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ror the like price, take these thirteen kliHlI(.<, merchant, 
find give me quickly two pnl'ts of rice with one of kill· 
np.y-beans ; fOl' we must make 0. hasty meal and. UCl'fil't, 
since my companion will pl'OCCeJ onw:ll'd:t. 

Statement: t t· Mi'xcd SUUl H· 
f t 
~ f 

The prices, t. r. multiplieu Ly the ponions f, t. and 
divided by the goods t. \', make ~, !, the ."'" of which 
is ii. By this divide the same f.1l.r.tion. ~. !. tn~eu 
into the mixed sum H: ; nnd the portio". t, t. tllken 
into that mixe,l sum H:. There result the price. of 
t~. rice and kidney.beans, ! and Th of n drumma ; or 
10 Mkj,,(a an<l ) .3~ shells for the rice •• nd 2 M.I·jlLt. and 
6: shell- for the kidney.hea.lS; and the qllantities nre 
1', and ~ ... of a mall<. of !'icc anu kidney·Leaus respec­
tively. 

[ Let .z denote the nuina" or kidnOy·~LIls. 
Theil 2.& will dunote the mum" of rice. 
l\ow the price }liLid =! ~ or u dl'amma; 
... 2~xt+J:xi= ·a; 
Whouce .. (} + i) = H, 

:. oJ: 

and 2~ 

&lhl tho prices are, 
and 

1><. » , 
'U + + i= IT, 

2. U , 
=++1 ~H i 

"9.'f x .. - thO 
iT x +.". ~. 

Hence the reason fur tho role is evident. Genera.l formulre 
corre:,pomling t.o the rule in § 96 may be owsily cstablishod. It 
i<l. howeycr, not worth while to 00 so. 

'fhe exnlnple in § 98 may1Je work~J oat in a. similar manner.] 
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98. Example. If a pala of be!';t camphor may be 
had for two nisltkas, and a pala of s ndal-wood' for the 
eighth part of a dramrna, and half a pala of aIm-wood' 
also for the eighth of a dramma, good merchant, give me 
the value of one nishka in the proportions of one, sixteen 
and eight; for I wish to prepare a perfume. 

Statement: 32 i i. Mixed sum 16. 
IIi-
1 16 8 

Answer. Prices: drammas, Hi. -S-, ~. . 
Quantities: palas, t, H, 3-&. 

. SEOTION IV. 

99. Rule. Problem concerning a present of gem:'.. ' 
From the gems subtract the gift multiplied by the per­

sons j and any arbitrary number being divided by the 
remainders, the quotients are numbers expressive of the 
prices. Or the remainders being multiplied together, 
the product, divided by the seveml reserved remainders, 
gives the values in whole numbers. 

[ The reason for the rule will appear from the solution 'of t.he 
example in § 100, to which the rule specially refers.] 

100. Example. Four jewellers, possessing respec­
tively eight rubies, ten sapphires, It hundred pends, and 
fi,e diamonds, presented, each f!"Om his own stock, one 
apiece to the rp.st in token of regard and gratification at 
meeting; and they thus became owners of stock of pre­
ciselyequal value. Tell me severally, friend, the prices 
of their gems. 

• Olia'lUla1io,; santalnm album. 
, Aguf"U; aquillaria ag"lIocbum. 
• The problem i8 an indeterminnte one. The IOlation glyeil relati'/8 "~Uell 

only. 
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Statement: rub. 8; sapph. 10; pear! 100; diam. 5 ; 
gift 1 ; persons 4. 

Here, the product of the gift 1 by the persons 4, 
viz., 4, being severally subtracted, there remain rubies 4, 
sapphires 6, pearls 96, diamond 1. Any number nrbi­
b'arily assumed being divided by these remainders, the 
quotients are the relative values. Taking it at random, 
they may be fractional values; or by judicious selec­
tion, whole numbers Thus, put 96; and the prices 
thence deduced are 24, 16, I, 96; and the equal stock 
233. 

Or the remainders being multiplied t gether, and the 
~rod ct severally divided by those remainders, the 
price are 576, 384, 24, 2304; and the equal amount 
of stock (after interchange of presents) is 5592. 

[ Let the relativo values of a ruby, sapphire, pearl, nnd dia-
mond be respectively OJ, y, Z, '1.0. Then we shall evidently get 
from the oonditions of the problem the fellowing equations :-

:)1li+Y+Z+'I.O I 

=7y+0J+z+w ., 

• =97z+0J+y+tO 
=2'1.O+x+y+z 

k k k 
:. 4n:=6y=96z=w= k Buppose ; then .~= 4,21= ii' z=9ii' w,., k. 

Putting k=L. C. M. of 4, 6, 96, i.e., 96, we get the least 
integral values of x, y, Z, '1.0, viz., 24, 16, 1, 96 ; and putting k 
=pl'odnct of 4, 6, 96, we got for x, 21, z, '1.0, the values 576,384, 
24, 2304.. 

The rea. on for the rule in § 99 will be evidentfrom theabovo 
algebl'aical soJnti.on. The coeffi'lients of OJ, y, &c. in· the final 
equations will be 

=the no. of the respective gems-the no. of thnt gem given 
to OMh person x the no. of persons altogether. 

For instance, if there were 9 rubie~, and each presented 2 
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I 
from his pncket to each of the rest. the coefficient of IV in the 
left ha.nd side of the first equation wou d have been 3; and 
that of :r: in the right hand side wo ld have been 2; thus 
the coefficient of II! in the simplified eu !lations woulJ have been 
1, ~.e. , 9 - 4 x 2, which agrees with the rule in § 99. 

Suryadasa cites the Vija"'[Janita for the solution of the pro­
blem. RangamHha gives n,n Rl'ithmeticai explanation which. 
however, is meaningless add obscure . ] 

SECTION V. 

AU,IGATION .1 

101. Rule.~ The sum of the products of t,he)ouchS 
and (weight. of se\'ernl parcels)4 of gold- being divided 
by the aggl'egate of .the gold, the touch of the 1l1 '.ss is 
found: Of (ufter refining) being divided by the fine gola, 
the touch is ascertained; or divided by the touch, the 
quantity of purified gold is ,determined. 

[Thia is simply the ordinary rule f~r alligution medial. W fl 
may consider the prices per m,tsl!a of' the several kin<[s of gol,l 
as prop01·tional to the fineness. The reason for the rule is 'obvi­
ous.] 

102-103. Example. Parcels of gold weighing 
severally ten, foul', two and four mashas, and of the 
fineness of thirteen, twelve, eleven and ten respectively, 
being melted together, tell me quickly, merchant, who 
art converS3.nt with the computation of' gold, what the 
fineness of the mails is. If the twenty mash as above 

I Suva.'na.u"nita, oomputation of gold, that ill. ot its weight IInu Queuee.; 
alligation medial. 

• To lind ~he fineness produced by mixture of parocls of gold; SInd, alter 
refining, to find the weight, it the fineness be known; Bull the fineness, if 
tbe waight of reftned gold be given,-Itan. 

; Varna, colour of gold on th" touchstone; fineuess of gold determined 
by that touch. See § 77. "The. qegreea of flnene.s inol·ea.e ns the weigh t 
is reduoed by reJiIJiug."-Gan. 

• Gllng. 



• ( 59 ) 

described be reduced to sixteen by refining, tell me in­
stantly t.he to,uch of the purified mass. Or, if its purity 
when refined be sixteen, prithee, ll"bat is the number to 
ll"hich the twenty rnashas lwe reduced? 

Statement: touch 13 12 11 LO; 
weight 10 4 2 4. 

Answer1: after melting, fineness 12 ; weight 20. 

After refining, the weight being sixteen masltas, tIle 
touch is 15. The touch being sixteen, the weight is ] 5. 

104. Rule.' From the acquired fineness of the 
mixture, taken into the aggregate quantity of gold, 
subtract the sum of the products of the weight an(l 
fineness (of the parcels, the touch of which is known), 
I1mI divide the remainder by the qnantity of gold of un­
known fineness; the quotient is the degt'ee of its touch.s 

105. Example. Eight rnashlls of ten, and two of 
eleven by the touch, and six of unknown fineness, being 
mixed together, the mass of gold, my friend, became of 
the fineness .of tweI ve; tell the degree of unk~own 
fineness . 

• 
Sta.tement: 10 

8 
11 

"2 
Fineness . of the mixture 12. 

• 
6. . 

Answer: degree of the unknown fineness 15. 
[Let JJ denote the. unknown fineness. Then, (8 + 2 + 6) X 12 

=8x lO+2x 11+6 xx, 
whenccJJ= (8+2+6)X12~(8XIO+2Xll). Tho reason for 

the rule ill § 104 is obvious. ] 
-----------------------------------------

• ProouotA! lMO. 4~, 22, ,to. Their ~um 2!O, dividOli by 20, giv<l' 12; divid· 
ed "y \(;, gi ~e8 16. ' .... 

• To dillOO'I'er the fill.nes" of ~ parcel of unknown del!ree of pnrit" mixed 
wibb othe ... of wbicll the toud. ie known.-Gun. 

• l'he role beiug ~he con verse of the pl'tl<l~tling, t.be privciplo of it iIf 
obvioua.- n4IJg, 
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\ 
106. Rule.1 The acquired fineness of the mixture 

being multiplied by the sum of the gold (in the known 
parcels), subtract therefrom the aggregate products of 
the weight and fineness (of the parcels): divide the 
remainder by the difference between the fineness of the 
gold of uuknown weight and that of the mixture, the 
quotient is the weight of gold that was unkuown. 

107. Example. Three maslws of gold of the touch 
of ten, and one of the fineness of fiourteen, being mixed 
with some gold of the fineness of sixteen, the degree 
of purity of the mixture, my friend, is twelve. How 
many mashas are there of the fineness of sixteen ? 
. Statement: 10 14 16. Fineness of the mixture 12. 

3 1 
Answer: masha 1. 
[Let x denote the number of· m&,sltas required. 

Then, (3+1+:1) X 12=3 x 10+1 X 14+x X 1G ; 
. (3+ 1) X U - (3 X 10+ 1 x 14) 
.. w= 16-=-12 ' 

whence the rule in § 106.J 

108. Rule.s Subtract the eftected fineness from 
that of the gold of a hlgher degree of touch, and that 
of the one of lower touch from the effected fineness; 
the differences, multiplied by an arbitrarily assumed 
number,: will be the weights of gold of the, lower u.nd 
higher degrees of purity respectively. 

109. Example. Two ingots of gold, of the touch 
of sixteen and ten respectively, being mixed together, 

, To find tbe weight of Ii parcel of known filleneaa, but unlmowll weight, 
mixed with other parcel~ of koown weight autl finenesa.-GILII. 

• '1'0 fiutl the .voight .of $WO parcels of given ' fiUeDC88 and uuknown 
weight.-Gan. nud sUr. 'fhe problem is an indetel'minate 01le, a8 is illtimnted 
bl the author. . 
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ilia gold became' of the fineness ~f tlvelve . . Tell me, 
friend, the weight of gold in both lumps. 

Statement: 16, 10. Fineness resulting 12. 
Putting one, and proceeding tlR directed, the weights 

of gold are found, mashas 2 and 4. Assuming two, 
they are 4 and 8. Taking half, they come ont 1 and~. 
Thus, manifold answers are obtained by varying the 
assumption. 

[Let x and y be the weights required. 

Then, :.c X 16 + Y x 10 == (x + :If) x 12 ; 
:. (16-12) Ql = (12 -10) x !I ; 

Ql 12-10 . . 
"!I - 16-12 ' 
:. x= (12 - 10) k, '!I = (16 -12) k, 

where k is any positive quantity. 

The general solution in positive integers evidently is, IV = 
k, y = 2k, where k is any positive integer. 

The reason for the rule itt § 108 is obvious. J 

SECTION Vl. 

PERMUTATIONS AND COMBINATIONS. 

110-112. Rulel
: three stanzas. 

Let the figures from one upwards, differing by one, 
put in the iI1verse order, be divided by the same (arith­
meticals) in direct order; and let the subsequent be 
multiplied by the preceding, and the next following 
by the foregoing (result). The several results are the 
changes, ones,) twos, threes, &c.· This is termed flo 

• To find the 1>oetrlble I>ermntations of 100 g and short syllables in prosody; 
Com!)iu&tl~ns of in"redieu~8 in ph .. rmaoy ; variations of DOt.ee, &0., in mnsic ; 
a. weli I\S changes in otlwlr instaoces.-Gan. 

, According to Gaoelm, tbere ia no demoDstration of tbe role, bee1doe 
acceptation &nd experience. (This, howevor, i. not correct. -Ed.) 
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general r ule,' It sel'Y~ in lll'osodyt fOt' t hose versCtl 
therein, to find the variations of mdre; in the a.rts (as 
in architecture) to compute tIle chn.nkes npon Ilpertures 
(of 0. building); and (in o1l1sic) the scheme of IllUei­
t·n.l permutlltions'j in medicine, tIle combinations of 
diff~rent 8f"'·0Il1'8. For feal' of pro ixity, this is not 
(fully) set fOl'th. 

[The ren...«on for the rule wiU appCllr from the solution of Lhe 
cxomple which 1'0110ws.] 

113. A sin~le eXflmple in p,'osOC'ly. Tn tho per~ 
mutations of the GaYfllr! metre, ' Bay quickly, frie'nd, 
how mnny the possible changes of the verse arc; nod 
tell @c')'crally, how ' many tlte permutations urc with 
onc, (tWf', three,) &c., long sylln.blcs. 

Here the \'el'se of the Gapalri stanza comprises flix 
sylltlules. Wherefore, the figures from on.e to six nl'e 
set {l"",n, n.nd t.he statement of them, in direct q\lrl 

. d .654321 J' d' d'd lII\'el'se or er IS 1 :! 3 4 5 G ' rocee mg fiS lI'i~cte, 

the results Ilre :~ho,nges with one loug syllt\b\c, 6 ; 
wi.th two, 15; with three, 20 i with four, 15 i with.{jvcl 
6 ; with six, 1 ; with 0,11 short, 1. The ~tlm of these 
is the whole IlIlHlbet' of pet'rnut..'ltions of tlw verse! 64-. , 

I Oolumantft.WI'1I appear tG inW:rpreu tbie all a namo ot ~lte rule hero, 
tanght.; Mtllufrlllu~, or 4odfuird/tJl,rMtJl/,/rlllgll ~it~, gener"l ril le ot pl'OllOolill.ll 
p!lrmutaliOtl, Illhjeet to modi8.eAtion ill P'lrl,io~"'r h~ltAnell>l, M in m'l~i(l , 

wbere 1l111teoin.l1Ret.ill)(l ("MfffJj~rflHIt ) mll.~ be /Om.lIeo1.-G"ug. IInll Sd,r. 
I K~1I.I'I,.ftlef'lI, 11 ooT'tlliu Iehem"._O.n. It ia more {IlII, OXI)lnill$l"1 bJ 

othor oomml;'ut.:ltorll: but the trn.lI~lllulr i! not .uftioiuntl,. oouvel"KlUJt .. ith 
Ute thMry 01 muaio to 1lll\]eNltllnn tlte fetm d i,.th'ot1, • 

• The SO)drl metro lu hored ProllC'tl1 ill 11 tril,ll!t oolnl"rlllfng tweaV' 
tonr ,yllllblee, .,. ill the fllm"n~ Jlfayer onnwnf,,! the Urn.bmAniCl'I oreeo!, 
0I\1I~ OO"Y4hi [m,rMifJ, N a,lIfl/la ~. "Uti' 62, ri4 10.-Ed.] Bee .... RM.I 
"01. X, p. 463. Bllt. io M\8 pl'OlOlly of prof~lle poetQ'. tbe .. me cumber fit 
.."Uabh,"II "' diltribllt«l ill .. kb'all\io : "lid tuO 'feree ooilllltl)lI('at.i1 couLaiUI 
l!ix ~lllubIOl, ( .. h. 'tee., vol. X . I'. -CSt!,) 
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In like manner, setting down the nnmbet'" of the 
hole tetrastic, in the mode directed, and finding the 

changes with one, two, &c., and summing them, the 
permutations of the entire stanza are found, 
viz., 16777216. 

In tIle same way may be found t1Je permutations of 
all varieties of metre, fl'om Ukthd (which consists of 
ffi0Posyllabic verses) to Utkl'iti (the verses of which 
contain twenty-six syllables ).1 

[In the Gayatri Dletre, the Dumber of syUables i 6. In 
finding the Dumber of changes with olle long and the 
rest .jive short syllables, we have to find the permutation 
of 6 things taken all at a time, when one of them is of one 
Find, lind the rest, of another kind. Hence the number of 

change = l~r~li' which is precisely the number of combi­

nat.ions of 6 thing- taken 1 at a time. Similarly, in /iudinO' the 
number of changes with two long, and therefore the rest jour 

16 
short, we get the number = ~ - , Ii' and so on; t.hus finnlly 

the tot.n.l number of changes=sum of conlbinations of 6 thmgs 
t.'l.ken 1, 2, 3, 4, 5, 6, at a time + 1 (w~th ltll shod syllables) 
=0 (26 -1) + 1 = 64. 

/6 6 
Now ~ - ~ = 1; 

Ii. 6 x 5 
l.! ~ = 1 x 2 ; &c, 

Honce the l'easo for the rule is clear. 

If the aggregate number of changes only is wanted, this 
can be found at once from the proposition, viz., the totalnum­
ber of combinations of n things taken 1, 2, 3 ...... n at n time 
= 2~ - 1 (see 'l'od,hunter's Alg bra, art. 515), This proposition . . , 

IS given in a concmte shape in § 130"': 131. 

I A . neB., vol. x, PI' . 4G8-47a. 
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Similady, taking the whole tetrastic, i.e., 24 syllables, th 
total number of changes = (2U-1) + 1 (with all short sylla-
bles) eo 16777210. ] . 

114. Example. In a pleasant, spacious and elegant 
edifice, with eight doors, I constructed by a skilful archi. 
teet, as a palace for the lord of t;pe land, tell me the 
permutations of apertures taken oAe, two, three, &c.' 
Say, mathematician, how many are the combinations 
in one composition, with ingredients of six different 
to,stes, sweet, pungent, astringent, sour, salt and bitter,S 
taking them by ones, twos, threes, &c. 

Statement, first example: 

8 7 6 5 4 3 2 1 ' , 
1 234 5 6 7 8 • 
Answer: the number of ways in which the doors 

may be opened by ones, twos, threes, &c., is 8, 28, 56, 
70, 56, 28, 8, 1, respectively. And the changes on the 
npertures of the octagonal pamee' amount to 255. 

Statement, second example: 
6 5 432 1 
123456' 

• 

Answer: the number of various preparations · with 
ingredients of divers tastes is 6, 15, 20, 15, 6, 1.0 

[In the first example, the total number of variations = 2s 

-1 = 255. The case of all the windows being shut is not taken 

1 AJ1i..ha, aperture for the admi88iou of "it; a door or window; leams 
with gal·cf,lul.a.-Gau.) A. porMco or terraoe, (bh"m,i.viJc,',a.-Gang. and 
Sllr.) 

• 'l'be variation. of one window or portico open (or terrAoe unrooftd) 
and the reRt closed; two open, v.n,11he rest shut; anuao fortb. 

• A,nara.ko81ut, 8wlI"!la''I'M'ga, H7. 
• An octagonal building, with eight doon or windows or po~ticOll or ter­

races facing tbe eigh~ cl\rdinal pointe of tbe horizon, i8 meant -GaD. 
• 'fotal number of jlOssibie combiuations is 6a.-Gang. 
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into acconnt; otherwise the total number of variations would 
bG 256. 

The second example from its very natur is a ca e of combiM 
nations and not of pormutations, i.e., we have to find the num~ 
b r of combinations of 6 thing taken 1, 2 ...... 6 at a time. 
The rule in § 1l0~1l2, however, eq ully applie , as has be n 
explained above. The total number of combinations in this ' 
ea e-2°-1=63.J 

• 

• 

• 

\ • • 

• 

.. 
• 

• 

• 

• 
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CHAPTER 1 • 
PROGRESSIO S.' 

SECTION 1. 

ARITHMETICAL P ROGRESSION. 

115. Rule.' Half tbe period' multiplied by the 
period added to unity, is the sum of the aritbmeticals 
one, &c., and is, nnmed their addition.· This, being 
multiplied by the p<1riod added to tIVO, and beir.g Ji"id 
ed by three, is the aggregate of the fldditions,' 

I 87'c-4I1(, a term empl01tJ11 h,. t:..e older authon for any ~~ (II dJ.o;tiuot ,Ube;· 
tlwoea or ot.her thing- VU~ t.oret.her.-Gall. It. aiiniflell6'lueDco or prGgret­
lion. SredU.t'Y"'w.h4r'11, ueertaiDMent or.der.ermluaWon or progttllllollJ. 

• To find ..nl ,umB of the arltbmeticilla. Oall. 
• PaIL. the plaee.-Gau. Any Ollll of the fignrea or digit.:, being that c.f 

."uob t.he tum it required.-Stif, The lut of lbe Dnmber, to be Inmmod.­
MlncQ. See below,llote too ,U9. 

• &daUu., the lint lum or addition 01 adthmetioal.. &daWai4"", 
aggregate or addition" lummod auPlI or IOClOnd Bum. 

I Tb.llr8~ figure il unity. The IUIll of that and the period belog halved, 
iii the middle firure. A, the flpree decrllwtO behind it, 110 too,. iDoreue 
before it: wherefore the middJo firnfe, mnltipliod by the period, i. the lum 
of' the figural one, &0., ooutioued to the period. The onlY'pfoot o! the rule 
f'OT the a'iregate 01 ,UULI ia aooeptat.iou._GaD, (Tha lut femark il tlot 

fIoOuect.. rhe proof of the forronl_ fOf the IIUID of t.h6 flratl " arltb:Ulltical. 
given. by QanMa doel not apply where", is eveu, but requit6l! to bt modi· 
fied. III that. cue,. tohe .um of any t.wo terml equidillt.&nt from tbe fil,ll~ 

and lut .,.+1; whenue the .nlD of .. terml evIdeuil,.: (_ + I).-Bd.] It 
it a muim, that. a number Dlultlplied b, the nest following arit.htDodca1, 
and halvoo, givee the snm of lJI.e praollCiing; wl:orefore, &c.-Sdr. ltam;aJA· 
kala III quoted b,.Il&ng_n'tha for _ ~cmOJl.ltraliou grouded OIL placing tbe 
ou.lllaera of the lOne. ill the tIIveraed order tI.odu the dirlCt QI1e ami 
addwr the two l8riea-(the aa:tDe proof .. that. giveD in moderu wora OD 
Algebra.-Ed.] 
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, n (n+1) [1+2+3 ...... 00 It terms = 2 . By "the aggregate 

,fthe additions," the author evidently means the s~m of n terms 
the series whose nth term is t n (It + 1), in other word, t.he 

urn of n triangular numbers. This sum is t n (n+1) (71+2) 
n0+~ n+2 S T Tl = 2 • 3' ee odhunter's Algebra, Art. 666. l~ 

reason fOl' the l'ule 1S obyious. ] 

116. Example. Tell me quickly, mathematician, 
the sums of the several (p1'ogressions of) numbers Qne, 
&c., continued to DiDe ; and the summed sums of those 
numbers. 

Statement: arithmeticals : 1 2 3 4 5 6 7 8 9. 
An"'wer : sums: 1 3 6 10 15 21 28 36 45. 
Summcl.o.l sums: 1 4 10 20 35 56 84 120 165. 

117. Rule! Twil;l:> the period added to one and 
divided by three, being mult;t'p"i~,il by the sum (of the 
arithmeticals), is the sum of the squl.."es. The sum 
of the cubes of the numbers one, &0., is prlJ)nounce~ 
by the ancients equal to the square of the addition. 

[P+22+ ...... +n!=n(n+12 (271+1) 
• 

• _ n (n+1) 2n+1 
• 

- 2 :3 • 

13+23+ ...... +713 = {n(n;l)f. See Todhunter's Al­

gebra, Arts. 4.60, 461.] 

ll8. Example. TeU promptly the sum of the 
squares, and the sum of the cubes, of those numbers, 
if thy mind be.cq}lversant with the way of summation. 

Statement: 1 2 3 4 5 6 ' 7 8 9. , 

Answer: silm of squares, 285 . Sum of cubes, 2025. 

I To llod the 8ums of 8<JIlares and of o(lbcs.-G&n. "Ild Sur. 
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119. Rule.' The incr ..... m ltiplied by the period 
I ... one, and added to the fir.t quantity, i. the amoun\ 
of the l'Bt.' That, added to the first, and halved, . 
the amount of the mean; which multiplied by t 
period is the amonnt of tbe wholer and is. denominat"" 
(q.nita) the computed Bum. 

[Consider the series a, a+b, a+2b ...... Tbe nth term=l1+ 

(n-l)b. Ifn be odd, middle t.erme-n;ltb tonn= 

2a+(n-l) b If c. th . c. . 2 . n ~ eoen, ere will uu two middle tenru.. 
n n+2 "iz., "2 th and -2-th terms, and the meau nmount-an}t'age of 

these two terms =! tb t.erm + t of common difterenM 

-a+( ~-1) b+lb. 21l+(~- nb aud the I\urn of n term~ 
.. { \ . -2 2a+(n-1\'· ,. 

Thus Vue rufe bolds good wbether n be odd or eycn. ~l':le 
authr ... r floes Mt notice that the 6'rSt part Of tbe rule in § 115 is 
only a particular case of the ]lresent rule.] 

120. Example. A person, having given four dram· 
fflll8 to priests on tHe first da.Y1 proceeded, my friend, 
to distribute daily alms at a l'Ilte increasing by five a 

, Whero the ioerene ia .rbitj"ar,.-Oaui' In 'pcb U86I, to !lui the Jut 
term. meloll amount., and .nm of the progreuioll,-Sdr. From flnb t.onn. 
commOl1 differenoe and period. to fiud the whole M1\6unt, .\e,-Ga.D, 

• Alii and 1II1I.h/l. 'Ctuiu1tl>. 'C41t~4, and <XlIer l,111Onyml of fa.oe-tbe fni · 
tiu.1 quaot.!tl of tile progreasion, tile fim term: (thAt,lrom which .. til 
origin the eequenoe oommeIlOM,-Bdr.) 

C1t4ya.1'rtu:II1IVII- or tr/ttml_·tbe lllore (adAih-Sdr.) OT augment (~ri4"A' 
-Ga.ng.) by wbich each term illoreNfllO. tbe oommon dil!enmoe. ARty., 
the iut term. Madhva, the middle term. Pada Ot ,<1t'At'l1w., the puioot. 
Ibe number ot term. : (flO man, da' .... the sequence rfl.eheL-S~r.) &~. 
4,wIUl, ,"«ltt'pllallJ or ,llnit4--the amounll ot tbe whole, the .1UIl ot the 
progr_ion. . It i. oa.lled InUll, b60aute it i, 'oulld bl oompotatioa 
(plMIt4).-Gan. 



( 69 ) 

dny. Say quickly how many were given by him in half 

n month. 
Statement: initial quantity 4; com. diff. 5; period 15. 
Here, first term 4. Middle term 39. Lust term 74. 

Sum 585. 
12. Another example.1 The initial term being , 

seven, the increase five, and the period eiO'ht, tell me 
what the magnitudes of the middle and last terms are, 
nod what the total sum is. 

Statement: first term 7 ; com. diff. 5 ; period 8 . 
• An wer ; mean amount 4,..J. La t term 42. Sum 196. 

Here, the period consisting of an even numbel' of 
tlays, there i no middle day; wherefore half the sum 
of the days preceding and f.)llowing the mean plnce, 
must be taken for the mean amount; and the rule is 
thus proved. 

[ ee note t.o § 119.] 

122. Rule'; half a stanza. The sum of tLe pro­
gression being divided b: ' the p riod, and h!l.lf ~t1 . ('om­
mon difference multiplif.d by one le s than the number 
of terms, being subtrllcted, the remainder is the mitial 
quantity.· 

[ 1I} } { n-1} ~ n-1 , ... 2l 2a+(n-1)b =n a+-~ j:'n- 2 bea, 

"hence the rule.] 

123, Exnmple. We know the sum of the progres­
sion, one hundred and five; the number of terms, seven; 
the increase, three; tell us, dear boy, the initial quantity. 
-

I To exhibit an IOltaoM of an even number of term •. where there oan 
oona~ .. entI1 be no middl term (but a meon amount).-Gan. 

, The dillerenco, period and lum being givoll, to find t',he first telm.-Gan. 
Alld Sur. 

I The rule ill the convent of the precediog.-Gan and Bllr. 
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Statement: com. iliff. 3; period 7 ; sum 105 . 
Answer: first term, 6, 
Rulel

; half a stanza. t The sum being divided by the , 
period, and the first term subtracted from the quotient, 
the remainder, divided by half of one less th~~n the 
number of terms, will be the common difference.B 

f n-l} {8 } n-l [$ "" n l a + 2 b ; .', n - a + 2 "" b, whence the rule.] 

124. Example. On an expedition to seize his ene· 
my's elephants, a king marched two yojanas the first 
day. Say, intelligent calculator, with what im:weo. ing 
rate of daily mat'ch he proceeded, he reaching hi" foe 's 
city, a distance of. eighty yojanas, in a week. 

Statement: fir t term 2 ; period 7 ; sum 80. 
Answer: com. diff. a;. 
125. Rule.' From the sum of the progression mul· 

tiplied by twice the common increase, and added to the 
square of the difference between the first term and half 
that ipcrease, the square root being extracted, this root 

- less the first ""term and added to the (above,mentioned)' 
portion of the increa6e, being divided by the increase, 
is pronounced$ to be the perioli. 

[The translation is rather obscure. A clearer rendering would 
be as follows ;-" The sum of the progression multiplied by 
twice the common increase, being added to the square of the 

I The first term, period and sum being known. to find tho common differ' 
once which is nnknown.-Gan. 

• Second half of one, the first I:!alf of whloh oontained the precediU'J 
rule, § 122. 

• 'I'hls rule also is oon verse of the forogoing.-Gan. 
• The firsb term, oommon differenoe and eum being known, to find tbe 

poriod whioh is lInknown.-Gan. I 

• By Brahmagupta and the r~llt.-Gall. 
The fnlet! are substantially the 8f.me; the square being completE.-d for the 

101ution of the quadratio eq,uation in the manDer tanght by Srldhara (cited 
in rrrja'l1anita, § lSI) IUId '6y Bra.hmarnpta. 
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diffol'enae between the first term a.nd half that inorease, the 
square root of ~e result is extracted; this root less, &0," 

We have s=i{ 2a + (n-l)b }; 

h 
b - 2a ± .; ~ (2a - b )~+ 8sb ~ 

w ence n== 2b ,~~-

(Todhunter's Algebra, Art. 454) 

= ~ { ~-a+ .; { (a - i)2+ 2so }, whence the l'ule, 

the upper sign only being tn.ken by the author. He does not 
diseuss the meaning of the two values of n.] . 

126, Example. A person gave three d1'ammas on 
the first day, and continued to distribute alms increas­
ing by two (a day) ; and he thus bestowed on the priests 
three hundred and sixty dl'ammas: say quickly in how 
many days. 

Statement: first tel'm 3 ; com. diff. 2 ; sum 360. 
Answel' : period 18. 

SECTION 11. 
GEOMETRICAL PROGRESSION. 

1..27. Rulel
: a couplet and a half. The period being 

an uneven number, subtract one, and note' mUltipliea­
tor'; being an even one, halve i~, . and note I square,' 
untU thea period be exhausted. Then the produce aris­
ing from multiplication and squaring (of the common 
multiplier) in the inverse order from the l.a8t,~ being 
lessened by one, the remainder divided by the common 

• 
I To lind the 8um of a progression, the increase being' Jlllll\ltipl!er.-Gau. 

In other words, to liud the enID of 1\1). increasing geometrical progroaslon. 
' l'be Itl8t Dote i&'of oonrae I mniapliol\tor.' For in exhauHtlog the num· 

ber of the period (wben odd) you arrive at last a~ uuity, an unevon number. 
'.Cbe proposed multiplier (the oommon mnltiplioator of the progroBBioD) is 
thetefote ptl.t in the last place ; lind the operl>tions of equ&ring loud multi· 
plying by it ate continued to the iuverse order of the Jlne of the nO(,o8.-
G~. . 
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multiplier less one, and multiplied by the initial quan­
tity, will be the sum of a progression increasing by a 
common multiplier. l 

[Let a donote the first term and r the common ratio. Then, 

71-1 a (r'-1) Tb fi f th rul a+ar+ ......... +ar = l' e rSL part 0 e e 
r-

is clumsily and ob curely stated. It i difficult to make out 
what the author means. He wants us to find 1'''. Now if n is 
even and therefore of the form 2m, we can find r" by first squnr­
ing r, then squaring the square, and so on m time If It i 
odd and therefore of the form 2m + 1, we can find r' by first 
finding rm as before, and then multiplying the result by r. 
This is probably what the author means by the words multiply­
ing and squaring. See the explanation of Ganesa in the foot­
notes. ] 

128. Example. A person gave a mendicant a couple 
of cowry shells first, und promised a twofold increase 
of the alms daily. How many nishkas did he give in 
a month? 

Statement : first term, 2 j increasing multiplier, 2 ; 
period, 30. 

Answer: 2147483646 cowries; or 104857 nishkas, 
9 drammas, 9 panas, 2 kdkin£S, and 6 shells. 

129. Example. The initial quantity being two, my 
friend; the daily augmentation, a threefold increase; 
and the period seven; say what the sum in this case is. 

I The eif(l(.t of @qnaring and mnltiplying, as directed, is the same as ~e 
oontinued multiplication of tbe multiplier for as many times 8S the uum· 
ber of !.he period. For dividing by the multiplier tbe product of the multi. 
plicatiou oontinued to the uneven nnmber, equals the product of multipli. 
catiou continued to one le88 tban tho Dnmber; and the extraction of the 
.quare root of & product of multiplication continued to tbe even number, 
eqnals oontinued mnltiplicatiou to half that number. Oonvel'88ly,lIquaring 
and multiplying equaIJI multiplication for double and for one more time.­
Gau. 
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Statement: first term, 2 ; increasing multiplier, 3 
period, 7. 

Answer : sum, 2180. 
130-131. Rule:' 'n couplet und "half. The num· 

ber of syllables in a verse being taken for the period, 
tuld the increase twofold, the prodllce of multiplication 
and .qunring (.8 above directed, § 127) will be tbe 
number (of variations) of like verses,' Its liqunrc, nnd 
square's square, les8 their re8pective roots, will be (tl1e 
variation a) of alternately similar and of dissimilar verses 
(in tetrastic.).' 

[The rule refers specially to the cxnmple in ~ J 32. It is a 
stntement in a concrete shn.pc of thB following propo!!ition :­
The Lowl nwnber of combinatiolt'J of 71. things taken, 1, 2, •.. n 
uta time-2"- 1. (See note to § UB).] 

132. Example, Ten me directly the number (of 

1 I110idBlta.tJ,. lntroaufllld in thi. plaoe, Ibowinr a oomputatlon te.nioeable 
io pl'OllOlf,.-8dr. and ,ValV!. To CIlJontnte the nrj"tiODlof Yeree., "bjolt 
.re lobo found by UJe eum at permutation. (§IIII).-Glln. 

's.o.k"rib prOllOdl di.cJni.oi~b88 metre in whiah tbe fOllr .. tn/MI of tbe 
.tann ~re Alike, or the .Iterll~te on .. onl, &0, or tJI'four WaalmUu. Atl..t.. 
n .. , Vol. X, ~lU' u.b,. Y, ",i and ... ii. 

I The nnmber of poAlbte varietiAII of verN! ronDd b, the rtlle ot per­
lJIutation (filS) it the I8me IN! tbe oontinued multiplication of two : t.ht. 
uumbtlt beinr t.akeo, beeaalle tbll variotJell or .,.lIable. are 1M. ma",. lour 
and "bort. Aooordingi, t.hil iaue.nmed tor the oommon multiplior. The 
product 01 ita OOlItiuued multipliofll,ion .Ie W) be found b, thu. metbod of 
'etuamag and mu.1tipiyior (§J27); .. amiui lor the period a number &qoa1 
to th.t 01 .,1Iabl .. In the..-ene. The .... r.Jetitlll of .inllla, .... UIII afe tbo 
ame a' thOle of Oue'l'eM oonwlnini twioe .. man, eyllabletl: and tbe 
ch .. agee iu the fODr ",er_ are the .. me .. thOle of oue nne oolllprinnr 
four tlmfte All mID1 .,U.M .... exOflpgn,. bOWeY1!.f, t.bat theM pormutatJOll. 
elnbraclDg all r.he poMiWe .... arieUeII, comprelieuli t.hOln ot like .Ild hIM· 
alike meb.e. Wherefore the number 8nt found lalllQUM"ed, and tblll .,...in 
~uued. OOlTNpondiug to twice or tonr tlmoe the 'IIJImber of pla* ; 
aDd tho toot. Gf t.heee !4oaroe ate lubtracWd (lor obtalniol the .... aneU. 
of aI~rn.t.e11like "I.~ di.imilar yer.et rMpeeU,ely,-.1W.]-Gan. 
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varieties) of like, alternately hh. ~d dissimilar ver es 
respectively, in the metre named a1tushtubh.1 

Statement : increasing multiplier, 2 ; period, 8. 
Answer: variations of like verses, 256 ; of alternately 

alike verse, 65280 ; of dissimilar verses, 4294901760. 

• 

[The total number of syllables in the four cbaranas of ilie 
anushtubh metre being 32 (8 to eachcltarana), the possible vade- . 
ties of arra,ngements of long and: short syllables in the metre 
are 232 =4294967291). (See note to § 113). These evidently 
include cases of (a) all like, and (b) alternately like cham,nas. 
To find the number of these cases, we find the nnmber of varie­
ties of the syllables in two charanas; which Dumber is 216 or 
65536. It is clear that if we place ea.ch one of the e varie­
ties under itself, we shall get all t.he cas(Js incIuded in (a) 
and (/I). Hence tho total nnmber of cases in (a) and (b) is 
65536. Of those the number of eases in (a) clearly is the num-

' bel' of varieties that may occnr in one cltaj'ana = 28 "" 256. Con­
sequently the number Qf ca.ses in (b) is 65536 - 256 or 65280. 
Subtracting 65536 from 4294967296 we get 4294901.76'), 
which is considered I~S the number of dissimilaj' verses OJ' 

cMl·anas. It is to be observed, ]lOwever, that these last include 
ea es in which the first two charanas are like, as also th last 
two ; or cases in whioh the first two are like, but the last two 
unlike ; and so forth. These cases are not separately COD-

sidered.] . 

I Asillt. Res., Vol. X, p. 438 ; BYII. tab., p. 409. 

, 



CHAPTER VI. 
PLANE FIGURE.' 

133. Rule. A side' is assumed. The other side in 

I Kd(ltm-tylJfVJlrlfrG, determination of plane figure. E,kttr •. , " ex­
pounded by Gaoesa, lIirulfiea planf! IUtrace bolludotl b,'1IoM, Itraljfht or 
ooned; !WI tn"nllo, &0, J',,4Mll1irll II the n8()l\rt"intneot of ita Illmflo, 
liol:ll, all diagODal, perpendloular, .re&,.te. GallNa •• ,3 plane flrure t. loaf. 
lold; trilloorle, quadranI'll, drole aud bo", 'J'riaor1e (try'n'G. tril/JI/It or 
trillhjll) illlo figllrc couhioiug (eN) thr~(a,ra. or .tll1I4) anglel, aDd OOnti-t,. 
in,ol u man} (bhja)lidea. QOlldrangleor t.etragon ,,..\at.I"<IWN, "lmtNA· 
"ltd, cutllrbltNj4), ia " figure compriling (c.lu.£Hrl four (a.wa, Ate.) aogles 
af aldtll. The circle Uld bow, be obtenel, Deed no definition. Triangle ,_ 
either Citltra) right-augled, at that which II Brit treat8d of in tho text i or 
It iI (triU"jlS) trll.~J (aDd obUqlle) 1Ilte lobe truit of tbe ."i"9d,. (1'raf'~ 
lIat.o.). Thie "iaill ildittJ0IDi.bed aooordill, u the (l4111~1J) perpeudlcnlar 
fall' within I,)r wlthou~ lobe figure : m:-.,4I1la,.l4m.ba, leute·ngled ; ba!l.i,. . 
l"",ba-. ObtOSIHl1llled. Qufodnu~ll. ,110 i, in'tbe lint place twof"ld: "It.h 
f!llua1, or with unequal. diagonAl.. [Thia I. nut .. proper oIUIIIll.c.tion.-=-Ed.l 
The fiMlt of t.beee, or equidla,ooal t.ectragou (~III4'k.t,. ... ). t'Ol1lpri!el tonr 
distJuo;.!ou,: lu .• uta.",1ult""U'!in. equil.teral •. a Iquartt; 2d. ('''MIIl4. 
tlat"rbI'H;4, a trapeziuQI ; ad. dyat •• d(,.,h4.rAalll"a"ti, an ololique p!J,,,Ue­
l0f3m ; [t.hil is not oorr~j for A parallelogram with equal dJllgoualll mUI" 
be ell.bGl" a ,ect.aogJe or a tqluLro. 10 tb"t this 3d. cannot. be a dl.tloet. 
lpecies._Ed,) ; 4th. t(¥4t""I:n"al:lI"~. oblong with ~u"l perpoluUoul .. r., 
Y ., • '6Ota.6,le. The 8800nd IOt~ of qnadrlllll'le, or the t.etraron with lut­
equal di"lonalfl (T'i,Ramalla""4), embrll.Cell .1.2: lOry: hit. ,alfla.dar"rUI(j4. 
equil.teral, a rhombu.; 2d. ,./fIa.t"ib!ntja. ha,.iur three equal ,rdell; IJd. 
"_.dlCl-dwt.bbjD, ocnaatiul of t",o pair. of e<jn.J aidllll. I. rhomboid; 
4th _1It.-d~i.b.\ .. j4. huln, two equall!id8ll; 6th, fj'~4ma.-IIIt"twrb"'ja, com. 
PIl'ed ot fO&f nuequal lidea, a trapea;lum ; 6tb . • a.".So·u.mb'u. bl.,.iog eqno.l 
perpeudioQ.lare. "mpe.oid. The MI.lr.lao, ta ot flgur8ll. oblen. the com· 
IUent.ator, .r8fou~ ; the oirc.le and bow boll.lr bat of olle killd each. 8e 
~ that. peot.gOU.1 (pel/tllAd.I,..). &:0. oolllpriee trlarlr1e. (and are r«Iuclblo 
too !.hem). 

.. 84.\., IUfA. b"tdf. I.od other "n~.:,.OU of IlmI I." ued (or t.h. leg 
ot I. trWlRte, Of! Rde Oil I. quwl~nlle or pot1l0D: flO callecl, .. rtMmMin&, 
'be hamu ar.rm.~an . aul S4r 
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the rival direction is called the up~ightll whether in 
n. trinngle or tetl'rLgoD, by persons cqt1versant with the 
subject. 

184,. The squ:u-e root of the Rum of the !jquares of 
those Jegs is the dingono.l.' The square root, extracted 
from the difference of the squares of the diag-onal nnd 
side, is the upright; nnd tbnt, extracted from the differ· 
enoe of the squares of the dio~nnl nnd upright, is the 
side,' 

[Enolid 1. 47.J 
135.' Twice the product of two qurmtities, added 

to the square of their difference, will be the sum of their 
squares. The prodhct of their sum nnd d.ifference will 
be the difference of their squnres : ns must be every­
where understood by the intelligent calculator.' 

I Eitbor leg bein .. IIC.leet.d to retain thi. appellAtion, the othor. are 
ditt.iagui.hed by ditrtl'tlot Dkme. Tbat wbich prooeecill Ul the oppc.i~ 
direotion, m"anitl&' "'to right allilM, ill oalled ~I)tl, 1Ic~Al,.J'4. ~1trh1H'ifi. 
or anI other t.erm lil,:'nU,iat nprirht or eleuted. Doth Ira ali\:e .idOlof 
the triangle or of the tetragon, differing oilly in aMnmed s.ituat.ion and 
name.-Oa.n. and Sur . 

• A tbread or oblique Une from tbe two ntremitle. of tbe legl, joining 
thlhD, i, the ,w.1'ttIJ, .110 termed ,f"IIti, ,raena, on aDY other word Nlnir,.. 
ing eat. H ill the dlagon,,1 of a t.etra.gol1.-Sdr., Rang., &6. Or, In the elllle 
of .. triangle, it I, the diagoual ot the parallewi".ram. whereof the t.riangle 
i.!.he half; and II tbe hlI)Otao~ of I rlgbt·uglud triaDgle. 

'The rule o()noerDII (jlftVIl) right.angled t>iluglee, The proof [a 

given bGtb. .. lgehralcal1y and geometrically hy a.neaa (trrpdp4tH ,"·,.IJ.U ... 
/t."'taylf, proof by "Igebn; Ju1v!tragtlt. opapatti, geometrical demoDuratJOlI) ; 
and the algebraical proof I, alllO fivOll by SttryOOAu. Rani.n'~b, cita ODn 
or tbOM dtlDonlltrationa froID bit brotber .K.&tll.nllibrn, and the other tram 
hla r,tlter Nrtalnba, i.o the J'(C1'Hu, or c.ritical Tem*l"U on tbe ("t"lffJfti> 
annotationl ot tJle Sj"6fIIIJJI.t; and oenture. tho S1"»tg(!r,,·liltlJ4 (Of dloy!:o,l; 
1Ul)' proof of the rule heaidea experience. Bbbklra hu Wm.JIOU gl1'en a 
dlmoD5tr"iqu of tbe rille in hit ri,ia'gGllitJl., § US . 

• A etamla of eiz rla,.QIIIJI ot 1I-'lflMtc!ll metre, 
I O,nt8fo .bere ,lao ri,"1\11 bot.h In Ilgebraio t.nd ",eomettbal proof of the 

l,tt.ef rule; Iwl An algebrlica! oo.eon1, of t.be fil'!lt. St!e l'l,jil'la"ita uuder 
§ 1t8, "hence the latter delDoIllltr.tJon Q bonowed; and ,H1, where u.. 
fl.rat of the rule!! it aiven and demonltrai.ed. 
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[2ob + (a _b)ll==a2 +b2
• 

(a+b) (a-b)=a2-b2, 

Geometrical proofs of these formu1re are furni b d by Euo. II. 
5 aud 9. The object of intr'oduoing them here is to faoilitate the 
calculations required in § 134.] 

136. Example. Where the upright is four and 
the side three, what is the hypotenuse? 'fell me 
also the upright from . the hypotenuse and side; and 
the side from the upright and hy-
potenuse. 

Statement : side 13 ; upright 4. 
11 

Sum of their squares 25. Or, the product of the 
sides, doubled, 24; square of the difference, 1 ; added 
together, 25. The Ilquare root of this is the hypotenu e 5. 

Difference of the squares 5 and 3 
is 16. Or the sum 8 multiplied by 
the difference 2, makes 16. fts 
square root is the upright 4. 

Difference of squares, found as 
before, 9. Its square root is the · .. 
side 3. 

3 5 

. 

\ 
• 

4~ 

137. Example. Where the side measures three and 
a quarter, and the upright, as much; tell me quickly, 
mathematician, what the length of the hypotenuse is. 

Statement; side 11 ; upright.l.j-. SLlm of the squares 
W 01'.1.jJl. ~ince this hM no (as. . .; , . 
Illgnable) root, the hypotenuse IS a 
!?urd. A meth d of finding its ap­
proximate root follows :-

• 

138. Rule. rom the product of 

18 
T 

numerator and 
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denominator,l multiplied by any large squnre number 
assumed, extract the sqllare root: that, divided by the 
denominator taken into the root Qf the multiplier, will 

• 
be an approximation. , 

The square of the above hypoten se, .1.p. (is pro­
posed). The product of its numerator and denomina­
tor is 1352. ' Multiplied by a myriad (the square of a 
hundred) the product is 13520000. Its root is 3677 
nearly.2 This divided by the denominator taken jato 
the square root of the multiplier, viz., 800, give~ the 
approximate root 4tH. It is the hypotenuse. So in 
every similar instanQe. 

[ /a = .Fax b "" ..; a X b X 0
2 

-I i) b be' 
The object of multiplying the product of llumera.to and deno­

minator by a large square number (being some power of teu, 
as the above process shows), aud BleD taking the square root 
approximately is practically to get Lhe square root to a certain 
number of decimal places. BMshra, however, does no-t use the 
decimal notation which was probably not known in his time, and 
e;x:presses tL~ result · as a fraction. In the above example, the 
result obtained will be fouQ.d to be correct to two deci'rnal 
places.] 

139. Rule.s A side is put: From that multiplied 
by twice some assumed number, and divided by one less 
than the 6qun.re of the n.ssume«a number, an upright '.d 

obtained. This, being set apHt, is multiplied by the 
arbitro.ry numbet·, and the ~pe as put it) subtracted; 

I • 
I It tho surd be not ·Idraction, unjti may be put for the deoomint.tor, 

and the rule hold~ good.-G&n. 'I 
• The reme.indet being ulIQoticed. 
• Eitbor the side or upright being given, 00 fiud tbe othor two sides.­

sUr. To 1ind the upright e.nd hypoteouse .from the aid!) ; or the aide and 
hypotenuqe ftom the uprighb.-Gan. The problem i~ e.n indeterminate one. 
as is intimated by the aut)lOr. 

• 
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the remainder will be the hypotenuse. Such a triangle 
is termed right-angled.l 

[Let a denote the given side, and n the as umed ntlmb0r. 

Then proceeding by the rule, W~ get n:~nl for upright and 

2an Xn-a=a n:+i for hypotenuse. To verify this we have 
n! -1 n -

( 
2an) 9 a2 

{ } a' n2 +1)S 
a2 + -~ 1 c ('2 1)2 (n2_1)2 + 4n2 ... r:-2' If n - n ... \11 - • 

( n2,-1)? 
"" a n2 •• 1 . The proof of this role given by Stiryadlisa 

shows how these ex.pressions for the upright and hypotenu e nrc 
arrived at, although it is rather difficult 1.0 follow it. The quan­
tities 2n, n2 -1, n2+ 1 may be takeu to represent th upright, 
side and hypotenuse of a right-angled triangle, bocn.use (2n)2 
+ (n2 - 1)2 = (n2 + 1)2. Now consider another right-Il.n~led 
triangle similar to the above, the side being a. Then, since the 
sides of the two triangles are proporLiom~l, the upright of the 

second triangle will obviously be ;a';. Again, as n X up-
n-

right of the first triangle = its side + it hypotenuse, so n X up­
right of the second triangle = its side + its hypo tenus . Thus, 

2an 2 an 
n X n2-1 = a + hypotenuse, whence hypotenu8 ... n X n' -1 

-a. Thus we ee how the ex.pression are got.]" 

140. Or a side is put. Its square, divided by an 
arbitrary nutnber, is set down in two places: and the 
\l.rbitrary number being added and subtracted, and the 
Bum and di.:fl:'rence halved, the results are the hypote­
nuse and upl'ight.~ Or, in like manner, the side and _ .. 

[ I Oolebrooke 116e8 $e word 1'~ctlJ,ltglblar, But the IDoro u8ual wprcd in 
modern geometry is ,·igM.angIIllZ.-Bd,] 

, Assl1me any number tor the difIerenee between tbo nprigb.t and hypote· 
nOlle. The dill'erence of: thoir IIql1o.rcs (which is sqUILl to t "e I!<)uare of the 
giVtlll lide) beiMg divided b,. that &88ume(l differenoe, th , quotient is the 
81tDl of tbe upright and hYpOtenuae. For the differenoo (If bile lIquaree is 



( 80 ) 

hypotenuse may be deduced from the upright. Botb 
results are btional quantities. 

[Let a denote the given side, and 71. the assumed number. 

Then by tha rule we have t (:2 +71. ) for hypotenuse, and t 

(
a2). .. . (a2_n2)2 - -71. for uprIght. To venfy this we have a2+i 2-
n 71. 
4a2n2+(a:2_n2)2 (a'+n2)2 { (a2 )}2 

=- 4 2 = 4 2 = t - +n . Ganesa 
11, n n 

gives an elegant demonstration of this rule, based on the fact 
that the assumed number n is theditference between the hypote· 
nuse and upt'ight, as is obviously the case. See foot-note.] 

141. EKample. The side being in both cases 
twelve, tell. quickly by both methods, several uprights 
and hypotenuses, which shall be rational numbers. 

Statement: side 12; assumption 2. The _side, multi­
plied by twice that, viz., 4, is 48. Divide by the square 
of the arbitrary number less one, viz., 3, the quotient 
is the upright 16. This upright multiplied by th <! 
assumed number is 32, from which subtract the given 
IIi de ; the remainder is the hypotenuse 20. 

Assume 3. The upright is 9, and the hypolenuse 
15. Or, putting 5, the upright is 5, and the hypote­
nuse 13. 

By the second method: the side, as put, 12. Its 
square 144. Divide by 2, the arbitrary number being 2, 
the quotient is 72. Add and subtract the arbitrary 
number, and halve the sum ana difference. The hypote­
nuse and upright are found, viz., hypotenuse 37, up­
right 35. 

,\ 

-
equal to the produot of the sum aud difference of the roote (§ 135). The 
upright and hYT.otenaae are therefore fOU.D.d by the rule of cODcurrenoO 
(§ 55).-GaD. 
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Assume 4. The upright is 16, and the hypotenuse 20. 
Assuming 6, the upright i.s 9, and the hypotenuse 15.1 

142. Rule.D Twice the hypotenu e taken into an 
a.rbitrary number, being divided by the quare of the 
arbitrary number added to one, the quotient is the up­
right. This taken apart is to be multiplied by the 
number put: the difference between the pt'oduct and the 
hypotenuse is the side. 

[Let, a denote the hypot.enusfl, and n the assumed nUmbel'. 

Theu, by the rule, the upright is n; ~)~, nnd the side, ;~: - a 
n2-1 (zan )2 ( 712_1)2 

~a;t2+1' F'or n2+1 + a n2 + 1 =a2
• The proof of this 

rule given hy SUl'yadasa is exactly similar to thaL of the rule 
in §139. e note to §139.] 

143. Example. The hypotennse being measured by 
eighty. five, 'say pt'omptly, leal'Oed man, what uprights 
and sides will be rational. 

Statement: hypotenuse 85. This doubled is 170, 
and multiplied by an arbitrary nUlllber two is 340. 
This, divided by the square of the tl-rbitl'ary llumber 
adde to one, viz. , 5, is the upright 68. ' This upright 
multiplied by the arbitrary number makes 136 ; and 
subtracting the hypotenuse, the side comes out 51. Or 
putting four, the upright will be 40, and tbe side 75. 

144. Rule. 01' else the hypotenuse is doubled and 
divided by the squ::tre of an assumed number added to 
one. The hypotenuse less that quotient is the upright . 
. 

1 Iu like mannE,r, if tho upright be given 16, ita square 266 divided by the 
arbitrary Domber :.I is 129. The arbitrary number, subtracted and added, 
1D1Iltee 126 and 1 :10; which halved give the side 63, aud the hypotenus8 
6Ei.-Gaug. and Bur. . 

t From the hypotenule given, to find the side and upright ;n rational 
lIolllber •. _Gan. The problem is all indeterminate one. 

n, ~l 6 
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The snme quotient multiplied by !\he assumed number 
ie the side.l 

The ,nlDe hypotenuse 85. 
right nnel side Ilre 51 nnd 68. 
75 and 40. 

Plltting two, the up· 
011, with four, they art' 

Here tne distinction between side nnu upright is In 

name only, tlnd not essential 
2a n!-l 

[Taking a and Ii :1'1 in § 142, we ~et a-;':+l ~a hi+l for 

upright, nnd ~al1 lor side. Verificntion lOS ill § H2. To ~6i' 
11 + 1. 

how these exp1"CS!!ious arc ftrtivcti at, take 21", )1' -1 amln.!+l 
for the side, upright ':ulll hypotenuso of !l. right..ftHgled triu.n~h·. 
and proceed us in § 139. !Jow.] 

145. Rule.' Let twice the product o.r two 3ssumet1 
numbers be the upright j nnd the difference of their 
8quares, the side: the surn of tLeir squares will be the 
hypotenuse, nnd n rntionnl number. 

[Let. a nod b be ~he assomed numhers. 
Tben 2ab iii tho upright, and a2_h' the side . Tho hypote. 

nuse is J('lah)'1+(a!! b2)t Cl'a2 +bz. 

Thus the three sides nre aU rational. GaU61;:1 brl ves n proof 
or t.his nIle nft.er the mauner of the Vija-ga1Iita; but it is very 
ol.l:;eure and Cll.nllot be easily J'olIowt,'l1.] 

146. Exnmple. Tell qnickly, friend. tbl'ee numbers, 
Done being given l with which as up"ight, side nnd hy· 
potenuse, fll'igbt·angled trwngle ma.y be (constructed. ) 

1 TblJ.ad ~he preoediog ralt) are (oua'ied 00 the aamfll,riftOiplfl, dli!flriof 
onl, in tbfl O)'llf1r ot the operatiQO and Qlmfllll of (,be aid6H; ~e •• me Gum­
bers oome oor. for tbe Iide and uJ'lrirbt ia oae mode, ,..biob. were ronnd for 
Ule Upright and aide b1 t.bo otller_ 

• Ravinl' '-ught tbfl oaode of flodinr • t.hird ,Ida frotD a1l1 (, .. 0 or bypot&­
naBtl, uprighl aad rUdo; aad ia like maaoer from one. tbe o(.her tW{I: \bfI 
fuaUlor DOW . bow •• me~bod of Sndin, all ~hMl r&tional (DOIUI MiD, Ii"..,. ). 
_Gau. The problem i, IQ illdGt.enttluat6 oae, 
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Let two numbers be put, 1 and 2. From these, the 
ide, upright and hypotenuse are found, 4, 3, 5. Or, 

putting 2 and 3, the side, upright and hypotenuse 
deduced from them are, 12 5, 13. Or let the a timed 
numbers be "2 a.nd 4 : from which will result 16, 12, 20. 
In like ma,nner, manifold (answers are obtained). 

147. Rule. l The square of the ground intercepted 
between the root and tip is divided by the (length of 
the) bambu, and the quotient severally added to, and 
subtractE:d from, the bambu: the moieties (of the sum 
and difference) will be the two porLioDs of it represent­
ing hypotenuse and upright.' 

[The rule bears reference to the example which follows. 
Let II denote the height of the bambu, 

ii, the dist.ance bdween root and tip, and 
.(' the height at which the bambu is broken. 

1'hen, b2= (a __ ,T)2_x2 

b2 

,', - , -=(a- x) -.x 
(a-xJ+x 
b2 

i.('. - "" (a - .'1l) - ,'I) 
a 

a 

a2Mo a =(a- a) +x, identically. . 

,/: 

H ence t (a+~) =a-.'1l or hypotenuse,and t (a-~) -I/) or 

npright, whence the rule. The above proof is the same as that 
give by Ganesa. 'ee foot-note.] 

, The sum of hypotenuse and upright belug kllOWD, as also the side, to 
discrimialLte the hypotenuse "ad upright.-Gan. 

• The height from ~he root to .he frAoture ill tbe upria-ht. The remaining 
portion of the ba.mbu is tho hypote"''l~e. The wholo bambu, theretore, is 
the 8um of hypotenase and upright. The groun~ interoepted between the 
foot aud tip is the side: it is equal to the square root ot bhe dUferenoe 
between the squares of ;be hypotenuse Qnd upright. Henoe the square of 
the side, divided by the 81UU of hypotenuse "nd upright, is their difference 
(§ 135). With thE<8e (sum "ud dilferen~) the upright and hypotenuse aro 
foud by the rule of oonourrenoe (§ 56) -G&n. 
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148. Example. If a bambu, me~sul'ing thirty-two 
cubits and standing upon level g 0 nd, be broJ~en in 
one place by the force of the wind, and the tip of it 
meet the ground at sixteen cubits: say, mathematician, 
at how many cubits hom the root itlis broken. 

Statement. Bam btl 32. .Interval . 
between the root and tip of the 
bambu, 16. It is the side of the 
triangle. Proceeding as dil'ected, 
the upper and lower portions of the 
bambu are found to be 20 and 12. 

32 

20 

12 :lh 

" 16 

149. Rule,l The square (of the height) of the 
pillar is divided by the distance of' the snake £i'om hiS 
hole; the quotient is to be subtracted fl'01 that dis­
tance . . The meeting of the snake and peacock is from 
the snake's hole half the remainder, in cubit.s. 

150. Example. A snake's hole is at the foot of a 
pillar, nine cubits high, and a peacock is perched on its 
summit. Seeing a snake at the distance of thrice the 
pillal' gliding towanls his hole, he pounces obliq !lely 
upon him. Say quickly at how many cubits ft'om the 
snake's hole they meet, both proceeding an equal 
distance. 

Statement. Pillar Il. It is the up­
right. Distance of the snake fl'om 
his hole, 27. It is the sum of 
hypotenuse and side. Proceeding 

\ 

./a-
g 12 

- 27 
lG 

___ .L! ____________ .~ __ ----

I Tbe sum of the side and hypotennse being known , as aho the upright, 
to disorimintLt. the hypotenuse and .ide,-Gan. The rule bears reference to 
the example wlliob tollow.. The principle is the same as that of the 
preceding rule. 

• 
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as directed, the distance between the hole and the place 
of meeting is found to be 12 cubits.1 

[The principle of the rule in § 149 is, as Colebrook oh~el'"e~, 
and as L also evident from the example in § 150, th ,am as 
that of the rtlle in § 147. The peacock is suppos d not to 
chauge his direction, and to pounce in snoh a dire ·tion that the 
distance traversed by him peing the hypotenuse f 1\ right ... 
angled triangle, is equal to the distance traversed by t))(! 'nnke. 
Practically, however, ~uch a thing does not happen; but the 
bird of prey ohanges if;:! diroction at every instant, nnd describes 
It curved path known as the cm've of pursuit. e(. Tait aud 
Steele's Dynamics of a Particle, Art. 33. 

Let a denote the distance of the snake froOl the bole, b the 
height of the pillar, and J) the distance required. 

Then, b2 =(a-.x)!-.x2
, whence as in § 147, .7:=t (a-~. 

Hence the rul .] 

151. Rule.ll The quotient of the sqU!l.re of the side 
divided by the difference bet\veen the hypotenuse Itnd 
upright is twice set down; and the difference il:l sub · 
tracted from th,e quotient (in one place) and addl~d to 
it (in the other). The moieties (of the J'emaincler and 
sum) are in their oraer the upt'ight and hypotenu o. n 

This' is to be generally applied by the intelligent 
ma.thematician. 

I Subtracted from the sum of bypoteuu8e and side, tllie leaves 15 for tho 
hypotenUlle. The suake had proceeded tbe same distance of 15 oubits to. 
w&rds his hole, III! the pen.oocll: in pounoiug upon him. Their progreflS is 
theretore equa.l.-Stir. 

'l'be difference between the hypotennse and upright IJeing known, as 
also !.he side. to find th~ u9right and hypoteause.-Gan. 

• The demoustra.tion, distinotly set forth under Il praoeding rule, is 
applioa?le to tb ·A.-Gan . 

• Bogiuoio~ from tbe iust,mce of the broken bnmbu (§ 1<7) und including 
what follow •. -Qau. 
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[The demonstration of the rule in ~147 applies to this rule 
as Ganesa observes. I 

Let a denote the differenoe between 
hypotenuse and upright, b the side, and m 
the upright. 

Then, bt = (a+x)2_:t 2, whenoe as iI\ 

§ 147, X= t(~ -a ) , and a+m=t (!2 +a). 
Henoe the rule.] 

a b 

.~. 

152. Friend, the space between the lotus (as it 
stood) and the spot where it submerged" is the side. 
The lotus as seen (above water) is, the difference 
betwep.n the hypotenuse and upright. The s.talk is 
the upright, for the depth of water is measured by it. 
Say, what the depth of the water is.1 

153, Example.9 In a certain lake swarming with 
ruddy geese 8 and cranes, the tip of a bud of lotus was 
8eeu r. r,pau :100Ve the sm'face of the water. Forced by 
the wind it gradually advanced, and was submel'ged at 
the distance of two cubits. Compute quickly) lllathe· 
maticirm, the depth of the water. 

Statement. Diff. of hypotenuse 
and upright, t cubit. Side 2 cubits. 
Pt'oceeding as directed, the upright 
is found ¥. It is the depth of the 

§ I_=-2 ----" 

¥ 

watet'. Adding to it the height of the bud, the hypo­
tenuse comes out ¥. 

• The aides constitnting bhe fillure ill the example which folioWll, are 
bere aettorbh, to assist the ,.pprohellsion of the studeut.-S>1r. and Gan. 

t fThiR eXll.mple is inserted in B~rn&rd Smith's Arithmetio, Appendu, 
p. SOO.-ED,] 

, ADM CnslU'oa. 
• 
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[Let 0 be the root of the lotus, A its 
tip, and C the point ou the surface of the 
water where it iq ubmergecL Then, 
while it advances by tha force of the 
wind, 0 remains fixed, and the lotos de­
cribes an aTc of a circle, of which 0 is 

tbt- (,!'Intre, and OA the radius. Hence 

B- C 

~/ 
OC = ~A. Then, as the author him elf explrdll in § 152, 
the solution will follow frOID the method of § 151, whore we 
have only to substitute t for a, and 2 for b.] 

154. Rule.1 The height of the tree multiplied by its 
distance from the pond, is divided by twice t~e height 
of the tree added to the space between the tre4~ Ilnd the 
pond: the quotient will be the mea ure of the leup. 

[The role refard to the example which follows. 
Let D be the top of the tree, and B 

tbe position of the pond. The first ape is 
supposed to descend from D to A, and 
then to go from A Lo B; while the 
sl'uond app is supposed t.o jump vertically 
upwards from D to C, and then to leap 
diroctly from C to B. Now let AIJaa, 

c 

a 

, 

\ 
A-----V B 

AB . . b, and CD - .'1', which is required. Then by thc 'lucation, 
we baTe x+vfCa+.'I')2+IP=a+b; . 

... (a+x)2+b2 = (a+b)2- 2 (a+b) x+.et , 

au 
whence tee: 2a+b' Hence the rule.] 

155. Example. Fl'om a tree a hundred cubits high, 
an ape descended and \vent to a pond two hundred 
cubits di tant : while another ape, vaulting to some 
beigllt off the tree, proceeded with velocity diagonally 

• The Rom I){ the hYI'0tenlll!e and upper portion of tbe uprigbt beiDg 
lli ,tD, sud lhq lower portion being knoWll. all 0.180 the .ide: to .iiecrhluuate 
U.O upper por~ion of the npright from tbe hypoteouoe.-Oau. A. in 
several preceding instllhOEl!, a retel'8DCe to the example I, roquieite to thlj 
IUlderatanding ot tho rule. 
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to the s.me ,pot. If tbe space tr,,'elled by tbem be 
equal, tell me quickly, learned man, the beight of the 
leap, if thou have diligently studied calculation. 

Statement. Tree 100 cubit.s. Distance of it from 
the pond 200, Proceeding.s direc\ed, tbe height of 
the leap comes out ~O. 

156. Rule.' From twice the square of the bypote­
nuse subtract the sum of the upright und side multi­
plied by itself, and extril.C' the square root of the re­
mainder. Set clown the sum twice, and let the root be 
subtracted in one place Ilnd added in the other. The 
moieties will be mea~llre8 of the side and upright,' 

[Let a denote the swn of sido and 
uptight, and b the hypotenuse. AIJl(l let 
.t: denote the upright. Then we bave ~ 
Iwidently, (a-;r)'+.r' _ b' ; 
:. 2r-2a.r+ a' -b!.O, 

a+ v'2b' a' wbence z- . 
2 

If W(I take thu upper sign. then G-J; 

I R'VOtallUM hoi"i hOWD, u .. 1.0 the ,om at the tide and uprirU. or 
~Ieir dlfltlteuoe; fA) di-'CrilIliut.e illOlle .Id_-Gau. 

"10 Iiku mUlier, t.be diflerellotJ of the eitle Iud uprlrM bein, lil'en. the 
~ .. me rule it; Ipplicable.-Glu. (A .nrb!) nriltion "'111 be neoeeUJ ; "' note 

t.o § 168,-'&D.] The ptinciple of tb" rule I,\.hie: t.lIe .quire of t.l1e b1Plte­
IInM I, the IUD) 01 the IqUIUtll of the eidn!. Bu' tbe IIlID of tbe .qu.~ .. 
with twloe t.heprodoot of tbe .. de. added to it. ie !.be lQuu-e 01 tbe ,oro; Iud 
wltb ti,e ",n:le lubu-acted fa the aquue of the diff6n1n(le. Hence eanooUinc 
equII qUllntitiOll alflrmatJ. .. and ne.ath·e, I.wlee the lIquIlre of the h,-pot.e­
DUll wUl be tbe lum of the lIquare. of the lum Ind dlffereoOtlr. l'nereJore, 
aubLl.ctlor from hdoe the kJulre of 1l,pattDuMI the Iql1a re of the lum, tho 
remainder il the equareof tbe dill'erenoe; or flOD1'e,," I,. Inbll'lCli..ur ih. 
IqUII'I c,f the difference. the ruillne il the loQuar. of the IUlIl. The aqua,. 
root II the IUW or difl'erenoe. Wlt.h thOle. !.be ,idCl a.re fouud 1>1 iIle rule of 
¢QIlCllrTellCe,-O.tI. Ind Bdl'. 
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a+.v2b'-a2 
if lYe take the lower sign, then a-x= 2 . It is 

evident that we may take either sign. The reason for th rule 
is obvious. The method of solving an ndfected quadl'lltic equa­
tion by completing the square ha been mentioned before. 

ee § § 62 - 63. Interesting geometrical interpr!lt.'\tion of the 
expre sions for x and a - ,v are given by Ganesa and uryoolls:t. 
See foot-note.] 

157. Example. Where the hypotenu e is seven 
above ten; and the sum of the side and upright, three 
above twenty ; tell them to me, my friend. 

Statement: Hypotenuse 17 ; SUD! of side and up­
right 23. Proceeding as directed, the side and uprigbt 
al'e found 8 and 15. 

158. Example.! Where the difference of the side 
and upright is seven, and hypotenuse is thirteen, say 
quickly, eminent mathematician, what the side and up~ 
right I1I.'e, 

Statement: hypotenuse 13; difference of side and up­
right 7', Proceeding as directed, the side o.nd upright 
come out 5 o.nd 12. 

[Let tI) denote the upright, and a the 
diff. between upright and side, the up­
right being supposed> side. Thon .l'-a 
will d()pote the side ; and we evidently 
have J:2+ (.%'_a)2=62, whence as in §156, 

a:1- .v2b2 - a2 

.t = - 2 . But here we must 

• 
• 

take the upper sign alone, since x-a is nece sarily positive. 
-!-;'b'i._ai +u ,.,l2iIJ-a!-a 

Thus we haye.e= 2 ,and m-a- 2 • 

• Thi8 example or II c where tho differenco of the lides i. rlveo, Is 
omittw by 8Urya<l4ea. but noticed by Gllb8!l8, Ooples of tho text vary: 
lIOme colI~aioillg. aDd others omitting. the inltaoc:e. 
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From these values it is c1e:tr that the rule in § 156 mu~t bo 
sligbUy vuriod in order to be applicable to lte prescnt ca!.c.] 

159. Rule.' The product of two crece barn!>u. 
being divided by their SU ID , the quotient is the per­
pendiculn.r' from the junction (intersection ) of threads 
passing reciprocally from the root (of one) to the tip 
(of the other). The two bambus, mu1t.iplied by an .s­
sumed base, and divided by their sum, are the portioos 
of the base on the respective sides of the perpendicular. 

[From similar triangles (see figure) wo ha"'Ve 

l! 11 
~--. a ,t+y a 

-e.cs~; 
IJ .c+y 

. P (~ +~) - L, and :. p- a'~l; ' 
Thus 1) is independent of rt and .'1 . pronded a and L bo gi fen. 
Again, let .t+y .,./.:., any assumed nllmoor. 

l'k _k 
Then ,r- I, ... a+L' 

uk bk n.,d yaL...._ --. 
a a+b 

This rule shows tbat the property of similar triangles was 
known. Soo Bbt\3k.1.ra's remark lit the {'nd of § 1(;0, and the 
proof gh'cn by Ganc .. a, cited in the foot-note, which is aUgLily 
diff~rent uud wore cumbrous.] 

160. E •• mple. Tell the perpendicular dr.wn from 
the intersection of strings stretched mutuaUy from the 
roots to the summits of two bam bus fifteen and ten 
cubits high,. standing upon g round of unk.nown ex~,:: 

&lIfl,jnr taugbt lolly the met.bod of liuding the side. in Il ri .. h .... lIl1"l~ 
triangle, the ."~hOr DU~ propounde II. _peoi.1 problcm.-GIlD. TQ fill,} ,be 
perpendiouln. ... , Lhs bue beiu, unknowo.-Sllr, 
'U .... N. Ma14",bll, t"l •• N, MJ4t1l(.l"~41 tho pupelldiQular. 

• 
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Statement: bambu. 15, 10. The perpendicular 1B 

found 6. 

Next to find ~ 
the pegmenta of ~ ~ 
the bnse. Let'6 '. ffJ" tf) f6 • 10 

the ground be ... 
assumed 5 ; the 3 ~ 6 4 9 (J 

segments come out 3 nnd 2. Or putting 10, they arc G 
nod 4. Or tnkin~ 15, they are 9 nod 6. See the figures. 
In every instance the perpendicular is the BlLlUC,l viz., 6· 

The proof is in every cn.e by tbe rule of three: it 
with a. side equal to the baso, the bnmbu be the upright, 
then with the segment of the bQ8o, what will be the 
upright? I 

161. Aphorism.' Tha.t figure, though rectilinc.'u, 
of which sides Me l)l'oposed by Borne presumptuous 

, HO\fOVer ~be bue m~1 1'Arl bylllllluming .. greAter or lua quautit, tOt 

it, ~he pe.rpo,t<.liculM .. will III WAY' be the .. mo -GAil. 
rOn eacb l ido of the perptlll\Hoolaf , arl .egmeotJI of tlle ba.!MI tolati"e to 

the f reate .. and IInlAller b"mbtl4. an!llll.tllor or 1 .... analogoWlll t.o th{)m. 
Benae thw proport.ion: " It wl~b t.be lum of the hAmbulJ, ~Ili. eultl of tbe 
telrmeur. eqlllli to the entire bue beobt.Aioed, tbeo, with theamllUcr b .... btJ, 
... h",~ iJI bAd 1 ,. [TlIw proporLioo OIIounot. be lit onee oblAiued e .... II" bll~ m_,. 
be '" ... ~ hI dl,idlDg eortMllOnlling melllben or tbe flut t .. o tqoat.!ou.lu the 
now to § 169, wheDce we haYe : _~. and t.herefore 4++b .. !...-Eo. ] '!'be • • • t r e'WlVe, ,Ifee the termeo' whioh i, rel.t1ftto ,he leMt ,unbll. A ... io; "tt 
wit.h .. ,ide equal to the "hole bue. tbe bightr bambu be the upright, ,hen 
"'Uh .. ,dde eqn.l kI ,be eegmen!; found M .!HI,,8o ",b,,~ J. bed 1" Tbe an.wer 
,h ... thellerpeo';lou1 .. r le~ taU from the Inter8OCtiol.l oC the tb,e.da. Bare .. 
Olnltiplio .. t.or .n I II. dl'ritor equ .. l to the entire b ... Are both c .. ucelletl .... 
Iqtl..t and oootfllrl! and there retn"ln the prodllOto of tlle t~ tHUD'!)" tOJ' 
lIulUe...t.or ed their '1110 !OI' denomhulI~. Bello. the ule.-GIW. 

I The aphorilm ftp'ah .. bbe rurota:re or impoetibl. Sguroe propoeed b,. 
dOD08I.-Slfr. J.; ..or"." .. delloltion ol plaue Storn ("" .... et,./J).-Gu, 10 
.. trl ... ,1e or ol;hror plaue r8'ltilill.ur tlgur .. olle lide iJ .1_,. 1_ th.n tile 
nUl. ot tbe 1OIIt. U equaJ, We pe ... peudlcu!at I, lloolM, .nd tb~te f,lIo 
ODlDplelol tlgure. It (J'fMkIr, the lid. do no~ m .. t.-Sdr. OoUtllilllllr DO 
.~ it 11 au flrtue.- x...",wU oiMd br Rau&"uiUaA. 
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~rson, wherein Que side1 exceeds or ~uals the sum of 
tbe other sides, ma.y be known to be rlo figure. 

[Tbl! follows from Euclid I. 20. Any side of a triangle or 
of !lIly polygon most. be less thon the sum of the remaining flides. 
Hence t.he numbers 2,3, 6, 12 cannot represent the sides of a 
quadrilateral] I 

162. Example. Where sides nre proposed two, thl'ee, 
six nod twelve in n. qua.drilateral, or thl'ee, six :md nine 
in a triangle, by SOrne preSll1nptUQU9 d,uuee, know it to 
be no figure. 

Stntelnent. The figures nre both incongruous. Let 
straight rods exactly of the lengths of the proposed sides 
be pln.ced all the ground, the incongruity will be ap· 
parent,l 

163-164. Rule' in two couplets. In, triangle, the 
sum of two sides being multiplied by their di~crence, 
is divided by the base~ j the quotient is subtracted from, 
o.nd added to, the base which 18 twice set dO\vu : BOa 

being halved, the re8ults fire segments corresponding to 
those sides.' 

I '!'hOI principal or grOll.telt .ide.-Gan. Galltll.. Raug. 
I T1Je 10dri will DOt meet.-8dr. 

" 

I In &.n, triangle to fhld the perpendicular. 8f!:rmeu\.a ond are... Th~ il 
int,odl\o~r, to a fnller oon-i .. hration of II.rlWl.-Oan. and Sdf. 

, BHu!$i. llle ... b, 1IUlM or 1.0' other term liiolf,ini eArth; the gfOund 
or bIM of D ttilO.urle or other plnne figure. A.ny Due ot the ,I.letl, tlr.kell lor 
the hue, and the rtMI~ are termed siml'l, sidee. GAUfl!iA teltricta the t.etUJ GO 
tbe gre.t.eII' tldu. 80e DOle § 168 . 

.L_.bIi,. ,j-c., tbe porpentlicul",r. Bee note § l/i9. AlIfifU, flilulld. Ilrllb4tlM. 
IIfIgmeot of the hue made"', the perpen'1icular, Tbese are term, intrCMln~ 
b1 e',rlier wri\oett. Tb6M "tmente .re iJ\Le,uat iu au acute'lugled ttl.usle, 
bu~ ~t.erll .. 1 in an obttlM·aogi&el on&. P'\~14. gallit". ,u.\.!tm-.pl .. da, _1IIIl­
kNltM·.IU: th, IlIea11ure of like eompar~ment., or Dumber of eqoAlllquaMi 
of the ."mo r!oPOlllloat,ion <'" cubit, lathom. 8oJer. &c.) 10 which the dl· 
nUlluion ot the 'Ide u giveu ; the area or luper60ial coot.ont.-Gan. anr! S6r • 

• The relative or eorrespoDd1u, legm ... LA. The IlliaUer le8'IDCDt .uw.ra 
to tho 1-. Idde. and the larrer to the ,reater ilda-Ou. 
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The square root of the difference of the 8'1nnre8 of the 
side IlOd its own segment of the baBe i>ecomes the 1>0'" 
pendicul.r. Half tbe base multiplied by tbe perpemli· 
culnrl is in n. triangle the exact' nrea.' 

[.r +9 is gi\'(lIl, as also" Rnd b. 
'Ve have a'-l}=:t"-!l, 

at -b' :, :e + 9'" .'c - y. 

ThO! (z+y)+(z-y)_2z, 
and (z+Y)-(J-y)-2y; 

and half of these results gh·e IC and y. 

Also pcrvcndicnl.r _ -.la' - ... , 
and area - l X base X altitude. 

I Or Lal! t.be perpeodlonlM tuell iot.o the blLl6.~.Q . 
• Splmta.pAala, ui!ltiuc~ or preoi.e area; oppc»et1 t.o (I'pAttt4-0r ,CA.la_ 

plttLUrJ ind .• t.inctor groal nreA. See § 1&7. 
'Demonllt~t..iou lu bo~h lobe rigl.it.-angled t.riaogltll tormed In the 'Pro. 

JX*Id ;ruulgle, Doe 011 MOb side or the perpendloular, tbliline i, the upright; 
the lide jt"bypoteuulI6, and the oorrtr.llptlo.liul' ... ·meot I. ,Ido. Henco, tub­
tractinr 68 8Q,Oltot80t the Iletl)8utliotllar trom the Miura of the ,Ide, the 
lel1llUuder ill the Aquare of t.be IIC!fme.uti, So, lubtrr.ctio6 t.ho .ctIHue of the 
othor side, "bere relO!liul lobI!. tquaro of tho 8etrmeQ~ IUI."eriur t.o ili. Their 
dilTerenOi II tbe dllJ'ereuee of t.he Iquluee of the Mlgl'06lIt.e, and II equal t.o 
lobe dilfereuco or !.be ~uares ot t.be ,iJo', aioot In ~nAI (IUlntS!., b .. been 
t...~e .... (rom each; for aU1 two qlllu ~iti e. leu 8U equal quautlto)' h ...... tt •• 
Dwe difl'ereuoe, h il eqUAl to Lhll producL of the Itud I\Dtld,llfenlllot ot tilu 
li..tnplo qauti'io~, 'rhere(ora, tohelulD of the aid .. multiplied hI ~heir differ· 
ence i. tobe diffilreocol ot t.lld IqUAtM of t.be eerment-. Dut. !.he bAle It the 
'UID of t.he .egmeD"" Tbe dillerence or t.be !tqu .... , di,lded bl t.b.t, it the 
dlftereooeof tbo a8.men .... From wb.ioh hI !.be rule or ooncurtllU.lQt (S 63, t.he 
~gmeDts are tound, 

The Iqllare root. of the dllfereuoe between the I<lua~ ot \.be ,Id' and H,· 
meot. (t.akeo u b'POt.eolllNl and .Ido) iJ tile upright or perpendioular, 

Di,ldiog tbo triAorle hI a Iiue aoroM the 
milldle (of tbe porpendicolAr), and pl.,.,io" 
the ,""a Pf.rt. ot tbe upper portlou dl-Joloed 
b, t.be perpeMi.cul,", 00 t.he two lidea of 'he 
lowl".r por!.ioo (u iu t.he aruH,ud fi,IAN), an 
obloog fa form~ ill ",bi,,;h t.he halt of t.be 
petpenllit)lIl.r ill ou. aide. and the baH i. ,b. 

........... "\'" · . · . · . : ! · , · . 
other Wberefore balt the pe:rpeuwoular mult.ipliod hI the buill "the ..... 
Ot ulnnbot' of eqllal oomr .... Lm.ut.. Ot, baU t.be bue lDultJplled bl t.he. 
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The tlbovl.' is pt'ftetic:ally Ibo demoo-trat\<m given by Otm{Wl.1., 
IL1thon~h it i;; r.u.OOr long ~ it ill f>XII~')(},in wortls.] 

165. Example. In a trio.ugular fikure ill which the 
base is rOlll'teen and: its sides thirteen and fifteen, tell 
quickly the lengthlof the perpendicular, the Begmen I 

and the dimension by like comportments termed 6roo.. 

SttLtement: base 1-1; sides 

18 lllld 15. Proceeding as m 
directed, tlta segments nre fS:f~ 11 

found, 5 ~nd 9 j t.he perpcndi- Q 5 

caInr, 12 ; the aren 84. 1f-

166. Example, r n n trio.nglc, wherein the sidea 
me:umre ten and sei cutaen, and the base nine, tell me 
promptly, expert mathema.ticinn, t.he segmellta. pcrpenrti. 
cular, and area.. 

Stntem.ent: base 9 j sides 10 nod 17 . By the nile in 
§IG3, the qnotient found is 21. T.Jia r:l.nnot be 8uh· 
trncLed from the base ; wherefore 
the base is l'Iubtnlcll...oO from it. 
Hulf th~ remainder is the seg· 
ment, 6, n.nd is neg~!-ive, thnt is 

.~ 
to sny, in the contrary direction.' fI.9 

(See figure.) Thus t.he two segments nrc found 6 nnd 15 

..,erpadltoiliu 1I joa ~ muell. fq au obtaM-a"rled Wiatt,la alM, u.. bua 
DuliJpllld b, ball t1a perpclld!elllar i.I.t.he .rea.-Gaa. 

[Tbll proof ,Ifell "I 8dr~"" i.I pl1lll~O.n, 'be .... " &II thl abo .. ,.ad .. 
WI OIQh I~ bel'e.-ED.) 

, WhcD Ille pafl"'nrlieular 'an, "Itbou~ ti" balli, .. OflJf~lIlJ the aalle 
til ooupqulIDee ot the ,Idll ulleillllu, Ibe baM. the qlUtillUti lUlilid b, tb:I 
nil 1'1 lfl~ (lII.II.DCI~ W Lauo frolft t.lIII but; Co. buLb uririlM or aid • .,. 
litualied III the _II qu.artu Irons t.ba fall or l,Ile Jl'U'l*IdlelUaf. Tbvela,. 
,"bUr.ctilll1.b. be.M fr .... tlIe q~ell~ blU t.be rlllldlll" tJlllIC!lJID_'_ 
1II~1!..Wtd. 00 Lbe OOAt..:arl alii .. beia, nepuTe.. Wbo,..rore." boIlIltf18". 
M.and au thl __ Ilde, thl IOaJler II OOlDprell ... ded in Lbe ~. and. I.JI 
nIJMMI~ or i~ ill uerati ..... TbDl &II i.I~tI.\OWI&ad ullecoept.!.olliWkI.-Ou, 
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From which, both ways too, the perpendicuJ<IJ' comeo 
out 8. The area is 36. 

[4. tho commollt.ltors ol~ervo. tho segmeuts of tho btl30 
Illnde by tho pcrpcntliuular in an ohtulIO-:mgled trillnglo aro ex­
ternal, nnd tbeir nlgebrnicul sum is tiloir nritluuotical diffort'uce.] 

167. Rule.' Half the sum of all the sides is set down 
in four places; and the sides fire 8e\~enlUy 811btL-actcd. 
The remainders being multiplied together" the squnre 
root or tile product is the moen. inexact in. till:! qundri. 
lateral, but pronounced extlct in the trinngl,.t 

[JJCt , rleJ10tc tbe sermi-l)erUlleter of 11 triangle. Then ":\f('.f', 
= V& (I 'a) (i -b) ($ r) . 600 TodhllTttcr's Trigonometry, 
Art. 247. This rille doc'S not.lIp\liy to the CtUi6 or JI quadrilnoorat 
III fact, a qUAJriiutentJ in gent.'al i,., nol J eLorUliuuu by tho 
-T--
When the lurn (lC the ae~Ulent. it to be ta.ken , u Uiey bUG contrary .lgu4 
.mrmathe aDd uega~i yo. the diftlJrenOf! of the quaotitJOIIli that. IluI.I,-8'11r, 
See r(i.#~_ § r.. 

I For flo<lini thell'OU .'CII 01 a qoadrilfl.teral, and. hI e:d~n,lon of tho rule, 
the eXMlt "rea of a ~rauJIe.-OaJ1, For Budh"r the afea bI a meLhocl delJ. 
yued by S,idllll.(a null'. 

t If the three ff'lnAiodertl be added together. t1,eir 'tlm i. equal to b.AIl 
the IOID of all the .Idea The produ~ of tbe ~atinuod multiplication of 
tob tbl'&O rom.inde,.. bolD8" tabu itlto the 10m of thOio f1Imabdotl, tho 
produot 110 obtAined i» lIIloa' to the prodoet ot tb. tqua,e of t.lIo perpcu. 

I dleula, taken iow tbe lqlul,re ot half the baM. (ltle UO~ u:plaloed hoW' t.hiJ 
it tb(l cue. The lut mentioned prodllOt= 

! ( " - ~)'l 1&' U'-i /I + -.- f, (taltjnr 01" baM, lUI.! ,ul'polior b > c, ancf 

• Ib' (01'+&' ~tl' applIiDg itU-lt,) .". " 18 - -- - s,.. (.+~+I! ) (II-H-tl)(tJ- "+~I 

(&-+(1-"') -f (.- /J) (. - b)(, -11):::;('-1)('- b)(~) If _" +6- • ...., _ .... )_ FlD.) 
It it a '<lUllre quandt,; tor a Iqaate multiplied b, a lIquare ih .. " 
1<1.11.1'.. Thfl equare root. beirnr extraoted, the produatl of the Pt-rJltlfldi. 
oola .. 1>1 halt the bAte I. the "eflloolt, IIoIld til., it ~bo UM of tba triangle. 
Tblretore [~ , .. tie .rea ill ~bQ!J "foWid. (a a QllAIIrUIl'.""I, ~h. trodQIl~ of 
tbe lPult.irli('&t;.oD dpeI not ~ffI a 'QIlAl'. quantit,. bo, an trntfoDrJ dne. 
I t.1 '?(Ironn\ai.t root i, tile area of the fifore; no~. howner. the ,""tie ODe;. 
for, _b811 di.-ided b, tbe perpndloD.lu, I~ "bould ,h" blllt ~'be .um ot Uat; 
baM and .UlJIlPlr.._S.r. [Tho IUb ramedr; dDeII uot hold rood ual .. Cob. 
qudrllaloerN be • ~r.""'illm.-II:.o.} 
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four sides alone without an a,ngle, whereas triangle is deter­
mined by its thr,ee sides. Hence it is incorrect to say that the 
expression derived from the ahove rule rep res nts the gross area 
of a quadrilateral. See note to § § 169-'170. The proof of the 
1"ule given by Suryada,~a is not at all clear. See foo~-note. ] 

168. Example. In a quadrilateral figure, of which 
the basel is fourteen, the summiti niue, tbe flanks 
thirteen and twelve, Ilind the pet'pendiculal' t,velve, tell 
the area as it was tal1ght by the ancients. 

Statement: base 14; sumlllit 9 ; side 13 and 12; 
perpendiculat· 12. By the method 
directed, the result obtained is the 
surd 19800, of which ·the approxi­
mate root is somewhat less than 12 

141. That, however, is not in this 
figure the true arel1. But, found by 

!) 

• , 
12! 13 , 

: 
• 

the method which will be set forth (§ 175), the true 
,area is 1:38. 

Statement of the tl'iungle before 
instanced (§ 165), 

By the (present) method the area 
comes out the same, 'viz., 84. f. 

169-170. AphOl'ism comprised in a stanza and a 
half. Since the diagonals I)f the quadrnateral are 
indeterminate, how should the area be in this case 
determinate? The diagonals found as assumed by the 
ancients3 do not answer in another case. With the 

• 
I The greatest of the four sides is c .. lIed tho base -Gan. This definition 

ie, bowever, too roslri.)ted. See §§ 178, 185. 
• :A!i/,h/u" ,"t(lu.na, o~ any othor word denoting mouth; the side opposite to 

the bILee. the 8ummi t. 
• By Srldhara and the rest.-Gau. 

I 
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same sides, there nre other diagonals; and the area of 
the figure is accqrdingly manifold. 

For, in a quadrilateral, opposite angles being made to 
appronch, COlltl'llct their diagonal a they ndvauce in­
wards: while the other angles receding outwards leng­
thert theil' diagonal. Therefore it is said that with the 
same sides there are other diagonals. 

171. How can 0. person, neither specifying one of 
the perpendiculars, nOlO eithel' of the dillgonnls, ask the 
rest? 1 0 1' how can he demand 1\ determinate area, 
while they are indefinite? 

172, Such a questioner is a blundedng devil.' 
till more so is lie, who answel'S the question. Fot' 

he considel's not the indefinite nature of the liness in a 
quadrilateral figurp.. 

[The four sides alone without an angle do not determine the 
quadrilateral in general, and the area is consequently indeter­
minate. For, tn.ke AB as one side j 

and with centre A and radius equal to 
another side desoribe a oircle j tn.ke 
any 'Pvint .D in the circumference, and 
join AD. With lJ, B as centres and 
radii equal to the other two sides, 
desoribe oiroles outting each other in .A B 
C. Join CB, CD. Then ABClJ is the quadrilateral whioh is 
ind terminate, since the angle BAD being not gjven, the point 
lJ roay be taken anywhere in the ciroumferenoe of the first de-
cl'ibed cirole. Hence with the same side, the diagonals may 

vary. Butif the perpendicular fromP to i,he line All he given, 
or if the diagonal BlJ be gi'Ven, it is ear;y to See th:lt the point 
lJ becomes u. ti cd point in the' circumforence of the firot de~ 

I The perpcudionlara, OiaICOUu.la, okc.-Gan 
I Pi .k.I.lI, a demou or .,"" pita ; 80 termed becawoo he bluu~era.-SUr. 
I Of tbo diagoual aud jleqc-euwoldl\C liut.-1I.-SUf. 

B,U 1 . 
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. scribed ()irc1e, and so the quadrilateral iB detertninate. In the 1 
case of (\ trapezium, it is easily seen that fhe four sides being 
given, the distance between two paralled Bides is known, and so 
the figure is determinate, The rule in §167, however, is equal ­
ly inapplicable to this case.] 

173-175. Rule1 in two and a ~lf stanzas. Let 
one diagonal of an equilateral tetragon be put as given: 
Then subtract its square ft'om four times the squat'e of 
the side. The square root of the remainder is the 
measure of the second diagonal. ! 

The product of unequal diagonals multiplied together, 
being divided by two, will be the precise area in an 
equilateral tetragon: In 11 regular one with equal 
diagonals, as also in an oblong,S the product of the 
side and upright will be so. 

In any other quadrilateral with equal perp~.ndiculal's, 
the moiety of the sum of the base and summit, mul­
tiplieJ. by the perpendicular (is the area). 

[In an equilateral tetragon, the diago­
nals bisect each other at right angles. 
Hence (see figure), x = .v1}- as'; 
.'. 2.1: == unknown diagonal = .j"'4"';'"bz"--'4-a-s-2• 

The area of ilia above fiO'tll'e is evidently equal to half the 
product of the diagonals. The Qther propositions stated above 
0.1'0 well known elementary geometrical resuli;.~ . By" a. quadl'i­
lo.OOra1 with equal perP'lndiculars," the author means a tI:npe-. Zlum. 

• 1n an equilateral tetragon, one dingonal being given, to find the second 
diagonal and the area; alao in. an equiperpeudioular tetragon (trapezium) to 
find the area.-Oan. Equilateral tetragons are two-fold: with eqnal and 
with unequal diagonals. The first rnle regards tbe equUAteral tetragon 
with unequal diagi,luala (the rhombus).-Sur. , . 

, Ayata, A long quadrUaterM whioh has pairs of eqn&} eidea.-Gan. 
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176. Example. Mathematician, tell both diagonal1J 
and the area of an equilateral quadrangular figure whose 
side is the quare of five: Ilnd the area of it, the 
diagonals being equal: also (the area) of an oblong, the 
breadth of which is six and length eight. 

I Statement of the first figure 
(rhombus). Here, assuming one 
diagonal 30, the other is found 
40 ; and the arell is 600. 

• 
Or put one diagonal 14 ; the 

other is found 48 ; and the area 
is 336. See figure. 

Statement of the second figure 
(sq uare). 

Here, taking the square root of 25 

the sum of the squllres (§ 134), 
the diagonn.l comes out as the 
surd ,J 125.0, alike both ways. The area is 6~5. 

Statement of the third figure (ob- - 6 

long). Area 48. 
8 

. 
177. Example. Wh~re the summit is eleven, the 

base twice as much as the Bummit, the flanks thirteen 
and twenty, and the perpendicular twelve; I3ny what 
the area will be. 

If 

Statement: 

The gross area (§ 167) is 250. f3 12 

The true area (§175) is 198. 

• 
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~ Or making three portions· of the t-""op-¥"--;r--"1\. 

figure, and severally finding their 
areas, we get 30, 72, 96 (see t 12 

figure); and summing up we get 
for the total area 198 u.s before. 

[The fOUI sides of the trapezium being given, the perpendi­
oular is neoessarily known. ] 

178. Another example. . Declare the diagonal, per­
pendicular and dimensions of the ::trea, in a figure of 
which the summit is fifty-one, the base 5eventy-five, the 
left side sixty-eight, and the other side twice twenty. 

179. Aphorism flhowing the connection of area, pel'· . 
pendicular and diagonal. If the perpendicular be known, 
the diagonal is 0; if the diagonal be known, the per­
pendicular is so. If they be definite, the area is deter­
minate . . For, if the diagonal be indefinite, so is the 
perpendicular. Such is the meaning. 

179 continued. Rule for finding the perpendicular. l 

In the triangle within the quadrilateral, the perpendi­
cular is found as before taught (§ 163-164) ; the dia­
gonalllnd side being sides, and the 
base, a. base. 

Here, to find the perpendicular, 
a diagonal proceeding frem the 
extremity of t!?-e left side to the 
origin of the right one is assumed L....Y...---;;l;'l5,--'''----'' 

to be 77 ; see figure. By this Il. triangle is constituted 
within the quadrilateral. In it that diagonal is one 
side, 77 ; the left side is a.nother, 68; the base continues 
such, 75. Then, proceeding by the rule (§ 163-164), 

, The diagonal being either given or a8Sumed.-Gan. 
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the segments are found, ~ and 2 g 1; nnd the perpendi-' 
culn!', ~. 

[The problem given is indeterminate, unle. a diagonal, or an 
angle, or a perpendicular di tance be given. 0 one diagonal 
is supposed to be 77. The pl'QCes then adopl.e.d i the allle as 
that hown ill the note to §§163-164.] 

180. Rule to find the diagonal, when the perpendi­
cuIn!' is known. 

The square root of the difference of the squares of 
the perpendicular and its adjoining side is pronounced 
the segment. The square of the ba. c less that segment 
being added to the square of the perpendicular, the 
square root of the sum is the diagonal. 

In the above quadrilateral, the perpendicular from 
the extremity of the left side is put~. Hence the 
segment is found l.tl; and by the rule (§lSO) the 
diagonal comes out 77. 

['rhe rea on for the rule is manife t.] 
181-182. Rule to find the econd diagonal: two 

stau,;cs. 

In this figure, first a dingonal is as umed.1 In the 
t wo triangles ituated one on each side of the diaaonal, 
this diagoDnl is made the ba e of each; and the other 
sides are given; the perpendicular and segments' must 
be found. Then the square of the difference of two 
segments on the ame side~ being added to the square 
of the 8um of the perpendiculArs, the square root of 

, Either arbitrarily (see §188) or as given by thG oondltions ot tbe que .. 
tion.-Olton. 

• The two perpendiculal'll and tbe four aegmentB.- Gnn. 
• SqUIto1'6 of tbe interval ot two eegmente measured troID the Rame extre· 

mity. 
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the sum of thOIre squa,res will be the I second diag<:ma,l . 
in all tetragons. l 

In the same q'uadiilateral, the length of the diagonal 
passing from the extremity of the left side to the origin 
of the right one, is put 77. Within he figure cut by. 
that diagonal line, two triangles are formed, one on each 

, 
aide of the diagonal. Taking G 
the diagonal for the base of each, 
and the two other sides as given, 
the two perpe'ndiculars and the 
several segments must be found 

• 

c 

40 

by the m'ethod befor~ taught. 
Thus the perpendiculars are A H 7$ IJ 
found, 24 'and 60. Segments of the base made by the 
former, 4'5 and -32 ; those made by the latter, '32 and 45. 
Difference of the segmen'ts on the same side (that is, so 
much of the base as is intercepted between the perpen­
diculars) is 13. Its square 16!? Sum of the perpen­
diculars 84. Its square 7'056. Sum of the squares 
7225. Square root of the sum 8.'l. It is the length of 
the seeond diagonal. So in every like instance. - , 

~ In the figure which is divided by bue diagonal line, two tria.ngles are 
oontailled, oDe on each side of that line; and their perpendiculars, whioh 
tall one on eaoh side of the diagonal, are thence found. The dfifer<lno& 
l!etw'een 'two segm-enta on the 'sam;) Bide wilfbe the in.terval between the 
perpendiculal"s. It is taken liS the uprigM ot II. triIWgle, Produoing (see 
above lIgure) one perpendioular by the addition of th.e other, (-I, 6" drn'Willg 
or; perpendloular to AF produoed), the snm (AO) i. made tbe side of the 
triangle. The secolld diagonlll (.JO) is hypotenuse, A triangle (AGO) ie 
thus formed, ,From this is deducsd, that the square root of the sllm of the 
.ql1tttes of the upright (whioh == 00", BF= IlF- BE) and side (whloh 
= AU .. .J.F + QB) will be the second diagonal: and the rule is demon .. 
tratsd,-Ga.u. 

tn all ectllil:\t'eral tetragon, bhereia no intervall>etl'loon theperpendleulars; 
and the second diagonal ia the aUlD of the perpendiculars.-Ibid. 
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[The rOMan for the rule will be Cl\ear from the exp\l1uation 
given QY Ganesa, cited in the foot-note. In the particular ex­
ample chosen, it happens (ee above figure) that DF=EB, 
but this- need not always be the ca. e. It al a happens from 
the values of AB, BC, CA, that the au Ie ABC is a right 
angle.] 

183. Rule restricting the arbitrary assumption of a 
diagonnl: a stanza and a half. The sum of the shortest 
pair of sides containing the diagonal being taken as a 
base, and the remaining two as the legs (of a triangle), 
the perpendicular is to be found: and, in like manner, 
with the other diagonal. The diagonal cannot by any 
means be longer than the corresponding base, nor 
shorter tha.n the perpendicular answering to the other. 
Adverting to these limits, an intelligent person may 
assume a diagonal. 

For II. quadrilate.rnl, contracting as the opposite angles 
approach, becomes a triangle; wherein the sum of the 
least pair of sides about one angle is the base, and the 
other two are taken as the legs. The perpendicular is 
toutul in the manner before taught. Hence the shrink­
ing diagonal cannot by any mea.ns be less than the per­
pendi~ular; nor the other be greater than the ba e. It 
is so both ways. This, even though it were Dot men­
tioned, would be readily perceived by the intelligent 
student. 

[What the author intends to say is (see figure to §§ 181-182) 
that the diagonal ED cannot U(l longer than DC + B , but 
always shorter; nor can it be shorter than the perpendicular 
DlI, but a.lways longer. (Euolid, I. 20 and 19). The first 
sentence of the abQve section is meaningless; and so a1 a is the 
proof given, viz., "For a quadrilateral, contracting, &c."] 

184. Rule to find the area; half a stanza. The 
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sum of the areas of the two triangle on either side of 
the diagonal is assured1i the area in this figure. . 

In the figure last specified, the areas of the two 
trinngJes al'e 924 and 2310. The sum of these is 8234, 
the area of the tetragoD. 

[The area of the triangle, BCD (see figs. to § § 181-182) is 
924, and that of the triangle ABD is 2310.J 

185-186. Rule: two stanzas. Mla.king the differ­
ence between the base and summit of a (trapezium or) 
quadrilateral that has equal perpendiculars, the base 
(of a triangle), and ~he sides (its) legs, the· segments 
of it and the ' length of the perpendiculat· are to be 
found as for a triangle. From the base of the trape­
zium subtract the segment, and add the square of the 
remainder to the square of the perpendicular; the square 
root of the sum will be the diagonal. 

In a (trapezium or) quadrilateral that has equal per­
pendiculars, the sum of the base and least finn k is 
greater than the aggregate of the summit !tI).d other flunk. 

[The rule gives the method of finding the diagonals of a. 
trapezium the ides of which are given. It is demonstrated by 
Gnnesa. in the following manner :-

Let the two triangles 
ABE, DFC be united into 
one triangle .A!B'C', their 
altitudes being eqnal. Then 
the altitude A.'E of the new 

A';,-_---{D ..4.' 

triangle .A! B' C' is the alti- B~--!R=----P~-"(! D' E' 
tude of the trapezium, and 

c' 

the segments B'E, EC' will bo eqnal to BE, FC. Hence AC' 
=.AEJ+E(Jl=.A'E"l+(BC-B'E?, which leads to the rule. 

I It is the trne and C)orrect area, colltruted with Ihe ,ros8 or inexact area 
of former writer8.-Gan. and Suz. 
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Also, A.'B' +B' C')A' e', 
: . .An + BE + Fe + EF>.AD + DC, (.: AD = EF) 

i. e., .AB+Be >AJJ+De . 
.AB need not be tho 'least fla.nk.'] 

. 187-189. Example. The side mensUl·ingfifty.two 
and one less than forty, the summit equo.l to twenty­
five, and the base sixty, this wo.s given a nn example 
by former writers for a figure hnving unequal per­
pendiculars; and de6uite measures of the diagonals 
were stated, fifty-six and sixty.three. A sign to it 
other diagonals, and those particulnrly which apper­
tain to it as a figure with Bquo.l pet·pendiculars. 

Statement. 
D 

A .B B 
FIg. 1. FIg. 2. 

Here assuming one diagonal 63, the other is found 
l!s )",,10re, 56. Or, putting 32 instead of .56 for n. dia­
gonal (Fig. 2), the other, found by the process before 
shown, comes out in two portions, both surds, .v621 
and .v2700. The sum of the roots (extracted by np~ 
proximo.tioD) is the second diagonal 76 H. 

[In Fig. 2, if we drop perpendiculars from B,]) on A.C, ana 
find tbe segments of A.C by § 160, we shall find that AC, 
BD intersect at ri~ht angles, au"l that AO'"" 30. 

Hence B.D =:80+DO.". '\1'602 - 302+ ,yO"'9<T1_--':-30""1! 
= ,y2700+ V621=30J3 +3,y69 =30 X 1'732 ... +3 x 8'307 ... 
= 51'96 ... +24'921. .. = 76'88 ... = 76« nearly. The root is 
approxinuitely extracted in the manner indicated in § 13 .J 
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Again, if the above quadrilateral ( 
equal perpendicular, i.e., a trape­
zium, (Fig. 3), consider the trian­
gle A' B' D' (Fig. 4), put to find 
the perpendicular DE, and the 

ig. 1) be one with 

D 0 

egments A E, FB, accolding to 
the rule in §§ 185-186. H re theA .E 
seament, are found ~ and ~~; 

F B 
Fig. 8. 

D' 
and the perpendiculnr, the SUt'd 
.y'3!lN' 6, of which the root found 
by approximation is 3 Hi. It 
is the equal perpendicular of the 

• 
trapeziulD. A' Jil' B' 

FIg .•. 

Next to find the sum of the squares of the perpen­
dicular and difference between base and segment, we 
have, base of trapezium, 60; least egment t; differ­
ence .2..~; square of the difference .8.\2jli; square of the 
perpendiculnr JU.lf1L; SUIll ll~tu, or dividing by the 
denominator, 5049. It is the quare of one dingonal 
(ED), imilarly, the quare of the other diagonal 
(,,10) is 2176. Extracting the root of these squar 
by approximation, the two diagonals come out 71"'Jl.r; 
and 46-H. 

In the above trapezium, the hort side 39 added to 
the base 60 make 99, which is grent r than thp. ag­
gregate of the summit and other flank, 77, Such is 
the limittttion. 

Thus, with the same !:Iides may be various diagonals 
in the tetrngon. Yet, thouO'h indeterminate, diagonals 
have been sought as determinate, by Brahmn.guptn Ilnd 
others. TheiT rule is a follow :-
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190, Rule. l The sums of the product of the sides 
lbout both the diagonals being divided by el\ch other, 
multiply the quotients by the UID of the product of 
opposite sides ; the square roots l)f the results are the 
diagonals in a quadrilateral. 

The objection to this mode of finding the 6iagonnls 
s its operoseness, us I shall show by proposing n short­
~ method. 
rThe rule applie only to 0. quadrilateral which can be in­
'bed in a circle. This, however, is not mentioned in llb 

I . 

.t ABCD be such a. quadrilateral, 
let AB = a, BC=b, CD = c, 

=d. 

A
/'12 (ac+bd) (ad+bc) 

len V " = ab+ d ' 

d BDL CacHd) (ab+Cli) 
an - db . a + c 

B 
.-," lJ 

A~~-+-~(J' 

D 
( ee Todhunter'll Trigonomotry, AJ't. 254.) Thui'! the rel) on 
r the rule is obvious. 
11ol. ,e quadrilateral in §§ 187-189, Fig. 1, the itles J.T'" so 

n that the diagonal interseot at right ;ngl ; and we 
,sily find OB=48, OD=15. Thl1S ODS (ODA)=H '0 {ll. 

Id C?S (OCB)=H=!&-. Hence anglo ODA=l1og1e OCB. 
Id therefore a circle pass~ round the quadrilateral. Con­
quently, the rule in § 190 will Ilpply to this quadrilateral. 
is probable that the rule was derived a posteriori from this 

Lrticular instance, nnd not a priori from the fact of the quo.d­
aternl being iuscribable in Ii Alircle. The same quad~iJatoral is 
ven as an ('xample of the rule by OhAturveua PrithliJaka 
\vlimi, in his comm ntnryon Brahmagupta's treatise.] 

191-192. Rule : two stanzll.8. The uprights nnd 

• A. couplet oli&d from 8,rahmagllpta, XII, 28. 
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&ides of two assumed right-anglC1l trinnglcs/ being 
multiplied by the reciprocal bypoteh.uses, become sides 
(of n. quadrilateral): and in this m/lDUer is constituted 
a quadrilateral, in which the diagonals are deducible 
from the two triangles.' The pro~uct of the uprights 
added to the product of the sides i. ODC diagonal; t.be 
sum of the producr.s of upl'ights nod sides reciprocally 
multiplied, is the otber.' When this abort methoe 
exis1A;, why an operose ODe was practised by formf 
writers, we know not. 

, A18umt!l QOufot'lIlabl, with Uilll rule \11 ,146. An objeetiou, to wi 
Oanf'Ja ad.eIU Illd "hieb be eade",oura 1.0 ob.i.te, '-' ~b..b tnt,.b 
metbod reqo.il'el .,acftr in tho IMIlectioll of MIIllmoJ tdauglaa i wb 
th" loarer method b adapted too ,II O&p&Cltla.. 

I Tbd method of ooP,tueUng • qlladril.klrat I. t.a&eD rrom Drabm,., 
XJI, $8 . 

• A qur,dril .. te,al [e di'riJed .into fou., t.rlan,le. by Ie. io.tel"lectiog dl 
11ab; .. od oonYel'M11, b,. lJae jllul)tion ot tour trlADgl., a Il0adrila",n· 
eotatit.uted. For that ptupoIO, tour triAnilM are l.e8llmeC 10 ~bi. mllih 
Two triansl. are ftl'llt put 10 the modo direolAld (S 141), the aidll8 of trh 
.re .11 r .. tlooal. Such .id., mUltiplied b,. 110,. .... umed numher, "ill 0' 
ttltute other rl.b~augled triaDrlOl, of "'hloh &I.to tb. ,idOl ",ill be ratioD 
D,. the twofold multJplioatiOll of b,.pot.enuae, uprigb~ and aide of ooeaMo.D1 
trloUlgl. b1 the ol'ri,h, and .ide of tb~ otber, lour (tight-angled) trla.url 
are tqnnM. 'Doh tbat tllrnin, .ud Ikil.pUnl them aDd placing the r-llitipi 
of the blpoteo.Wl6I tor aid'38, a q,Wldriiater.lla eompoMd, ,U ahowa. belo" 

nt''' t.be uprlch" and .lde. of I.be ubi • 
• tfl.rl trllln,l"" (the an. t"o on t.be len 

.Id(l). reolprooally mUltiplied b, t.h. b,.po­
tellDf(lll, beoo"lIuld .. of the qoadrU.t.cral; 
&Od bl!looe the direction. of tb& rnl& (t UII). 

In • quldril .. t.era.1 .0 OOl1.titu~. It" i, 
appareotl tht the one diagonal (JtG, II 
OOtOpoMd of two pa.t't.; O1Ie Lbe prodtw~ of 
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[This rule i$ of no importance whntevct'. It npplie!l only to 
Ilnadtilnteml! constructed in tbe artificial manuel: iodiclll.t>d 
by tbe ll.uthor, 1I,lId fully explained by Ganesll i see foot.-uote. 
I~ i.9 curious that the author, while censuring DrullUUlgupm's 
import.'lnt rrrle (§190) as opcroso, entirely forgets t.hat the rule 
propounded by himself iii comparatively nnilllportnn ~ nnd of 
very limik>d npplicutioo.] 

Assuming two right-angled triangles, multiply the 
upright and side of one by tbe 
hypotenuse of the other: the grent-
est of the prodncts is taken for the ~ 
ba.se ; the least for the summit; nnd 4 S 

the other two for the Hanks. (See .) h • Fig. 1 in the foot· note.) 

the "prlght., ~. other the produot ot the lid. of the .,bitr.ry tri.nlle.. 
The other dia¥onal (bD) 001.181.,,- of two parta, m, the prodtlCbI or Lb, J'tlOi.. 
prooal multlpliaatloo of upright .. aDd aidea. Tb_ two portloo. are ClIo por. 
peudJcula", tor tlUlte i.t DO inleryal botwee.the pointol of lu tllraeot.loll. Tbl. 
holde, proYided th • .tlortNt !ride be tho .umU1i~; theloo, .. " tb.1JMI i r.u~ 
t hf, * 1, tho 6mb. But if tbe oomponen~ klao,l. ' 
be o!.bcrwt .. lldapt.ed,the 11Immltud a bilk chaore D 
plaelll," in lobe adjoin in&, fl.rUu. Here Lbo two ~ 
port.1ou of Ule htdiagonal .. ,,00,0 found (fiS.., 9 
48t.t1d..!$) do Dot '1.00, but lor. lICI.,..rat.od b, an • (J 
ialoor ... !, whiob Ie equ,.,l to tho IlifferenOCI betwOClII S2 ' 
lob. t"o portiOOI ('6 loud 20) of the othor dla,ollal, F IS 
I ii., 16. It II tb. dllfeteo08 or ~wo .... ment.. on 
be earne ,Ide, toulI.d by. precediDr rolll ( lilel. A 80 .B 
~2), Iud II takllll tqr t,ho upri,he of .. trian,le 1'1«. t. 

1 alrer.dl e1Jllainflit (fi181.18'. eow) j Lb. lum of t.he t'il'O pol1101),' of Lbo 
~Dal ~nal to t.ho twO perpendlcula .. II mado Lb. lid.. Th. Iquaro 
... of tho 10m of tho lIloar .. ot IUClb apri,ht &lid ,Ido II &quII tv tho 
duct of the b,poteDuflll (IS aoc\ 6): whereto ... tho author &dca, ·,It $.ho 
't11l1\ and but cU.ore pl.~ Lbofird dlaroDal wiU be tbo prodoc' of 
h,I1O'e00_." {ThO KSS, haft.JNI hot DbUka,.. .. loUt exbtblw lW",,4-.... ) 
'bil , .. t fllma,k II ootellW'l, apl.toed b, tho oomlDto"tor. l'toOl tho 

AC 
llater) ulo" of Uao.d.F.8t ... Fir, 7), .0 lind I.ba~ 110 AD. - A.D-
4 ~ 1'.0204 
6' aodca CBI'-81' - ~6 .. r/ Ullllcotbe &lIile..!BC it. rllh~aa,le 
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H ..... with much labour (by I Ie former method) the 
diagonal, are found 63 and 56. 

With tile same pair of right .• ngled triangles, the 
producll of uprighll and sides reciprocally multiplied 
are 36 ~nrl 20 ; the sum of whiph is one diagonal , 06. 
The prc.ducts of uprights multip1ied together, and aidea 
taken into each other, arc 48 nnd 15 ; their sum is the 
othel' dingonal, 63. Thue they nre found with ease. 

BUL if the summit and Hunk change plnoos, nnd the 
figure be stated accordingly, the second diagonal will 
he lhe product of the hypotenuse. of Ihe two right· 
angled trilUlglcl!I, t:iz., 65. (See Fig. 2 in the (opt.nole.) 

" 
And ',' ,tlJ _IiX 12, and nO_fix Ii, 

,' . .10 _ (; X UI, aIId t.he trutb of the remark I. obriUUl, h need 
hardl1 be adJ8Il \bllot. tb. f6m~k appliM onl1 1;o qnltllritater&1l OOtlKrucLld 
in lobe .. uJ.lI.c:i&l maullcr iudioat.ed hI the .u~hot._8D.] 

lP like maDDer, for t.he tet.racOD Wore 
iutauoed. (1118), to lind the di.,ODaII.,. 
~ror roctADrul., triaD,I" ill pot. Pro­
OMdlD' .. dirtCl«i, the W"OD ..... com. 0.' 
77 loud 8(, lSee Fi" t,) 

PII, I. "". 6-
ID t.be fI,Ufe io.t\.&4oed, a trlu.,o.itJon of w flan'll and eummi~ ... Ir.. 
(1M Pi" 4 "bleb _r.poDelI to t.be Wltr.aoo IUlt.auoed iD. 1178); wbut, 
t.hll produot I)f thll bypotMuU8Ol (0 IoIld 17) of the t"o d,M'.Daled tri~ 
will be lobo tecIOud di.,oaai i aud lob"UIII. come ou, 77 aDd 86.-G1olI, 
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193-194. Example.1 In a figure in which the 
base is three hundred, the summit a ' hundred and 
twenty-five, the flanks two hundt'ed and si. ty and one 
hundred and ninety-five, one diagonal two hundrcd 

- and eighty and the other three hundr d nnd fifteen, and 
the pel'pendiculars 11 hundred and eighty-nine and two 
hundred and twenty-four, who.t are the portionl! of 
the perpendiculars and diagonals below the intersections 
of them ? and the perpendicular let fall from the intel'­
section of the diagonals, with the segments answering 
to it? and the pel·pendicul3.1· of the needle fOl'med by 
the prolongation of the flu,nks until they meet, as well 
as the segments corresponding to it ? and the measure 
of both the needle's sides? All this declare, mathema­
tician, if thou be thoroughly skilled' in this (science of') 
plane figure. . 

• 

Statement. Length of the base 
300. Summit 125. Flanks ·260 and 
195. Diagonals 280 and 31.5. Per-
pendiculars lS39 and 224. .A. (} H 'B - . 195-196. Rule: two stanzas. ' The interval be-
tween the perpendicular and its correspondent flank is 
termed the 8andhi' or link of that perpendicular. The 

) Having th118, from § 17B to thid place, shown the mothod of finding the 
area, &c., in the fourteen serta of quadrilateral., the author now &.¥hlbita 
aoother quadrilateral, proposing questions concerning segmenta produced by 
iuteraeotioD.-Gan. For the instruotiou ot the PUIIU, ho exhibits tbe figure 
oalled (Iue"') 1\ needle.-Jlfano. 

The problem is taken from Brahmllgupta with a IUght variation; and Db!8 
example differs from his only iu the aoale, his numbers 001118' hero inorel1sed 
live·fold. See Bra!tmagllpta, XU, 32. 

• Ma1UJranJaM. 
• Sand"', uDio., &UiaAoe ; oolUlootiDg lio.k. 

. ~--------------
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base less the link or segment is called' the pithal or com­
plement of the same. The link or segment contiguous 
to that portion (of perpendicular or diagonal) which is 
songht, is twice set down. Multiplied by the other 
perpendicular in one instance, and by the· diagonal in 
the other, and divided (in both insta ces) by the com· 
plement belonging to the other (perpendicular), the 
quotients will be the lower portions of the perpendi­
cular and diagonal below the intersection. 

• 

Statement. Perpendicular 189. Flank contiguous 
to it 195. Segment intercepted between them (found 
by §134), 48. It i~ the link. The second segment is 
252, and is called the complement. 

In like manner, the second perpendicular is 224 . 
The ftank contiguous to it, 260. Interval between them, 
being the segment called link, 132. Complement 168. 

Now to find the lower portion of the firRt perpendi­
cular 189. Its link 4,g separately multiplied by the 
other perpendicular 224 and by the diagonal 280, and 
divided by the other complement 168, gives q:lOtients 
64, the lower portion of the pet'pendicular, and 80, th 
lower portion of the diagonal. 

So for the second perpendicular 224, its link 132, 
everally multiplied by the other perpendicular] 8!1 and 

by the diagonal 315, and divided by the other comple­
ment 252, gives 99 for the }owel' pol'tion of the per­
pendicular, and 16.5 for that of the dingonal. 

[The obj ct of the rule is to find EG, EA, FH, FB. (See 
figure, § § 193-194). 
, From sUnilar triangle we have, 

EG 011 GA x Gll 
GA = HA' whence EG = HA ; 

I P£tM, lit. stool. Here !.be complomen~ ot thJlscgment. 
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.AE GA GAxAC 
and AC -1lA' whence AE - HA' 

Similarly for FH and FB. 
Hence the reason for tho rule is clear.] 

197. Rule to find the perpendicular below the inter­
section of the diagonals. 

The perpendiculars multiplied by the base and divid­
ed by the respective complements, are tile erect poles: 
from which the perpendicular let fall from the interseo­
tion of the diagonals, BS also the segments of the base, 
are to be found as before.l 

Statement. Proceeding as directed, 
the erect poles are found 225 and 400. 
Whence, by a former rule (§159), the 
perpendicular below the intersection 
of the diagOnald is deduced, 144; and 
the segments of the base 108 and 192. 

K I\., L 
~" I "/01 
. D" I I 
i 

[The method employed is first to find AK, BL, the er t 
pols or perpendiculars on AB, and then to apply §150 to find 

OM. Now from similar tria.ngles Wl'l hnve ~ - ~~, whenoe 

"4.Jl.i= G DG~ AB, with a similar valna for BL. Hence the ralll. ] 

198-200. Rule to find the perpendicular of the 
needle,· its legs and the segments of its ba e: three 
stanzas. The propel' link multiplied by the other per­
pendicular and divided by its own, is termed the mean;' 
a.nd the sum of this and the opposit.e link is called the 
di1~iRI)r" Those two quantities, namely, the mean Qnd 

, By bhe rule In § 1G9. 
• WeM, needle, the tri&n,io formed by the flank. of tho qlladrUateral 

,""W tho, meet. 
• 1M, mean; a four\.h proportional to the two perpendlou!an and the 

or eegmeut.. 
• n.,.,., diYiIor; the lum of the "",all and tho other llllk or Memento 
~v 8 
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the opposite link, being multiplied by the base and 
divided by that divisor, will be the respective segments 
of the needle's base. The other perpendicular, multi· 
plied by the base and divided by the divisor, will 
the perpendicular of the needle. The fl::mk , multiplied 
by the perpendicular of the need1;e and divided by their 
re pectiv~ pe1Wndiculars, will be the legs of the needle. 
Thus may the subdivision of a plane figure be conduct· 
ed by the inteUigent, by means of the Rule of Three. 

Here the perpendicular being 224, its link is 132. 
This multiplied by the other perpen· N 

dicub.r, viz., 189, and divided by its 
o~n, viz., 224; gives the menn ns it is 
named,.ap.. The sum of this and 
the other link 48 is the divisor as it is 
called, 1 'i- ~ . The mean nnd the other 

c 

.A. G QPH B 

link severally taken into the base, being divided by this 
divisor, give the segments of the needle' base, J.i J!. 

and JtHA. The other perpendicular 189, multiplied by 
the base and divided by the same divi or, yields the 
perpendicular of the needle, 6~~ 8 . The sides 195 /I d 
260, multiplied by the needle's perpendicular and divid­
ed by their O'lVIl perpendiculars respectively, viz ., 189 
and 224, give the leg of the needle, which 'e the 
sides of the quadril ternl produced, viz., .fiHo and . 

Thus in all instances under thi head, taking the 
divisor for the argument, nona making the multiplicand 
or multiplicator, as the case may be, the fruit or requi­
siti~ the Rul of Three is to be inferred by the inUll. 
ligent mathematician. 

[The object of the rule i to find P A, P B, NP, NA, NB ( 
above ji ). It is d monstr ted by G M in the follom 




