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PREFACE.2 ‘5

M

Tats little book is an gdition of Colebrooke’s translation of
the Lildvati, a standard work on Hindu mathematios, written by
Bhisknréahé;vyn, a celebrated mathematician and l.stmnalnﬂ'
who lived in the twelfth century of the Christian era!
work forms the firstepart of a lnrger work of the author
the Siddhdnta-siromani, This part is called by the author, Pdtl-
ganita or Arithmetic ; but this name has not heen properly
given. For, the work besides dealing with subjects which lie
within the province of Arithmetic, also treats of sibjects which
properly belong to Algebra and Geometry. It comprises the
four simple rules, extraction of the square root and the cube root,
vulgar fractions, Rule of Three, interest, alligation, problems 1
produci ‘le and quadratic equations, arithmetical and geo-
metrical ‘progressions, permutations and combinations, indeter-
minate equations of the first degl:ee several properties of trian-
gles and quadrikmegas; areaa of.olrm, volames of spheres,
congs and p solil contént"of amamm and soveral other
matters. Someg@ the _problems solved evipessa great deal of
ploggess in tlgnhoq‘ Tha‘aatibt does not state
the K ghasons for t.he ﬁ Hles given # I have tried to

the reasons as sifh onll'y' ey occurred to
, sﬁﬂl in some cases neater and shorter demonshahum@
p&dhly be gm The -explanations given have been pr!ukdh
small ty -m! wilﬂniqnmbmkets l.tmﬂma 1
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! :Qﬁy bo the schotar and the antiquarian, but also to the student
of modern algebra. *

In his foot-notes, Colebrooke has given translations of extracts
from the leading commentaries on the Lildvati. These are:—
(1) The commentary of Gangadhara, written about 1420 A.D.:
(2) that of Suryadasa, called Ganitdmrita, written in 1538 A.D.,
containing a clear interpretation of the text, with concise expla-
nations of the rules: (3) that of Ganesa, called Buddhivildsind,
the best of all the commentaries, written in 1545 A.D., compris-
ing a copious exposition of the®fext, with demonstrations of the
rules: (4) the gloss of Rangandtha on the Vidsand, or Bhaskara’s
demonstratory annotations of the Siddhdata-siromani, written
towards the beginning of the seventeenth century A.D. : (5) the
Manoranjana, written by Ram Krishna Deva. of uncertain date :
and (6) the Ganitakaumud{, which has not been recovered, but
is known from the quotations cited from it by Siryaddsa and
Ranganitha. Some of the translated extracts contain exposi-

- tious of the rules and of technical terms, and some contain de-

£ jgpnstratlons of the rules in a few cases. Of these demonstra-

g
*which are satvsfactm y and instructive, have been retained in the
. present edition ; whilst others which are obscure and unsatisfac-

ro‘g‘“l "

o’ N

‘;-
- A
- -
&
-

ot &

ons which are given chiefly by Ganesa and Suryadasa, these

tory, have been omitted. For convenience of reference, the
Lildgvat?! in Sanskrit is printed at the end, with divisions into
chapters and sections corresponding to those made in the tmns—
lation. No such divisions were made by Bhaskara,

H. (}. B. 1
- NARIKELDANGA, CALCDTTA,

December, 1892,
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LILAVATL S

——

Sl

CHAPTER L

" INTRODUCTION.,

1. Having bowed to the deity, whose head is like an
slephant’s' ; whose feet are adored by gods ; who, when
called to mind, relieves his votaries from embarrassment;
and bestows happiness on his worshippers; I propound
this easy process of computation,’ delightful by its ele-
gance,” perspicuous with words concise, soft and correct,
and pleasing to the learned.

Dm'mrrmns oF TECHNICAL Tnnus S T

i (Momy by tale.) L

_Twice ten cowry shells* are a kdkiné; four gf 3
 are ; sixteen of which must be here con:
i md in hkemmner,anmh&d, A

.....
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5 ( Weights.) - |
8. A gunja* (or seed of Abrus) is reckoned eqmlcbh
two barley-corns ; a valla, to three gunjas; and eight ¢
these are a dharana; ‘wo of which make a gadydnaka

In like manner one dhataka is composed of fourteer
vallas.

4. Half ten gunjas are called a mdsha, by such a:
are conversant with the use of the balance ; a karshc
‘contains sixteen of what are tegmed mdshas; a pala
four karshas. A karsha of gold iz named suvarna. '

( Measures.) “

5—6. Elght breadths of a barley-corn® are here 4
finger; four times six fingers, a cubit’; four cubits, »
staff * ; and a lrosa containg two thousand of these; and
a yq;ana, four krosas.

" So a bambu pole consists of ten cubits; and a ﬁeld"
(or plane figure) bounded by four sides, mea.annng
twenty bambu poles, is a nivartana.’

7. A cube,” which in length, breadth and thickness
measures a cubit, is termed a solid-eubit : and, in ths
meting of corn and the like, a messure, which conhm

! A seed of Abrus precatorius, black ornd mmemxmmu
other raktibd, ratti, or rattikd. '

_ 2 Eight barley-corns (”mjh;hdlth.wthusuhant rice lﬂnS

are eaval to one finger (angula), —Ban,

'Amﬂlngbenmd mbit{hm)mmthewmﬂmwuﬂw
+ed by artisans and ¢ 944, Ithhngw%nmmlnuynmo!u
inches,
- ! Danda, s stafl : directed 10 be cut nearly of man's Leight. Mu«%

* A superficial measure containiug 400 square poles,—Sir, TN

* Dridasdara, lit. dodecagon, but meaning & puraliclopiped; the te
< F_mmmmmmummwﬁu

et f-‘
:li'._-_. k@;‘?‘

W
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“ated in science.

8. A drona is &em:mthpqtofqm;-_
dhaka is a quarter of Qw,’pmﬁa is a fo
art of an ddlaka; wnd » kudaba s by the
atmedaqnartuofapm&lﬁ"ﬂ., 0y B
The rest of the axioms, relative to time'nqﬂ l&'
refnmihnrly knowa. | i ey

TR S ST

‘mmﬁwmﬂu&u)m:‘dﬂm—ﬁn Jtis har.
? Another stanza occurs here iun one copy of the text. Liis explained ix
e Manoranjana, snd by @angidhars, but not by Ganess aad Siryad

‘4 therefore to be rejected as spurions and interpolated. It {sas fo

= sora is hers reokouned at twice seven tankas, each equal to thre: e
“w jadyinaka : and & mana, st forty seras. The nameis in use ameng the
m.m;mhhotmudl&om ﬁdﬂﬁlﬁ'ﬁ
:"l!henbharhnh!mnlletpldnedmmolamh ls Siddhdnta-
iromani, [See the Golddhydya, Wilkinson's translation, IV, 5-12,—E J
. A ‘ Y
‘l‘“. - 3 ,|:
.I. ' 8 . - ‘.‘r';f‘_ﬁ.j
[ g » ) .'}. X
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CHAPTER II.

SECTION 1.
InvocaTiON,!

9. Salutation to Ganesa, reaplerfdent as a blue an
spotless lotus; and dehghtmg in the tremulous motio

of the dark serpent, which is perpetnally twining withi
his throat.

NuMmERATION.

10—11. Names of the places of figures have ‘beer
assigned for practical use by ancient writers,’ increasing
regularly’ in decuple proportion: namely, unit, ten,
hundred, thousand, myriad, hundred thousands, million,
ten millions, hundred millions, thousand millions, ten
thousand' millions, hundred thousand millions, billion,

= e

A reason of this second introductory stanza.is, that the foregoing defi-
- nitions of terma sre not properly a part of the treatise iteelf; none |
' having been memnhammmmmmm
-&mmmmm-am.maxm »




ten_billions, Htmdred billions, ‘thousand bilions, best 3
thousand billions, hundred thousand billions.!

SECTION 1L
Eigar OprEraTIONS’ OF ARITHMETIC. .

12. Raule of addition and subtraction®: half a stanza.

The sum of the figures according to their places is
to be taken in the direct or inverse order': or (in the
case of subtraction) their difference.

[The rule as exemp]iﬂ;d in the Munoranjana is more cums=
‘brous than the ordinary rule.] .

13. Example. Dear intelligent Lildvati® if thou be
skilled in addition and subtraction, tell me the sum of
two, five, thirty-two, a hundred and ninety-three,
eighteen, ten, and a hundred, added together ; and the
remainder, when their sum is subtracted from ten
thousand.

or padma, kharva, nikharva, mahdpadma, sanku, joladhi or samudra, antys,
madhys, pardvdha.

A passage of the Veda, which is cited by Sdryadésa, containe the places
of figores:—* Be these the milch kine before me, one, ten, a hundred, a
mmmmswmgamum ...... Be theso
‘milch kine my guides in this world."
'Mhﬁuwmumo! process ; logistics or |

|
' Bans, eka, dasa, sata, sahasra, ayuta, laksha, prayuta, hoti, arbuda, ;Uo =
]
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Statement : 2, 5, 32, 193, 18, 10, 100

. Result of the addition’ : 360. -

Statement for subtraction : 10000, $60.

Result of the subtractien : 9640.

14—15. Rule of mnultiplication®; two and a half
stanzas. \

Multiply the last’ figure of the multiplicand by the
multiplicator, and next 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-
ber which is an aliquot part of it, let the multiplicand
be multiplied by that number, and then by the quotient,
the result is the product. - These are two methods of
subdivision by form. Or multiply separately by ghe
places of figures, and add the products together. Or
multiply by the multiplicator diminished or inereased'
by a quantity arbitrarily assumed ; adding or subtract-
ing Yhe product of the multiplicand taken into the
assumed quantity.

[The authot gives here six methods. The first method is the
ordinary one, and includes the tatstha of the older authors, which
is worked by repeating or moving the multiplier over or under
every digit of the multiplicand, and which, according to Ganesa’s |

—

. -"4'_‘5"-53?:{

' Mode of working addition as shown in the Namrwau

Sum of the units, 2,5,2,3.8,0,0, b - TS
~ Bum of the tens,  3,9,1,1,0, ] T, oy - U
~~ Bumof the hundreds, 1,001, .. .. o5 o - \
- Sum of the suma i ' '

-+ % GQunana, abhydsa ; also ha@mm n.nd tny hnn imp(ylng a hni”‘

- destroy. It is denominated pratyutpanna by Brahmagupta and by-' dhars,
_ Gunya, multiplicand. Gunaka, multiplicator, mu.mm. kel

ngm.aiﬁtmmmmmmm | £y

; -._.,..
A g - ; . - =
el . .,‘_._ § s -
,J - - iy _ '__ _" 1 . ea 2
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ments, The second is tedious, following from the formula,
a (b 4 ¢) =ab + ae. The third is multiplication by factors. The
fourth is practically the same as the first, and the fifth, the same
as the second. The sixth follows from the formula, a (b = ¢)=

ab - ac.]

16. Example. Beautiful and dear Lilavati, 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 subdivision of form or separation of digits.!
Tell me, auspwlous woman, the quotient of the prodact
divided by the same multlpher

Statement : Multiplicand 135. Multiplicator 12.

Product (multiplying the digits of the multiplicand
successively by the multiplicator) 1620.

Or subdividing the multiplicator iato parts, as 8 and

; and severally multlplymg the multlplxcand by them;
addmg the products together, the result is the same,
1620. ‘

! The adjoined scheme of the process of multiplication is exhibited ia
Ganeca’s commentary.

1 J 5
a
1 3 5
1
2
2 6 o
i L 2 0

- Mhs to the tatstha method, the process will stand thus :—

13 12 12 or 188 135
e SSR 3 1 2
ol PRt a0 A AR . - 270
SO L ? - 36 135
e R S 5

I )

™

<
[ S
o i
by

explanation, proceeds obhqnely, joining products along compart-
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(8)

Or, the muliiplicator 12 being divided by 3, the
quotient is 4 ; by which, and by 3, successively multi-
plying the multiplicand, the last product is the same,
1620,

Or, taking the digits as parts, viz,, 1 and 2 ; the mul-
tiplicand being multiplied by them'severally, and the
products added together, according to the places of
figures, the result is the same, 1620,

Or, the multiplicand being multiplied by the multi-
plicator less 2, viz., 10, and added to twice the multipli-
cand, the result is the same, 1620.

Or, the multiplicand being multiplied by the multipli-
cator increased by 8, viz., 20, and eight times the multi-
plicand being subtracted, the result is the same, 1620.

17. Rule of division': one stanza. That num-
ber, by which the divisor being multiplied balances
the last digit of the dividend (and so on®), is the
quotient in division: or, if praeticable, first abridge®
both the divisor and the dividend by an equal number,
and proceed to division,

Example. Statement of the namber produced by
multiplication in the foregoing example, and of its
multiplicator, for a dividend, 1620, and a divisor, 12.

Q (otient 135 ; the same with the original mulﬁ-‘
plicand.* .

1 Bhiga-hira, bhdjana, harana, auudau. ihfhlrm BW[G, d!tmend..
Tihdjaka, hara, divisor, ZLabdhi, quotient,

* Repenting the Qivisor !orwd!glb. like thamﬂupaua:&u.
tiplication,—Gang.

* Apurartya, abridging. Seenoteon § 249, g :'* s

‘m;;toomo! lon'diviuion isa:hi‘bitulfnthq__ .

quotient is 1; and 4 over. m;sm«mhis&w' m
which divided by 12 gives thequnﬁuﬂ.tobpﬂagﬁhamrl&&t'
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O both the dividend and the divisor, being reduced
to least terms by the common measure 3, are 540
and 4 ; or by the ecmmon measure 4, they become
405 and 3. Dividing by the respective reduced
divisors, the quotient s the same, 135.

[The first part of the rule is vague and incomplete, althongh
it is practically the snme an the ordinary rule, as will be evident
from the foot-note 4, p. 8, The second part follows from the
identity ab <+ ac=h < ]

18—19. Rule for the square’ of a quantity : two
stanzas. .

The multiplication of two like numbers together is
the square. The square of the last® digit is to be placed
over it; and the rest of the digits, doubled and multi-
plied by that Jast, to be placed above them respectively;
then repeating the number, except the last digit, again
(perform the like operation). Or twice the product of
two parts, added to thegum of the squares of the parts,
is the square (of the whole number.)® Or the product
of the sum and difference of the number and an as-
sumed quantity, added to the square of the assumed
quantity, is the square.*

preceding quotient 1 : thus 18, Remainder 60, which divided by 12 gives
5 : and this being carried to the same line as before, the entire quotient ie
exhibited : viz, 135,

! Varga, kriti, a square number.

* The prooess msy begin with the fic-t digit, na intimated by the author
in § 24,

* The proposed quantity may be divided into three parts, instead of two;

. and the products of the first and second, fiest and third, and second and
Mbdu%ﬂhg&hwmddwbm,mdnddodhtheumofﬁn
.oqnnulol the purts, the total is the square sought.—Gan. "

* Another method is hinted in the author's noto on this passage ; consate

wmﬁmmwm mp&mdqumﬁtywswm
ﬂﬁi&ww assumed one,—Rang tm- ,
"Mm the ide: .,__.aauts«-n-a’—gu . 2

= - '_
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[ The square of the last digit, &e.” The translation here is
slightly incorrect. It should run thus :+* The square of the
last digit, and the rest of the digits donbled and multiplied by
that last, are to be placed one above the other (regard being
had to the local values); then repeating, &c.” It will then
appear that the first two methods are really the same, and are
based on the formula, (a-+b+4e¢)’=a*42a (b+¢) + b2+ 2bc+c2
The working of the first method is this : —Suppose we have to

find the square of 297.

Then
Y e = 49 or, 22 = 4
TX2%x29 = 406 2X2x97 = 388
9 " = 8l ¢ g - 81
I9x2x2 = 36 IX2X7T = 126
2% = 4 72 = 49
5 (297) = 88209 ; S (207)° = 88209

The ciphers are omitted for simplicity, The third method
follows from the identity, (@ + b) (@ — b) + 0* = d? a being the
proposed, and b, the assumed quantity. ]

20. Example. Tell me, dear woman, the squares
of nine, of fourteen, of three hundred less three, and
of ten thousand and five, if thou know the method of
computing the square.

Statement : 9; 14, 297, 10005.

Proceeding as directed, the squares are found : 81
196, 88209, 100100025. Or, put 4 and 5, parts of 9.
Their product doubled 40, added to the snm of their
squares 41, makes 81. So, taking 10 and 4, parts of
14, their product. 40, being doubled, is 80 ; whlch 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 13:-
96 ; which, added to e il of the sqnm 36 and 6'1;; A
viz., 100, makes the same 196. =

.1_:"1

),'

x
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Again, 297, diminished by 3, is 294 ; and, in another
place, increased by the same, is 300. The product of
these is 88200 ; to which adding the square of 3, viz.,
9, the sum is as before the square, 88209.

21. Rale for the square root' : one stanza.

Having deducted from the last of the odd digits* the
‘square number, double its root; and by that divi-
- ding the subsequent even digit, and subtracting the
square of the quotient from the next uneven place,
note in a line (with the preceding double number) the
double of the quotientr Divide by the (number as
noted in a) line the next even place, and deduct the
- square of the quotient from the following uneven one,
and note the doable of the quotient in the line. Repeat
the process (until the digits be exhausted). Half the
(number noted in the) line is the root.
[The rule is practically the same as the ordinary one for the

extraction of the square root. Only it is a little more cumbrous,

as will appear from the two processes placed side by side ;—-
s

88209(4 P
| oA 18 13 8209 (297
| 482
. 4x9=36 5?4 49 | 482
7 Y 441
9= 81 994 4109
a0y 3 ol004 7| 1109
Ax 58:—4-9-2-9-—- the root required.
m 49

. 'Vmcaﬁa muthuqm, miila, pada, are synonyms of root.
[ 'Evmuomphmhﬁobemhdbynvaﬂd line, and the inter-

noduumdltﬁlbynhdmhllho But.ltthohuphuboamlt
Rt

hwm‘hhﬁmdﬂmﬁt hllph. 8300

o ‘p
s - . # :
b » _ -
N i otdoey \ , 2 . o Y ol

BERGC Se
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Thus we see that instead of direciing the shbtraction of 9 x 49
ut once from 482, the rule directs first thdl subtraction of 9 x 40,
and then from the remainder the subtraction of 9 x @ or 9% And
similarly for the next step. The process shown on the left-hand-

side is the same as that explained in the Manoranjana. ]

22. Example. Tell me, dear woman, the root of
four, and of nine, and those of tle squares before found,
if thy knowledge extend to this calculation.

Statement : 4, 9, 81, 196, 88209, 100100025, The
roots are 2, 3, 9, 14, 297, 10005.

23—25. Rule for the cube'™ three stanzas.

The continued multiplication of three like quantities
is a cube. The cnbe of the lost (digit) is to be set
down; and next the square of the last mualtiplied by
three times the first; and then the square of the first
taken into the lust and tripled ; and lastly, the cube of
the first: all these, added together according to 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 for the last (and
the other for the first) ; and in like manner repeated-
ly (if there be occasion.)® Or the same process may
be begun frow the first place of figures, either for find-
ing the cube or the square. Or three times the pro-
posed number, multiplied by its two parts, added to the
sum of the cubes of those parts, give the cube. Or the

' Ghana, s cude ; lit., solid. , | \ - 1\

* The subdivision is continnel until ib comes to single dlfih
confines it to the places of figures (sthina -vibhiga), noballowing the
ing of the number (ripa- wM;a), boomao ﬂn addit.bh h n u m{o
md.tn; to the places, e o

4 r 3 "
| 5 Vg, \ . L .l. 4
Vit = T e ) n!
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uare root of the proposed number being cubed, that
ultiplied by itself, is the cube of the proposed square.!
[The different methods follow from the following formula :—
(a+b)P=a®+3a% + 3ah® 15,
(a+b)s = a*+ 55+ Bab(a+b).
{ar V=@ ]
26. Example, Tell me, dear woman, the cube of
nine, the cube of the cube of three, and the cube of
the cube of five, and the cube roots of these cubes, if
thy knowledge be great jn the computation of cnbes.
Statement : 9, 27, 125.
The cubes in the same order are, 729, 19683,
19531257
The proposed number being 9, and its parts 4 and 5,
multiplied by them and by 3 is 540 ; which, added
the sum of the cubes 64 and 125, viz., 189, makes

! Thia carries an allusion to the raising of guantities o higher powers
the cube, Guoesa specifies gome of them. Thus the fourth power
bf n number is called varga-varga ; the sixth power, varga-ghana or ghana-
arga ; the eighth power, varga-varga-varga ; the ninth power, ghana-ghana;
e fifth power, varga-ghana-ghdta ; and the seventh power, varga-varga-
hana-ghdta.

* The following process of finding the cube of 125 is given in the Mano-
ana. The proposed number 125 is distributed into two purts 12 and 5 ;
the first of these again into two parts | and 2:

Then, 1 enbed is S
1, square of 1, tripled and mnltip‘liod by Sids "
4, square of 2, tripled snd mn!ﬂplld by 1is .. 18
2 cubed is e i o 8
1728 ~
Now, 12 ouhduabonh - 1738
e l&wd 12, tripled wtlmnlupnd by5,is... 2160
: as.mou tﬁpududmulapudb;n, 900
d@}n = 125
“fm' !";, w f .'“ e ses . 1”%1”

. "..
“:1 L =
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the cube of 9, viz., 729. The entire number being 27,
its parts are 20 and 7 ; by which the number being
successively multiplied, and then tripled, is 11340 ; and
this added to the sum of the cubes of the parts 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 square root 3, cubed, is
27 ; the square of which, 729, is the cube of 9. In
short, the square of the cube is the same as the cube
of the square. .

[“In short, the square, &.” The translation should be, “in.
short, the cube of a square number is the same as the square

of the cube of the square root of the number.” This follows
from the third formula given in the preceding article.]

27-—28. 'Rule for the cube root': two stanzas.

The first (digit) isa cube’s place ; and the two next,
uncubic ; and aguin, the rest in like manner, From
the last cubic place take the (nearest) cube, and set
down its root apart. By thrice the square of that
root divide the next (or uncubie) place of figures, and
note the quotient in a line (with the quantity before
found). Deduct its square taken into thrice the last
(term), from the next (digit) ; and its cube from the
succeeding one. Thus the line (in which the result is
reserved) is the root of the cube. The cperation is
repeated (as necessary). .

Example. Statement of the foregoing cubes for
extraction of the root : 729, 19683, 1953125, |
The cube roots respectively are 9, 27, 125.

! Ghmw-nfda. root of the cube,



. ( 15 )
[The rule is more cumbrous than the ordinary one, as will
appear below :(—
1 1953125 125
19531254 1
=1 B 3x10’-300953
953125 12 3x10x 2=60
Ax12=3 _5_ 2‘@ 4
I3x2=06 125 364728
353125 225125
3x28xl=12 3 x1200=43200
233125 Ax120x 5= 1800
2= 8§ . P= 25
225125 45025225125
3x12°=432

Ix432= 2160
— 0125
5% x 12 % 3= 900
125
5= 125
[The process shown on the left-hand side is the same as that
explained in the Manoranjana. The ciphers are omitted for
simplicity. ]

SEcTION 11l

Fractions.!

Four RULES ¥OR THE ASSIMILATION 08 REDUCTION
or Fracrions To A CommoN DENOMINATOR.®

29. Rale for the simple reduction of fractions®: one

! Blinna,  frastion ; l!k,adivideﬁ yuantity, or one obtained by division,
—Gan, Anlnuwhhmuﬁvot nou-integer (aptéraa).—Gang,

* Bhdga-jdti-ohatushtaya, jdtichatushtaya, or four modes of amsimilation
or process for reducing to a coramon denominator, fractions having dis.
imilar danominators, preliminary to addition and subtraction of fractions,
’-p'lum‘mummma mmxm

- . I(
- ”
i
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.stanza. The numerator and denomivator’ being mul-~
tiplied remproca.l]y by the denominators of the two
guantities,” they are thus reduced to tae 'same denomi-

nator. Or both numerator and denominator may be
multiplied by the intelligent calculator into the recipro-
cal denominators abridged by a common measure.

[This is the ordinary rule for reducing fractions to their least
common denominator. The first part of the rule is meant for
fractions whose denominators are prime to each other. ] g

30. Example. Tell me the fractions rednced to a
common denominator which spiswer to three and a
fifth, and one-third, proposed for addition ; and those
which correspond to a sixty-third and a fourteenth
offered for subtraction.

Statement®: §, 4, 1.

Reduced to a common denominator, $8, %. +%.
Sum §$.

Statement of the second example : s, .

The denominators being abridged, or reduced' to
least terms, by the common measure 7, the fractions
become }, 3. Numerator and denominator, multiplied
by the abridged denominators, give respectively (84
and y95. Subtraction being made, the difference is
4w This abridged by 7 is y%. ™

' BMn. ansa, vibhdga, lava, §o., the numerator of a fraction. Hara, hisa,
chheda, &o., the denominator of & fraction, That whiok 1 to be divided je
the part (ansa) ; and that by which it is to be divided is Adra, the divisor,—
Gan. and Biir,

? Rdxi, a qnantity, § 86,

* Among nstronomers and othanrithmﬁbhqs, oral instruction has tanght
to place the numerator ahove and the denominator beneath,—Gan,

No is interposed in the original; but it has been i _

in tha

Mwmmwmmmm Bhiiskars | e\
directs (§ lﬂ}uwhhﬂlﬂunslmﬂmwmmhmm
hﬂaﬂumum Tbamhduchyﬂmin&hphg‘hmm )

i
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31. Rule for the reduction of subdivided fractions':
half a stanza. .

The numerators being multiplied by the numerators,
and the denominators by the denominators, the result
is a reduction to homogeneous form in sabdivision of
fractions.

[This is the ordinary rule for reducing & compound fraction
to a simple fraction. ]

32. Example. The quarter of a sixteenth of the
fifth of three-quarters of two-thirds of a moiety of
a dramma was given to® a beggar by a person, from
whom he asked alms : tell me how many cowry shells
thie miser gave, if thou be conversant, in arithmetic,
with the reduction termed subdivision of fractions.

Statement: + 4 § 4 § & 1

Reduced to homogeneousness, ¢y, or in least terms,
T80

Answer : A single cowry shell was given.”

33. Rule for the reduction of quantities increased
or decreased by a fraction :* a stanza and a half,

! Prabhdga<jdti, sssimilation of sub.fractions, or making uniform the
‘raction of n fraction,—Gan.
Prabhdga, a divided fraoction or fraction of a. fraction: as o part of a
moiety, and so forth,—~Gang. o
. *For a cowry shell is in the tale of money the 1280th part of a dramma, § 2.
« " Bhigdnubandhagiti, nssimilation of fractional increase, reduction to
uniformity of an incresse by a fraction, or the addition of a part; from
anubandha, jhuetion.— Gan., Bhdgdpardpajdei, nssimilation of frastional
decrease ; from apardia, dedustion. —Gan,
- These, 45 remarked by Ganesa, are merely particnlar cases of sddition and
~ubtraction. The fractions may be paris of an integer, ot parts of the pro-
posed quantity itself. Hence we geb bwo sorta of esch, named by Gangidhara
nod Siiryadfua, ripa-bhdgdanbandha, sddition of the fraction of & unit; ripa.
bhdgdpavdha, subtraction of the fraction of a unit; rdsi-hhigdnubandha,
sddition of & fraction of the guantity ; rdsi-bhdgdpavdha, subtraction of »
{raction ot the quantity, M



(18 )
. .w‘ﬂ'

The mteger 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 or diminished by a part of it-
self, then, in the addition and subtraction 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, ai}-;
=ac;-l_~_b’ and the second part, érom the identities, %i‘%x%

adtac_a(d+c)
T bd bd

Hence, if we write 5 underneath g, we geot the second part of
the rule.

The process may be repeated, if necessary.,

a(d+c)(f+e) |
Thus, 7+ %5+ 5+ ) baf fb

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 to uni-
formity, if thou be acquainted with fractional increase
or decrease. |

Statement : 2 3 . 3

t 4 X R

Reduced to homogeneoqsness, they-beeome % indedl
nﬂ:eongmnladot() is used instead of the sign’ minils*
(=)] ¢ ,‘c-
VL e __ =

e ’ ' -
‘M podﬁvd‘; rin,nqaﬂm - ] :‘
* Indinn arithmeticians write fractions mmmmuw whinhtb“
are additive, or from which they are subtractive. Accordingly, the
tors aud denominators mpum Mudu ove under the other. )::(
) : : - Sl e i
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' 35. Example. How mauch is a quarter added to its
' third part, with a half of the sum, and how much are
'~ two-thirds lessened by one - eighth of them, and then
'~ diminished by three-sevenths of the residue ? Tell me
likewise, how much half less its eighth part, added to
nine-sevenths of the residue is, if thou be skilled, dear
- woman, in fractional inerease and decrease.
Statement: %}, &, &
$ A h
%: ’?'3 '? y

Reduced to uniformity, *the results are 4, §, {.

[In the above examples we may apply the last formula given
in § 33. Thus in the first example, we have a =1, b=4, ¢=1,
d=3, e=1, =2, and all the signs are plus. Hence the resunlt

L x (B41) x (241 _
4X3 X2
two. The same process is exhibited in the Manoranjana.]

Tar ErgaT RULES 0F ARITHMETIC APPLIED
70 FracTIONS.!

36. Rale for addition and subtraction of fractions® :
half a stanza. The sum or (in the case of subtraction)
the difference of fractions havmg a comifnon denomi-
nator, is (taken). Unity® is put denominator of a

quantity * which has no divisor.’
| [Thi?. rile and the others which follow are all ordinary rules. ]

' Bhinna-parikarmishtaka, the eight modes of process, as applicable to
actious : fhe preceding Seotion relating to those arithmetical processes as
pplicable to integers (abhinna-parikarmdshtaka,)

? Bhinna-sankalita, addition of Fractions ; anna-vyaaahNta, eubm:c
ion of fractions,

* Ripa, the species or form ; anytlnng haviog bounds.~—~Gang. In the
the arithmetical unit ; in the plural, any integer.

.‘M*‘ml _ shﬁpothhings of which unity is the scale of
mszation ; a qua

33=1%; and similarly for the other
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37. Example. Tell me, desr yvoman, quickly, how
much a fifth, a quarter, a third, a half, and a sixth, make
when added together. Say instantly what the residue
of three is, subtracting those fractions.

Statement: 3, 4, 4, 3, &

Added together the sum is 2§.

Subtracting those fractions from three, the remainder
1s 33.

38. Rule for multiplication of fractions® : half a
gfanza. o

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

39. Example. - What is the product of two and a
seventh, multiplied by two and a third, and of a moiety
multiplied by a third? Tell, if thou be skilled in the
method of multiplication of fractions,

Statement : 2 2

i 1

Reducmg to umfornnty we get §, 22,  The product
18 §.° -

Statement : 3 3.

The product is 4. |

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

After reversing the numerator and denominator of
the divisor, the remaining process for division of fmc
tlons is that of multiplication.

" Example. Tell me the result of duudmg ﬁ\t&i
by two and a third ; and a sixth by a third ; if thy

j 'maum.mﬂmmdm e A
* Bhinna-bhdgahdra, division of fractions, 0
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understanding, sharpened into confidence, be competent
for the division of fractions.'

Statemgnt: i (3) & 3 &

Proceeding as directed, the quotients are 1.2 and &.

42. Rule for involution and evolution of fract.ibns’:
half a stanza.

If the square be sought, find both squares; if the
cube be required, both cubes : or, to discover the root
(of cube or square), extract the roots of both (numerator
and denominator).

43. Example. Tell me quickly the square of three
and a half ; and the square root of the square; and the
cube of the same ; and the cube root of that cube }.*lf
thou be conversant with fractional squares and roots‘

Statement ; i or reduced ].

4’

Its square is £2; of which the square root is . . The

cube of it is 242 ; of which again the cube root is .
5

A SECTION IvV.
CrpHER.” |

44-‘45 Rule for arithmetical process relative to
cipheér : two couplets,

In addition, cipher makes the sum equal to the
additive.* In involution and (evolution) the result is -
cipher. A definite quantity,’ divided by cipher, is the
. ' Ganesa omume‘lum balf of the stanzi. Gangddhara gives igmﬁre.

* Bhinna-varga, ng:;@ a fraction ; bhinna-ghana, cube of a fraction.

- ¥ Sinya, kha, er | of vacnum or etherial space ; nought
fj_ nﬁunot edﬂoqmﬁtyr-xrhhnuon Vija-
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submultiple of fnonght. The odncb of cxpher 1§

nonght : but it must be retained as  multiple of eipher,’

e ol

if any further operation 1mpend Cipher having be-

come a multiplier, should nought afterwards become
a divisor, the definite quantity, mn.‘t 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, The nﬂe viz., “cipher having

become a multiplier; &c.,” is not gecurate. For —6-9=.:3=in.

determinate, and not=a, as the rule says. The idea of infinity is
not introduced here by the aathor. It is, however, introduced
by him in the V{ja-ganita, and also by Ganesa in his commmua.ry
on the above eouplets. ]

46. Example. . Tell me how much mpher added to
five is, and the square of cipher, and its square roof,
its cube and cube root ; and five multiplied by cipher;
and how much ten is subtracting cipher; and what
namber it is, which multiplied by cipher, and added
to half itself, and multiplied by three, and divided by
cipher, amounts to a given number sixty-three.

Statement: 0. Cipher added to 5 makes 5. Squa.re
of cipher, 0. Square root, 0. Gube of clpha',
Cube root, 0. ﬁ

Y Xhs-hard, o fraction’ with. uipharw
tharemukof@nnom!thminﬂniﬁe' '
termined how great it is. Itrmmunﬂurodbyﬂm litic BU
‘tion of finite quantities : lhue, peratio A
| mmdnpmdm‘ht
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CHAPTER TIII.
MISCELLANEOUS RULES.
K

———— -

SECTION 1.
INVERSIOY.

47—48. Rule of inversion®: two stanzas. To in-
vestigate a quantity, one being given,® make the divisor
a multiplicator ; and the multiplier a divisor; the
square, a root ; and the root, a square® ; turn the nega-
tive into positive, and the positive into negative. If
4 quantity is to be increased or diminished by its own .
proportionate part, let the (lower®) denominator, being
increased or diminished by its numerator, become the
(corrected’) denominator, and the numerator remain
unchunged and then proceed with the other opera-
tions of inversion, as before directed.,

[The reason for the rule is clear from the example gwen in
§ 49. If we want an arithmetical solution of such a probl

we must begin from the end, and invert every operation
cated in the problem. If a quantity is to be increased or
nished by its own proportionate part, 7.¢., if“we h.ve anqmﬁbn

' Prakirna, miscellaneous. mnmmmmmmmm
dumunmmnmaumam
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o!' the mﬁ%:::sj -o. t:hen avidmﬂr G‘r‘; ( 5'—'
Tmuphinsthnhmw&thgmh] ' _-
- 49. Example. Pretty girl, '?ﬂl
if thon know the correct method of um, ﬁgﬁ mn
the number, which multiplied by three, and added to
thme—qm of the product, and divided by seven,
and reduced by subtraction of a third part of the quo-
tient, and then multiplied into itself, and having %
two subtracted from the product, and the équaea--

1

of the remainder ex , and elght added, mﬁ
sum divided by ten, ywldﬁ tm. =N
Statement : lfnlhpher 3. ~Additive 4. Dimor Q“"
Decrease §.. 5qum-—- Subtractive 52. Squmraof.—hr
- Adﬁuave 8. Divisor 10, Given number 2. !

edin Iasd;rectad theresult is 28, &enmeg‘
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divided by that (which has heen round), ylelda the-
number sought. This is called the process of suppo-
sition. ‘ -
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 quantlby
added, gives two less than seventy ?
~ Statement : Multiplier 5. Subtractive 4 of 1t§elf. |
Divisor 10. Additive § 3 4 of t}Je quantity. 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.,
# § % thesum is 47, By this divide the given number
68 taken into the assumed one 3 ; the quotient is 48.

The answer is the same mth any other muméd'
number, as 1, &ec. - |

Thus, by whatever number the qumtlty 8 multlphed
or divided in any example, or by whatever fraction of
the quantity it is increased or dimrinished, by the same
should the like operations be performed on a number
arblmn]y assumed ; and by that, which results, divide
~ the given number ta.ken into- the assumed one ; the

- quotient is the quantity sought. N \i!
e rale in § 50 is a clumsy way ofsblwngammle |
taoEl.ThThe mutfn for ltwﬂlappear"beTow., Za \p_ mm. \

Let # denote the number sought in § 5k '.z‘f' o e

 Then, 5o ix&+(t+i+i | ek A

)'1?9'-' |
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52. Example of reduction of a given quantity.” Out
of a heap of pure lotus flowers, a third part, a fifth and a
sixth were offered respectively to the gods Siva, Vishnu
and the Sun; and a guarter was presented to Bhavani,
The remaining six lotuses were given to the venerable
preceptor. Tell quickly the whole number of lotuses.

Statement : 4 3 & 1; known 6. Putting one for the
assumed number, and proceeding as above, the quantity
is found 120. |

[In Pandit Jivdnanda Vldyéségams edltlon, there is @t
example before this, whith is omitted by Uolebrooke. It is as
follows :— .o

“Out of a herd of elephants, half togethér with a third part
of iteelf was roaming in a forest ; a sixth part together with a
seventh of itself was drinking water in a river ; and an eighth
part together with a ninth of itself was playing with lotuses. .
The leader of the herd was seen accompanied by three females. -
What was the nomber of elephants in the herd ? |

This may be solved either by an arithmetical or an algebrai
cal method, both being practically the same. Adopting the
latter, and putting « for the required number, we get the equa~
tion «{#(14+4)+3(1+3)+3(1+4%)} 2 +4 =2, whence a@=1008.

1t may be observed here that all the examples in this Section
are problems producing simple equations, which are solved not
by the ordinary method of solving simple equations, but by
the author’s method stated in § 50. They may also be worked
out by a purely arithmetical method.

The algebraical solution of the problem in § 52 is as follows :—
Let @ dmnte the whple numher of lotnaes

bediiot dm ;ﬁm‘&d nqmﬁv wiih Praations:

[ ] iisint
£ 3 R T e {0
® or negative; he -’r,m;iulﬁm!nthopms mme, |
at ! l' o e g g Wiy ) 4..:... d I 'y

_m‘ i
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53. Example of reduction of residues.! A traveller,
engaged in a pilgrimage, gave half his moneyat Praydga ;
~ two-nipths of the remainder at Kdsi; a quarter of the
+residue in payment of taxes on the road ; six-tenths of
what was left at (Gayd; there remained sixty - three
nishkas, with which he returned home. Tell me the
amount of his original stock of money, if you have
learned the method of reduction of fractions of residues.

- Statement : § 2 1 1% ; known 63. Putting one for the
assumed number, subtracting the numerator from its
denominator, multiplying denomlnators together, and
in other respects proceeding as directed, the remainder
is found %. By this dividing the given number 63
taken into the assumed quentity, the original sum comes
out 540.

Or it may be found by the method of reduction of,
fractional decrease (§ 33)

Statement : }.1.8.1..%. Being reduced to homo-

L

gencous form, the result is 7 : whence the sum is

deduced 540.
Or this may also be found by the rule of inversion

(§ 47).
[Let # denote the original stock in nishkas. Then, at Praydga,
there remained 4z ; at Kdsi, } of this being spent, there re-
mained §.of 4« ; similarly, on the road, there remained § of %

of }, and at Gayd, % of § of § of 4w or ,‘-’Ux ; hence we get
+g¢ =063, whence z=540.] PR L,

54.. Example of reduction of dlfferences. Ou
\swarm of bees, one - ﬁfth part aettled on a Toﬁom of

' Seshasjdti, assimilation of vesidue ; :odnaﬁon ot bwtfonl of residues or |

sucoessive fractional renuindm
* Vislesha:jfiti, assimilation of differcuce ; reduction of Men:l d;llm-

ences, u LAY - . - e
' 0 ' _ F N gL ol o

M i .
P 5 [ S i
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Kadamba,! and one-third on a flower of silindhri®;
three times the difference of those numbers flew to the
bloom of a Kutaja.® One bee, which remained, hovered
and flew about io the air, allured at the same moment -
by the pleasing fragrance of a jasmine and pandanus.
Tell me, charming woman, the number of bees.

Statement : } § ¥% ; known quantity, 1 ; assuraed, 30,

A fifth of the assumed number is 6; a third is 10;
difference 4 ; multiplied by 3 gives 12 ; and the re-
mainder is 2 Then the product of t.he 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 is found 15.
So in other instances likewise.*

[Let  denote the number of bees.
Then, }o+3{e+3(3a—4a)+ 1=, whence z=15.]

Ssc'non 111,

55. Rule of concurrence : half a stanza. ; s
The sum thh the difference added and subtmcted

¥ .
A Kadauba mm orientalis or ﬂ tadunbn.
* Silindhri, o plant resembling the Moua—xﬂnhns or Vﬁa ;asito.
* Echites uﬁdmnhri& ’
“The Manoranjana introduces éme more example, which s there placed
mmm,md is here su a..-“n. third part of a neckince of

8 stroggle, fell to the ground ; ite fifth part rests -
) W _quibythem&,nﬂthemmtg
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bemg halved glm the two qmuues This is termed

~ coneurrence.’ l

{Let 2 and y denote the required numbers. 'Ihen,
& +y=k, x—y=1, where k and [ are given quanh.hes

o
" whénce =4 (k+1), y=}% (k—0).]

56. Example. Tell me the numbers, the sum of
which is a hundred and one, and the difference, twenty-
five ; if thou know the rule of concufrence, dear child.

Statement : sum 101 ; difference 25.

The two numbers are 38 and 63.

57. Rale of dissimilar operati:m’ ; half a stanza.
The difference of the squares, divided by the differ-

ence of the radical quantities, gives their sum®; whence
the quantities are found in the mode before directed.

[Let # and y be the numbers. - Then,
P=yt=m, &—y=n.

na4y -%* &e. |

58. Example. Tell me quickly, skilful ecalculator, *
what numbers they are, of which the difference is e@t,
and the difference of squares four hundred. _

Statement : difference of the quantities 8 ; differenc
of the squares 400.

The numbers are 21 and 29.

.

' Sankramana, concurrence or mutual penetration in the shape of sum
and dlﬂorenoe-—-ﬂang Investigation of two quantities concurrent or grown
together in the form of sum and difference,—Gan, Calculation of quantities
latent within those exhibited, —Sdr. ’ T '

® Vishama~karman, the finding of &omﬁﬂp when the difference of
their squares is given, and either the sum or the difference of the quanti-
ties.—Gan. A species of concnrrence.—Gang. See below, §185,

-maﬂmwwm,mmmmm-eu

... \
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PROBLEM CONCERNING SQUARES.

A certain problem relative to squares is. propmnded
in the next instance.

59." Rule. The square of an arbitrary number, mul~
tiplied by eiglit and lessened by one, then hdvea and
divided by the assumed number, is one quantity ; its
square, halved and added to one, is the other. Or
unity, divided by doubje 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 assumed number. Then, by the first part of

the rule, the two numbers are,
- (n*—1) and ;{ - (8n2=-1) }' v

The sum of the squares of these numbers lessened by l)is "

i(4n--—) +2(4n--§-) «{\

(h-ﬁ){*(h-ﬁ)n G
e W ety SE o 8
= (4,;- 2-;-) (2;;-{- I—) a perfect square. Similarly,

the difference of the squares of the numbers lessened by 1 is a
perfect square,

Again, by the second part of the rule, the numbers are
2u+”“d§yﬁ“d{(g*+ ) +<1)*} ~1=(gy )’ which |
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60. Tell me, my friend, numbers, 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.’

To bring out an answer by the ﬁrst rule, let the
number put be §. Its square, 1, multiplied by 8, is 2
which lessened by 1is 1. This halved is %, and divided
by the assumed number § gives 1 for the first quantity.
Its square halved is §, whicheadded to 1, makes §.
Thus the two quantities are 1 and §.

So, putting 1 for the assumed number, the numbers
obtained are § and 57. With the supposition of 2,
they are 31 and 9232 '

By the second method, let the assumed number
be 1. Unity divided by the double of it is 4, which
added to the assumed number makes §. The first
quantity is thus found. The second is unity. With
the supposition of 2, the quantities are 4 and 1. T’ut«
ting 3, they are 1 and 1.

61. Another Rule.” The square of the squnre’(\)f an -
arbitrary number, and the cube of that number, res-
pectively multiplied by eight, adding one to the first
product are such quantities, equally in arithmetic and
in algebra. |

Put } The square of the square of the assumed |
number ig %, which mult1phed by 8 makes 4. Thm

' This question, found in eome oopm of the text, and lnbezpnudlv‘
Ganghdhara and the Maneranjana,is unnoticed by the other commentators, \
[We do not know what the author means by the siz.fold method #Jiouw
Colebrooke does nob say anything about it.—Ed.]

' % To bring out answers in whole numbers, theMMunlnﬂm
| 'ultlng buﬁou-—ﬂm md&ir | i -_-4:.- | #’

o I i '. . _ L i i*" ,J. i
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added to 1 is §, which is the first quantlty Agﬁn
put 3. Its cube is %, ‘which multnphed by 8 gives the '
second quantity 1. Next snpposing 1, the two quanti-
ties are 9 and 8. Assuming 2, thgy are 129 and 64.
Putting 3, they are 649 and 216. And so on, without
end, by means of various suppositions, in the aeveml
foregoing methods. |

It is said that algebraic solution similar to ant.hme-
tical rules appears obscure, but it is not so to the
intelligent ; nor is it six-fold, but manifold.

[Let n be the arbitrary number, Then, by the rule, the
numbers are, 82* 4+ 1 and 8»*;
and !(81:‘ + 1)+ (Sn’)’} ~1=(4n*)* (2n*+1)% which are per-
fect squares.

Hence the reason for the rule is obvious. ]

e

SECTION V. J

62—63. Rule for assimilation of the root’s coeffi-
cient' ; two stanzas.

The sum or difference of'a quantity and of a malti.
ple of its square root being gwen, the square of half
the coefficient® is added to #he given number, and the
square root of their sum (is extracted ; that root,) with
half the coeflicient added or subtracted, being squared,
is the quantity sought by the interrogator. If the
- quantity have a fraction (of itself) added or subtracted, |
divide the number given and the multiplicator of the '1
- root, by unity ‘increased or lessened by the fraction,




- which is of the form (1),andmay~bbso1mdu ye. '-@llﬂ
'-weseethamforthemondlmtofﬂnm

oy e "1\_;

and the required quantity may be then dlsoovemd, _
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
number ; and extract the square root of the sum.
Add half the multiplier, 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 added
by the author by way of explanfition of the two preceding

metrical rules.
Suppose we have the equations,

2arv/e=by...0i... (1).
Then, completing the square, we get

.'c,__+_a1/.?+(%)2=b +(g—)2;
a2 =40 +( )

el

Hence the reason for the first part of the rule is clear It is
the ordinary rule for solving an equatlon reducible to a quad-

ratic by completing the squaregy
The second part of the rule is mea.nt for equations of the form

ta

; r+ d x + a 1/!2 = b - . - e » (2)’ ' ) \ ‘
whence we get - ey a* b \ l
a e _ b S ano T R (R T R
e ‘/ Y - N adt
1 13 1 :1:3% P S ¥ ik ol

Y
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qpomng, in the water, and saw seven times the half of
the square root of the flock proceeding to the shore
tired of the diversion. . Tell me, dear girl, the number

- of the flock. ;

Statement : coeff. J; given 2. Half the coefficient
is  ; its square 44 added to the given number, makes
£1 the square root of which is §. Half the coefficient
being added, the sum is 18 ; or, reduced to least terms,
4. This squared is 16 ; the number of the flock, as

reqnired.
[Let denote the number of the flock.

Then,2+-*1/.z-t:,

re ~1/*=;'(4) -2+(;) = ()

whﬂnce = 9) == 15,

This is an instance of the first part of the preoedmg rulo]

65. Example : the root added, and the sum given.
Tell me what the number is, which, added to nine times
its square root, amounts to twelve hundred and forty.

Statement : coeff. 9 ; given 1240. Proceeding by the
rule, the required number is 961.

[Let « denote the nimber required. Then, 249 4/ 2 = 1240,
whence .] '

66. Exanmle the root and a fraction both sub-
tracted.  Of a flock of geese, ten times the square root
; ,Df the .num&? departed for the Mdnasa lake,' on the
> are observed to quit the plains of India, at the approach of i

1’__ ¢ Mhhundm-'qumdﬂth

Iy ge -m ‘The Hindus suppose the
-upb&-wwu mw«t;&, 4
s g e o SR i

s

p it X )
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approach of a cloud : an eighth part went to a forest of

Sthalapadminis’ : 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 & ; given 6.

Proceeding by the (second) rule (§63), unity, less the
fraction, is § ; and the coefficient and the given num-
ber, being both divided by that, become &2 and 48 ;
and the half coefficient is 42. With these, proceeding
by the (first) rule (§62), thé number of the flock is
found 144.

[Let « denote the whole number of the flock.

Then, 10 4/ = + % x4 6=2z;
—g.r—IOVTv_= 6 ; whence .

This is an instance of the second part of the rule in §62—63.]
67. Fxample. The son of Pritha,’ irvitated if
fight, shot a quiver of arrows to slay Karna. With
half bis arrows, he parried those of his antagonist ;
with four times the square root of the quiver-full, he
killed his horses ; with six arrows, he slew Salya’ ; 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 Arjunh let fly ? \if

Statement : fraction § ; coeff. 4 ; given'10. =~
The given number and coefficient being divided by
unity less the fraction become 20 and 8 ; and proeeechng
'by the rule (§62), the number uf Arrows comea ont 100

that if is arboreous, ‘ae the term siguifies m L
* Arjuua, surnamed Pértha ; hﬁm\vﬂhfmwulm !
? One of the nw.m,mmm«m-.

n\f

LA E
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[ Let 2 denote the numher of arfﬁws.
Then, % z + 41/-;+ 6 + 3 + 1=ua, whence 2.]

68. Example. The square root of half the number
of a swarm of bees is gone to a shrub of jasmin’; and so
are eight-ninths of the whole swarm : a female is buz-
zing to one remaining male that is humming within a
lotus in which he is confined, baving been allured 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) from the
- quantity : and the given number is two of the specific
~ things. The negative quantity, and the given number
halved, bring out half the quantity sought.* Thus:—

Statement : fraction .§; coeff. .4; given 1.

" A fraction of half the quantity is the same as half
. the fraction of the quantity ; the fraction is therefore
set down (unaltered).

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

e y—

' Mdlati, jasminum grandifiorum.,

"The lotus being open at night and closed in the day, the bee might be
on,ghtinn_q..,

*In such questions, it is necessary to observe whether the coefficient of the
*mhwammd&.wmamb-.oramumm for that;
Quantity is found, of root the coefficient is used. But in the present

M.thnneto!w! quantity is proposed ; and accordingly, the half

M '_mdb,ﬂnrnh. The number given, however,
%8 to the e quantity. mmmgw the given number,
“‘“"‘m _._‘p memmm __

5 " e 2 :,
J P

S |
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[Let # denote the number of bees. |

Then, 4/ &+ §2+ 2 = a.
Put y = 4 z,and we get

y—iy -V y=1
whence by the rule in §§ 62-63, we| obtain y = 86, and .,
@ = T2.

Thus the reason for the process given in the text is clear.  The

reason given by the anthor and the commentators is not very
clear. ]

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

Statement : fraction § ; coeff. 18 ; given 1200.

- Here, dividing the coefficient and given number by
unity added to the fraction (§68), and proceeding as

before directed, the number is brought out, 576,
[ Let @ denote the number required.

Then, 2 4 4 « 4 18 4/ @ = 1200 ; whence z.]

SECTION VI.
Rure or PrororTION.!
70. Rule of three terms® : one stanza.

The first and last terms, which are the argument a.qd
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 divideﬂ

J!Ie-—-

' [ A more literal translation wonld'be'Bnle of !'hul. the word !nﬂle
original being trairdsika.—~Ed.] i\

'mwdh,mloﬂaﬁonbdmglngtonmotthmm—ﬁini W‘
of Three. mmsmkpm,mmmw the & d
is its fruit, phala, or produce of thougmm;ﬂu &«m)&,
ma,mmmm@m-m

“'. l‘_ v

7 g iy : :
Bt T e S aaee pev ] L'.



(39 )

by the first term, gives the fruit of the demand,' In
the inverse method, the operation is reversed.’

[ The rule is the ordinary mechanical one for solving problems
involving the Rule of Three, direct and inverse. It is not stated
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 Arithmetic, Art. 155.]

71. Example. If two and a half palas of saffron be
obtained for three-sevenths of a nishka, say instantly,
best of merchants, how much is got for nine nishkas.

Statement : § § 9. Amswer : 52 palas and 2 karshas.

[ This is an example of the Rule of Three direct. Worked
out by the principle of proportion, the process will stand thus :—

Let # denote the quantity sought in palas.
Then, we evidently have the proportion,

$r2 10919,
oo i X ?’ = 'g‘ X 99
s e *;‘ D KAk
Thus the answer is 52} palas = 52 palas, 2 karshas.
The reason for the rule in § 70 is obvious.] -
72. Example. If one hundred and four nishkas are
got for sixty-three palas of best camphor, consider and
tell me, friend, what may be obtained for twelve and
a quarter palas.
Statement: 63 104 42. Answer: 20 nishkas, 8 dram-
mas, 8 panas, 3 kdkinis, 11 cowryshells and Jth part.

[This also is an instance of the Rule of Three direct, and may
“be worked out agabove.]

'«‘&"’?%ﬁ'f uce of thor’oqqidﬂ.az,otfrﬂtd the gquestion ; it is
l*’ 7‘.:: Sy B ; - 5. .
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- diminished, the direot rule (

& (40 ) ‘ ' s \.
73. Example. If a khdri and \one-eighth of rice
may be procured for two drammas, \say qmcklyw‘&j
may be had for seventy panas. ] N
Statement, reducing drammas to panas: 32 § 70.
Answer : 2 khdris, T dronas, 1 ddhaka, 2 prasthas.

[ This is & third instance of the Rule ofh'hm direct.]

74. Rule of Three inverse.’

If the fruit diminish as the requisition increases, or
angment as that decreases, they who are skilled i in.ac-

counts consider the Rule of Three terms to be inv 2

“When there is diminution of frmt, if there be in e
of requisition, and increase of fruit if there be dimi-
nution of requisition, then the inverse Rule of Three is
(employed.)

[ This is the ordinary definition of inverse variation.]

75. For instance, when the value of living beings®
is regulated by their age; and in the ease of gold,
where the weight and touch are compared‘; or when
heaps® are subdmded let the inverted Rule of 'Ihree
terms be (used). e,

\

! Vyasta- tranJiM or Viloma-trairdsiha, rnle of three terms !nmc. e

* The method of performing the inverse rule has been nlm:!g-
(§70), viz., * in the inverse method, the operation is reversed;” i, &eﬁgt ‘
is to be mnlqpiled by the argument and divided by the demand,—Sdr, f\

When the fruit increases or decreases, as ﬂu\{w is nugmented or

i else the m— |

Gan, ’ - i

“Slaves and oattle. Thoprlmo!theddorllla- of uumnbu,
greater.—Gang. and Sdr.

* Colour on the touchstone, mum _
+ oo Cbap. X. When beaps of grain, which Y mwms al
measure, are again meted with & larger one, the number decrenses ; and
when those, whiok bad been meted with a large mm%_

- %nuﬂkzm,&mhﬂmﬂnﬂm—ﬂu&qﬂi& _.;}
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[Some instances of inverse variation are here mentioned,
The reasom” is clear from:the foot-notes appended. The author
does not mention the commen instance of time and agency re-
quired for a given piece of work.]

76. Example of age aud price of living beings. If
a female slave, sixteen years of age, bring thirty-two
(nishkas), what will one aged twenty cost ? If an ox
which has been worked two years sell for four nishkas,
what will one, which has been worked six years, cost ?

1st Statement : 16 32 20. Answer : 25§ nishkas.

2nd Stateraent: 2 4 & Answer : 1} nishka,

[ Let # dencte the cost in the first example. Then ** the
greater is the age, the smaller is the cost, we have the propor-
tion,

" 16: 20 :: 2232,
Whenee @ = -1—‘%{-?—21 = 258

Similarly the second example as well 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 toueh of ten may be had for
one nishka (of silver), what weight of gold of ﬁfteen
touch may be bought for the same priee ?. '

Statement : 10 1 15. Answer 2.

78. Example of subdivision of heaps. A heap of
grain having heen meted with a measure containing
seven ddhakas, if a hundred such measures were found,

what would be the result with one containing five
ddhakas?

Statement ; 7 100 5. Anwer 140.
79. Rtﬂe of compound proportion’ : one stanza.

'[Am _ ation wonld be, ““ Rule of Five and so forth,” th®
word in the original '_ , panchardsikddaw.~Fd.) This, which is the com-
m‘lﬂaﬁf. mprises, according Bo Ganess, two' or more sets of

WQMM(M),QW
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~ In the method of five, aevun, orma“qu‘
ﬁ'nnapose the fruit and divisors’; and the product of the
larger set of terms, being divided by the prodact of the
less set of terms®, the quotientis the produce (sought)"

[This is practically the same rule, rather incompletely stated,
for solvmg prohlems involving the Double Rule of Three, as
that gwen in Mr. Barnard Smith's work on Arithmetic, Art.
161.* Itis a clumsy and a purely mechanical rule, having no
connection whatever with the principle of proportion. The
meaning of the phrase, * transpose the {rnit and divisors,”
as explained by (anesa, will appegr from the foot-notes ap-
pended to the following articles. It should be observed here
that “the product of the larger set™ is not necessarily the
numerically larger product; see the example in § 82. For

-

observes, Thus the rule of five (pancha-rdrika) comprises two proportions ;
that of seven (:apta-rdsika) three; that of nive lmu-riﬂh) four ; and
that of eleveu (ekddaza-rdzika) five.

' Meaning eleven. Mano. and Sdr. \

* Gapesa and the commentator of the Vdsand nnda:hndtﬁﬁhltﬂoﬁ
{ehhid, divisor) ns relating to denominntors of fractious ; and the transpoding
of them (if soy there be) is indeed right: accordingiy the aathor gives
under this rule an example of working with fracsious (§ £!). But the
Manoranjona and Siryadfsa explain it otherwise ; and the lattar! cites as,
aucient commentary entitled @enita-Kaumnd in support of his.e: tion.
“ There are two sets of terms; those which belong to thawgmt and
those which appertain to the requisition. The fruit in the first set iy onlled
produce of the argument ; that in the second in named divisor of the seb,
They are to be transposed, or reciprocally brought from one set to the other ;
0., put the fruit in the second set, and the divisor in the firsb. W
mot be esough to say, transpose the fruite of Loth sets! The ai dt
Kawmud replies, ‘the designation of divisor werves to indicate thnt after
transposition, the fruit of the second set being in the product
of the less set of terms, the product of the mqﬁw be
it’. Some, however, wu.,lﬂn to fractions, M m
for ﬂu 'lnul wﬂﬂn m {"I;hh
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the meaning of the term "i’.rger set,” see i’ooi-note 3 p 43‘.4
The phrase has been rather loosely used. ]
80. Example. If the interest of a hundred for a
month be five, say. what the interest of sixteen .is for a

year. Find likewise the time from the principal and "
interest ; and knowmg the time and produce, tell the

prmclpal sum, : X
3 1 2 - L, i
Statement : 100+ 16 Answer' : ﬂﬁ'
. 5 “' 3
interest is 93. . : a
To find the time ; statetﬁent: 100 16
| 5 48
Answer® : months 12.
) e
To find the principal ; statement : 100 .
. 5 « 48 o

Answer® : principal 16.

[ Worked out by the principle of proportion, the process will
stand thus :— »

Let 2 denote the interest required. Then, the int. of 16 for
1 year=int. of 16 x 12 for 1 month; and " with a given time,

—
w

! Transposing the n-uis, doo ¥
B

Product of the Targer set, 960, i
Do. dmhﬁm?t' 100, Quotient, 332 or 42, ’

B . L.
wmm, 100 16 100 16 |
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i the interest varies dn-ee.ﬂy as the principal, %we get the proportlon

pIO0E 16 X112 2 & . 7,

~whence 2 = Lﬁl&ﬁ .=9§.

100
and the reason for the rule in § 79 is evident. Similarly for the

other parts of the example.] *
81. Example. If the interest of a bundred for a
month and one-third be five and one-fifth, say what

the interest is of sixty-two and a balf for three months
and one-fifth.

Statement: £ 18 :
100 1385 Ahswer': interest 7§.
i)

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

82. Example of the Rule of Seven. If eight best
variegated silk scarfs, measuring three cubitsin breadth
and eight in length, cost a hundred (nishkas); say
quickly, merchant, if thon understand trade, what a
like scarf, three and a half cubits long and half a cuﬁ;f.
wide, will cost.

! Transposing the fruit, $ 1% and the denominators, 4 . 16

100  2zs 8 ks

20 100 126
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Stu-t;émeht: g ! %Answer‘ : Ni#h_ka 0, drammas
' 8 1
100

14, panas 9, kdkint 1, cowry-shells 62.

[Let « denote the cost required. .

Then the area of cloth in the first case

= 8 X 3 X 8 sq. cubits;

and in the second case

= 1 X § X% sq. cubits.
Hence the quality of the cloth remaining the same, we get the
proportion,
8x3x8:1x1}x§::100:x,

1X7%X1%X100
whence 2 o T TE T

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

- 83. Example of the Rule of Nine. If thirty benches,
twelve fingers thick, square of four wide, and fourteen
 cubits long, cost a hundred (niskkas); tell me, my

friend, what price fourteen benches will fetch, which

are four less in every dimension
12 -

Statement : 16 12 Answer”: mshkas 165
14 10
30 14
’ 100
' Transposing fruit and denominators, g .
2
L 8 1
Product of th larg -au 700 f s,
Do. " of e ie ' Quotient o. 14,9,1, 63, et
e tale 2% o ‘w'"“"“;’ T8
5, 30 Al ndwliond. 'J 11 N

.i
"u
*
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[Here, putting « for the price, and proLeedmg as above, we |
get the proportion,

80 x 12 x 16 x 14 X 24 : 14x8x12x10x24"100 g

whence @ is known. ]

84. Example of the Rule of Hleven. If the hire
of carts to convey the benches of the dimensions first’
specified (in the preceding example), through a dis-
tance of one league (gavyiti') be eight drammas; say
what the cart-hire should be for bringing the benches
last mentioned, four less in evgry. dlmenslon, tbrough
a distance of six leagues.

12 ° S
Statement : 16 12 Answer’: drammas 8.

14 10
30 14
1 6
8

[Let  denote the cart-hire required. |

Then in the first case, solid content of benches = 30 x 12 x
16 x 14 X 24 cubic fingers, and they are carried through a
distance of 1 league ; and An the second case, solid content
of benches = 14 x 8x12x 10 X 24 cubic fingers, and they are
carried through a distance of 6 leagues, which is the same as a
solid content of 14 X 8 X 12x 10X 24 X 6 cubicfingers earned
through 1 league : g :\ | l

' @aryuti, two kresas or half a yojana; ifqouhhu raﬂler mq!o
8000 yards, and is more than 4} English milest - s

© * Transposing the fruit, 1126 : 82 Abrid.!ng by
; ”

3
.,‘-k




the m&mmmwfh e i,
mwmxmxuxuxl 14x8x12x10x£4x0'5-

8:s,
m“’ A sxox‘;% 8.]

585. Rule of barter'; half a stanza. So in barter

, the same process is (ﬁollowed) transposing
boﬂlpnoa,uwellnsthe&vmm . &
“E&rmanforihomlnmﬂ appaarfromthe example which
0

86. Example. mu!lun&red mangoes be had
~in the market ﬁ:rmdmmm,andt.hutynpepomo-
- granates for a pana ; say quickly, friend, how many

- skould be had in exchange for ten mangoes,
Statement : 16 1 Answer’: 16 pomegranates.
300 30 :
10 , ‘

-—

2" Bm-pnu-&Mudm «wommodity for cummodity ; computation of
the exchange of goods (rastu-vinimaya-ganita,—Gaug.); barter. -

* Ganghdbara, Siryadisa and the Manoranjanw, 0 read this ‘pnssage,
hﬁmu-lliln But Ganesa and Ranganitha have the affirmative adverb
u‘dh’ (always) in place of the word hardnscha (and the divisors). Atall eveuts,
the trausposition of denominators tukes place, as usual; and so does that

: term or fruit, uhmnmo!mmhwbhhnﬁﬂryldh
hm i (1 omnyrlm two proportions, thus stated by
e in —*%If for one pana, thirty pomegranates

em;aimem “Answer, 480. Again, if for 300

> ﬂ‘::behnd,lmw many for ten ! Answer, 16,




. B0:y
"f"mxm 3
I
mﬁﬁ by the question, ﬁ

gwﬂn
)210:: 80 X 16: &,

n;ﬁﬂm, -M_ 16,
m&rhﬁehﬁﬁmﬁi




CHAPTER 1V.
INVESTIGATION OF MIXTURE.

SECTION I.

INTEREST.

87—88. Rule: a stanza and a half.”

The argument? multlphed by its time, and the fruit
multiplied by the mixed quantity’s time, being several-
1y set down, and divided by their sum and multiplied
by the mixed guantity, are the principal and interest
(composing the quantity). Or the principal being

found by the rule of supposition (§ 50), that, taken
from the mixed quantity, leaves the amount of interest.

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

Let »= rate per cent. per mensem.
{=time in years,
I = interest.
A =amonat.

s m:m-rynraMm. investigation of mixture, ascertainment of composi-
tion, as prineips) and interest, and 0 forth,—Gan. It is chiefly grounded
ﬂmm&m ~—1Ibid. The rules in this chapter bear reference

to the lea whick lollowthm. Generally they are tiones otivsw,
10 inve lﬂdMﬁommt. tiuaadnh
* Pra m:q,mumo): mmum
' 4 N "
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Then, 1 erxl?xt

100
: rxl?Xt} 100+rx12xt
Ry {1 TR P x
e A x 100 abd Td Axf-x12><t
i 100+rx12xt 100 47X 12xt’

The last two formule stated in words give the first part of the
rule. It is evident that these formule may also be derived
by a simple proportion, as observed by Ganesa.

In the latter part of the rule, the principal is found by the
author’s method of supposition, which is practically the same as
the solution of a simple equation. ]

89. Example. If the principal sum, with interest
at the rate of five on the hundred by tlie month, amount
‘n a year to one thousand, tell the prmcxpal and interegt -
respectively.

Statement : 1 1%

100  1000.
5
Answer': principal, 625 ; interest, 375.

Or, by the rule of position, put one ; and proceeding
according to that rule (§ 50), the interest of unity is
£, which, added to one, makes §. Thé given quantity
1000, multiplied by unity and divided by that (§),
shows the principal 625. This, taken from the tmxed |
amount, leaves the interest’ 375..

[ The second solution follows the datt.er-put of the pmeﬁn‘é
rule. '

4

— Py

' 100 multiplied by 1 is 100; sbyui.m. Mmmumm
The first number 100, multiplied by 1000, anddmd.dwm.hm
second 60, mmamwmmmnlmmm.-w
E:‘Orthowlnolpdhdngkuown,thahmtwho i ﬁm

e, — Sidr . oy e .

LY
I N
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,

Let « denote the principal required. Then < the rate per

cent. per annum is 60 we got
( 1+ ) = 1000,

1060, 4
1+3%

90. Rule': The arguments taken into their respec-
tive times are divided by the fruit taken into the elapsed
times ; the several quotients, divided by their sum and
multiplied by the mixed quantity, are the parts as
severally lent.

[The rule refers specially o the example in § 91.

Let @, y, z, be the portions lent at »,, »,, », per cent, per
mensem, and let /=common interest in f,, ¢,, ¢, months respec-
tively.

Then, 2+ y+2=a, a given quantity ;

and axr,x!._’yxr.xf, ;xr,xt, =
100 100 100 ¢
S PRS00 1008100 % T
LWy sEs : : -
X1 rgXily  rgXiy
= 100x1 = @
i mXt, T 100x1  100x1 100x 1’
. Xt re Xy Ty X ly
with similar values for y and z. Hence the rule. Ganesa’s ex-
planation is practically the same as the above, but it is rather
obscure : sep footnote 2.]

91. Example. The sam of six less than a hundred
nishkas being lent in three portions at interest of five,
three and four per cent., an equal interest was obtained

On!ﬂlthup , in_seven, ten and five months
pectively. 'l’gl.

whence 2=

mthemmcmn the amount of each

APy,

i



R S e T

B‘Meat* . S | 3 (20, 0 &giL
: 100 100 | 100
3=+ Ll
Mixed amount 94. '
Answer': the portions are 24, 28 and 42. The equal
amount of interest is 83. i

92. Rule’: half a stanza.
The contributions® being multiplied by the mixed
amount and divided by the sum of the contributions,

are the respective fruits.*

[If we divide the mixed amount into parts proportional to
“he contributions, we shall get the mixed amount as due to each
contribution. And this amount less the contribution is the gain.
Hence the reason for the rule is obvious.] ,

ure found by the Rule of Five. For instance, if & hundred ba the eapital, of
which five is the interest for a month, what is the capital, of which unity is
the interest for seven montha? and in like manner, the obher principal sums
are to be found. Thus, n compound proportion being wrought, the time is
multiplied by the argument to which it appertains, and divided by the frait
taken into the elapsed time. Then, as the total of those principal sums ix
to them severally, so is the given total to the respective portions lent. They
are thus severally fonnd by the Rule of Three.—Gan.

} Multiplying the argument and fruit by the times, and dividing one pro-
dunot by the otlier, there vesult the fractions 3%, 442, %%%, or 40, 22, 2p.
which reduced to » common depominator and summed, make 4542,  Multi-
plied by the mixed amount 94, the fractions become 1889, 1880, T8 ; and
then divided by the sum 2p8p, they give 18, 14’..,.!{«!, or 24, 28, 42— ano.

7

o find the interest, employ the Rule of Five; 100!& Answer, 83, t‘m
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93. Exnmple Say, mathematlomn, what tha\
portioned shares are of three traders, whose orig
capitals were respectively fifty-one, stxty-elght a.nd .
eighty-five, which have been raised by commerce con- '
ducted by thew on joint stock, to the aggregate amount
of three hundred. :

Statement : 51, 68, 85 ; sum, 204. Mixed amount
300.

Answer : 75, 100, 125. These, less the capltal sums,
are the gdins : viz., 24, 32, 40.

Or the mixed amount, less the sum of the cnpltals, is
the profit on the whole : viz., 96. This being mu}qii" -
plied by the contributions and divided by their sum,
gives the respective gains : viz., 24, 32, 40. :

[The whole gain being divided into parts proportional to the
contributions, gives the respective gains. ]

SECTION I1I.

94. Rule': half a stanza. Divide denominators by
numerators ; and then divide unity by those quotients
added together. The result will be the time of filling
(a cistern by several fountains).

[ The rule refers to an example of the class given in § 95.

Let the times in which the fountains can severally fill the

cistern be:‘ g‘&c of a day. Then in one day, the parts
| <

d the cistern ﬁllad up by the fountains severally areé- s &e.;
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is rule giwn by the commentators mlall vague and mﬂb
]
; 95 Example. Say qguickly, friend, in what portion
~of a day (four) fountains, being let loose together, will
* fill a cistern, which, if severally opaud, they would fill
in one day, halfa day, the third, and the sixth part,
_;Pspectively. :

~~ Statement: }, §, 4, %

+ Answer: yth part of a day.

LA e SECTION TIT. A
Purcrase aNp Sare.
~+  96. Rule! By the (measure of the) umim!od)
~ divide their prices taken into their respective p
(of the purchase); and by the sum of the qu
Mﬁebththemandthmporhommvhﬂlymﬂu
phodbythemlxed sum : the prioumdqninﬁ;hm
found in their order.

[ﬂwmfor thamlswillfgpﬂ?ﬁm hmln#
- example in § 97.]
- 97, Example. Ifthreeu.nda
maybehadfermdmﬁwdgud

1 Fora case where & mixture of por




