled .1tal4ll'" 4"OM~Q. ia oovered with 
wa r.to .. I, e1Ipeci.u.ly geOt;o, during that seaeou. The liindu. ~upp06e the 

'b tribe of geese to N~ire to the holy 1 .. t th .. pproach of raiD. 
'l·b.o bird ia e"Or d to BrabJLA. l ee IlollliutaMfI, XIII. Gu.-Ed J 



( 36 \ , 

approach of a cloud: nn eighth part went to a forest of 
Sthalapadminis1

: three couples were seen engaged in 
sport on the water abounding with delicate fibres of the 
lotus. Tell, dear girl, the whole number of the flock. 

Statement: coeff. 10 ; fraction It ; given 6. 
Proceeding by the (second) rule (§63), unity, less the 

fraction, is i; and the coefficient and the given num­
ber, being both divided by that. become ¥ and ¥ ; 
and the half coefficient is ¥. With these, proceeding 
by the (first) rule (§62), th :number of the flock is 
found 144. 

[Let ,'/: denote the whole number of the flock. 
- 1 

Then, 10 .; Ie + 8.t + 6 =;lJ ; 

7 -
:. 8 ,lJ-10'; x = 6 ; whence 111. 

This is nn instance of /;he seoond part of' the rule in §62-~Il,J 

67. Example. The son of Pl'itba/ irritated in 
fight, shot a quiver of arrows to slay Kama. With 
half his arrows, he parried those of his antagonist; 
with foul' times the square root of the quiver-full, he 
killed his horses; with six arrows, he slew Salyan ; with 
three he demolished the umbrella, standard and bow; 
and with one, he cut off the head of the foe. How 
many were the arrows which Arjunalet fly ? 

Statement: fraction ~ ; coeff. 4 ; given 10. 
The given num1er and coefficient being divided by . 

unity less the fraction berome 20 and 8 ; and proceeding 
by the rule ( 62), the number of arrows comes out 100. 

I The plant intended is not aecerteined. • he context would Beem toiropl, 
that it is ... bo1'801l8, as the term signifies forest. 

• ArjullB, 8uI'Ilamed P,ktba; his matron.ymic frolU PritWi or Kuolf •. 
, One ot the lialtro"as, nnd charioteer of~nrntl. 
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[L t Jl ,1 note t.he numbpr of arrows. 
1 -

Then, 2 ;e + 4-/ :t: + 6 + 3 + 1 = ;1:, whence :1:.) 

68. Example. The square root of half the number 
of a warm of bees is gone to a shrub of jasminl; and 0 

al'e eight-ninths of t he whole swarm: a femrue is buz­
zing to one remaining male that is humming within a 
lotu in which he is conuned, having been allut'ed to it 
by its fragrance at night.' Say, lovely woman, the 
number of bees. • 

Here eight-ninths of the quantity and the root of its 
half are negative (and consequently subtractive) trom the 
quantity: and the given Dumber is two of the peciuc 
hings. The negative quantity, and tbe given number 

halved, bring out half the quantity sought.s Thus :-

Statement: fraction .t; coeft' . . i; given 1. 

A fraction of half the quantity is the same tiS half 
the traction of. the quantity; the fraction is thel'efore 
set down (unaltered). 

Her proceeding as above directed; there comes out 
half the quantity, 36; which being doubled is the 
number of bees in the swarm, 72. 

1 Jltflati, jasminum grandiflorum. 
, Tbo 10tlUl being open at nigb~ and cl08ed in the day, the bee might be 

caught in ili.-GaD. 
• In saoh qaeetioD8. it is nec88So.ry to observe whebber tbe coeflloleut of thCl 

root be so of the roob of tho whole numb r, or of tho.h of its part; for that 
q\' Dtity is found, of 'WhoEl) root the ooe1Roient II ueed. But in tho present 
ca&e, tile too~ of h U the Uo.utity is proposed; and accordingly, the half 
of the quantity will be fouud by Iilie rule. Tho number givon, however, 
belOD • to tbo entire quantitJ'. Therefore, taking halt the given numher, 
~, the requirod Dumber .:s to be brought out by the pl"OOe¥ belore 
directed.-Xa"". and Sl1r. 

I 
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rLet .v donote the number of bees. \ 

Then, V t III + ~ a; + 2 = It. 

Put y = t OJ, and we get 

Y-h - t.,;Y,.. 1, 
whence by the rule in § § 62-63, wo obtain y = 36, and :. 
OJ ... 72. 

Thus the reason for the process given in the text is dear. The 
reason given by the author and the commentators is not very 
clear. ] 

69. Example: the root and a fraction bothadde<i 
Find quickly, if thou have sknr in arithmetic, the quan­
tity which added to its third part and eighteen times its 
square root, amounts to twelve hundred. 

Statement: fraction 1 ; coeff. 18 ; given 1200. , 
Here, dividing the coefficient and given number by 

unity · added to the fraction (§63), and proceeding as 
before directed, the number is brought out, 576. 

[ Let IV denote the number required. 

Then, x + ta; + 18 V m = 1200; whence rc.] 

SECTION VI • 
• 

RULE OF PROPORTION.1 

70. Rule of three terms2 
: one stanza. 

The first and last terms, which are the argument and 
requisition, must be of like denomination; the fruit, 
which is of a different species, stands between them: 
and that, being multiplied by the demand and dividea 

J [A mQre litoral translation would' \Je I Rule of Three,' the word in the 
original being trai)·(f,ika.-Ed.] 

• T,·ai,·(fs.ka, caleuiation belonging to a set of three terms.-GlIoIlg. R~e 
of Three. The lint term is praqnfil!a, the measure or a.rgument; the ,;ecoud 
Is its fruit, pha//J, or produce of the IU"gument I the ~hird is ickchM, the de. 
mand, requisition, desire or question.-Gan. 
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by the first term, gi ves the fruit of the demand.' In 
the inver~e method, the operation is reversed! 

[The rule i the ordinary mechanical one for sohriug problem 
in"olving th Rule of Thr e, dir ct llud inver e. It i not tated 
in the light of the principle of proportion, and is practically 
the same as that given in Mr. Barnard Smith's well-known work 
on AriLhmetic, Art. 155.J 

71. Exn.mple. If two and a half palas of saffron be 
obtained for three-sevenths of a nisltka, say instantly, 
best of mel'chants, how much is got for nine nishlcas. 

Statement: 4- ~. 1· .A! swer: 52 palas and 2 karshas. 
[This is an example of the Rule of Threo direct. Work d 

out by the principle of proportion, the pro e s will stand thns ;­

Let a: denote the quantity sought in palas. 

Then, we evidently have the proportion, 
.,~··3·9 -'£ .... , 0&-"'. , 

.', .'1: X ./I- .., i X 9, 
, , , iI- X 9 

JI "" - of = 52!. 

Thus the answer is 52~ palas = 52 prl,las, 2 kar ltas. 
The reason for the rule in § 70 is obvious. J 

• 

7. Example, If one hundred mid four nislt1cas a.re 
got for 'sixty-three palas of best camphor, consider and 
teU me, friend, what may be obtained for twelYe and 
a q uarter pala.~, 

Statement: 63 104 ¥. Answer: 20 nisltkas, 3 dram­
mas, 8 panas, 3 7cakin£s, 11 cowryshells and ~th patt. 

['rills also is :ui' 'iustance of the Rule of Thr 0 dir ct, and Olay 
b worked out a~ above.] 

I lc~-chM.'J"ta7 ... Jlroduee of tbe reqnisiti n, or fruit of the quettion ; it is 
of the IDe denomillD.tion or speoies with the second term. 
'Sce~7t. 
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73. Exninple. If" kM. • .; nnd one.eighth of rice 
mny be procured for two dramma8, Isay quickly 'What 
may be bad for seventy pan(])j. 

Statement, reducing d'rammo.8 to panas: 32 i 10. 
Answer: 2 kJuJria, 7 dronas, 1 ddllalca, 2 pl'Qathaa. 

[ This is a Ulird instance of the Bole of Three direct.] 

74. Rule of Three inverse.' 
If the fruit diminish as the requisi tion increnses, or 

augment as that decreases, they who are skilled in nc­
counts consider tbe Rule of Three terms to be inverted! 

• 
When there is diminution of fruit, if there be incrense 

of requisition, and .increase of fruit if d,ere be dimi­
nution of requi.sition, then the inverse Rule of Three is 
(employed. ) 

[This is the Qrdinary dcfinftion of inverse vnrhl1on.] 

75. FOlo instance, when the 'Vruue of lh-lng beings­
is regulated by their age j and in the Ottse of goLd, 
where the weight and touch ore compnred4

; or when 
heaps' are subdivided; let the inverted Rule of Three 
terms be (used). 

• P'yaliQ,-tMtrdliolia or }'ilqlll/l-ff'llj,.Ifi104r, rnle of three t.erol" InverN. 
~ The metbod of perf()fming t.be inl'erll(l rule b .. been NrelUJ, tnrM. 

I§ 70), d~., "In bbe inYeree met-hod, the operation is re'ersed;" i.e., the fnlit. 
i, to be mUltiplied b, tbe argument and dhided b, the dem.ud.-Stir. 

When tbe Imit InoreeHI or doortlU8ll ... the denaud i, IPlmenW or 
dirulniabed, the direct rule (KN_·trcir4ril_) ~ naed ; 61811 tb I inwnlO._ 
Onu. 

'Slan.. Ind _tUe. The prioo or the older II If .. : or the ,ounrer 
great.e.r.-Gang. aud 811r. 

• Colonr on t.be tonehlltoOoe. See A11Ig.Uon, § tOt. 
• &II Cbap. X. Wheu her.pa or grain. wbieb bad been meted "ft'lth .. amlin 

Ul,fIQ.\lure, are .,-ain metod wi~b .. llrger ona. th" numbllr dee~II_; and,. 
when thOBe, wbiol. bad boon rnet.od with I large mea&lIre, are again metod 
wit.b " unlIt .. ooe, thOl'e II inoreue ot oumber.--Gaur. and Sd ... 
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r oJl1e itl tances of ' invers@ varilltion are her' mentiolled. 
The reason is clear from the foot-note appended. The author 
does not mention the common instil ce of time and ageu y re­
quired for n given piece of work.] 

76. EX:lmple of age and price of living beings. If 
a female slave, sixteen years of age, bring thirty-two 
(nisl!kas), what will one aged twenty cost? If an ox 
which has been worked two years sell £Ol' four nishka , 
what will one, which has been worked six year, cost? 

1st Statement: 16 32 20. Answel': 25! n';'sltkas. 
2nd Statero~nt : 2 4 Ans,ver : It nis!tka. 
[ Let.'I: denote the cost in the first example. Th n ': the 

greater is the Ilge, the smaller is the cost, we bay the propor­
tion, 

- 16: 20 :: iii: 32, 
Whence ,'I: "'" 1 6 x 3 2 = 25~, 

20 " 
Similarly the second exampl as wen as those in the next two 

articles may be worked out.] 

77. Example of touch and weight of gold. If a 
gadyanaka of gold of the touch of ten may be bad for 
one nislLka (of silver), what weight of.gold of fifteen 
touch may be bought for the same pt'iee ? . 

Statement: 10 1 15. Answer i . 
78. Example of subdivision of heaps. A heap of 

grain having heen meted with a measure containing 
seven ddhakas, if a hundt'ed such measures were {ouno, 
what would be the result with one containing five 
adhakas? 

Statement: 7 100 5. An03wer 140. 
79. Rule of oompolIDd proportion1 

: one stanza. 
I [ A more lite,· .. 1 translatioll would btl, " Role ot Fivo lind I!O tort.h," tho 

"¥lrd in bhe original being, .1Iancha,·a,iMdau.-Ed,] 'I'llie, which is th!l com­
pound Rnle 01 Three, cOI;llprises, acoording to Qane4Jll. two or more IKlte of 
tbr&>oonnb (t .. a~rcl'li1<a); or two or more proporbiOD8 (dnllpdta), as Sdrloo6sA 
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In tbe method or five, seven, nine or morel terms, 
trnn~p08e the fruit and divisors!; and the product of the 
Jorger eet of terms, being divide 1 by the product of the 
less set of term", the quotient is tbe produce (sought) 

[l'his is practically tbe same rule, not.hpt incompletely statoo, 
for !!Olvillg problems involving tho Double Rule of ]'hroo, as 
thut t,,.i\-cn in ltr. Barnard mith', work on Arithmetic, Art. 
Hi 1.- It is Il clllUlSY and a purely mechnoical rulc, huving no 
connection ",hut.ever with tho principle of proportion. Th., 
menning of the phrasa, "tr:wspo!8 the frnit :md divisoMl, ., 
nJ esplained by G:mesn, will :Lppc~r from the foof...now, IIp-­
pcmlod to the following nrtic1es. It !!bould 00 ob:;crl"ed here 
t.bnt U the prodoot of t.he larger .'I~t" is not necessarily the 
numerically larger product; soe thf1 example in § Hi. For 

obM:!UIII. Tbu. the rule 01 five (pt,/WlM·,.t/rOu,) oompri8e~ two prl,lport!oUI i 
tbat of iIe,en (UlpC4.nf.lNl.) three j tbd. of niue (lurINcf'i~) floW: i and 
t.lL.~ of e\IIl'ea (dU.....,·Mftfial fI,(L 

, )leall\nl eie'(Ml. Nil"' ... nd Sdr. 
'Can'" ud lobe I:OlUmnntator of ~bl H(IG1I4 underl\l.l1d tbia lut.lf\)r,.\ 

(tlAW, di"t.Jr)" n,latinr to deuomiulltDn of frllCuoUli ; "ud the tmu.vo-&oi 
01 them (it 101 ~bere be) ia indeed right: acootdinrl,. the a~tilor tif_ 
\loder Lbil rule au eu.ml,ie 01 workin, "ILl! rrae~ou. (§ lSI). IJllt t.b.e 
M4MP'4101ljUil aud SdryaJiAa esplaiu i~ atILer"i.e; and tho iatloClr elw Ia. 

-.noieot commouLllfl sut'tled tM,.ila.-Ktn.",ttllo ,upport of hi' .,.pdlr;itlOD. 
" 'fLtre ara two tletlil of toruli j LbOMl wuleb bttlonr to tbe MilHlleuh. and 
"hOM ",bleh appertain to toe n-qtlill~ino. The rrui~ in ~he firet IIIII~ i. ,",Hud 
I,reduceot the argument; tba' 10 tue MOOud ill named dlTUorof tlie.e.,. 
'rbfl1 .re to be l7an.po86d, or reoiprocall,r broulfbt from one.clt to tbe otller; 
ll!., pu~ tbe fruit io tbl lMICOod 1IIIt. and the dlTilOr i.D the lim. ",oold fe 
not. be euough to "'1, triUl,lIpoM the fruitl CJf hoWl Mtd The author (if "lie 
KIlI/ .. wl l'f!p1l8, ' lobe d",ign.tJ.ou at tll,l.,r 1t'T .. _ to ladlc.t.e th., .fLU 
t.laUlpoIit{oa, th. fruit at the HOOlld aet helul included in libe pt'a,hct 
or tbe 1 .... t of t.emu, lohe ptodQC~ III loh, ,realer ,et" to be dhidod by 
it:. Some, ho",ner, Jl1tepre\ it .. re1,U,.. t.o fracu"UL Dill t.batw Wtoli.( : 
far t.be _rd would be .uperlluoWl." [Thl. espl.na4.i'ln i. 1lO\ T017 clur.-
Ed.] I 

• Ba""·,.dn:1I'4M.t,,, Itet of man1 term.. Th~t to which the fnth i. 
brollr:bt I. ~be 1.rt$J' 1IIIt..-GIUl,J. Or, it then be fruit on both eidN, t.1UIa 
ia "'hloh the frul~ ot the req,ulaltioll b, 1.1 tal! IN,er .. t.-GaD, L",h.rd 
,.. ... la, Ie' olle ... er ~ . 
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the meaning of the terl;ll "Jarger et," so foot-uot.e 3 p. *2. 
The phrase ha been rather loosely used.] 

80. Example. If tho interest of n hundred for 0. 

month be five, say what the intel'e t of sixt en is f, l' n. 
year. Find likewise the time from t.he principal nnd 
interest; and knowing the time and Pl'OdllCC, teU the 
principal sum. 

Statement: 1 
100 

5 

12 
16 

Answer1 
: the 

interest is 9g. , 
• 

1 
To find the time; statement: 100 ] 6 

Answer2: months 12. 

To find the principal; statement: 

6 6tl. 

1 
100 

5 

12 

Answers: principal 16. 
[Worked out by the principle of 

stand thus :- ' 
proportion, the process will 

• 

Let x denote the interest required. T4en, the into of. 16 for 
1 ye"r"" into of 16 X 12 for 1 month; and '.' with It given time, 

-_.----------------------------------------
I Transposillg the fruit, 1 

100 
12 
16 
6 

Pro<luct of the larger set, 960. Q t· t '.0 LII. 
Do. of the less aet, 100. uo len. 100 or •. 

1 1 
too 16 • 100 

c!. 6 and tbe denommaoor, 48 

P J •• 
roduct of tba larger set, 4800 . 
Do. of the less eat, 400: Quotient, 12. 

• Transposing both fruits, 

• XraUJIposiog both fruits, 1~ 12 and the denominator, I&' 
•• 6 48 .. 

Produot. of the larger set, 4800. Q t' t 16 
Do. of the leas eet, 300. uo um , • 

16 
6 
1\ 

12 

6 
Ii 
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the interest vf1ril'. directly as the principal, we get the proportion'l 
100 : 16 X 12 :: 5 : x, 
whence x ... . 16 X 12 X 5 = 9l!. 

100 0' 
and the rlla on for the .rule in § 79 is evident. Similarly for the 
other parts of the example.] 

81. Example. If the interest of a hundred for a. 
mopth and one-thil'O be five and one-fifth, say what 
the intel'est is of sixty-two and a half for three months 
and one-fifth. 

Statement: -t- ~fi 
100 J...~ Abswerl: interest 7g.. 

26 
0-

[This may be worked out similarly as the preceding example. ] 

82, Example of the Rule of Seven. If eight best 
variegated silk scarfs, measuring three cubits in breadth 
and eight in length, cost a hundred (nisltkas); say 
qnickly, merchant, if thou understand trade, what a 
like scarf, three and a half cubits long and half a cubit 
wide, will cost. 

I Transposing the fruit, ! 
100 

'." and the denominators, ... 
' .. 
• 

Abridging by correspondent reduotion on both side. 

1 
o 
i 
2 
6 

1 1 
1 3 
1 1 furthsr roduction, 

1 
5 13 

. 
i 16 
/) 3 

100 126 
2 
I) 26 

4 
3 and by 6 

26 

Product of the larger set, 39. Q t' nt 7~ 
Do. of the lees set, 5. uo Ie , .." • 

The abridgment of the work by reductiou of terms on both aides by their 
oommon divisors is taught by the Yanora'lljaM, 
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Statement! 
3 
8 
8 

100 
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! Answerl
: Ni.~hka 0, drammas 

! 
1 

14, panas 9, ktikini 1, cowry-shells 6~-. 
[Let lC denote the cost required. 
Then the area of cloth in the first case 
= 8 x 3 x 8 St!. cubits; 
and ill the setlond case 
= 1 x t x 1 sq. cubits. 

Hence, the quality of the loth remaining tho same, we get the 
proportion, 

8 x 3 x 8 : 1 x txt :: 100 : 3:, 

wh _l X 7 X 1 X IOO ence o'/J - 8 X 3X X2X2' 

and the reason for the proceSR given in the foot-note is evident.] 

83. Example of the Rule of Nine. lfthil'ty benches, 
twelve fingers thick, square of four wide, and fourteen 
cubits long, cost a hundred (nisltkas); tell me, my 
friend, whnt price fourteen benches will fetch, which 
are four less in every dimension. 

St t 12 R A '2 ' hk 162 a ement: 16 12 nswer: 'm,8 'as :r-

14 10 
30 14 

1UO 

1 Transposing fruit and denominators, S 
2 
8 
2 

1 

7 

8 I 
, 100 

Produot of' "he hir8'er ~et 700 ' 
Do, ot tile le@~ set, '768: Q!lotlent : 0, 14,9, I, 6t, 

, l'ransposing fruit, i~ l~ Abridging by ~ 
14 10 oorre8pondellt 1 
SO 14 reduction on iI 

1 
1 
1 
1 

#. 100 both Bides, 
rroonot ot the larger 8e~, 100. ' 

100 

Do, of the less set, 6. Quotient, 16t· 
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[Here, patting (If for the prioe, and pro eeding a above, wo 
get the pro portion, • I 

30 x 12 x 16 x 14 x 24 : 14 x 8 x 12 x 10 x 24 :: 100 : (If, 

whence 0; is known.] 

84. Emtmple of the Rule of Eleven. If the hire 
of carts to convey the benches of the dimensions fit'st, 
specified (in the preceding example), through a dis­
tance of one league (gavy'uti1

) be eight drammas; say 
what the eart-hire should be for bringing the benches 
last mentioned, four less in ev I'y. dimension, through 
a distance of six: leagues. 

Statement: ~~ 
14 
30 

1 
8 

8 
12 
10 
14 

6 

Answer2: dramrnas 8. 

[Let IV denote the cart-hire required. 

Then in tho first case, solid content of benohes = 30 x 12 x 
1iJ )< 14. x 24 cubic fingers, and thoy are carried t,brougb a 
di w,nce of 1 le<lgae; and 'n the second ca e, solid content 
of bcnche = 14 x 8 x 12 x 10 x 24 cubic fingers, and they are 
carrieu through fI. distance of 6 leagues, which is the arne a a 
solid content of 14 X 8 x 12 X 10 X 24 X 6 cubic finger carried 
through lIe gue ; 

I G,.-ry,tti, two -"''08a8 or balt a l/lljana; it cru:.tains rather more 
8000 yardB, and is more than 4l English miles. 

, Transpoeiug the fruit, 12 8 Abridging by 1 
16 12 2 
14 10 conespondeuij 1 
30 H red uotion on 8 

1 ~ both sides, 1 

1 1 

a.nd by further 1 1 Produot of the larger set, 8, 

1 
1 
1 
1 
6 
8 

than 

1 1 
1 1 Do. 

Quotient, 8. 
~eduction, 1 2 o( the les! set, 1. , 

• 
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hence. since for n gi\1cn distanoe, tho hire will vary dirccUy :IS 

the soliil content of Uellche! c.'lrrioo, \"6 get tho proportion, 
30 X 12 X 16 X 14 x 24 X 1 : 14 x 8 X 12 X 10 X 24 X G:: 
8 : R', 

h 14.)(8 )( 12 )( 10 )( 6 )( 8 8] 
w enoo.:ll - 30 X 12 )( 16 )( 140 - • 

85. Rule of barter'; half a stan... So in barter 
likewise. the same process is (foUowed) ; transposing 
both prices, as well ns the divi8?TS,-

[Tho reason for tho rule wiU appear from the exnmple which 
fol1o\'l5.] 

86. Example. .It three. hundred mangoes be had 
in the mru'ket for one dramma, and thirty ripe pome­
granates for a pana; Bay quickly, friend, how many 
slould be had in exchange for ten mangoes. 

Statement: 16 1 Answer' : 1 G pomegranates. 
300 30 
10 

lJl«tlUl,'-p ,·,lti.bh4/fduk". oommodity for oommoUl\.Y; ooroputation of 
~he 6J:ohange of good, tr,"t/ft..eiltintlll/1","" it-d,-G,U1K.); bl\lUr. 

• Gnngadba,n, SUTJ'ndasa anil the AlnllOra1ljo.",., I" read this pnllSage. 
Mr4f1~lIa~",tU'fI Bu~ Ganella and n..nl'an'r.h~ bayc tIle aftlrllllltiye adnrb 
,"tidAt (alwa,.l) inplaceof tbe word lIar41lMIt.l (flnil tlte dhillOrl). At.1I e,eut.., 
tho trlluftl-O!!ilion ot tlonominatora takOl pl_, . 1 Ufttlal; Imd ., dOCll that. 
ot lb, I01V6II1/ toerm or fruit, as in ~bo Rule of Five, to ""Mob, a!l 8i1r,...ar.. 
femarke, thi, i.llnalog-ou .. , It oompri'llI two proportioul, tbn" ,tated bI 
him from the flSI\mpla in the te1t :_"' If lor ono IIIHa, thirt! pome,ranat.cl 
mal be b ... l, bo." maul for ,is(.een r Anlwer, .f80. Again, iI tor 800 
lUlUII'OfIII, ISO pome:ranatCli mal be had, ho." man, tor ten ! Arawer. 16. 
nere thirt! 18 finot. multiplied b! li.xt.eeO antl thon dhidod b,OtiC; and 
tbell mUltiJllled b! ten and dhided by tbree hundred. For bre,lty, the 
pticea are tr&D~poIed, and the relal" ill the u.mo," 

• T --:: .t, · 1 16 
flll1l,...-DI .... 6 pneel, 300 ao 

ttu!., I ... " '0 
10 

.. 
Pr lIluct. of the lat,n let, '800, Q1lotitllt 1& 

Do. of the let;. 10l, 300. ,. 

anJ "anlpolin, t.ho 
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[The example im--olves two proportioll8; ~ SuryadlLsa. observes. 
FiM!it find how many pomegrnnatei elm be bad for ODe 

dramma or 16 pallcu. 
Putting y for this number, we get 

80 : 9 :: 1 : 16, 
:. y - ao x 16. 

Hence by the question, 300 mangoo!l arc equivalent to 
80 x 16 pomegranates. 

Then, putting z for the number of pomegranates required, we 
get the proportion, 

300: 10: : 80 x 16: <, 
whence:e _30)(lfT.lO= 16 soo I 

and tho reason for the rule in § 85 is ohions. ] 

• 
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CHAPTER IV. 
INVESTIGATION OF MIXTURE.l 

Sl!:CTION I. 

INTEREST. 

87-88. Rule: a stnnza and a half.' 
• 

. . 

The argnmentl multiplied by its time, and the fruit 
multiplied by the mixed quantity's time, beiog several· 
1 ' set down, and divided by their sum and multiplied 
by the mixed quantity, nre the principnl and intel'est 
(composing the quantity). Or the principo.l being 
fonnd by the rule of supposition (§ 50) , that, taken 
fl'om the mixed quantity, leaves the amount of interest. 

[The rule refers specially to the e ample given in § 89. By 
the word argument is meant 100, and by the. word fruit i meant 
the interest on 100 for 1 month, or, as we would call it, the rate 
per cent. per mensem. 

Let r - rate per cent. per mensem. 
t ... time in years. 

P - principal. 
I = interest. 
A. amount. 

I J/iI,·a.ryaraliara. InvesLigation uf mixtnre, Mcertaillmeot of oomposi. 
tion, &8 prillcip .. l ",nd iuterest, and 80 fortb.-G"D. It il ohiefly grounded 
OD tbe rule of proportioD .-Ibid. l'be rulet! in tbis ohapter boar retereno.e 
to t,~ examples which follow them. Generally they are 2u~ltio"ef olio,,,,, 
pr~bloll18 tot: eztrolle. 

• To inveetlpte the prinoipal and iaterest, the amount, time And rate 
befoll'rll'lIIl.-9ao. 

• Pr .... dlltJ • • rrument; l'/Iq,la, fruit (§ 70) : priocipAI and interest. 

'M 4 



. , 

( 50 ) .1 
Th I =Pxrx12xt. 

en, 100 

'A=P {1+?,X12xt}=p lOO+rx12xt. 
•. 100 X 100 

:.P= ..4 x 100 and I= Axrx12xt . 
. 100+rx12xt' 100+rx12xt 

The Ill. t two formuIre stated in WQ1'ds giV() the first part of tIle 
rule. It is evident that these formula! may also be deri';'ed 
by a simple proportion, as observed by Ganosa. 

In the lattel' part of the rule, the principal is fonnd by the 
author's method of suppo. ition, which is practically the smne a~ 
ilie solution of a simple .,qnation. ] 

89. Exnmpl~. If the principal sum, with interest 
at the rate of five on the hundred by tIle month, amount 
~n a year to one thousand, tell the principal and intel'eilt 
respectively. 

Statement: 1 
100 

5 

12 
1000. 

Answer i
: principal, 625; ipterest, 375. 

• 

01', by the rule of position, put one; and pl'oceeding 
according to that rule (§ 50), the interest of uuil.Y is 
~, which, added to one, makes l The given qllantity 
1000, multiplied by nnity and divided by that ( ~), 

shows the principal 625. This, taken from the mixed 
amount, leaves the interest2 37,j. 

[The second solution follows the lattel' part of the precodille 
rule. 

, 100 multiplied by 1 is 100; 5 by 12 is 60. Theiqum 160 Is the divi!!Or. 
The Ilrat ntlmber 100, multiplied by 101l0. nnd divided by 160, i.625. The 
second 60, multiJllied by 1000. Bnd divided by 160. gives 37i1.-0Bng. 

I Or tbe principal being kuown, the iut.er6llt mny be fonnd by the Rale of 
Five. -Sl1r. 
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I..et Ir denote tho priucip:d requirod. Then" the rote per 
cent. per rUlnUD! iii 60, \\'0 get 

, ( 1 +.£000) - 1000, 

Jooo 
whence ~= -J ,.) +., 

90. RlIle' : The argl1ments tnken into their reepee­
ti\'c times are divided by the fruit t.'lkCll into the elovsed 
times j tlle several q uotieota, divided by their SHIll and 
multiplied by the mixed quantity, l~re the parts IlS 

severally len t. 
[Tho rule refurs specillll.,' to !lltl example ill f n. 
Let or, g. =, be Lbe port.ions It'u\. at 1' •• 1' .. r, ll('f oont. por 

mCllscm, and let. [- conul\on iui.crjJ5t, iu ',. ',. I, Ulonlw r(1£tp<..'C­
th~ely. 

'then, z+'y+,t-a, a. gi\'~ 1\ quantity j 

J. il'X",xt, yXt"u X/, ZX1'a xtl [. 
au 100 - 100 - - 100 - - I 

. 100 x 1 100)( 1 100 x 1 
"~:!J . :::: --- : --- : ---; 

"lXi, t"tXf~ "lxl3 • 
. lOOxl a 
•• it - ", X t I X 1 UO x 1 + 1 on X;-l;-+-;J"QO=x"~' 

• ~xtL ~X/i ~x~ 

witll similar vnlu69 ror !J lmd z. lionce the rule. Gao6!"a'! ex­
I,lallation is Jlractic:1I1y the same lUI tLo ahovo, but it i!l r"ther 
ob~ure: I!C~ footnote 2.] 

!)I. Example. 'fhe sum of six less thnn II. hundred 
tllshkas being lent in three pOl·tions at interest of fh'e, 
three and four per cent., an eqllul intel'cst was obtained 
on an tll'ree Ilortions, in seven I ten and fi ve lIlon ths 
respectively. Tell, mathematician, the amount of each 
portion.1 

, "or oIet.f!nDinlllll par16 of II. OI'DlllOn",1 eurn.-Slir. 
t 8iIlOfilobe UIIOOIl\. of IlIt, rlW ~ otl ,\1 '-he pan-lone I, the _""e. pnt unit, 

101 I ... lbU,f~U, w.aIIllm.l. elDuv.ut; wbenco ,;orl"al jl<lulliDII' ,",rille-pal lome 
I 
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Stntement: 1 7 
. 100 

5 
Mixed amount 94. 

1 10 
100 
3 

1 5 
100 
4 

\ 

Answer': the portions are 24, 28 and 42. The equal 
amount of Interest is 8i-

92. Rule': half a stanza. 
The contributions' being multiplied by tbe mixed 

amount a.nd divided by the sum of the contributions, 
are the respective fruits,· 

[If we divide tbe mixed aUiount into parts proportional to 
'"-he contribl1tions, we shall get the lIlixoo amount n.s due to each 
contribution. And this 6monnt Jess the contribution is the gain. 
Hence the reason fOT {be rule is obvious.] • 
lire !OUIJU b, Lbe Rule of Five.. For iwlt..Iu:Je$, it .. hu.utlreo:l be t.be eapl\ll.l, .." 
whiob fhe ill tho interett for .. montb, ,.hd ia tbe capital, of which tlulty it 
the hlt.eton tor lOUD. montlaf and in like manner, tbe other prinolpal,umB 
are to be 10ulId. ThuI," oomvoulId prorortlOD beiDg WroDghA Lbe tim, ia 
mulUplloo b, t.he argument. t.o which it appert.lnR, loud diyi4ed h, the (ralt 
uken into tbe elaJlled time Tb&1, AI the tolo&l of t.boIe puncipeJ .om .. lt 
too t.b~~ ,nerall,. 110 I. t.pe given total too the rMpeoti .. e portinn.leot. The,. 
.. re t.bUllOfClr.HI tonnd bl U.e Rule 'Of Three.-Gan. 

I Multipl,hl, t.heariument aud frnit bI t.be tilUM, and diridins 'ODe pro. 
duct b,r the otlter. thete rMolt the traction' W, ~\t.,.\\t. or \O~, 11. If; 
"hiob reduced to a oommon denominator aud lummed. make \W. MultJ· 
plied bl "be mixed amonn~ 9~. t.be tracLioDi beoome !.YJl-, LV.JL, £yA.; t..IId 
loben dl'l'IJod bl t.b. lum 1111·, the, gi'l'e ~. 1.'!., JI_, or lU, 28, n.-Jl.'II'. 

I 7 
To find the lDurest, emplo)' the. Rule ot PIVei 100 S4. Aruwer,8f •• , 

• 
~he u.me ml!.tbotl, wlth .. II three. portinnl, the iDtereJtI GOIliN ou~ the .arne.-
Stir. 

• 1'ba capital ~ulrLl, their .grteg'toe amount. lUll the 811m of t.he (aU!. 
being sh'en. to apport.!op tbe ga.inl-oan. 

• J'ru'ulttpolb. tllat whillh iI thrown in or mixed.-Oan. J oiued tOS'OlhN'. 
-Sdt. 

• 'rbe Jlrinoi;lle of the rale iJI obviolll, belog ilmpll the Rule of nne. 
-G,Ul, 

Jt b, thu IUlll ct ccntrlbution., tbil oon~ribptinn Ue had, !.hOIl bl 'heoos­
IOOluld tiom wb~t will be r The Iltl18bena tbUl tOllDd, leM ~e OOII\riblltloDa. 
nr-. ~he "aln •• -n.npo'loht. nu the nfu/II4. 
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93. Example. Say, mathematician, what the . 
portioned shares are of three traders, whose origina. 
capitals were respectively fifty-one, si. ty-eight and 
eighty-five, which have been l'Il.i ed by commerce con­
ducted by them onjoint stock, to the aggregate amount 
of three hundred. 

Statement: 51, 68, 8ti; sum, 204. Mixed amount, 
300. 

Answer: 75, 100, 125. These, less the capital sums, 
nre the gains: viz., ~4, 32, 40. 

Or the mixed amount, less the sum of the capitol, is 
the profit on the whole: viz., 96. This being multi­
pljed by the contributions and divided by theil' sum, 
gives the respective gains: viz., 24, 32, 40. 

[The whole gain being divided into parts proport.ionnl to tho 
contributions, gives the respeotive gains.] 

SECTION II. 

94. Rule1
: half, a stanza. Diviae denominators by 

numerators; and then, divide unity by those quotientR 
added together. The result will be the time of fiUing 
(a cistern by several fountains). 

[Tbe rule refers to an example of the olass given in § 95. 
Lot tho times in which the fountnins can severally fill the 

ci tern be ~, ~) &c.) of a day. Then in one day, the parts 

of the cistern filled up by the f, untains severally D.re~, £',&c.; 
I ~ ~ 

:. if they work togE.ther, the part filled in one day will be 

"" tl + ~~+&C .. 
a. ~ J 

-
I To apportion the time lor .. mixtllte of 8j.1rillga to fill 1\ well or ~i8tern. 

-Gu. To IOlvo an instaDcll relative to !raoUODij.-:>&1r. 

• 
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.ho timo in which the whole cislern .. dl, be SUed ... U 1,1 

"! +-"+&c. 
a. a. 

of a day. 
whence tho rClL<con for the role is evident. ·'1110 explfUlfltions of 
this rule gin"m by the oommenmtors rro all vaguo nod UJll!tlti.s­

r.dory.] 
95. Exnmple. Say quickly, friend, in whot portion 

of a day (four) fountains, being let loose together, will 
£11 • cistern, whicb, if sel'erally opened, they would fill 
in one d.y, half a duy, the third, and the sixth part, 
respectively. 

Statement: t, 1. t, t· 
Answer: f.th part of • day. 

SECTION lIf. 

PunCH,ASE AND SAl,E. 

• 

96. Rule.' By lhe (mensure of the) commodities,' 
divide their prices taken into their rcapective portiont: 
(of the purebase); and by the Bum of the quotient. 
di\'ide both them and those portions severnl!y multi­
plied by the mixed sum: the prices and quantities ore. 
found in their order. 

[ TlJe rcnSOIt for the rule will appcnr (roln tho solution of lbe 
example in § 91.] 

97, Ex.mple. If three nnd • half mana.' of rlee 
may be had for one dramma, and eight of kidney-beans· 
-, For a oue wbere. mist-ure of ~iofl • • uit OOftIP"~ of toblul" .,. 
Ihm,-Gan, GonOftruilli meuore 01 ira[II, .te.-S4r. 

• J"',.V" , thlllll~lIlIre of the .... io or Olhet' oomlDOdity PlVCluab" tor the 
o"rrellt I'rice in Lbe market._Sllr, lind the N,Hil', 

• Jill .. , or "rhwA .. , a meaIIUte ; eeellllllgJ, Inteodlog a PAnlcol ... DOe. 
AccoriUnl to Olln-., tlle~;w. Capparentl1 lobe .me &II "be -.1_) i •• , 1Df'8t 
au c;lllbtll ot a "1uI,.i; being" cubic 1)l1li0. h note to, 1:t8. A 1,'''IiOW 
«uplet (106 not.e on § 2) malt .. it tJ:.tI moo"rD ..... n of •• ibt OObl6lalDI 
tortJ ,,.,,. 

• JI~d,a. phuwlu munro i a lIOn 01 lu,hl'1·beao, 


