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• » 1; drU the invcik..d comm: . at the beginning of the lino.
IT, •>, (at the c:jidyj Jbr number read colour,

ox c
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93, 9, 10pa;.d 11, the chancier prefixed lo the numbers 1 and 2 is here which is
tlic first letter of the word Lot,eel (see oppose j  p: go); but it should he a different character, Ti*. the first

letter of the word Roop

?, 1 a Mr. Duv! oti. the word Jo, R« o, Hi; i, C.tJ '- r, 7 hieh ar fn ;juently im l,  are contract i,c.ni of
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PREFACE.

I t is known that there are Sanscrit books on Astronomy and Mathematics, 
Whether the Science they contain is of Hindoo Origin and of high anti 
quity, or is modern and borrowed from foreign sources, is a question which 
has been disputed. Some of the Advocates for the Hindoos have asser'ed then- 
pretensions with a degree of zeal which may be termed extravagant; and others 
among their opponents have with equal vehemence pronounced them to be 
impostors, plagiaries, rogues, blind slaves, ignorant, &c. See.

My object in the following paper is to support the opinion that the Hindoos 
had an original f'and of Science not borrowed from foreign sources. I mean to infer 
also, b e c a u s e  of the connexion of the sciences and their ordinary course of ad­
vancement, that the Hindoos had other knowledge besides what is established In­
direct proof to be theirs, and that much of what they had, must have existed »u 
early times.

But with respect to the antiquity of the specimens which 1 am going to exhibit, 
nothing seems to be certainly kuown beyond this, that in form and substanct a* 
they arc here, they did exist at the end of the 12th or the beginning of the 13th
Century.

I t  is n o t  my purpose to inquire here what parts of Indian science have ahc.ulj 
been ascertained to be genuine. 1 only wish toobse'vc that the doubts w! i'-hlvuc 
been raised as to the pretensions of the Hindoos arc of very reca n t birth, and mat 
no such doubts have been expressed by persons who were perha-,v*as well able to 
judge of the matter as we are.*

* The Jidinburgli Review, in . rilidsrog Mr. Bentley’* Indian A: irnnomy, in the VOtli number. ably < -cHei. t- 
<nl for the antiquity anti .»rij*im.tity of Hindoo Science. The wiitci of that ariich. however seems m Im left me 

. ami Jiis successor, in a Be'view of jDelambre's History ol Cr< ,-k Vrithnn nc, ha token U"’ other :>'!>• .•> iht 
i)U«sti6n, with much zeal. This Critic is understood to be Air. JUMiv, who, in b ’5 l.'cmetn-. ol Gvom el.; ,  has aga a 
attacked tlie.Ula.fkps. Mr. Leslie, after explaining the rule for constructing the s in # b y  tl • "itich was
given in the 2r-! Vcbung of the Asiatic Bwcarchcs by Mr. D an s, from the  S n ip  SitWhaulu, m lJu i, udlownif 
rrihark-',

A
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p r e f a c e .

''•Ve are. told that in early times Pythagoras and Democritus, who taught the 
<Jreeks astronomy and mathematics, learnt these sciences in India. The Arabians

is llic ' ' ‘ tailed explication of that very ingenious mode which, in certain cases, the Hindoo Astro­
nomer employ for constructing 'the table of approximate sines, Out totally ignorant of the principles of 
till* operation, those humble calculators are content to follow blindly a slavish routine. The Brahmins must 
therefore have derived such information from people farther advanced than themselves in science, and of 

‘* a holder and more invent:;.; genius. Whatever may im the prcccnsious of (hat jns.ive race, their know- 
“ lei,(=c lrle"iaornetrical computation ha; no solid claim to any high . i tiquity. It was probably, bofoic
“ o f f e t tw  in Europe, carried to the East, by the tide of victory. The natives of Hindustan
"  ;l t m 'ei' e ‘''Struct::.,! from the Persian Astronomers, who were themselves taught by the Greek* of 
"  Honituntmople, and stimulated to those scientific pursuits by tire skill and .liberality of thc'ir ArabLn eon- 
“  tp'eron.”— [.Jwsiie’s Elements, p. itij.)

Wi en • ■ mine operations are detailed, and most of the theorems on which they depend arc given in the 
a rm o tr .d e , surely It is not to be inferred because the demonstrations do-not always accompany the rules 
theretorc that they were not known; on the contrary, the presumption'in such a case is that they were 
' '"ys"' 11 13 hcr®» r° r ,,1B Hindoos certainly had at least as much trigonometry as is assumed hi Mr.

si"' to be ti e foundation of their rule. Mr. Leslie, after inferring that the Hindoos rand have derived their 
science Irom people farther advanced than themselves, proceeds to hev i t ,  onrres from which they nri»ht 
ha <e borrowed, namely, the Persians, the Greeks, and the Arabians, .’sow as for the Persian..as a nation, we 
do not know of any science of theirs except what was originally Greek or Arabian. This indeed Mr. Lc-lie 
would seem not to deny; and fts for the Greeks and Arabians it is enough to say that the Hindoos could not 
borrow from U r : what they never had. T hey could not have borrowed from them this slavish routine for 
me sine, which depends on a principle not known even to 'lie modern Europeans till 200 years ago. In short 
the tide of victory could not have carried that which did not exist.

It appe ;rs Irom Mr. Davit.» paper that the Hindoos knew the di.VuCtions of sines, cosines, and versed sines.
They knew that the difference or lire radius and the cosine is equal u, tlie versed sine; that in a right-angled 
,,,ar,til| •( bvjrtrtin riu*c hi radius the sides arc sines and cosines. They assumed a small arc of a circle as 
eqnri to its ie. They comtrurted on true principles a table of sines, by adding the first and second 
di'Terences.

■ tom t! e Bija Ganita it will appear that they knew the chief propertiv. o f right-angled and similar triangles, 
to F;.see’s LilivUi I find the following rub s:
G' ii" nypoli. ne.c 'o 'a  right-angled triangle being h, ti.e base b, and the side r.J 

A. any large lum ber ; ,  (bun ~ i --~ A ' - j -lp)  ~

i — \ ' ( h * ~ s ' )  and s =  — A*),
V  ((* ~ s ) *  +  2bs) sst h.
(h -f A) (A — l j  ~ h *  ■— A».

SpdA being to rind h and t in any number of ways; let p he any number j then — s, and

pj —  0 *= A,
A* . /;J
y — p t 7 + p
- ~ 7 ~  *nd * - 2-'
* A/f

A bei.tj gtwen, n ; 1 pr « - / i  a.-A*.

111 <SL



P REF ACE .  3

always considered the Indian astrology and astronomy as different from theirs 
and the Greeks. We hear of Indian astronomy known to them in the time of the 
Caliph Al Mamun. (See d’Herbelot). Aben Asra is said to have compared the 
Indian sphere with the Greek and Persian spheres. (Heilbronnen llist, -Math.
]). 4t>G). We know that the Arabians asciibe their numeral figures to the

L e tp  and q be any num bers; then
2pq = zs, p -  —  9 3 r= A, and p 1 +  q1 =  h.

b 3 A*a — - a -+■ —
G iven a —  h  ±  a ; t lic n ------—  s s  s, and  — - —  =  h.

Given a - i + n  then ° ’> =  4j a„d

T here  are also rule: for finding the  a r« n  of triangle*, and ionr- hied figure.-; a.'.. others the  rule .'or i;,<. 
area o f  a triangle, without finding the  pci pencil. ular.

For the e iriie  there arc these rules (c  being the circumference, o  flte diam eter, a the choid , > t :e versed sine 
a the arch,)

c  ; D ; :  23 s 7 ;  and c  ; D : : 3027 i 1-350. (Also see Aycen A k b try , vo l,3 . 33 )
o — t / ( ( n  + c )  ( p  —  c)) _

a " *” **•
- v/( °  —  0  X V zzz C*

=  e, and f  _  a /  r r . V i l )  = «.
J c * ~ (c -a)a  - V  \  '

■Vlso formula’ for the sides ot the regular polygons of 3, 4, 5, C, 7 , S, 9 sides inscribed ir. a  circle. T here  are 
also rules for finding the area of a circle, „,nl .he surface and culiditv o f  a spin re. Jt Mill be seen te.u 
Iitinscara is stippo*. d to have g: .en  these e.«j rules, v / — the vine ot tie  sum of two i.v ; Is e.juui to the .nn 
o f the products o f  the lino of each m uhiplied by l he . .me of the o ther, and divided by the e m u -.;  and '.he 
cosine of th e  sum of two arcs is e.pial to the difference between the products ot their sines and of their 
cosines divided by radius.

Is it to be doubted that il e Hindoos applied their rule for the  cons':ac tion  of the dues, to (hr.
ra tio  o f the diam eter of -, circi. lo ih  iu .  tnnfcrc.ivo? -thu- the cir.v.mic.. .i-v o f n circle be .'.13 divided into 
360 degrees, o r 21600 minutes, the sine o f Po d e g e - ,  *•’,:<: equal to th -  . ..iir, - wool/ b c \ , ,  md by ..ie

rule 1438. Vhis would give the ratio ot the diam eter .0 the rirctu  le rin re  : 31 Jl and | ,> ■ ,0 .; f
57.J ~ ‘ 573*

and assuming, as the h im ) os com m on’;, do, the  110.1 re t m lerer , the ratio would be : 23 or 1. /.p
I t  is no t to be denied that Iheic- ..re sonic rernari,able nnd tlen ce . Ivtw .a r. the Check and the Lm doo science • 

for exam ple, umui k many which m ight be given it may be M,gee 1 cl th a t the , ontrir.vncc: „ .ci.bcd to .tnv-pj. H[ 
and Bryso, and that ol Art I mu he, Mr finding the ra f t* ... the diu muter o f  .1 . > . to it c.i< uiuferruee m glu 
have been the fo u ifU io n  . the Hind.. . m ethod; th a t I>io|.li,mini’s spr. ulgtions on iudetei. .•mile problem* 
m ig h tb t the origin o l'th e  H indoo Algebra. But there are no tw ills  in the history 1 ten d  > , 
better as. uted th.ni t, at the Surya S iddhanta rule for the  sines, with the . 0 . at the dir met -r of circle to its 
cim m iferetn e 1 : 3h J7 ; and ‘ c ’’.ija Gaiiit.i 1 ole;; for Indeicrinnate  prnblcie .ve; u r. known to the < I; .eks,
Such are tin tumbling blocks w!>n.'i v.e al.vay 1 .1 out way when we i" .o i-  , . r - . . lli H indoo science .in 
any foreign cn ig.n. *

A f
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4  p r e f a c e ;

Indians; and Massoudi refers Ptolemy’s astronomy to them. (See Bailly’s preface 
to hi; Indian astronomy, where is cited M. de Guignes. Mem. Acad. Ins. T. 36, 
p. 77!)- Fyzee, who doubtless was conversant with Greco-arabian learning, ami 
certainly knew the Hindoos well, has never started any doubt of the originality 
of ’' hat he found among them. The preface to the Zeej Mahommed Shahy, or 
Astronomical Tables, which were published in India in 1728, speaks of the 
European, the Greek, the Arabian, and the Indian systems as all different. 
rJ iiat work was compiled with great learning by persons who were skilled in the 
seduces of ’.he West, as well as those of the East*. More examples might be 
given—but to proceed.

The Bija Ganita is a Sanscrit treatise on algebra, by Bhascara Acharya, a 
celebrated Hindoo Astronomer and Mathematician.

Fyzee+, who, in 1587, translated*the Lilavati, a work of his on arithmetic, 
mensm. don, &•-. speaks of an astronomical treatise of Bhascara’s, dated in the 
1105th year cf the Salibalin, which answers to about : 183 of our sera; but I vr.ee 
also says, it was 373 years before g$5 Hegira, wiiich would bring it down to A.l).

So tils-1 Bhascaii must have written about the end of the 12th century, or 
beg lining ot the 15th.

- c m.plco- traiislaicm oi the Bija Ganita is a great desideratum ; so it has 
dvn t> mori t1 an 20 year-., and so it seems likely to remain.

It will be seen however that we have alnudy means of learning, with sufficient 
-•K\ era • ■ me conte-urs cf this work. I have a Pi rsian translation of the Bija Ganita, 
whin; wa-, lmuic in India in lC;14, by Ata Allah Unsheedee. The Persian docs not in 
itselt afford a correct idea of its original, as a translation should do; for it is an

: * '■ Ask.- Hi-.near* hes, Mh \ »*!. on the Astronomical labours of Jy  Singh.

•G.« • ;» pa; i •»( 1 y .t* * prci. < e 1 By fird«;r of king Akbcr, iy /o e  translates into Persian,
A* ' . . t r  i .h .i ! a : . • .r book LiJ.tv.ui, so famous hii* the rare an ’ wonderful arts of t ab ulation and 
in* i . . . .  t. })• \ »• &'<•) 1’■■'[.; le* •: to mention that tin* cumpiliT cf this book was Bhas'-ara Acharya, whose 
bir'h (ihtjt, and tin- i,otic ■ i' h i , ancestor;. was ,\.r city of 1‘nldui. m« the rouidry of the Dccr.un though 

' *ht -b‘ic • ' • oiUi.’h hr this work i i not mentioned, it may lx* nearly kiinvu from the c: <univita.K*.*, that the 
' anth*.. n.arle i iMiHit ' m nkon the ronstru tion of Almanacks, ( ailed (Cumin Kuttohnl, in which the dui© of 

“ ( <i«>i»bing l i !ii*.*f:t ’.*»11>• *l f i be 1105 yvi.. .'rom the elate o' the Sulib.ihn, at t -.u famous in fnib. From
'* ' y* i to thi . \ hb. * ns f.'ii ;2 l llahi year, corresponding with lilt* lunar yv.ir 9*K>. there have passed
*' Tb3 ;. <• *1;

A» t H u b< q ’.n in the Jb-gira (• ir hm .i) year, 092, (<e» Ayeen Akbrrjf) the da 'Jx of llahi nt of
,. 'irmr in tin- i.rnbvi Z ‘ :

W* . 'O) *. m il v i  1 vol. r.f A ’..to an In a, give*?, on I5ha3«. trn's own authority, the bate ©i bis birth,
■ /  V&i b '.ca. li». in : > hbdibuhn (or fc.tca) that ii, about A .D . 118J, he was 42 years old.

Cl# <SL
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undistinguished mixture of text and commentary, and in some places it even 
refers to Euclid. But to infer at once from this that every thing in the bool: 
was derived from Greek or Arabian writers, or that it was inseparably mixed, 
would be reasoning too hastily. A little patience will discover evidence of the
algebra which it contains, being purely Hindoo ■.

The following paper consists of an account of this translation, and some Rotes
which I shall now mention :

Mr, Davis, the well-known author of two papers on Indian Astronomy *tt the 
Asiatic Researches, made, many years ago, in India, some abstracts and transla­
tions from the original Sanscrit BijaGanitat, and it is greatly to be regretted 
that he did not complete a translation of the whole. The papers which contain 
his notes had long since been mislaid and forgotten. They have been but very 
lately found, and I Madly avail myself of Mr Davis’s permission to make m,e ol 
them here. The chief part of them is inserted at rhe end of my account of the 
Persian translation. To prevent misconception about these notes, it is proper for 
me to observe that in making them Mr. Davis had no other object than to inform 
himself generally of the nature of the Bija Ganita; they were .not intended 
probably to he seen by any second person : certainly they were 11m er proposed to 
convey a perfect idea of the work, or to be exhibited before the pub he iu any 
shape. Many of them are on hm-c detached pieces of paper, nul it is prohaldo 
that, from the time thev were written till they came intlS m\ hands, thc\ w t 'C 

never looked at again. But nevertheless it will be seep that they do, without 
doubt, describe accurately a con.-idciablc portion ol the most eurious paits ot the 
Bija Ganita; and •lmugh they may cm to occupy he .1 secoiularx place here, 
they will be found ol' more importance than all the res. ot tins xvork t .other.

They shew positively that th< main part of the Persian translation is taken from

* T he hue Mr. Ihuben  Burrbw in one of Ms papers in tin Asi a 1'. lusearchr.; ■ iva I"' made iia n !  • cm  
„ i the Bija G anita and lalavati. Those translations he M l to Mr. I lathy. I ’> > consist ol t»ir - .•f-ic- - in 
tVrv.iii of Ala vtlalC and Jm zee’s iianslatio , . n i l1 Use I'.nj.hsh ol each w old x\ lUen a '1" "  d -  l i r  ' ”
The words toil g thus translated separan Iv, without any n r 1 to the . eanm ^ot complete sfnlem.es, not > 
sin” n pio.:.aa< ran In* nu d e  out. 0  e, pl.Mn, (rom many -iiort notes which Mr. Burrow has >ua eii in t u 

i l.is Bija G anita, that he run,I. Ufa v. rhal ti i) 1st • !• 
tin, orifc nal Samrrtt - 1 hand, with \nitu> .pp.irtinoty ot consult n /  1 111 •.ml’r. I ■’ " ,1" >'>•’ 'r-a •<> '•
I mile, for allowing ine tin U'. , ,l Ml. l - . n r r o i \ . x t  lie'll me, in;:1.:' ; to ■ . i lc ,t ik it> n , n , , . ru
it Is otherwise i, leri., inft, Ih i .uisi it -liras if .il  Mi Burrow hn! arte • m in oiripiu. Sat. 1 ( e r •L' 0  
liienu:- ol a M -o a .h '.a rJ  . ! . . ; vd 1 ; U'Am. ' i an.

•f It is ( hr irmaiked that it. wore leule fiom the r,Hr-..rit onl; '  ■ ' ■ ' 1 ■ ''*c '■  -1'1
translation.

■ e°5 x
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the Sanscrit \vo:k, and that the references to Euclid are interpolations of the 
Persian translator they give most of the Hindoo Algebraic notation* which is 
wanting in the Persian, and they shew that the Astronomy of the Hindoos was 
connected with their Algebra.

I must however confess, that even before I saw these notes the thing was to 
my i ind quite conclusive. For I found (as will be seen) in this Persian trans­
lation of 16:P1, said to be from the Sanscrit, a perfectly connected structure of 
science, comprehending propositions, which in Europe were invented successively 
l y Jlachet de Men riac, Fermat, Euler, ami De La Grange|\

* T ho U;.i ioo* have no mark tor ■+•, they only separate the quantities to  be added by a vertical line 
thu* o r " ,  as they cparate their slocas or verses.

'1 V-u i aik lor mini’s i* n dot over the quantity to  be subtracted.
I "(end of a mark m.-hipl'calion they write the factors together as we do, thus, ah for a x  #■
lTiv: ion tney mark a? e iin by a horizontal iine drawn between the dividend and divisor, the lower 

quantity being the diviior.
t • . ml:r.o-> i quantise (hcv u-e letters of the .dpi. Wet a .c do. They me the first letters of the ivords 

Vjnifyinq colours.
The hoof tit t trill y (t inch j* : (ways a number) has the word roop (form) or the first led* r of the word prefixed.
'» ...... . tie o, .ne unknown quantity is marked by adding to tint expo; ion of the simple quantity tne first

id le r  of the word » lm h  means square, and in like manner the rube.
The . •> ol an equatim. arc ’..•.-'.•-ten one above anutlu ; e ery quantity on i.ne id is express d a; tin directly 

u r -lei o n the otiu r side. '.V here there is in fact no corresponding quantity, the form 'is preserved by writing 
that quantity with the co-cflicicnt 0.

Tin . hod;  of prefixing Iritci to tin - known mi mhr ,  and min;; the lin t letter of the words square and 
• die are the m e., tiro e of Diophantus. ,1 m”iilic'ji it as a curious coincidence; perhaps sonic people may 
attach more importance to it than I do.

d i’he pir i.’ iuoii' wide. l  here padicularly allude to are these I—

! A i i .To method ol solving (lie problem * — </> u> * and c being Riven number* and * and y

indeterminate. Th e .  minded on a division like lliai which is made for finding the greatest common
measure or rm  omebe,... rl lie i ule , i ompredifnil every sort of case, and arc in ull respect i quite perl, < i.

The problem a m 1 +  I =  n% (a being given and in and n requircil) with itt «ujulimi.
t, I he application < . tin ai.ovt to him my number ijf v. hies ol ..*va +  y 2 n i one known ase.

* ■’ find value* ol x and v m axa f  i- s.. ■,* by an nppl alinn of the problem r r=  y . It i* mi.

neeec-ary for no hei t  to give any detail of the Hindoo lm llmdi.
T he fn. question about do* ' s'raor 'in; ry matter is ah.it < .Mem,- have we tin t it Is not ji; ,r ,.,.fv >

I tu.swei, l.ortl*, 'hat i, I. ;.rntlei.lly o f it* Im in* nmv found i n  the  er" m k;., •’ : .-•• er'a tned  to I,use
been tin I.- ,n I'llll .m, I ’ c. 7. t h a t : to say, in lit "* when it eouisl nm have bet n  fin . d.

i i  foil, sin:' ex ten t ’ti.ii a • [u ■ ol Ife La (-Jiang-, in tin ‘.Itfi volume ■ f the Memoirs of the ftiilin 
Aeadcms. lor e ,r y. „r I' . , cun uins a aim r.iry ut that pail of the hislory ol *\t;'cIjra which is now rlfi led to. 
A5 ••• , nil of the point,, abovpmtvboii.il, th r mclh ■ t in detail (howe'er t .perfect in some rt.pccH) l>, as 
h i -  a . I >u i w n -  ui I -I 1 y. J iio fust application o' lit’ principle in Lump. > to i t uyht in the citing* 
of De Lai Grange iiiiilW11
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10  maintain that the liija Ganita rules for the soluti<'ii of indeterminate |>ro- 
bk.ms might have been had from any Greek or Arabian, or any modern European 
\ . liters before toe Mathematicians just named, would be as absurd as to sav that 
the Newtonian Astronomy might have existed in the time oi Ptolemy. Ir is tme 
that Lacliet wrote a few years before 1GJ4, but this is no sort of objection to the 
aigument, for that part which might be questioned as a mere copy of lGchet s 
method, namely, the rules for indeterminate problems of the first degree, is closely 
connected w ith matters of latter invention in Europe, and is in Mr. Dalby's copy 
of by zee s translation of the Lilavati, which I have before said w as ode in 1567 ; 
and Mr. Davis’s notes shew that it is in the Sanscrit Bij.i Gam la, which was

“ La plupart dcs Gfomctrc a11*1 0,it Culliv ■ Pau uc Diophantc se sect, .. IV'emml.’ de c. i iiluvire merc- 
“ tuer, uniquement appliqu& i eii-er Us vj!« m. irutionollcs; et lout IVrtifice de'leurs iia-lhod. sc redial A 

faiic en snrtc que les grandeurs ineonmies puissent se determiner par des nombres commensurablê .
” i. art d1.' i soudic <>■' sortes dc qi.f dion. :u- d. -nu-iJc euenes d’aulres print-ipo que i tut: da i’.\ i r 
ordinaire ; mais c i ; prim ipe do-ionnent ins!i!i:<uiii l- r- 'on qjoute ia condition qnc lo qn,i'il <.ber*

“ dices soicnt non seule.i’.em commensurablcs mais encore (gales il dcs nombres entiws.
M. Uadi.-l do M ezenac, auteur d 'un c\< eli-nt comm entaric suf Diophiiijto el ded-'fejcns a id r-s oiit-iages 

t  il, je ends, lc prem ier quit ait tarit<> de c-an . -ttie ( .-lie condition ic calcu). Ce savant a tiouvf mic (»'.!.■ . o 
irenerole pour resoudre cn nombres emicr imm ; lc> equations <lu p-envi -r d.-gre a dona ... it  inoon. 
niios, mais il lie paroit p is  avoir t ie  p -- loin; i t  . <-ux tjiii npies iui sunt o t'tia  .- tin a. ■

“ a.:- . preeqtie tous boiiifc lenrs recherche. , :u t otit-i. ■ i.ideieru-tireds du  premlei v iep i ; lours ellow ' re 
“ sent rOdnits a varirr les m ethods rpii [ nve.it sen  ir a  la resolution do ecs sortes d'cqu a , ... si
“  j ’ose le dm*, n’.i t io iv r  unr m uihode plus Live to, plus gr.iernlc, vl plus ingeniousc que or be do W. Baohct 
’* qui ». 11 enivc Jan  •• c; ri n '-u io n  niatiiim .uiqic •’ m ult.olci ’ P roblem  plcUu'i, i t  r. \sr.'...Vu .; fc u l  pur ie>
"  Kom&i II e ; t ;• la vi rile assca Eurpronant quo Kt. tie Fei.nat qui s eloit si loin* icins , t vc i.inl tie
“  succes Cxerrfc in In tin :ie (Its nm nb.c cutlers, n'ail pa-. < lion lit i  rc»oi..bv geuer.-.i'.,,.cm p ioblfn-;
“  im ietein iiu t du secon 1 degre, c t des degrt1; •mpoi'u ur< e'Junnu: M. ltiirlu-t a io i, liiit i t u:. du pro.iiior d qre ; 
' e n a c t !  dee ’' • u "roiro qn’;l :-'i tm! aiis.i appliqtie cette n\-lu . in:, par lc probl. .. . ’ 1 e

“  comme uin: espece .le deli & n . Wallis e t & tons les '(deometres Anglols, o qui consi.woit a :ro :,.e r deux 
** caries enlu-rs, dm 1 l’uns ant n b . I t- pal .a j on.ei'e . i tier dom e non caio  i  en- ,ito ri ir.,..cI - Jc " j  .i .c,
“  lc rvstc (ut clre e;-:.! ii I’m. le, cai outr. qi.e ee j r ’l leuu est un Car p*>t a-lier ou» e ;' *. du second
“  d eg it a Jeux  ineonmie. il e .t  coniine !.» ci. < la resolution nciic -ie de ecs equation-. Ai.us roit qu :
”  M. de Ferm at n‘ait pa- continue set r.:. l im  l-i-t suf u-Uc m a t iw ,  soil quVIle nt u.-it parvcioie juve • h tv i  '•
“  il c»t certain qu’ou n’eu irouve aucune trace • uvr.i

11 11 j.-.!ioit m 4m : qiu. le. V *i oulelic. V i i , - . u i  ml u'solii -■ jt.obb-n.'e d-.: M. de Fi ri. -** - , - , or.:
** I O', i te 1 imp.jiiaii. e oom il est p. ur I, .olulmii - 1 d<--; 11 ->b icnifs lini.-icnniiies .b, ... .-n - -e,
“  m oini <jii n r voil i ■ u'il. m. s t  iMnaisl'ait us r  , < i Fa.l.-r cst si : • mi trqin -. ,- mi .
** l i l t  \--ir comm ent 4 i u.ie n. < pr ild-.-me - , - -. v trouverune Intiiiiie -:l. ' .n.. cn nom' res . . c . r ,  tie
“  tou te^q i-iiinn  d« S<xOii<i deg-c a , | . i n e o n  me-, dunt on coniloit dci- tine so'ution.

cr 11 rtsulte  de lout ce que nous v-.a.-iu de diri*, .|.ie depu; i'ouvraipr de M, U u.-li .t 1]lie ., v.aru 161(1,
"  iusqu’a pi idem , on du m r . je . >• . i.uoire q.u j-. do.mai .,,i .- /• a )., ,..c p. ,.
"  }wM»crn*in*s du sw snd  ilcgu , ij theo-iv o . «.-n» « o r l - e  p roulcnm  n’-. ait p w a r  ,-i ivaiem purler (It 
"  poutsce aw deia du premie. -i-

111 . <SL
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written four centuries before Bachet. Tli >: gb Sc are not without direct proofs 
t om the original, yet, as even the best Sun .n . yu . of the Bija G&nita, or any 
number ot ouch copies exactly correspond by;, u oulit still be open to the objection 
ot interpolations, it is necessary in endeavouring to distinguish the possible and 
the probable corruptions ot the text, from what is of Indian origin, to recur to 
t m natme of the propositions themselves, and to the general history of the 
.mence. Indeed v.e have not data enough to reason satisfactorily on other prin- 
' T • ^  c cannot rely upon the perfect identity or genuineness of any book
h. iVre the invention of printing, unless the manuscript copies are numerous, and 
ot the same age as the original. Such is the nature of our doubt and difficulty 
1,1 this case, for old mathematical Sanscrit manuscripts are exceedingly scarce; 
and our uncertainty is greatly increased by a consideration of this fiTct, that in 
latter nines .he Greek, Arabian, and modern European science has been introduced 
into the Sanscrit books.

\  m eases pre< isely parallel to this of the Hindoos, we arc not accustomed 
to withhold our belief as to the authenticity of the reputed works of the ancients, 
and in forming our judgment we advert more to the contents of the hook than 
to the state of the manuscript. When the modern Europeans first had Euclid 
tliey saw it only 'hr ugh an Arabic translation. Why did they believe that 
pretended translation to he authentic? Because they found it contained a well 
connected body cf science; and it would have been equal I v as improbable to 
vmpom that the Arabian translator could have invented it himself as that he could 
have borrowed it from his countrymen. There are principles on which we decide 
sur a pomts. We must not look for mathematical proof, but that sort, of proba­
bility which determines us in ordinary matters of history.

E -ery scrap ol Hindoo science is interesting ; but it may he asked why publish 
ary winch cannot be authenticated? I answer, tii.it. though this translation of 
,vu  Ah d, s which pro lessee to exhibit the Hindoo algebra in a Perdau dress, does 
indeed contain some things v. Im n are not Hindoo, yet it has others \<hidi arc 

i i by Hindoo. By separating the sacnee from the book we may arrive at 
po.w.pa .. vhicji if cautiously applied, cannot mislead, which in some cases will 
S!,L" audwiU oftcn brinS us to the probability when certainty is
,10t >! ...... f  0:1 accaunt I think the Persian translation at large interest.
•ng, notv .’-e-mmlmg ,t contains some trilling matters, some which are not in- 
ixIb'tibic, and others which are downright nonsense.

I nave s.nd mat Mr. Davis .s note shew a connexion of the algebra of the
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Hindoos w'itli their astronomy. Mr. Davis informs me that in 'he astronomic*! 
treatises of the Hindoos, reference is often made to the algebra; and particularly 
he remembers a passage where Bhascara says “ it would be as absurd for a parser.
“ ignorant of algebra to write about astronomy, as for one ignorant of granmai 
“ to write poetry.”

Bhascara, who is the only Hindoo whiter on algebra whose work* we haw 
vet procured, does not himself pretend to be the inventor, he as.-unvs no clu.-.icua 
but that of a compiler*. Fyzce never speaks of him but as a person emiinu.'.K 
skilled in the sciences he taught. He expressly calls him the compiler of the 
Lilavati.

I understand from Mr. Davis, and I have heard the same in India, tha; the 
Bija Ganita was not intended by Bhascara as a separate unconnected work, but 
as a component part of one of ds taeaftwa on astronomy, another p. rt ot '.vhu’u 
is on the circles of the sphere.

I have found among Mr. Davis's papers, some extracts from a Sausciit book u) 
astronomy, which I think curious, although the treatise they were taken .mm is 
modern. Mr. Davis believes it to have been written in Jy Sing’s tom . when i tu- 
Kuropeau improvements were introduced into the Hindoo books. I wo o - lies;1 
extracts I have added to the notes on the Bija Canita. 1 be first oJ the two 
shews that a method has been . erki ; by H* Asiroru nee to Bliasc.iri o1 
calculating sines and cosines by an application of the principles winch sole.* 
indeterminate problems of the second degree. This suggestion is doub.ic s o 
Hindoo origin, for" the principles alluded to were hardly known i. f  m.ye ia 
jy  Sing’s timef. I think it vciy probable that the second ext rat; is aim purely 
Hindoo, and tl at tlie liter knew of Ili ulot authors who said tb.- squate roo 
might be ext) acted by the rootuk ; that is to ; , tJie piinciplc v. hieh t licet* t: • 
solution of indeterminate prohh ms of the fist degree, l'rota this, end ir« m -.bat 
is in the Bija Ganita, one cannot but wt-pect tlut the Hindoos had continued 
fractious, and ro-sib1, 'me cm ions ari emetic of s> e s)n such m:.Ui . 
ever, lot every one exercise be ov» n indy ment. j

* «• Almmt any trouble anrl ^ j»i.nee wouln In* in«*«I by <!•».* posse.m »i» d tin* thru*' *V'V
i< on algebra fymi - Hu.'h HW dk;ii le<!d  s hr o v  . 1 '•*. » . OtHi’i am • m li- , m  -  arc
‘ silppoV'T-l'to be I'n'if1! ■ — \ r.. K< to l .u i .  Mr, O.t 'ib “  On Hit: l ?»li»U) t * ' y i.t/vi

)• h  Shi2 reigtieU jfom io 17**.

t Mr, Rt.piion Burrow, vsji *. 1 uu-byc, it im , t fu». «• ' ffcry t «>n tbv>c »u «»»<?<. ,i jv.ipc*
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We niu .t not be too fastidious in our belief, because wc have not found the 
v,oiks of the teachers of Pythagoras ; we have access to the wreck only of their 
ancient learning; but when we see such traces of a more perfect state of knotv- 
h’flge, when we sec that the IlitlVloo algebra 600 years ago hacl in the most 
iiiterestii-.g pa: ts some of the most curious modern European discoveries, and 
v lien we ve  that it was at that time applied to astronomy, we cannot reasonably 
doubt the iginality and the antiquity of mathematical learning among the 
Hindoos. Science in remote times we expect to find within very narrow limits 
indeed, its hi..tout is all we look to in such researches as these. Considering 
this, and comparing the contents of the Hindoo hooks with what they might 
i... c ha n expected to contain, the result affords matter of the most curious 
speculation.

May 1 nc excused for adding a few words about myself. If my researches have 
v.!. hecii so deep as might have been expected from the opportunities I had in 
India, . t it he remembered that our labours are limited by circumstances, ft is 
r I had nr one time a copy of the original Bija Ga dta, but I do not under.

.Inal San writ, imr had T then any means of getting it explained to~me. Official ’ 
a- ovations often prevented me from bestowing attention on these matters, and 
tic,' > seizing op, ntunities when they did occur. Besides, what is to be expected 
in tins ay f  our a inert amateur, to whom the simplest ami most obvious parts 
• rdy of such subjects die accessible?

e . s.

Th" ff-'.lo ,■ : g account of Ara Allah’s Bija Canita is partly literal translation, 
paitly abstract, and partly my own.

'."1 literal translation -wke< *>y inverted romnns , that part which consists 
oh my own remarks or desniption will r.jipcar by the context, and all the rest is 
abstract.

I have tr uislated almost all the rules, some of the examples entirely, and

n IS vi.*ri*ii> of J c Sd vnl. o f 'l it  A,. Rt_ )ieak» of tin- f.ik w li and Bij? Gamut, and of the mathematical 
km • • a-; ” * 11 >• H .d ■- . H a ' ,  u ,y  !>;• « PunJii, that aomc tin; ago t licit were other treatises of 
aigeoiu.. s c , (See the paper.)

|l| <SL
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others in part; in short, whatever I thought deserving of particular attention, for 
the sake of giving a distinct idea of the book.

Perhaps some of the translated parts might as well have been put in an 
abstract; the truth is, that having made them originally in their present form 
I have not thought it worth while to alter them.

The notes are only a few remarks which I thought might be of vse to save 
trouble and to furnish necessary explanation.

i j

n *
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B I J A  G A N 1T A .

“ Ai'TEu the usual invocations and compliments, the Persian translator begins finis:
“ By the Grace of God, in the year 1041 Hegira” (or A. D. 163+) being the 
“ eighth year of the kings reign, I, Ata Alla Rashecdee, son of Ahmed Radii,
“ have translated into the Persian language, from Indian, the hook of Indian 
“ Algebra, called Dec) Gnnnit (Bija Ganita), which was written by Bhaslcer Acharij 
“ (Bhascara Acharya) the author of the Leclawuttee (Lilavati). In the science of 
“ calculation it is a discoverer of wonderful truths and nice subtilties, and it con- 
“ tains useful and important problems which arc not mentioned in the Leclawuttee!
« nor in aI1y Arabic or Persian hook. I have dedicated the work to Shah Jehan, ami 
“ I have arranged it according to the original in an introduction and five books

INTRODUCTION.
y The introduction contains siv chapters, each of which has several sections."

CHAPTER i.

O n  P o s s e s s i o n  ( J L * )  : v N n  D e b t

“ Know that whatever is treated of in the science of calculation ;s either 
“ affirmative or negative; let that which is affirmative he called »uil, and that.
“ which is negative do',;;. This chapter ha- live eel ions.”

Sect. I.

On Addition and Subtraction, that /.«, to > and dwiinkh.
“  If an affirmative is  taken from an affirmative, Of a n gativc f o u n  a nogaiive,

“ the sabtrahcn4 is made contrary; that is to say, if it is affirmative supple it 
“ negative, and if negative suppose d affirmative, and proceed as in aiblition.

Tilt rule of addition is,, that if it is required io add two affirmative quantities,

. | * Mostof the mt.nic.ii terms lien.'i '.imI irt AelO ,
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or two negative juantities together, the sum is the result of the addition. If 
they are affirmative call the sum affirmative: if negative call the sum negative.
If the quantities are of different kinds take the excess; if the affirmative is 

“ greater, the remainder is affirmative; if  the negative is greater, the remainder 
“ is negative; and so it is in subtraction.” (Merc follow examples).

S e c t . II.

On Multiplication * **.

If affirmative is multiplied by affirmative, or negative by negative, the product 
■- <Mhimative and to be included in the product. Jf the factors are.contrary 

“ the product is negative, and to be taken from the product. For example, let us 
“ multiply two affirmative by three affirmative, or two negative by three negative, 

f ie result will be six affirmative; and if we multiply two affirmative by three 
“ negative, or the contrary, the result will be six negative ”

S ect. III.

On Decision.

The illustration of this is the same as what has been treated of under multi- 
• plication, tiiat i» to say, if the dividend md the divisor are of the same kind 
‘ the quotient will be affirmative, and if they are different, negative For 

‘ example, if 8 is the dividend and ■} the divisor, and both are of the same kind,
‘ quotient will be 2 affirmative; if they are different, 2 negative.”

S e c t . IV.
On Squares j,

; squares of affirmative am! negative arc both affirmative; for to find the

* Inilirl’o Viii trantilutitiri fhd product of mimku k ginwrallv railed die nwi angle. 
iai! a i'l'ik: >11 linM.Hfl <n. Mgebra in u l>n li fl.,;rc w.t» Ibis pua;.!«»-•' Any luunlirr which k tobe multiplied 

aw ..1 !»y arid ■■ivluns-om (  ’,y n«: « r« .  o. m rfa c f  -.ole wid twatg...

“  ‘"'aiiU th" ’« ' w S ' " 1, Al1'1 d.c p roduct'it railed l.y », u.ineli. ,n ,;  s'-pmit ( j j j s z s . b y  m e a n in g

** o f  .i. Mtcef gqtiare ( & > " * )  urn) .Igcbraiit* pouctnir.n ; also used for rstus, umt

i n[>|K<u.i. i ( toi ' a .«?• Tl,.,.- tm M , -ill of winch an Arabic, art* w  <1 in tt..- i’ersian translation

"• *’ h  •' H'li.t, ll:» aion. li«i|uunUy l! ji i mi :r corrvut'uuiing arithmetical or alg<:t>.aical oiks.
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u square of 4 affirmative \ve multiply 4 affirmative by 4 affirmative and by the rules 
“ of multiplication, a-the factors are of the same kind, the product must be 10 
“ affmnative, and the same applies to negative. '

Sect. V.
On the Square Root.

“ The square root of affirmative is sometimes affirmative and sometimes vga- 
“ tive, according to d i f f e r e n c e  of circumstances. The square of 3 affirmative or 
“ of 3 negative is <j affirmative; hence the root of 9 affirmative is sometimes 3 
“ .affirmative and sometimes 3 negative, according as the process may require.
“ But if-any one asks the root of 9 negative I say the question is absurd, for there 
“ never can he a negative square as lias been shown '

CHAP. II.

O n the Cither .

“ It is divided into four sections,”

S e c t . I.
On Addition and Subtraction.

“ If cipher is added to a number, or a number is added .o cipher, or if e.'phci,
“ is subtracted from a number, the result is that number: and if a number is sub- 
“ tracted from cipher, il‘it is affirmative it becomes negative, and if negative it.
“ becomes affirmative. For example, if 3 affirmative is subtracted from cipher 
u it will be 3 negative, and if 3 negative is subtracted it u ’ll be 3 affirm a t ' c*. ’

S e c t . II.
On Multiplication.

“ If cipher is multiplied by a number, or number by cipher, or ciplio l>v •■ipiiei 
“ the result will be cipher. For example, if  we multiply 3 bv cipher, con- 
*' vc«bely, the result will be cipher

i ,!
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S e c t . III.

On Division.

;i If the dividend is cipher and the divisor a number the quotient will lie cipher.
Pur example, if we divide cipher by 3 the quotient will be cipher, for multi- 

“ plying it ;>•' tLc divisor the product .will be the dividend, which is cipher:
« and if--, number is tile dividend and cipher the divisor the division is impossible;
“ | ■ in/ whatever number we multiply the divisor, it v. 'll not arrive at the divi- 

dead, because it will always be cipher.”

Sect. IV.

On Squares, <$r.
“ The square, cube, square root, and cube root of cipher, are all cipher; the 

‘ reason of which is plain. ’

CHAP. III.
O n Coioc as.

** Whatever is unknown in examples of calculation, if it is one, call it thing,
“ ( ). and unknown ( ^ ^ j ;  and if it is more call the second black,
“ a ; f  the fhirrt blue, and the fourth yellow, and fifth red. Let these be termed 
•• colours each ;n r ordiug t(« its proper < clour. This chapter lias five sections.

S e c t . I.

On Addition an / Subtraction of Colour'.

“ When we. would add one to anothny if tiny au* of the same kind add the 
1 numbers'*' together ; if they an. of two or more kinds, unit', them as they are,
“ and that ili he the result if  tin. addition.' lien-follows an example.

; If e ,:isli t.o subtract, that is to take otic bom t 1" other, let the subtrahend 
“ be t-.r'ci ‘ d. )'f then t w o  terms of tlm same kind are alike m this, that they are 

l>( I, allinn-tiive oi b oil nee; twr. let their sum be taken, othew ist tlicir tlif- 
u fercncc and whatever if the kiml cannot he got rent the minuend, m ist be

1 Meaning here tlw cou'ftkieMtj.
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“ subtracted from cipher. Then let it be reversed, aud this will be the result 
“ exactly.” (Here follows au example).

Sect . II.
On Multiplication o f Colours.

If a colour is multiplied by a number the product will be a number*, t  X - 
“ will be whether the number is the same or d ifferent, and the product multi- 
“ plied by a* will be x \  If the colours arc different multiply the numbers of boih 
“ together, and call the product the rectangle of those two colours,1 ’ u 
following is given as a convenient method of multiplying:

+  Sx +  2

+5.r +  15,i * +  lO.r

•1 ■ £  “ 1 3'r  ~  2

Product +  1 J.r* +  7-c — 2

which shews tin product of ( ■ -* l)  X (3 r i- 2.) (Here folios *xamoles).

'  S .c  r.'ill.

On Division o f Cvtour*.

“ Write the dividend and divisrn in oi •• pi.ns,. find numlicrs or cnlou .' oi hoMi,
!‘ such that when thi y are multiple d In the divisor, the product ruin -acted Hum 
if the dividend will leave :i n mtindi.r Those numbers or colour- u .II he the 
*■ quotient. ”

* in the Pernimt li unUliou fUne »  no .ilgi'btai<- n,,lat:..n. J inran In' trim u to  < i* unknown” bv *■, ' l. r 
black' by y , #«<• »•» on. VuJ . like nnntw r I !uvc tm +  the nitric. ol to:. imU-.m of v tiling
tins words a t l«i>jlh a iilitfr u . in** • l v :.ui».

IN T R O D U C T I O N .

C-
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Se c t . IV. . .

On the square o f Colours . ;

“ That is to h iv, ho product arising from any thing multiplied by itself." 
Example*.

Si cT. A'.

On the Square Hoot of Colours.

“ To hr. i',v the square root of a colour, find that which w hen. it is multiplied by 
■ itself rli product subt-; ctcd fmm tin: oh ■■nr whose root is required, will leave no 

“ remainder. The rule is the same if there are other colours or numbers with 
“ that colour.”

ui iiplc. Required the square root of 1G> +  3d — 43.r. The roots of Hi.;1 and 
% me 4.i' and <5, and as 4&r is — these two roots must have different signs. 
S u p p o se  one +  and the other —, multiply them and the product will lie — 2+.r; 
twice this is — 4 8 r which Was required. The root then is +  4t —6', or + 6‘— hr.

A  no/her F.xauipte. .Required the square mot of 0.t,* +  4y*+a:1+  12.ry—6\i.«—
\ . ■ - f ee— ly-f-Cs-i- 1. hike the root of each square ; we have 3.r, fly, z, and 1.
M.alt:;:iy tnese quantities ..no dispose the products in ihe cells of a square.

3 v  2y  s 1

J.v tj.i1 6 ,vy 3.r~ ‘J x

fly O.rq \y‘ [2yz "y

a 3s z ~yz z ‘ z

1 3s 2y  i |

To hi,.I that sort of ij-une dies these art : The product of v and y i- 4-, there

I s  I N T R O D U C T I O N .
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fore the factors are like, suppose them both —. The product or' x  and : is —. 
therefore the former having been supposed — the latter must be +  became tl r 
factors must be different, 3x  is the product of Or and 1 : and x  being — , 1 must 
be -f. fhe sorts thus found are to be placed in the cells accordingly. The sum 
of the products is the square whose root was required. If v  had supposed 
+  the sorts would have been contrary, the reason of which is plain.

CHAP. IV.*
Ov S ki d s .

Containing five sections.

Sue t. I.
On Addition and Subtraction.

To rind the sum or difference of two surds; v/ a  and y/b fur instance.
Rule. Call a +  b the greater surd; and if a X b is rational cal! <2y/ab the less 

surd. 'J’he sum will he \Z(a+b-[-2\/ab) ”, and the ditto: once \ /(a + b  -&\/ab)
If a X b is irrational the addition and subtraction are impossible.

Example. Required the sum of v '-  and \ / s ; <■’- I- >s ■ 10 (lie greater :urrl.
C x 8r: 16', y /ili—4, 4X 0 =  8 the less surd. and 10— 8 =  C. s / lS
then will be the sum and s/u. the difference. If one of the numbers is rational 
t a k e  its square and proi ecd according to th< rule, mid Ibis must be attemlcd Ui ..•< 

multiplication and division, lbv on a number square with a lmm'wi not ••.amc 
the operntim. • .mnoi be pcitmmcd, .

Another Halt. Dflide a by1 b and write y /  - in two places In the fust 

place add 1, and in the : erond subtract 1 , then su sh a ll b.n \ ^ y /  ~ +  l.)*X b)

=  ^ «  v/Aa,u1 / ( ( v / r - ' ) ' X A )  =  \./a -  Vb. Il I is irrational the addition

i an onb be madv: b v uting the surds as thc\ aie, and the subtraction by wiping 
the greater nutnbei 4 and the It'1.

I n  q. b Qy/nb) .3  y 'ltd tzV I

I II
C 2 • • v

III §L
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Sect. II.

On Multiplication.

Pr'- vecd according to the rules already given; but if one f the factors ha* 
numbers as dirhems or dinars, take their squares and go on with the operation.

K  ui hi pic. Multiply %/ 34-5 by \ / H d-vN’d-v7*. As J is of the square sort take 
its square, md arrange in a table thus :

a

v /2  v'u -v/8

V ' i  v / d  | y / 9  v / 2 4

v/2J y/Sv \ /7 J  y/200

Product 3 -I- y /5 \  4- v/150 4  y/75 I-

I- sumiinng the term:, of t ie  product, if any square number is found, take its 
ait. I t  \j is 'on: d and itroot, is 3. The rc-t of the terms bciiur irrational, 

u., such a, can be added, v b̂’4- v '2 4 ~ v / 54. If this last were a square number 
its root should be extracted.

Ag.i’n, \/5(.-+ -\/fl00~\/450. No further addition is possible; the complete 
product therefore is 34-yk544-y /\5 0 +  y /is .

Tlivo'lu r rule to be observed ,f any ot the to ms which compose the factor*
; !’' ;"Urd take tneir sum and v-rite it in the table instead of the terms of
Whirl ■’ ' formed. I'hu* h. rite last example vA: anil y / i  ma> be added. Write 
v ' n  which is inch sum in the table, and wt shall ha\*

111 <SL
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vfiT

v'S  v'TS

V̂ d v /9  %/5-i

25 v/75 v/450

“H v /7*5 -f v/ 5 4 450

and the remit i the same as before.

Another h  cample. Multiply v/d  +  vAlo by \ / 3 + \/l< 2 —.j. Instead o;' y /$  and 
\ / l 9  wnte rhtirsuin y /^7 . Take the square of .> it is 25, and this is negative 
notwithstanding the rule which says that whether the root is negative or aflirma- 
tive the square shall be affirmative. ;Icie the square must be of the same so-t „ 
the root. Multiply y /2 7 ~  V ‘t  - by y /ii+ y /2 5 .

A v / Q7 ~ s /U  H 
. —  —■—- .....   | ^

+  v h l  - f v / r t l  — \ / / 5

+  y/ 25 +v/t>7*5 - s / 6 : : ,

—  l h  - f  v / ^ H )

i / 'A  =50 and y / lA 5 -  $5. <25 being negative and <> athnnative tilth’ sum is — lb',
and the sum o f +  v W  m d -  V' 15 is +• v' WO. Therefore ( v b-f v/So)X*
(v^3 -+ V l2 ~ 5) v - it> + v < a o o .

IN TRODUCTION,  o j
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Sect . I I I .

On Division.

Divide the dividend by the divisor, and if the quotient is found without a re­
main do i the division is complete. When this cannot be done proceed as follows:

When in the .divisor there are both affirmative and negative terms, if there are 
i e of the former make one ot them negative; il more of the latter make one 
of them affirmative. When all the terms are affirmative make one negative, and 
when all are negative make one affirmative. W lien the number or affirmative 
^rms is equal to that of the negative, it is optional to change one of them or not. 
Multiply 'lie divisor (thus prepared) by the original divisor, and add the pro- 
dim ts rejecting such quantities as destroy each other. Multiply the prepared 
d’vif. u b-’ tlic dividend, and divide the puuiuet ol this nvli .ipli< ation by that .ot 
tdie former the result will be the quotient required.

L i mp>f. L the dividend be that which was the product in the first example 
under the ruh lor multiplication, viz. -r s / 5 4 +  v/i.50 4 - and the divisor
v /lft +  v /3 .

~ f =  «3, - y ” =  *>, -  9, l  =  3, ~  ~  3, y/2* =  5,

the quol.icnt then is 5 +  s /3 .

Another Example. Divide i / 9  +  v / d4 s/ 450 -}- s/7:> by 5 + / ' .  Make
.,/3 utgativc. a!!d multiply .5 (or y/hf») — y/3  by the divisor y/'ZH 4- y/8 . I

I + —  v/ 9

4 V 3  4 - V 'k d  — y / \ )

• > 4 - r / f 5  -P v /b* .5  -  v / 7 5

I
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\/7 S  occurring twice with opposite signs is destroyed. \A>\* — -5, v/ 9 — — 3,
-’5 —3 = 2 2 = v / 48-i. Multiply v/2-5 — s /3  by the dividend and we have

. ■ — —
-|-\/54. +  v /i  5 0 + n/  *5

. ' t
— v / 3  j — V - 7  —  v / l b '2 - v / 1 ^ 0  — v ' a S i

__________ 1__________ ________________________—______

+ v /2 5  + \ / 2‘2J + v/ ld.TO + 1/1 1‘25»> - , V l «
_______ __________ _______

Here s / ' ° > and \ / 1:550 are rejected. Find the sum of vA \ 'm<> y  1?*:‘ in this 
manner,

1S75 4. — iy03, I R7-‘> X 27 — 50(?\Y>, /  oOO\*A r- ■
•i: iX 2= 450 , 190*2— 150= 14.52, v/145'2. ~s/ \ *70 — \S'l7.

Next find the sum of v /lb f2 and \ / 11250.
1 Og +  1 1270= 11410 K».’X I 1 250.— 1 822700..
x / l8 ‘225()0 =  i m  1350X2=2700, 11412-2700 =  8712, 

v/S7 l 2 = v / l  1250—v/ih'2. Hy th.- multiplication of tin; dividend ve have found 
v/1452 and v7* / 1'2.

Divide ilic'c by v'48 1 which was the result of the muitiphc.liou of the 
divisor, and we ahull have y/ lA,  and \ ;l for the quotient require... -f v''.’ i« 
retained as correct, and y / i s  is considered as incorrect, instead of v 'l*  oiJn r 
numbers may he found by the following rule !-
' Divide the ineoircct number . meaning vim uumbci under the radical dgiO I > 

any square numi cr which will divide it without a rent air. dvr, ui * ■ i >oc quotient.
Div ide the root of that square number inton - 1 iuy purl-, a- there are nuin eis 
required. Take the squ res of these parts ; multiply tl.- m by llm quotient above

* T o  r«*.»!vu several part*, •lit! I*. by .11»\ sqt.vrr, unt) k-t 2 i" v ' ’ "• ’ ’lf n; n : >ci ^ V
SiC. as m.» v h*: n - ‘i - -I, y (  t\c' 1 V( .* - I* V %) *‘vt v ‘ 1 il ' I’v p'-M’tl ,f>v tul'l • ]

%Ul* Cjuuntili* $,

|l| <SL
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found, and the roots of the several products will be the remaining- parts of the 
quotient required.

~~ =  < /v =■ 3, J =  1 -f  2, l l =: 1, 21 =  4, 1X 2 =  2, 4 X 2 =  8.

v/2 and \/H  aie the remaining parts of the quotient.

Sect IV.

On the Squares o f  Sftrd.t.

Multiple the «im!s by themselves.— (IIof- follow examples). —The squares arc- 
found by multiplying tire surds in the common way.

Sect. V. s

On fin dm? i hr Sguarc Root., oj he Squares o f Sards*.

*' Iffi .  square is u one surd or more, and I would find its root ; first I take the 
“ square of the number, that are with it, and subtract these squares from it.
“ Accordingly after subtiactiou something may remain. I take the root of what­
e v e r  remains, add it m one place to the original number, and in another sub- 
“ tract it from the same. Halve both the r< suits, and two roots will be obtained.
“ I t.rvn re-examine the squares of the surds to know whether any square remains

• C rta  4 v i+ y ,. +  y*f. - c. lie the . /o re  of a nmltiiim 'iul Siir.l, a the firm ■ • the squares of the roots, and 
y / .  +  y'c +  y 'J  a- # r.. Urn product of the runts tal.cn t lid two. The mmibrr of root-, Lein u, tin nu.n* 
brr of f ’rr, li in the srp c v-'.li be \  of whir n > ',!1 lie ' ■ minuicr  <>f rational . m ,oc, a n d i . ’ —  « the number  o f

fl 1 11
♦urrl product it we i'll rue doable pioduett tingle term*, „• "III • .<prcsv tin- iiunitar of surd terms,

ti>d con,id ll» aim' of tire ration:,i lei > > as , elm ,n, *1. - prop,) ,ed qu*rc way be reduce ! to the form
> +  y  +  '  + hr.) 4 - ( . V xtt +  a y  >:• 4- Sec.) ' + Src. i n .)

»n«rr y «  4  y V4 y  :■ 4- &C. i* the v-. ri • 1 tie; aqua.-, and tin curd tern 3 of tie; sqnme at-: di.idcd into 
period* of n— I, ri  —  1 ,  11 — 1, So. . directed in the L'i-j Ulninlt 

Sir; pmlnjj x 4 I, + 4 &e. . x  0
c +  4  S t .  s a  a

t 4- • — *
S Arc.

/  a  *  1/ (1*“ —  4 >« ) ,Y ------ Tf--- ,,r y a
/ »  V" 'V — ‘ir’" i\ f ------ j ------— -  Vn o' V*

. tfc y (» *  — ■far 1 j ,
y  ---- *-5-------- =5 ✓ » -• f-.r. and fin ,.h
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“ after the subtraction or not: if nunc remains these two are the roots require'.! ,
“ if any remains, that one of tiiese two roots, to which (lie following rule cannot 
“ be applied, is correct, and the other is the sum of two rdots; from that root we 
“ obtain the two roots required. The way of the operation is this, suppose that 
“ root number, and take its square, and subtract from it the square which was 
“ not subtracted at first, and take the root of the remainder; let this be added in 
“ one place to the original number which we supposed, and subtracted from it in 
“ another place, and halve both the results. two n on, will be obtained. If then 
“ these three are the roots required, the operation is ended, otherwise go on with 

it in the same manner till all the roots are found; and if the first question is 
“ ot a number without a square of a surd, it may he solved by the operation 
“ which was described at the end of division. And if in the square there are on:
“ or more surds negative, suppose them affirmative, and proceed to the etui with 
“ the Operation ; and of the two roots found U <• one be negati e.”

Required the root of 5 +  v / 24; 5* — 25, £5 — 44 — 1, y/1 — I, 5 +  I ~  6;

.5— 1 — 4, ~ =  3 and |  =  « ; and \ / 3  +  \ / 2  — \ / ( 5  +  y/frl).

A n  ther Example. Required the root of iO-j-vA.’4 +  v^lO +  \/fiO ; l0:~100,

100— (24-b40) =  36, \ /3 6  — 6, 10 q 6 ~  l6, 10— G 4, =  8, * =  fi, then

we have \/8 and \ / 2. As 60 remains to be subtractcd, one ot these two rum hers 
is one term of the root, and the nthei i- t1 . sum of two renaming, tc-ms 
(should be the root of the sum of the squares of the remaining terms), The rule 
is not applicable to 2, therefore 8 must be the sum of the ton s, 8* r: 04,

fit — 0O— J, y/4 = 8  +  2=10 ,  8— — .5 and =  3. Wherefore v/'- +

y/3 +  v/5 =  / ( 10+  /2 4 + \ /4 0 + y /6 (» .

Another .E.rm/plc. Required the 10 >( of Ifi + s / ’a +  y/40 4 \  ,8 -f-vT'if 
+  v/ i'2+v/ 120; Ki'ssUiS, 2.ifi— (04+  40+ 48) 144, V 1 4 4 - 12, 10 ■ i 1 2 -.8 ,

Og ^
lfi— 1‘2 =4. —- — 14, - — 2 ; wo have then v/2  As the rub: dor1, not
apply to 2, 14 mu ,t be tilt sum of two remaining terms of the root, 14+  '- 6.

19u — (140 +  72) — 4, 14 +  .2 -- tfi H 2 zz IS, — — ~~ 6. Out. surd•i
remaining, and the rule not being applicable to (», 8 trust he the muv of t.

/ /  Jo  ft- ,i|
TV

\ * A i  «  n r - -
•TPtt ’Via* <r in r- *i V i •’Tfl * , ^

■ G°t&x
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„ 10 . , 6 _  „
,cn„s. S -ti.i. 6V -(> 0= 4, y / ^ - %  8 + 2  =  10, 8- 2 = 6,-^ . =  0, and -  _  -

All the terms of tbe square having been brought down, the complete root is
v/' +  \ /  > +  +  d +  v/ -• ^

J  not her K mripU . Required the root of 72 : 721=51S4, 0‘ =  0, 5 1 $•!— <) > 184,

v-‘ . 1 .-,1=7'-'. - * + »  =  > « . 7 2 - 7 2 = 0 ,  l i i  =  72, f  =  <* v /7 * t f f a .»  » * “ « •
If instead of one terin three terms are required, hnd them by the rule 

jii i ! r -f'etion on dir idem : divide by 3 6 which i< a square number,
72 v 72

Vi  -  y / G ,  (; =  3 +  2 + l ,  31= 9 ,  2' =  4, l l = l ,  9X 18> 4X Jo ~  S>
; o
t X hi =  . iv reforc S i 2 = v / 1 8 + ^ + V®- lf three equal terms had been

no
L<| fired, the root of the divisor mmt have been divided into three equal parts.

Another E  , <tn pie. It is required to fmd, the difference of s /3  and v/ 7- I he 
r,de not bci tg applicable to this ease, suppose \ /7  affirmative, and y /3  negative, 
the squat j of these numbers is \ 0 - s / M .  To determine the root ol this, suppose 
s i  to be positive; ’•')•= 100, 100- o l = i 0, s/ \ 6 =  4, 10+4 =  14, 1 0 -4  =  6',

— — 7 - — 3. A\'c have then \ / 7  and \ / 3, one of which must be munis because 
2 2

v/B4 waft' iv irns.
ji -other r. ample. -Whether tbe j >ot is + y ' H v / ’l * v ' 5 or —v ‘~ s /3  f v  :>

v ■ will be the same, viz. l 0 + \ / 24—S 40—\/60 .
J.< ' the root of tins square he determined. 10' =  100, 100 (40 +  60) — (’,

v/,. ,*  , io.-1-0=10, 1 0 -0 = 1 0 , ~  = 5, — =  5. \s  v'24 remains, 3‘ =  25,
AJ L-

... - .4 k  I. y / \  =  1, 5 +  1 -  C, 3— 1 : 4, ~ =  t  =  2. If 24 +  .0 is sub-
, 16 _  4 _

,j: from 100 there lenwi ns U>, </ 36= 6, 10+6 ~ 16, 10—0 —4, Q ~ —2.
^  10 .  6

, , i. 11, • — 04, r.|... . (j , — v / 4=-2, H "I 2—10,ls - 2 —o, -- • - ^ :

i> . j q. fjo is subtra. ted from 100 there remains Hi \ / l 6 =  4, 10 +  4 =  14,

It)—)•=(), - - = 7  ~ —. 4 s /40  yet remaining, " * =  4!)> 49—40=9, \,/ 9=^J,

7  -f . !(., 7 — 3 — 4 . — - . 2 Tl.c terms of the root arc v/2  and

'HI . <SL
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v/ 3 and vx5. If 2 and 5, or 3 and 5 are both negative or both aliinnatnv the oper 
ation will be th? same; the only difference will be iff the signs.

“ I f the root consists of oik term only, its square will be ft the kind ot 
“ number: if of two terms, its square will be number and one sm d; it th,moot 
“ has three terms, the square will have one number and three surds; if it .- four,
“ the square will have one number and six surds; if live, one numbei am* an  
t< suids ; and if six, one number and fifteen surds. ' he rule is, add the ntnubeis 
£< in the natural scale, from 1 to the number next below that which expresses 
“ the number of terms in the root, the sum will shew the number of surds. For 
<« the us* of beofinncrs is annexed a table in which the first :olumn shews the 
“ number of terms of the roots; the second column shews the number of surd 
“ terms in the squares; and the third -the number of rational terms in the 
“ squares, from 1 to 9.

No. of rational
No. o f terms in No. o f  turds in terms in the 

the root. the •m ure. squares.

1 0 1

a i • 1

3 3 1

4 6 1

5 10 1

G  l.t 1

7 21 1

8 i’8 1

I 9 3<) 1

I y
♦ Thu number of surd terms in the uj.iarc heme j—- , s sr. the ntifti <v( tilt •tnft.bt.r* hi a natural -f«U

ftom 1 to the number n«i.,below **
* %  ‘l

HI Gl
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“ For :iiuni>c:s consisting of more terms than 9 the number of surds in the 
■r square., ma\ be found by the rule which has been given. If in the square there 
“ -ic three surd t< mis, first subtract two of them from the square of the numbers 
“ and aftc, wards subtract the third. If there are six surds, first subtirct d, then 
“ and sc op ; if there are 10 su d •, first subtract ; if 15, first 5 ; if 21, first 6 ;
“ if 'JR, fu-t 7 if JO, first 8 j and- in general the number of surds of the square 
“ whl he found in the table in the column of roots next above the number 
' id 'is  root. If they arc not subtracted iu the regular order, the result will be 
“  Along. Tim test pf the operation of th is: if either of the two numbers found 
•• In the rule is multiplied by 4, and the number which was subtracted from the 
'* W mo: of the rational term is divided by the product, the quotient will be the 
** oth. ;• r umber ioi.ud, without any remainder. If either of those two numbers 

za a c rivet term of the loot, and the other the sum of two roots, the least, or 
'.r.m which is the correct term, whethei in numbei it be more or less than the 

“ numb '• ot the sum of t vo r >ots, m u  ’. Ik- multiplied by 4, ami < very quantity
th ' iias been ‘•uln ta- ted n.ust 1 • divided i.y the p ducts, tiie quotient will be 

“ ’he n ufibt ‘.film  equired roots from the second number. If', after this divi- 
'c sion, the re is my remainder the operation is wrong.

1 The - jfares of ail moofrid numbers arc made up either of rational numbers 
" alone, or of rational numbers and mrds, as lias been seen in the examples of the 
‘1 wo; ion on squares.

• if  S ’ c e c u m  tiicv.- in* t  be. a mo bi o numbei with it, otherwise its root 
“ eam.-n Lie found. If a surd is divided into two: —For example, if .v /lS  is

t\:«. u.!ed o‘o j and x / 8, its root will have one term more than it would have 
' had i . .daily and ii vo surd., are united the root will have one term less.

Tin ■ two operations of separation and union must be attended to and applied 
‘ ucnvcr ilc• y at .• possible.”

!'■ i mnf'U. Ucqmrcd the re .t of 10 +  %/U‘Z +  \ / ‘J4 +• From flic square
ot l‘.< w .i ‘.it ' to.i, sulumi i any two of tin number# under the radical signs, and 
• iii' i -n on. r > ill ' i iirafiotiJ: flu case tlierdbu in possible. I.!'w. prooml 
m'ntv.iiN to ila nh, I.y subtractinp, at once the time forms from JOO, wo shall

If' 4.
a vo r e m a n  - e i , 1 . ,i \S'M> J \  K H b - . l b ,  10 - o w l -  - - ~  8, ■ ~  " ,  We

a -*■

* ivCoof̂ tfi ti'Piihh t>i• nj>ir. as • < pti«c’c5 i** t n n bul >ii Un* UupUn̂ c uf li,‘ < . ... i* j ĵ vi, used 10
■ uiibith;i lutViti) in i j.niii ,u.l 1

■ eoiSo\
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lind then V/8  end y /2, but these are not the true roots, for their square is 18.
If we proceed contrary to the rule by (hiding a surd equal to >. ■■■• ol the ui 
as \ / 7% which is the sum of y /32 and y / 8, and extracting tin: root of 10+  

we shall have for the two roots i / ( ; and \Z4, but their square i not 
equal to the quantity whose root was required, file foregoing rules are illustrated 
by four more example™, which conclude this chapter.

CHAP. V*.
« To find the value o f an unknown number, such that when it is multiplied by 

“ a known number, and the produc t increased by a known number, and the sum 
“ divided by a known number, nothing remains. Call the number by which the 
“ unknown number is multiplied the dividend, the number which is added the 
(t augment, and that by which tlie aim is divided the divisor. Find a number 
“ which will divide these three numbers without a remainder. Perform the divi­
s io n ,  and write the three quotients, giving each the same designation as b e
“ n u m b e r  from which it was derived. Divide the dividend by the divisor, and 
u the divisor by the remainder ot the dividend, and tlie remainder ol roc d.vi- 
“ dend by the remainder of the divisor, and so on till one remains. Then let: the 
“ division b. discontinued. Arrange all the quotients in a line, write the augment 

below the line, ami a cipher bcl m- the augment. Multiply the number above 
“ the cipher; that is to* say, the augment, by the number immediately above if,
“ and to the product add the cipher. Multiply the number thus found by the 
“ number next above in the line, and to the product add rite number a I woe the 
“ cipher, and so on till all the numbers in the line arc exhaustm. If of the two 

numbers last found, the loner i , applied according to the question, the number 
“ above will bo tin' q u o t i e n t .

To find the leam values. Dividi rbc value ol ' 1/ by a ;md call the rcmaittdei //.
“ I)l\ide the value of c by b and call the remainder r. Multiply a " \  die 'able 
“ ol .r and to the product add r. Dir ide tin aim by i- and the quolmnf u id In- 
“ i: without any remainder. And it to tlie fust rcmailuh r we .. Id u a-,,am an i
“ again, and to the sect■ ul ii iiiaiiuln l> as tm.ny tinicv " . a I h. v. in w vam.'S
■ ' omr and y.

“ This rule is «q t • i i It onl wln-u then, nbei of quotients i> even; "hen ii is

* ’1 m- ruts tfiviii io tins dbaj'i; i in i-tVn t tin; .v*. i !.'■*• wli.< Ii Imv*' r‘-" i: '' k  ‘
Kutn|Mun AlgcbiuUt* Cm ill* lulutiou of !■ ..i,. oC; • puiUm.i ot tin. tint Uiyn < t • "'I'. • v " f'u
|:fiK'.',- Uy continued fru'.liuny

<SL
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'■ (u!<i !>n n  ■': -m  1 ol:o-vs. Having pci formed tliv* operations directed above, sub- 
’met jc v . .1" of if from u and that of .e from b. It a number cannot be found 
to divide a. h, and , without a remainder, but a ntunbtn can be iuuml to divide 

“ a am.l c v : hour a remainder, (-.opposing the reduction ofthe.se two instead of 
" th; t ot tin three which was directed by the foregoing rule) x  will be brought 

° ’.:t j ;giit and ?/ wioeg. To find if right, multiply its value now found by the 
voor o t «: and c, aud the produet will be the true value of y. If c and b only 

can be red ;■/ d by a common divisor, tilt: v.'due of ,r must be multiplied by die
• • nne.o.j dmisoiq ami the quotient will be the true value of x. When c is — sub*

“ tr i. i i f  wine of w from h, and that of if from a.’’
“ If die subtraction i possible let it be done, aud the question is solved; if it 

j VT sibl appose the exec.- dm subtrahend above the minuend to be 
relative. Multiply the minuend by a number, so- that the product may be 

‘ c- ■ ;a than ilm negative quantity. From this product subtract the negative 
qtr mi’; , uul tlm remainder will be t'u manlier lequlred.

■ b u a i — the same rule is to be observe d : that i-, subtract the values of .r 
a* 1 y d  om b and a. It c is -f and greater than b reject b, and its multiples from 
c tdl a nuniher ! . -> than b remains. Note the number of times that b is rejected 

' 'fom c ; if then, v ill lie no remainder after rejection it is unnecessary to reject.
• (io on with the operation, add the number of rejections to the value o fy  anti 
“ urn wi'l la it true value. The value of x  will remahr as before. I fc is  —

subtract the number U’ .eject on- fro i'..- •. aloe ■ >f •»/. If a aud c are greater 
th in b n u . t h (o-its multiples) fioiu both; call the two remainders a and c 
md pro d ; ■ 111 come out right and ;/ wrong. If there is no augment, or

’■ f c div lay l> 1< . vs no m . ontlcr, .< v ill be =  0, r. / the qu dent. If 
tlm numbers am no: reduced, hut die quotients arc t;.!;t*n from oii:.-.inal nutn- 
'■ :rfi- V O'f Jf wdl a tv. iys he In ought out tc-ot. If dt : numbers are reduced,
- and j  will !.<• brought out right only when both are reduced, and but one of 
then • w h oe brought out right when how* aw not redum-.d."

' injik. a :* >, > —~ >, b J d i v  tding Hum mun fs by ]y v <_
” ' ‘ 17, e i: >, Divide 17 by la (as aliovi: directed) cotitimi­
tt' dii d iv u m  till the reiirumh i is I. I he qmilit'i ts are 1 and 7. vvrite

tl|,s,: 11 ri •"» with (■' below them, and 0 bdmv thus: ...-— --------
Mumlpl.v by 7 the product is add 1. the sum is 3$. Mul- ; !
’i-ily '.1r) Iiy 1 tlu-pi .duet t> b > add 7. tie sum is 40, 'i lie two 5 I
Iasi numbers tin 11 .tie 40 and ;.5. From 40 throw out 1? tn.be J ___ , J

HI §L
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6 remain*} from 35 throw ottt 15 twice, 5 remains; thereforex  r: 5 andy ~ 6 ,  

SS1 X o 4- 6 j-------.----------  = 6. 1 7 + 6 ' — 23 is a new value of y , and 15 +  5 — 20 a corres­

ponding value of.r, 2 X 17 +  6 — 40 is another value ofy , and 2 X 13 +  5 —35 
a value of a\ In like manner we shall have 3 X 1 7 + 6 = 3 7  and 3 x 1 3 + 5 = 5 0  
new values of y  and r, and so on without end.

Another Example. <r =  100, b —G'3, c ~ 9 0 ; c being’ +  or —. Although in this 
case 10 is a common divisor of a and c, yet as the reduction would give a wrong 
value of y, write a, b and c as they are, and proceed. We find the quotients 
1, 1, 1, 2, 2, 1. Arrange them in a line with c below the last, and 0 below 
in. this manner:

i
i
i
i)
a
i

V, • 90
o

We have then
1 X  90 + 0  = 9 0
2 X 90 +  90 =  270
2  X  270 +  90 •= (530
1 X 630 +  fi/O =  900
1 X 900 +  oSO =  1330 
1 X 1330 +  .000 =  <2430.

The two last numbers are 1330 and 2430, divide the former by o'j and me 
latter by 100; the remainders arc 13 unit 30. therefore .;.•*= fS and y -v 30. 
100 x  1H +  90*

<53 " 7  ~ ' '
By an o th er m ethod D iv ide 100 and  90 hy 10, tlieu o' = r  13, b — d.f. c ' — o.

The quotient* are now found 0, (>, \  write t acm in a hue wuh c ami 0 below ;
we have

3 X 9  +  0 =  27
I I o X 27 +  9 =  171

o X 171 +  27 - 27.

^^jj1̂ '': Jĵ 1* jh '̂ ' ,|A < ^  " ' ** " • /
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• •> <» hist. numbers are 27 and 1M. From £7 throw out 10 twice, 7 re­
mains ; trom 171 thiow out 6:1 twice, 45 remain'.. The number of quotients 
being odd, Subtract k> from 63 , the remainder 18 is the value of u\ 7 sub­
tracted f; m 10 gives 3 Ur y, which is nut the tree value. To find y  correct, 
riu’.'ijdy 3 by the common divisor 10, the product 30 will be the true value 
ul'y.

ici way a solving toe same question is this, find a common divisor of 
and c, lor example, 9. Dividing b and c by y we have a — 100, b' — 7, c '~  10.
■ rtoi'm ;h.c division and arrange the quotients in a line with c and 0 below, the 

quotients will be bund 14 anti 3, then
3 X 10 +  0 =  30 

14 X 30 +  10 =  430.
( ,om 430 throw out 100 four ’ones, 30 remains. Here we have found a true 

value ot >/ and a wrong value <n r. Multiply 2 by the common divisor f), and 
ti .■ pr iduct 18 is the true value of.r. This question max also be solved by first 
taking a common dh isor of a and e, and afterwards n common divisor of b and c, 
as follows

I deducing a and c we have d  — 10, c/ — 9, and l> — 63. Reducing b and r we 
have (c JOo, c' =  10, U ~  7. Unite the reduced numbers thus; d  — 10, 
b' =  7 ; but c liaving undergone two reductions *, take the difference of the 
numbcis arising from the two operations ; then a zz 10; b' zz 7 , c‘ — 1, divide 
:n>d arrange the quotient-, with <f and 0, as above directed, and we shall have

2 X 1 4 - 0 - 2  
1 X 8  +  1 ~  3.

3 and 2 are now found for x  and ?/, but tiny are both wrong, for c was re­
duced both with h and a. 2 must, be multiplied by y the common tlivisor of b 
end r\ and 3 must l>< multiplied by lo the common divisor of u and r\ the true 
values 'ill be — 18, y  zz 30; and new values of y  ami may be bad by adding 
a and b  agam and again to those ahead found.

«  £ . v d* ’fiX zi** t’ / D - —j • ”
J - V> *tivide u - by p, tlioi t———Z  g  wlv m i * - t  ■— Hf divide i  cu.i ■

P
b v r~ K ■ V ■

b y S, tl-i-n*----- £-----C3 ~  ^ Inking M< -l-Jttentt v u j  t„,e m (hit cast. static. p g s t t ,  andjc —  ? s= ).

P
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Wiiat has been said is applicable only when c is +  . W hen c is —, subtract 
IB, which is the value of x, from 63, the remainder is 45 ; subtract 30, whi h ic 
the valueof y  from 1 0 0 , there remains 70. We have in this case x  ~  45, y  — 7 0 ,
By adding a and b as above, new values of x  and y  may be found.

Another Example. Suppose a — — (JO, b — IS, and c =  3 +  or —. W ithout 
m aking any reduction, divide, end place the quotients with c and 0 .. be.ore, 
we have 1 X 3 +  0 =  3

I X  3 +  3 =  6
I X  6 +  3 =  0
1 x  9 +  6  =  15 
4 X 15 +  9 =  60.

Tlie last numbers are 69 and 15. From 69 throw out 60, 9  remains ; from lo 
throw out 13, 2  remains. The number o f  quotients being odd, subtract the 
value o f  x  from 13, and that o f  </ from 60, the remainders are 1 1  and 51. As 
60 is — the subtraction must be repeated, by which means we have as before 
a ~  2  and y  — p. I f  c is — subtract the value o f  x  from b and that  o f  y  from . 
and we shall have again ,r —■ 1 1 and y  ~  51.

Another Example, a — 18, b ~  1 1 , c ~  — 1 0 . Divide and arrange the quo­
tients as before, we have 1 X  id +  o =  10

1 x  lo  +  io  — io
1 X '-0 +  10 ss  30
1 X 30 +  2 0  =  50.

From 50 reject IB. and from 30, II ; the remainders are U md a being — 
subtract 3 from 11 and 1 f from 18 ; whence x  ~  5 and y zz 4.

Another Example, a 5, b ~  5, c — J W e e d in g  a-, beh>re, we slud! 
ha\ v. 1 X 2  l +  0  -  23

1 X 23 +  23 -  4b.
As 3 can be rejected hut 7 timc-> front 23, reject 7 times from 4 s'. ihc re- 

niaimlcr., are 2 .uni i I . I f  c is — ■-ubliact 2  limn 3 iberc rcm.i ns l, an.! ] ; 
ironi 5 i 1k i< remains — 6 . H u y  iwivt 5 must be added to ... <; the Sum 4  i* 
the value o t y : and that the numbers may correspond add ' w toe > to i ; (!■ . 7 1 , 
f  is (he value of x\ I f  c is eats't than b, reject b from c, Throw out 3  a«vcu

\

HI ■ <SL



limf‘ from 23, there remains ‘2. Make c =  2 ant! place it with 0 under the line
o f  quotients, we find 1 X 2  4 - 0  — 2

1 X 2 4 - 2 = 4 .
2 is the true value of and 4 which is feu nd for the value of j/ is wrong. Add 

7 tlu divi.or of c to 4, the sum 1 1 is the true value of y. If c is — subtract 2 
front 'J,  and 4 from 5, and wo .hall have 1 for the value of .r which is right, and ] 
for Uic value of y  which is wrong. Suhtr iet 7 from the value of y , the d'.lh reuce 
is — 6 ; add twice > to — 0, and we shall have r the true value of ?/.

That the numbers may correspond, twice .4 must in like manner be added to 1, 
and 7 will be the true value of.?'.

, ' /

A xnr Example, a — 5, b =  13, c — 0, or c =  65 ; the quotients arc 0, 2,
1, 1 ; place them in a line with c and 0 below, we shall have

1 X 0 4 - 0  =  0 
1 X 0 4 - 0  =  o
2 x  0 4- 0 =  0
0 X 0 4 - 0  =  0.

Add > to (>, which stands for the value of y, and 13 to that which stands for 
he value of we have theny  =  $ and x  =  id. In the second cast c/=5, 6 =  13, 

r =  0 i. V b measures c, • wil1 1 c fmi <1 =  0 am ?/ =  0. To the value of?/ 
mid s -hid; is me number ci lit. ■. b j- Vcjccictl from c, and this will given

i  X 0 4* C.5correct value ol' ?/, for ------- -------- =  5. Adding 13 to 0 which is the value of

? we shall have x  =  lo, and adding .4 to 5 which t> the value of y, y  ~  10,

,-.,r i 2<-i? +  “  =  10.I \
A 'tltei method is to suppose t =  1, and pr ted ..s drove directed. Multiply 

tin. v.vines of r and y, which will he so found by c, reacting a from the value 
i , ad b ‘tom that of t, tlu remain-let will he the numbers required.

/- '(in./ik. a =  02 b hhh c =  6‘5 ; dividing lliesc numbers by 13, their 
nonutiml divt.su) w< have o' =  17, /e hr, e =  1 . lor 3 write one, and 
(hiding the quotient;; as above, surange, them \wt‘> 1 and t) below, then

7 X 1 1- 0 7
1 X 7 + 1  =  b

Multiply * and 7 hy >, the. product ate ‘>0 and 13.5 ; injecting 17 twice from 40.

^ 4  i ; ; t u o d u  c t i o k .
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ami 15 tv, ice from 35, the remainders are t> and 5 ; whence .r =  5 and ~  (V.
I f  c is. ~  subtract 7 from 15 and 8 from 17, 8 ami 9 remain. Multiple tk 
numbers by 5, the products are 40 and 45; 15 and 17 being twice .ejected 
,r -  10 and j/ — 1 1 . By subtracting-6 from 17, and 5 from 15. the Burnt 
numbers will be found.

“ Know that the operation of the multiplicand is of use in m:i >v x; ; *
d by the rule 1 shall have brought it out and im  one destroy« t, ami : ■ 

“ remains; by the operation of the multiplicand, 1 can determine the muni,
“ which have been destroyed from that .'inch remains.

“ In the operation of the multiplicand of a mixed nature, the midtip.icaud is 
“ of another kind, and it is called the multiplicand of addition, and that relates 
“ to determining the value of an unknown number, winch being multiplied in 
“ a known number, and the product divided by a kc nvn number, lb. . wi 1 
“ main a known number: and again, if the same unknown number is mukiphed 
" by another number, and the product divided by the funner divisor, the re- 
“ maimlcr after division will he another number. Call the numbers by v hi. h the 
“ unknown is multiplied the multiplicand, and that by which if is divitib . the 
“ divisor, and that which is left after division the iemainder. Here then me two 
“ multiplicands, one divisor and two remainder,. The moth d of sola: m .s 
“ follows: add the two multiplicands together and call the sum the cm be ml.
“ Add the two remainders and eall the sum the augment m gat..e , lc:,\e in 
“ divisor as it is ; then proceed according to the rule- which liave been given:
“ but the values of .r and y must he, subtracted f r o m  (, and n, r  w\l\ bcYouud 
“ l ight, and 1/ wrong."

Example. a =  5, c =  7. a =  10, q ~  14, b ~  iij , - /  ~  y  +  c. :U; ‘t  =
0 * ip

~ +  e, A +  s z  15, c H- c ~  Si, we have now a' 15, /• up, t *-

\ M ll,"! . BunwN ropy •« ,mJ Iwgf,.* tlm it i. of . „v i„ ,|., ;ilt
<■ n.nmlc :.ml t«vui.«lfc* A.id ft. i>  nmrgin ll.oe is au ■. i,v u ,  ..... ,K
“  1 K|VC ,!x «•««!•'• iimt.-f this 11.1- , <iur i„.A, 3 , n  tuvoiuli.,;.s „■ ti„. uvc„s ,
“ ni«l,U; 1.0*111,ny w.ll i. ,Mai. ■ ,n I 7  d .,■ < 1  h , „  vmt(.r Rlu. , t ,„. . , . ... . „  .

,3» Ul" '■’ “  h> , Nitwit* fcil.ls " .fall this w.;r.> Iml Vw p i lA h m^h
ton'll bv tin: it,to .H e  then ei.i"; 11>, ,. ,, 7 :  *  ’ .i:.f ’ ^  1 '' '■ ’ * "< ■' ’ »»'1 ;» “l.i.jj, PL .. . :

fi0x' — 2̂  ,
icn tio'ii - — y  ItejunK* jikI v , «■ ! soon tiil ilin v. nilkli.nl, f, ,  B  *'
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4 X 7 +  o z  r 8
- 21, we find 0 and 4 _ , 7 -  6 =2, 2a — £l =  7, 5 - 2  =  3 =  ;/U X so 4 - 7 — 7 •
■wrong; 21 — 7 =  14 = .r  light; for multiplying 14 by 5 the product is 70, 
whu.-h bring divided ly oil lca\ts tire remainder 7 ; and multiplying 14 by 10, 
and dividing the product by 6;,, the remainder 14 is obtained.

CHAP.” VI.

“ On * the operation of multiplication of the square; and that relates to the 
“ knowing < fa  square, such that when it is multiplied by a number, and to the 
‘ product a number is added, the sum . ill he. a square.

" In this question then there are two squares, one less and the other greater,
■’ and a mu tiplicand and an augment. Isom the multiplicand and augment 

known, tin: two unknown square., are to be found. The method of solution 
“ 'his : Assume a number and cali it the less to ; take its square and nnil- 
“ f.ply it by the multiplicand, and find a number which when added to it or 
■!< subtracted front it will be a square; then take its root and call it the greater 
“ root. Write on a horizontal lino these three, the less and greater roots, and the 

- uber winch wav assumed as the augment. And again write such another 
Knc uuder the former so that every number mu/ be written twice, once 

* a.jo'X and ! o-low ; then niu.r. !v < i . .ays tlv two grcatei toots by the two 
“ levs; then take the sum of the two and call it the less root; then take the 
“ rectangle ot the two less roots and multiply it by the multiplicand, add the

11 ' L' 1 " - " a 1 er T i (lie penersil soltili i of  a * * + bs_  . 1 irr, a., they atau.l in the

1 ' to , l" ""Tu,w ''1' ■r' ■ ' / ' + 8 k :; , 1 t >r": / i  0, mnl n n y '«• any nuniNirs wl,iri. will «atqiy l l i - t ’liua-
s,J>' r x  -■ f t  +  f t  »•»<!'•</-■ an. i fl" =  Mi. T i n ' i u » ' * + f s / ’ i :md m.ikii-s  a y r

+  . r  =3 6-3.  . . . •  l "  _  .  » —  v y  a n d  * "  -  , V —  a ;  l l . m -
A*

I 7  I> e„ ,1 —  — H, amt if a" «£ a, thin. (J />* =  a, but In the f„ a caw.- (he value* m *” ami y -  must b,;

' ,n 1 " "'"Inpli'-U layp. In tin*- ay. I>\ tli, n o  . imil• iplt.uli.*i» of t(,<- number* new
r !l “ " ■ .ml 0 — u liit- i n h ,      ab I-•tiii it’s i i ro p o t in .n , ,|,;c I,
hr a . • .1 iii tlii. nuiui. i b , 1 uei- tV» lhillti|> new valm i 1 .t mul y  lii .ic e<|u.tiiuu t> a.-. (St-c

' ' '• 1......... . " ,il ' "-1 1 a i kI»M.) U a ,t « +  »ta j)\  " u  * = s  r  J . u n g  an y  u n m l e . r t  ,

-l.u . Ml. hit. in m ,r  only »H-n » «  • In that utv. J  I 1 = a ( ’ ‘ wiiij ,  , the „ , „ e a,
J o t . 1 P. von* ki'r’r tiluiHMi ©f FVr»uai.’-
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“ product to the rectangle of the two greater roors, the result will be the greater 
“ loot, and the rectangle of the two augments will e the augment.

“ And to line! another square in the same condition write on a horizontal line 
the less root and the greater root, and the augment, which have been tumid,

“ below the less and greater roots, and the agunient which wore assumed. J l '" 
form the same operations as before, and what was required will he obtained.
“ And another method in the operation is, after multiplying e r.ssways to take 

“ the difference of the two greater roots, it will be the le~s roo*. Anil having 
“ multiplied the rectangle of the two less roots by the multiplicand, r, te the pro-
• duct; then take the rectangle of the two greater roots, and the u beret ■_ ut 

“ these two will be the greater root.
“ Aud know that this augment, that is, the augment of the operation, A it is 

“ the same as the original augment, is what was lequired. Otherwise, if  it is 
“ greater, divide it by the square of an assumed numb or, that the ong'u.i! aug*
“ merit may lie obtained. If it is less multiply it by the square n! an assumed 
“ number, that the original augment may he obtained. And that they may cones- 
“ pond in the first case di\ ide the gicate: ant) less roots l<\ that assumed muni >
“ and in the second case multiply them by the same number.

And a third method A this. \s  iime a number and divide its double by the 
“ difference of the multiplicand and its square, the less root u ill 1>- ..In,lined.
“ And if we multiply the square of it by the multiplicand, and add he augment 
“ to the result, the root of the sum will be the greater root.

E.vcwtpk *. “ What square is that which being multiplied hy 8, and the pi\»-
“ duct increased by t, will be a square. Here then are two squares, o n e  Ic s and
“ one gieater, and 8 is the multiplicand and I the augment. >oppose 1 the Ic-.-;
“ root, its square which is I we multiply by 8 ; it is 8. \\ c find t wliuh aihlcd
• to 8 . qi |;i; a square, that is «>. Let its p»« c which is .he t ,

“ root. Write the.-. ; three, that i- to <uy, the less and greater roots, aud the

* ,1>  find « :i I y«o l /a a S k 1 +1 ?sa Sii|)|>.i,.'/ ' =  I, ami /  » +  0 p  I -I ft - - . tH.-ii S . c i , ■' ■
~  f. t A t > :■ 4 /  . i s  t ", /,, l x i ~ l  the i ; I scin,? the orijvn.il •>*• "ttut 1 . ii» no

occasion tv. <-«rr) the op'iatm;. her. « x 3ij -f 'si-.-y - a l l4, For v-liu», x -.o  1 x -  .
1 X C X S -t J X 1 * —  l/U }/■ 1 ,■< I v*r i i if? i.m* ’c?.f s X 'Jj 1 t ™  t>bs tl*. Il> 1'' Sian...' m .v v;C *n
may oe fonud.
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‘‘ uugmeut OH a horizontal line; and write tle.se number, below in the same 
manner, thus:

----- - _— ~.—  _________
X - ' . G reater Augment

1 1 3 1

1 j 3 1
-  .

“ ' iuV ;l il»e two greater roots crossways by the two less, it is tire same as it .
“ 'Vas bdorc ; add U‘ lv o> *  is G; this is the less root. Take the rectangle of 
‘ tn O ie- roots, it is 1. Multiply it by 8, it is the same 8 ; add it to the rect- 
«'angle of the two greater roots, that in *>; it is 17, and tins is the g,eater root.

Fake t1u; rectangle of the two aygrfieuts j it is J. As it is according to the ori- 
“ o.hUIk , is no occasion to work 1 r the original augment. The square re- 
" n :>6, ahich multiplied by 8 is £88; adding 1 it becomes £89 and this

' ' •'5'!aare '•.hose root is 17. Again, to find a number under tHeVaiifc ro:.- 
di /.as. L' inu die less and greaiu roots ami (list augment, write the less and 

f‘ ?rcita r0u,i and “gnnat vhmh have been obtained l>y the operation, thus:

• '  On-ater Augment

1 « J

G 17 1
■' ~ ~  --•• "P *».„ ,,

'■Multiply crossways the two greater and tliu two less roots, that is 3 In 
and 17 by 1, it is thus* J '

tlrolrr Augment
----- -------------

I IS
* 1 — *-» •>- •- ...... ..
17

__
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#< " Af,<1 thc tu'° Sfeater roots; , is 35, and this is the le-i root. Take tlx reel- 
(I an°^c two less loots; it is 6. Multiply it b y  8, the multiplicand; atftl the 

piodno) which is 4S to the rectangle o f the two greater roots 3 ...id t hi rh 
‘‘ l s 5 ,» ir is .°y> and this is the gieater root. Take the rectangle <f the tw o-  
■' augments; it is the original augm ot : tor when thc square of 35, v.'.:ch h 

i. multiplied by it \\ ill be pS()0 ; adding J it will be a sqv •re, vr/. ■ g the 
loot oi which is 99- In  like nianficr ii the two roots a i d  the uuumcai . re 

“ written below the two roots and the other augm ent; i.'ke G and i; ;u< i, am!
tiic opciati: n is peiionned we shad timl what we require, and another no: iher 

“ will be obtained.

A.\otha' L t  ituple. \i hat quart is that which being imdtij . d ,<> I ; a 
“ tl,£' Induct increased by 1, will he a ,,-c *? Suppose t the Jess roof, anil 
“ m.dlipk iissqua.c, which is l by 1 1 : it is H. F,m a num! ah i ,
“ sl,h true ted from it, the remainder will he a square: Ltl thi mu her . : ; ibis 

ihiii is the negative augment, and 3 w hich is the root ol'p is die "•it itar . ,ot.
“ Write it thus :

Grc.-ter Augment

1 3 2

...■ '__________________ ■-____

* I U * + l = j r ’ . . S u p p o ^ . ^ f f / . - ^ Q .  J . , ( , , x  I = .t e ( .

I X 1 X I1 4 .S X 3 =  20« ;-. - e x -  .sr *♦. J the urignul :u,
. . .  Vftl
Ihi'M-iorv - — 10 s r  jr. -  s s  .. =s *. I 1 1 x  +  l i=  100 t c  (O',

A*MlKT»«y. BnPP«*e/«i  ® I U / . +3* g .  Let * =  5 . I!x i . . .  IX l+ :  x i . ,  , =  ,
lx lx 11+ 4 x *==37ssjr. S x i  =  ,. Ihc uiigmcnt. U , ,  l „  x (7 

t>r e, *.,»*, lax |  X r *J  ,  ■, ,  „ *  * « » *  Ix)as|>l ,

" « ( r h - = , r g  , » ........... ........

a t  ...................| i » S J ............

11 ' ■ <SL
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“  M ultip ly  crossways, end add the  two greater, it  is 6 ; and  this is the less 
•' root. Take the rectangle o f  the two levs ro o ts : it is 1 . M ultiply by 1 1 ; i t  is 1 1 .
' Add it to th r rect angle o f  the two greater which is 9 ; it is 2 0 , and this is the 
“ greater root. Jake the rectangle o f  the augments, it is 4  affirmative. N ow  

re have found a number such tha t  when we divide this number by the square 
of that, the  quotient will be the original augment. W e have found a  and per­
formed the operation ; 1 is obtained. And \vc divide the greater root winch 
ij 2 ) by 2 , 1 0  is the greater root. And we divide the less root, 3 is the less 

“  root. For if  the square o f  3 which is g  is multiplied by 1 1 , i t  will be 99, and
vh<w‘ \\c add 1 it wih be 100, and this is the square of 10 which was the 

“ greater root.

a n o th e r  method is, suppose 1 the  lf,ss root, and multiply its square Iiv 1 1 , 
it i : 11 Wcf find 5 wl-.irh being added to it will be a square, that is 16; its root 

hu l l  . ■ I i >' ■ ■ ■ gr at tr ro it, tlm ;

I.r.a Greater Augment

1 I 4 5
♦ ____  _ *

1 | 4 5

“  * rter m ultiplying crossways, add the two rectangles; it is 8 , and tiiis is the 
' less i J O . ,  and the rec.angle ot the two less ; which - 1 we multiply by H , ir is 

i I . ami iv to the rectangle o f  the two greater which is lG; it i, 2 7 , and this i., 
the greater root. An 1 tu rn the ectangh of flic augments, i>$ auc .ent is 

“ olita.ii^l. f e  fa t  found an assumed number j ,  s ta b  that .when the aug­
ment is divided its sqmtie the quotient will be 1 . Ai d Im correspondence 

“  H !0 r> ’’ *diiis IS the less root. And We divide •i) by ; 27-fifths
obtained bn- i n gn 'im  • rooi. For :ult 'p!yiiy  the 'quart oh -J-filtlis, that is 

<l 0 1  twenty Mill parts by 1 t, it is ~0l tv.eiuy fifth , :uio ; add ] integi r that is •
*' 2->. !l is TV) ot th ■ diovcmcutioned denoipm.Mon. Ami to find oil cr 

' ur‘ : (!'1- conditions, write tin two root.', and the other a;, r;Me„t 
' ,u 1 :,l» 1 0u<>inti t, and that is on the siipposoiou of 3 and 10

•' and i, which were obtained bcfbtc, thus:
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Less G n.aifr Augment

8 27 I
b  5  1

3 10 l
------------ --------------------------

« After multiplying crossways, add the two rectangles, it is 161 -if"- is. and 
“ this is the less root.. Multiply the less rectangle, which is “d-fiftns, by 11, it is 
“ 264; add it to the rectangle of the two greater, which is 27<'-fifths, it is AT- - 
“ fifths, and this is the greater root. Take the rectangle of the augments, it is 1 
“ The operation is finished, for multiplying the square of 1 til-fifths, nhk 
“ 25921 twenty-fifth parts, by 11 , it is “Soldi twenty-fifth parrs; add ;.5 that 
“ is i integer, it is 285156, and this is the square of 53-Mifths.

“ And by the second method After multiplying crossways ! is 81-fifths ami 
“  80-titths ; the difference is l-tilth, ami tnis 1-filth i ■ the less root. >lu , ly the 
“ rectangle, of the two less, which is “4-liftl»s. by 11, d is Co I -til ths ; am! tin .c  
» anede of the two greater is “70-lit'ths. Take the didm-m-c ; it is C. fifths ; and 
“ this is the greater root; and 1 integer is the augment. The square of 1-filth,
“ which is 1 twenty-fifth part, multiplied by 11, is 11 twenty-fifth parts; add 
“ it is 36 twenty-fifth parts, the root of u Inch is fifths : and :u list nu.uv-r 
“ anv number which is wanted may he obtained.

Exa»>’:h:. “ I.et the first question In: solved by the third metlv’f m Supp c
“ 3 the less root, and take 1 tie dillercnee of its square and the multipT . .id <>. !.i, li 
>< js s , ,1 is 1 . Divide twice 3 by 1 ; i'. is 6 ; ami this is the les: mot. ; or n ul- 
“ tiplying the square of this, which i; hv 8, h is  “S3; add 1, it i- and
“ this is a square, the root of which is 17, and thl.-i is the greater root.

“ Another met hod is wlut is called the operation “fen niation |. '! mg

*  To valve llie tii t ijw.O l>;- |ho thml motliod. 0U()|>uu: r s *  J, y  •' at •' -  u ■ M '»■> -t- 1 ~  *

11". I" = V-
f  , tmiu)-. • to ku i',ni’ i), 11 * 111 , 10 go riv.iiui T u t ml,- i\  ,,ii’ix\;nig * . nl a

3 1—
liLing given e find * aud #  )>y tin- i.j.emdou of circulation, Find / .  ® *fld a io Hint \ f 1 •+• >* ■

f
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“ out :ho.v. which is required by the rule of the multiplicand. It is thus: After 
*• supposing tlu: less and greater roots and the augment,- suppose the less root the 
{ dr. uien ., and the augment the divisor, arid the greater root the augment.

“ Then . the rule of the muidplicand which is passed, bring out the multipli- 
“ earn! raid the quotient. I f  that number by tvliieh the questioner multiplied the 
‘ v  rec ran he subtracted from the square of tills multiplicand, let it he done;

*• others,; e anbti c the square of this multiplicand from that number of the mul- 
“ tiplicund. If a small number remains, w ell; it not increase the multipli­
c a n d  thus, add the divisor again and again to the multiplicand as before 

explained, lili it 1, so -hat you can subtract the number o f the multipli- 
“ mud IV : the square of it, or the square of it from the number of the niul- 
“ tiplitand. Whatever remains we divide by the augment of the operation of 
“ multip i rati on of the square, and take the quotient which will be the augment 
“ of he o,.‘nation of multiplication of the square. Id then we shall have sub- 
“ i - ‘i .i 11 • .tipi nd fro n the sqm e, let the quotient remain as it is: and 
“ if ic shall have snbtnu ted the square from the multiplicand it will lie contrary,
■■ that i,. if negakvi. it will become ntlirn.ati\e, and if affirmative negative ; and 
“ ’.hat quotient which \vj obtained nv adding the dividend to tin quotient, as 

/ iiin< as the divisor • a» a*tiled to the multiplicand, will be the less root :

j f x  - f  g-
• p-- —' v iuhJ from the laioivi u t i i /,  0, iJnd x  ami v by  the uiios which h a v : keen giw n. [f x s

be >  _ • * is * x - —  a , or if  not take a — x2 ]< vnuill number reituins it i well, otherwise tak e  m ultip le  
<> #), .util r.«» i.i 't; '»;«• i -'.t, I vtiine >/ x for a new value, till ' i It »vr (hjB ) x ) ‘ —  a , or A — (rt:0 +  ;

»■! • • i* ‘ x i.An. v.r •) ,vn iiljti.Ji.t' d clv.tni.re tit*.- -i m.i oi tint If lo.-toad of \ l
v Air* f  +■ :  '.»»• ii *.:s • i . . n*rc*|>i.» rijj.j v line ol v , ?*//4 Y m- i he Liken : :»y substituting lher.e v ‘.Inc as

' • ' , • - • /  . v =  V, ai..< o r * t J : J .  ^  Wl. have the  vdiilion of (Id* equation

* + ( l  ’ ' . j  fi . il u m lid  — t  imr i i  «/>' ii<,r l u — |,: 01. i : ■<' is lieforo. L et A f  "1 +  tf 33 s ’1 lip a dilutionP
i =  g ' ;,re known. Supjwu: ~a j-r - h.-fon* -id i-.tul <,n»

w n f *
b; l.'.el ’• 1 At • + A in like mamv-r (or a** (• |  t  »,* :1 |? <" .J =: 11 or b;i! ,.r

P*'
I " ‘hi. i . i 1 in, for v’ r /  1 a x ’. i ‘ sz  w  li.a"1 nK’-t -Ii -s .* 1— j q--f. ■ liic*}i

(A /* 4 fl\ x ’+  > /, s -t- A (r ‘ —  0 f, at---  - p ------  '—. • hut a/* + H g*, ami g -  11-* */«, and thrri-foix- . v'4 il -j
t  v ‘I s /y x  | * /,i. “ vvim.i. - a - ! rs >/' l1 mli Cl-i , I, :>'iu .i.'.pcc! imptilert, ia in
i’" " 1' ' llu *» mi ..in. !t»4q>roi,K.,i iu ii.ifji. i by the. i> o f oomitn.ed Amcli aa, which
wa h o t  givwi in by  Lie L a O n n g c .
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“ and from tlie less root and the augment bring out the greater rout. 1 f tixcn tins 
“ augment shall have been found a square *, the operation is mushed; for fn.d 
“ a number by the square of which, if wc ciivjde this augment* the u si It be 
“ the original augment, when this augment is greater thitn the original auge eiit 
“ or otherwise, if w e‘multiply by it, the result will be the original a: gment, in 
“ the same manner as before. And if it i.i not a square pcifoirn the opi.iarion 
“ again in the same manner ; that is, supposing the less root the dividend, r .J  
“ the augment the divisor and the greater root the augment; avid \”0: k as l:e- 
“ fore till the original augment or the augment of the square is found.

Example. “ What square is that which being multiplied b y te , u.d the pro- 
“ duet increased by 1 , will be a square f. Let. us suppose 1 the less rout, mul-

__ _ ^

* I suppose i t  should ho n/>* o r— . I think it likely that this docs not forr; * part of ihc nri h s j iuIc which 

si tins to relate to Integer value* only.
; C7.v’ + i  Suppose/ =  1 . m d 3 , iheu  67 x  1* — 3 =  □  =  «  *= «5- **  h:iv,‘ llOW ' /  \ - 6 ~ g \

w h e i e / =  1 and o s s  —  n , a m l f  =  8. Suppose £  j t i - v ;  that Is t o  a y, - - - y -  — Y a rn e d  tru e , . vo.-.i

... W(. I , , , . ; ; .  —  X ■'•=■ ii ml work lor x :.»<! v in —  ±  >’ =  r  Divide I by 3, as«ii.ccl"<i in t lie 1 . ,t chitplvr.

T1,„ q„. t'.er.t i.; w  • u. -h r it fl an I 0, we !i , 1 , ..ii.l v ■_ 0. T! m • '■ f o f •■:*• '" 'i i 's  ' : .»*! ».
«,ac.t the value o f*  flora 0 end th a t o f j  ( lo in /- 3 — 2 =  I — • I ~  ' ~  v * *'• « *>". raj. <-..-d twice w
g , add C lo th .-v a lu e '» tv .  1 +  J =r. 3 =  v  » c  Iih v  now x =  l and V =s 3. As we catinoi <u r.,- t
ami a : I gvoal'T numhvr will renu in  if «'<• subtract 1 ■ from ii7, ah: twice fl •" * f°r ■* ”0" “ 'hie m s ,  V X 3 ■+■
I . •: 7 a s  x, a irl lor i. . ..rn spending value of v <1*1 I wire f  to v • ' 1 +  '  — ■' = - Y. -• * ‘ • ' — * '•

_i!L - ------ - \ ; v. I avt I !'.I 1 >. -  • x wc mi.»l <-h.!i>ce tlie sic- •>* — *1 l’-vo.n.- i ■ - . •. -"I ’• . v ,
— J
have now V, - +  a=-. , when- * . if. and a ■>, wlietn-e. - *. S '" >' — 1 »«l " . *o-

r £ x 4 . 11
rcl.'il to  find > il. I t , / '*  H- i  1 wlM'iT . ~:l >, — i(. >1'1 — U . M. ■ ' • —  V f shall

fill,1 s 41 and Y’ae I !. Subtract f  *: tune* n il»: ruin t v , V  ~ n  x  t »  l ! b  v1,  ■ml.'Mv. a t  d 1 In

sain, nonbi.f ot 1* uts iron, 1! < . ihn of x . ft — Cx ■ ’> * . a - s ' < 1 ’ '  ̂ 1 ■ 1*

■ ■ li.<u‘ t: '.<mi t!.' r>' *<f < lini't Vi * min '*(1. and —— 7 rx , a .'1 ' t ~  v ; f t 1’ ■ +•
" V — - i), r nol inai'K -as It 11' mil . pro ctl as llhov.. I .vt « • d -d  • -  g *. vvlidrc /  r . .. 1. ~  ’ .

nlit jf Md..! •''--1 __ f . _1 ~  y f iv'ni'17 twelve inu- ' ,m . ' 0 : l , v t air,11 • i.l ' •- . I
V ca. 1 S iib lu it /  irot.i ll v 111 ■ ol s an : P  trum d' t 01 . Ill — 1 J 'T *sj f  . 1 1 mt. .«
T he iMiilb' 1 of <|l«KienU m "i" d i, of 1 ( bv ; brim ' m lJ nhp .1 1 * • of v ’ It.on ‘ ami lb.it , 
from H - -  7 ^  1 — \ ' 7 — 3 *r. -ex " \  > a* -..,,,1,1 tukr 3 ".m   ̂ . iii'd as « g 'M'br mi n i 'o  iriti.i ,
il" wc Miblr.irt - - Infm >", and (? « nr<- '-j .• w s.stue of n " , ' l  +  : •«*:’ - 5 \ .  m .'»• — • ..r 1.

h_ — — i 8’ At- 3 was reject, 1 I loner Irnm 1. . 1 Ul'ual hi: . ildtHl f ■ I be ' 1 ol V , * t. :!(• r .
v '2

111 §L
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(t tiply »i by 67; it i, 67. Find :1 die number of the augment, which sub*
“ tracted from 67 will leave a square, that is 64, the root of which is 8, and this 
“ is the grc.itcr root. 1 then is the less root, and 8 the greater loot, and 3 the 
" augment negathe. If we wish to bring it. out by tin o, : ration of circulation, let 

us suppose 1 the dividend, and 8 the augment, and • the divi.sm As lejeeimn 
“ ol the div.sor from the augment is possible, reject it twice, 2 remains, Sup- 
“ r w this the augment, take the inn. of the line, cipher is obtained. Write 
“ unde, it ? t]>e aug -cut and ••ipber. Perform the operation, the: m tilt i p l i c a  ad is 
w found 2 and the quotient cipher. The number of the line being odd, subtract 
*' the multiplicand and the quotient from the divisor'and the dividend, 1 and 1 
“ are obtamed. As we rejected rite divisor which is 3 tr am the augment which is 
: • , add i  to the quotient, the quotient, i , 3 and the multiplicand 1. As \vc 
cannot suotnu'i 67 which is the multiplicand of the operation of multiplication 

'‘ e ft ., square, drum the squaw: of this multiplicand, and if we subtract the 
'■ square of ibis from f-7 a greater number remains; from necessity we add the 
“ iliv.sar, which is ‘3, twice to the multiplicand 1, it is 7 ; add the dividend to 
‘ the quotient it is 5. Subtract the square of 7, which is 4.0, from 67, 18 re- 

“ wains. Divide by the augment <>f the operation of multiplication of the 
■' ■ quare, which is a negative, 6 negative is the quotient. As the square has 
“ b<v;- v.,!)* ic-f.'fl from ik ‘ multiplicand the negative becomes •'■out i ary; it is 
“ ■ tfnmat ' c, am1 this is viu* nugn-triit: ami >, - I>• • T» v : , the number of 
“ • 111 quo. ;cut is the less loot. Then bring out the great root, front the less 
'* root. and tin- augment, and the multiplicand 6 ', . it is 41. Write ibem in order.
' As 6 is me ,w .••me’.it of the operation and 1 is tlw original ...igment, perform the

■ o anon ag in ia. and the original augment: that i- to say, suppes; r, the
dividend, and 6 tire divisor, and 41 the i nu the operation of

“ 'in: nultiplicanrl. the multiplicand is found il  an 1 the. quotient also il Sub- 
" i 'ct 'i, the dividend, '̂ tiiued from 41, the quotient, tl remains; anil subtract.

" *' tdc > -a ’iinhei ci t i p f r o m  41, flu multiplicand, > remains ; take ts

*■ 4 ’ Msi« .»dtM c> (ho C m M  /  f .  ilmt o fv " , I l  +  l(i t:  2 ',' a :  v" N o s  A / a y f ’ e ;
......  -- ' , :ii.J (s' 2, the) fore v ~  I. I*t a/** +  C a W .-re j "  ar el, (l - - _

a 1 , -• :a't. Having n* fm.'id 0 , «i eh, umllipli d  by iticll will n  llic augaioni of the ssu.ov, (imsmiuij,
npi" sk n  '.;)].!)• the ln:,t rtik  of llii« cluipWr .» .« •} / g "  . <*J4, y  ' atg '‘ - 4. o / ” l=r , , :» l, g' < — (,

w  find ' ~  ’• u< I. Ili.it Dividing k/ ’ P es jT* by lu»c [ a l ~ y  +■ I »  ^ )*,
■Hi.I 01 /  6Jin* q- 1 .S3 00)14*.

tJ| 1:• ' ' 'SL
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“  square, ;.r. is 25 ; subtract it from u". 42 remains. Divide it by 6, the ' u. .
“ 7 is the quotient, ami this is the augment. As vve subtracted the square of the 
“ multiplicand from 67, it is contrary ; 7 tliea is the augment negativ :*, a : I 
“ which is the quotient, the less root ; bringing out the greater root. .. i SO.
“ In if,is case too the original augment is not obtained. Again, pci form the oper­
a t io n  of the multiplicand; II is the dividend, 90 the augment, and 7 the bi~
“ vi„or. The divisor caa be rejected 12 times from the augment; re' c». it ; 
“ remains. Take the line, and perform the rest of the operation; Is ;> the 
“ quotient and 12 the multiplicand, thu r

« ^  , 1 IS

1 12

1 6

' 6 ,

“ Subtract l i ,  the dividend, from IS, and 7, the divisor, from 12; ? and J 
“ arc obtained, the quotient and the multiplicand. As tin- number ol the line 
“ was odd subtract 7 from 11 and 5 from ‘ ; 4 is the quotient and the mu u- 
' olieand. As we cannot subtrai t from the square of . and aficr sub,.mel­
t in g  the square « <2 from t 7 a greater number remains, add on.ee <!v divisor
“ which is 7 to the dividend ; it Std.rrael <>? from its square which is hi
“ l i remains. Divide by f the augment negative, 2 negative is t h e  quotam .
“ and this is the augment. Attain, as wc rejected 7 twelve times • rum the 
“ tmgnn tn, add 12 to the qbotkm. whieu s i , it is lh* And i» we mi.led ; to 
“ 2 the multiplicand, add 1 I to lb the quotient ; h is 2?, and this is the !cs- root, 

f ind the grcati. i rout ; if i, 221 an a lg • . u r. ' in il .. Inch. al'er bcu.f
multiplied into itself, will be tlu augment of the qu o-e, wi v...>: In iiw

" below that and multiply crossways m doth plans From one cross nuiliiplica- 
Inn it is J;)n'7, add these tw o; I If),14 is obtained the liss root. \nd iht 
greater loot is c>70X4, nud the nutruie n is l ntf.ii native 1V« l.'u  on ml an 

“ assumed imbiber, >\ th .qn, c of which, it we di\ id. I'w. augment ol tlu 
“ operation, the quotient will he l, v hieli :s tli£ tnigimd augment, in like
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“ maimer we divide 1 !,)34 by 2, 59C7 is the less root, and 48842 is the greater 
“ root.

Jim,.her Example. <f W hat square is t lu t  which being multiplied by 6 1 , and
“  1 he product increased by ], will be a square*. Let 1 be the less root, 8 is the 
“ greater; and j  the augment affirmative. Applying the operation o f  the  m ulti-  
“  plicaad, it is thus :

Dividend. D iiisor Augment

1 3  8, __________

“ R V  ■ the divisor iwice from the ;u;g ner.t, 2  remains . and after the operation 
“ ■ multiplicand, and cipher the quotient, arc obtained. As the line is odd
“ wc m b truer Cipher from the dividend and 2  from the divisor. It. is 1 and 1 .
“ As wc rejected the divisor twice from the augment, we add 2  to  the quotient.
“ The quet 'rut w 3 and the multiplicand I. l i v e  subtract the square of the 
“ rnulMi li.; uul which is l from hi, a gieatei number remains. We therefore add 
v fwice the dividend and the divisor to the quotient and the multiplicand. The

* W ,4. U , A/' + H—n*. / ■- I. (t-3, .<=3. > u u . ■!*.+: u ,tl ' v K i ^ y> lcjcU g

H ■ ■-.’x . ’ -.- ' w  :il I';’ ■' v.-. . T l ,  n .im lirrof m ,* , , ! !  i; divis.nn of 1 h , 3
),•; ,ig i s.i!)trj< 1 t,..- I Jim- of V liom /,  aiui t!,.r. of x I .111 0, 1— 0 =  I -j— I s s lk r x .  A- 0 j, ,hu.(l

■■ ■ jhi .1I1 • 1 t, aim; add fwj,, /
■to ' ... ' *b\c ,t Y, ami lui ' 0 <• t h i . r 3  +  J x l a  -a v .  1 +  j  X 3 s s  1 — x. T i b  a __t, I —

.......... *> Z  w; % 1 * - ? .  w.l J r. N o t  x + f ’ - r ,  v l . j n e
'■< f.il ■'./ - +  w l i o r / 'e :  a, i ' s - 4 ,  , ’ 30. M 3  i. not =  „,»■, find a 5„(-|,

>'• A* >■ -  4* !. tlir  fa i t  rule of < l.i . b ,|il S' x  In' i r — l x  —  I — |- l  ~  u. -J',." x  ’ x  ~  =z

j: -  -  r' 4-A/ ( ,;i) V o ,  I } ) * * ? ; ! ? - , .r v iT ' ,  „ H , x ( i r j  +

1 ~  ( , ) • h  ./ '• 'I ■ K B *  .. I ,  6, (it * v _  I -  tlx i. . -  SS f ,  nml - -  1 *  S.

M.'nr - <l/»+* •■■••. .'tl AJ 0-6,.- P .  Wl.*rry =  ml jT«-f . .murll,*.
*

,w ' ‘ ' 1' ■ •' ' 1 ' 1 » — " t l * ,  .’ml n = - . . | ;  01 X J ’ I r s  I(C 1 . M'W
U...-S n -i; I , m ultiply AJ ■+ . - " il l .  tin v.ilmx «,rv .1,;. I . . . » I, «■, j,.si ........ cl,

' ' '  ' 'S ' ^ 1 “ 1 . 11 :im }■•*. )i hi - t kt t.u- juviiltiul vf  («•> »i -.ik . v' tell have l.i.'ikt igns,
•11 I  |» -b tiiat trftwo xlikli h»»r Ipii: iigiii.

v  * f ' -  ’ S  vk' Q
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“ quotient is 5 and the multiplicand 7. Subtract the squire o f 7 from :i , 13 
“ remains. Divide by the augment of the operation of multiplication o f the 
“ square which is 3 affirmative ; 4 affirmative is the quotient; and after reversion 
“ it is 4 negative; and thi is the augment; and the quotient which was 5 is the 
“ less root, 39 then will he the greatci root As 4 is net tec original augnx at,
“ wc have found 2 an assumed number; and by its squatc we divide this augm ■ t.
“ ] the augment negative is the quotient. We also divide 5 aud by 2. T.'.
“ same two numbers, with the denominator 2, arc the quotients. As mu 
“ question is of the augment affirmative perform the operation of crus; muUipii- 
“ cation. When we multiply the augment negative by itscll it will beaffirma- 
“ tive. The less root will In: 3.90 fourth parts; the greater root. 3046' fourth 
“ parts ; and the augment 1 affirmative. Reduce the less and greater oow to 
“ the denomic. tor 2. The less root is 195 second parts; the greater jvm. 15 
“ second parts; and the augment I mans alive. And if, tor example, tlx quoatioi 
“ was of the subtraction 'of the augment, the answer would be as above; 5 
“  second parts being the less loot, and 39 second parts the greater root, and 1 the 
“ autnnv it negi'ive. And besides this, if  we would obtain another ease, let t!-:- 
“  he multiplied crossways with that in which 195 second parts .<■ the h js rom - 

« for multiplying dlinnalive by negative, negative is ohtametl, ne h root 
“ then's 3tft).'\ ami the greater 29, ih, and the augment I n ega f' •uid Cm u 
“ tin answci to the question.

“ To tind another ease with the augment aliinnaLive write this below it am  
“ multiply crossw.r ,, 22515 SO ■ the less root, and 1. v ml* t*i»} u \  gi ...
“ root, ami 1 the augment affirmative. And in like manner lie rev er tlx aug
“ ment is required negative, we must multiply cr-••*••• w.c * two augments ot C 
“ fereut sorts ; and if alb: native two o f the same so*t.

Rule. “ If the multiplicand of the question is the sum of two squares, and 
“ the augment 1 ntgatiw ; it may be salved by the h>u,. omg ul •**, and it'
“ wished fo', it »f.«y !ii don,; in another wav, ' i>. lake the root ul lbo.it two

1 l , . • ' \2 / - 1
* lfi A.if  4 * n 555 A '• 4  i •*, .md tt •*-. ], > Mi l .* , or \f. t —-  ** ' • l ,r V ' / 'r

. I p ,  , p , „  *  • -
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“ squates, and divide the augment by each, the two numbers which are found 
“ will both he the less root; what was required may be obtained from each.

Example. “ What squared that which being multiplied by 13, when 1 is sub- 
“ traded from the product, a square will remain *. 13 then is the sum of 4 and
“ 9, ami 1 the augment negative. Take the roots of 4 and 9, they an; 9 and j.

“ fdiv.do the augment by these two, the quotients are -  and both tlie.se arc

“ the less rorcs. What is required may be had from either. For multiplying
“ the square of l  which is i  by 13, it is 13-fourths: and subtracting from it

" v.-liii-ii is 4, 9-fourths will remain ; and this is the square of l q. Multiplying

‘ the square of ̂  which is i  by 13, it is 13-niuths; and subtracting 1 integer

which 9, ~ remains j and this is a square.”

id «e fellow solution- of the same question, by the former methods: I omit 
t e became they contain nodiing new, and arc full of errors in the calculation

A w.Uk , Ex.unpk. where 3r* -  l =  y* is solved by the last rule, is omitted 
because it. is ini material.

An" foeiuph- “ Wleu. squar. is that which being multiplied by <>, and 
" ; aoded to tin product, will b a square. And what number is that which 

‘ • ' A “1 • 13 addcrl to the product will he a • quaic j\ 'J lie
opera ion in •ho ‘ ;ct: it, thus, .“suppose 1 the less rout, and multiple bv (>,

1 add 3, n is 9 ; and this is a square And for the second case thus:
“ 1 by it !s •»'; anti bud a number which added to it will be a square;

* l:: '•••!. , s  1 3 -.:." ... 4 i -  /•■> +  -j p  =a 9, y a s?  ; •• - -  i  ,n I -  ' ; f„r 13 *  ( • ; ) ’ _

1 -• ;“=* Of-* » *"'l '■> ’ )’.
‘ ' * ■ •" • ■ ■ I ••>* +  • I SB I asi .,i| | i.jr i I ,m' . i r  .. ’.In .. <• X I -+- :t er 0 *- ;1a> ................................ j

N.H". », 0 X t ® • i", I , ,!,al „ + 8  i , . l $  .... f  H- — | C  *. J  bun? «  J / b m  li»
' *""* I ’ " H .I . U V  ft/,' # ,  p  . . .  ,J v  I 1; . « .  N o w  H ( t  s a  i t ,  I ,  sia -.l y  s s  .1 ,

t-S I, ' p  W h Arp. f , V -  '/'/>'■ 1 ■ i lia.Mliji =-.«/>, -  y /1,-mil ii =r. s'/,*, Wi Ian , .V is  y.
• -  ’■ '" J  i: :.z IV. 0 X W- 4  'J s E  fif.
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“ wfe find 3. As this is not the original augment, but is less, find by the rule 
“ which was given above, a niunbe by the square of which when we multiply 
“ this augment the original augment will be obtained. We have found 2. Mu;
“ tiply 3 by its square which is 4, it i lfi; and this is the origin ii augment. 
4■'Then that they may correspond, multiply the less and greater roots to ; 1 r: 
“ also by that number, which is 2. The less root is 2. and the greater • ni 
“ the augment is. Multiply the square of 2 by d, it is 24: add 12 it ••• ;
“  and this is a square the root of which is 6'.”

Here follows another example where, in at 1 +  b =  y m, n ~  Vi, and \ =■- d. 
The solution of this question is like that of the first part of the preceding: 

J (in M +  li — is assumed =  5 and 3 ~  74.

Another Example. * “ 300 being the augment the less root is 10 its square
“ which is ] 00, we multiply by 6’, it is 600. Add 300, it is £ 00; and thi> a 
“ scpiare, the root of which is 30. And know that when the augment s greater 
“  v i  hi  must bring out what you require be the ope. at ion of ci>\ u 'on . tbe, 
“ the augment nv.y be less. And if you wish to obtain it without l*>. oj>e..iti«'u 
“ ot circulation call to your aid acuteness and sagacity. And when yon have 
“ found one case, and th e tmgu.cnt is 1. you may find others without cm!, by 
“ cross multiplication. F i bout wr often you multiply t !>y itself, if wih s!;
“ be one ; and the less root and the greater will come out cli lie rent.

Buie !i. “ It the multiplicand is such that you can divide it by a s.jua c v j.
“ out a rcm.aindcr, ditidi it; and divide the less atu greater roots by the r e t  of 
*s that square, another Hum her will be found. \nd if you multiply it by a j ...
“ and niultiidy '.he Uss au.l greater ,-y its ro,»r, the numbers requited vih .•! ■> >e
“ found.

Example. M hat put re is that which being multiplied by 32, and 1 aductl to

*  r'x> ■ +• »n« «  f...| v a s  ID, Hi ii ' . x  ■ +  .H)d = - ;>..{» 3 u !
t  1 " *. ‘ ‘•'•'■I' tniinU-r (iikJ ’ . i", S c. Ii-i liy t r  r.tli: < ' i i t  SoliD. >nn> • >! Hit. r • pr..»i.o, .,,n

tliv' .ill* vt .Cll‘ u o I "M, " ... 111! ||4,j ,||,|y by 11 (.n, j.uUri'Hl'.l lllilll’.
l\ ! i .  I. n n i i a . . '  >1 Aj  t- I =  j  '  i. known ' 11111 > i 01 in. . It  I. j  -.. ’ l v  rrVus i n 1111 i(>1 " -il 11 >. ' n

I X  I ”  I. '" .'I cjiflfccenl - aim . .>1 * .im ly  Will In: luuiiil ,it oviay m:w sti-ji. 
j- I M i^pcl tl .a. this is i.x 'i t .a tly iim, i f ; | ; i| . c \n ii(> k  1 ' in", uni.vt' ilie rule. P«t 1u |is It al.oiu.,

i f in  •  = > * ,  A s= s y  llttn  If  a o  E  A ' * > u / * ) * *

o
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in prr luct, will be a square*. The less root then is the square of which -l-
4

i.uil plied by 32 will be 8 : add 1, it is 9 ; and this is a square. If we suppose 
“ 2 the less root and divide 32 the multiplicand by 4, 8 will be the multiplicand;
“ ami divi linvj ’he less root by the roc of 4 which is 2, I is the less root. For 
‘ multiplying by 8 and adding 1, it is •>, which is a square, the root of which 
“ is:).

Rule. “ I1’ r'lie multiplicand u a square divide the augment hj an assumed 
,f number, and write the quotient in two places; and in one place add to it, and 
“ in the oilier subtract from it the a mined number, and halve them both ; the 

greater number will be the greaten root. Divide the less by the root of the 
“ mu'iiplieand, the quotient will be the less root.

Example. “ What square is that which when multiplied by 9, and 52 added 
to the ;>iod ict, is a t - quart - What  other square is that which when multiplied 
by 4, and 33 added to the product, is a square. In the first case divide 52 bv 2,

*' ~r> 1 he quotient; write it in two places and add and subtract 2, it is 28 and
" 24 : the halve, arc 1 4 and 12 ; 14 thru is the gre ter root. And divide the less 
“ numb. r which is 12 by the root of rhe multiplicand which is 3, 4 is the quo- 
“ tiontj and this is the less root: for when the square of 4 which is I(V i# multiplied 
' by 9, it is 1 14 add 52, it is ]p5, which is the square of 14 : and in the

*  W / C - M - D  L e i*  I .  J«  ;< ( - , ) * +  t = . a - 3 * .  i r # e s 2. =.- V , 52 =  8, 5 = 81.  * = 1;
* J  '  f  4 p  ’

01 B x I +  lx a T.
b , n n ̂ 4* n — — ri — —. 7i

4 II a i ' t  1 •/» ami a s a p ' .  akc n any num ber; and v.e have . =  * ;  a ml --------  -■ * ; for 7~____
Z i 2

? *
a w l  " — 3 —  -  '\ o / ‘ • l$"1 p* x +  *  =  ( -  I'J’ ) i *•>«'»•« *!i« ru,e*

t  ?- v  mil 4 x ’ +  .19 s s  I” rat ~ • +.  V . - : ’6 ~  ' = . . U ,  - =  ]4 ; £ ^ s x l v  y -a

i.q as 1 as 1. . x f  +  lbfi s s  14*. Sworn I, ~. »), i l  +  jr.-. l l, II — D = . ft. -hi __ v j -
« 4
y ~  1 =- •' =S ■»', i /  » '  r  -■> Valin# ot ,-r a ml y might liavi; b,.r..-i found by taking n  s s  4 in Use

t’rsl case, and e t m the sicond.

t
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seconu case divide S3 by 3, 11 is the quotient: after adding and subtracting 3 it 
 ̂ am  ̂ ** : ;dter halving, the greater root is 7. Diside 4 by 2, 2 is the quo- 

tient; and this is the less root: fur multiplying , by 4 and adding 33 to the 
[uotinet, it is 4,9; and this is ilie square ot 7• And it at lust we divu.: 3 j ,

“ and 33 by J, what is inquired will be obtained

“ Am tlief Example, when the multiplicand is equal to the augment. V hat 
“ S(luare is that which being multiplied by 13 and 13 subtracted limn the product,
“ and in another case added to it, will be a square *. In the lirst case si,-mosc 
“ 1 tl,e less rout, its square which is also 1, we multiply by 13, it is 13: subtract 

13, then remains cipher, the loot ot \\ bicii is cipher. .And in the second case 
“ suppose 3 the less root, take its square, it is ,0; take the difference b. v ecu it 
“ and the augment, 4 is the augment. Divide by it the assumed rout wimm is

“ G* il is ^-fourths, that is 1 ,̂ anil this is the less root. The square of this

“ which is 9-fourths we multiply by 13; it is 117-fourths. We sec tin,.; adding 
“ 1 Integer, that is 4-fourths to this, it is 121-fourihs , and tiiis is a JU,iu\ the 

mot ot which 11-second parts: the lews root then is 3-scouud pain, an;| :j-L, 
"greater root is 11-second parts; and the augment is l allitmative. As the 
“ original augment is 15 ailirmative, perform (lie operation of -ms. m dl.i- 
“ plication with the former which was 13 negative, thus : 1 amt mJtiply 3-second 
“ parts by cipher, it is cipher; and ll-secoud pans by I, it is the same.

* iav’— t-:—jr», an;i !3*» + I'u-.p. r.n*= i, iJx i —i- ' lot ;j:+ i;i=.i‘, vi . s,.i
(I-Icr. are two or (luce e irm i in il.e l*.- .a n ,  \ case oi » « '> +  I — p * , by  the Mite- ----- , , } .

« _  ^ /in* , a . a
■ I — ' V  ' '  [ ■ J j  +  ~ ~ \  ) ■  * =  J «  i '  = »  . ■ ' - T  -  1 .  A »  >1 s ;  1 .1 .  l l i l i l i , ! '  ;■■■ <

-ray . with the former cow wl.c; U .< 1 J -  13 .=  o. ’ x o +  'A y  I -  "  = , > .  5 X 1 X  13 +  ‘ \ 0s=
3 9_ /

"■ l? 1 =  — but > a s  +  1.1. S « |'j '0‘.c llii ,.■••• -x  ' uodfl'S'SR— I J3 K f  - ) ' — •

=  Mwt.pl,,. ,,;.wflvs, V. f  a s i ' a . I S a ; ,  V nl » :" /  * 1  1 !• ---*• “  y +  5* - f - .... ' a , ,  Ifn I d.
Or ly  tin: i-ile a/ / -  _ _  .19 3.1 . I ' I I ’ >, ,1  •

' y /H m • ' ~  7  *  5  ̂ ’ • r -  • ,  -  ,  y *  *>» ( J +  D

5=5 t v -  .
a e



f i t  *sl
J- INTRODUCTIOa’ .

' :u. ! them together, it is Il-second parts; and this is the less root. Multiply 
“ '■’(l P^tsby 1, it is the same: multiply it by 13, the multiplicand, it is

.p -eo  ml parts: add u to the rectangle ol die two greater roots which is cipher,
• i < > t.ie same; and thi.- is the greater rout ; and 13 is the augment negative;

“ as ]t 1S ,,ot tl)e original augment, for 13 allirmativc is required ; again, suppose

“ 1,10 ltss r00tl  antl tl»e augment 1 negative; and multiply 1  which is the square,
t!

by l o , it is 13-foarths. Subtract 1, that is • .-tourths, the augment negative, there 

“ icmains p-fourtiis, tiie root of which is lg. By this we multiply crossways,
*' thus:

n ITT2 <2 1 ->

1 3 ITi
tm less root is 72-fourths, which is 18 integers, and the greater root, is 2b0- 

“ "'liii'. is bo integers, and the augment is 13 affirmative.
m a e would pertorm the operation of cross multiplication take the dif- 

'• ft.-core the two, which are 3<M'ouiths, and 3 3-font ths, that is G-fuui tbs •
j ’

1-m  the less root.; take the difference of the two less, after multiplying-by 

• Hm i;njItiijIicnd , and tin- m  iangle of tlm two greater, it is 26-fourths, that 

4 " M this is the greater rout and 13 is the augment affirmative.

A .r th n  Rumple. “ What square is that which being multiplied by 5 nega-
“ tlvr' an'’ []ir IJ|oduct increased by 21 will be a square*. Suppose ] the less

r t, and multiply ns square by 3 negative, it is 3 negative . add SI affiWr.a- 
llv"’ It IS 1(1 ; 1 il. n will be the greater root. In another way. Suppose 2 the

v  — ! 7 1  ̂hJ T":: I S 1,1 ' “ l; ~ ,J K 1 + al =  Or, sngpOKC * =  U, — S **  ̂~ crowwaj* wheu b a* J, new values way U (blind.
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“ less root and multiply its square by 5 negative, it is 20 negative; add 21 
<c affirmative, 1 aflirmative is obtained, the root of which is 1 ; the less root ilu a 
u  *s 2, and the greater 1, and the augment 2 ]. And if in the place of the n.u' i- 
“  pbcand there is 5, and the augment is 1 aflirmative, multiply crossways and 

number , without end will be obtained.
“ And this which has been written is the introduction to the Indian Algebra, 

ct Now by the help and favour of God we will begin our object.”

END OF THE INTRODUCTION.
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O.V THE EQUALITY' OF UNKNOWN WITH NUMBER.

•• TJ"
<( IVN’(^ V that vv1,atever is not known in the question, and it is required to brim* 
‘ Jtout by a method of calculation, suppose the required number to be one 

t vo unknown, and with it. whatever the conditions of the question i„ . 
a  I  v ' u,,fl Procf cd hy  WuU'Pl'Cftioa and division, and four proportion^ and 

fl: P''f 1’ornona,s’ and the senes of natural numbers, and the knowledge of the 
' Md,- trmn dir diameter, and the diameter from the side, that, is the figure of the 

111 :,c" and1h" I'nowledge of the perpendicular firon the side of the trianah- 
a,ul ( 0,:: and »l»c like, SO that at last the two may be brought to cquu-

*' “>  U ;,ticr t!;!' °i,eration th°y are n,lt equal, the question noticing about 
the equably ot the two sales, make them equal by rejection ami perfection, and 

_ ,J,al*fc l1lC!n ° l ua!- Al d lll“l 's so, that the unknown, ami the square of the 
'* unl;no’V|' r-d -'aw side is to be subtracted from the other dde, if there is an u.i- 
, ijl nut subtr'ct 11 ,r°u> cipher: and subtract the numbers am!

suuh of the other side from tire first side, so that the unknown may remain
• ‘ com- ml,., and number on the other; the number then, and whatever else i, 

louml .sr, h, divided l.y tin unknown, the .quotient will be the quantity ot 
fue urisfciwii. 1 ”

, “ ' involves nine unknown quantiti. , than one, call the first
’ ‘ l1' ' :'1 tll( 'ccomi i wo unknown, the third three unknown* and so on. 

v< <• u , im."n„i is this. Suppose the quantity of the lower species less Uun

ttr.it <>t tire higher, and sometime : suppose 4 , and i ,  and - of the unknown 

r ' j r " "V 1"*rU " f t l ,r  " ll° '  th ' “ f t l w  U „ K  »Met. a re  unna. u irlb lc  ... , „  „
" ' 1 " •’ “  v ai.: m c i i  r.( tr.inscrilirr .w,d ,,f , (r,  , .

-* I ........Vow. III.! I'<‘r wm. Irila. ~ I  t'sw lalc  the., as r suctly

l“" lt' 4,U’ V,0|J0,,tl!?* n( "« ^  »■«* ortottM, - the i* m w, the |)mk.,  J ac not

111 §l
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“ and the like : and sometimes suppose the unknown to he a certain number, and 
sometimes suppose 1 unknown and the rest certain numbers.'’ The s'uvtest 

method of solving the (question is directed to be observed, and the vhole at­
tention to be given to what is required.

The fist example is, “ A persou has 300 rupees and ti horses; and another 
“ j)er.son lias 10 horses and 100 rupees debt; and el.o p r o p e r t y  o’ the two is 
“ equal, and the price of tin- horses i.s the same ; what then is the value ot each i 
“ Or. the first person has two rupees more than the property of the first person 
“ in the first question, that is 3 horses and 152 rupees; wad the .second h . ■ the 
“ same as he had before, and ihc properly of both is equal; what then the 
" price of one of the horses? Or, in the first questio i, the property of the l.rst 
“ person is three times the value of that of the second, what then is the value of one.
“ horse? rl'hc operation in the ilrsr questiou ;> this; I suppose the * :cv of a hor-,e 
“ to be the unknown : (> hoi-ws are six unknown. The tii>l pets m's property tin u 
“ is 300 rupees alHnnativo and 0 unkuown : and the property of the second is to 
“ unknown and 100 rupees negative. Ashy the question both t!;_w -ales •
“ equal tim e is no occasion for. the operation of rejection mm ported! •. 1
“ make them equal in this manner:

-f- 300 Rupees ■ b e 

— 100 Rupees j 10,/'

“ First I write them both, above and below, and 1 take 100 rnp.es nc.aiive I "in 
“ 300 rupees aOirmnliv e. it is 400 rupees a.tirnui we r and 1 taka c uuku' 1 u trout 
“ 10 unknow n, there remains | unknown. 400 rupee:, is equal re 4 unkuea . I 
“ divide the first by the second, 100 rupees is ’he quotient, and ihi* is tlie puce 
of a liorse.” The othei questions produce al-m • mi,pie equations, m whii li not lung 
remarkable occurs.

I lie second example has three unknown quantities w ith only otu equation ; i. 
is solved it - t by :is> n in in *>' the unknown tpiautitics in the proportion ot , ami 
l . and secondly by a.sumina them as !, 3, mid I.

1 a the i im d example the Mussulman names, /cid a id > 'nun "< into• luce*!, 
ihe fourth mul fifth e\ ,,,[ ,, s onuin nothing w o ■ by « t n wee.

1 he sixth is as follow - • “ \  person leut money to another on condition th i. he

Hi §l



xS* ■ c°£ix

1 1 1  §L
> 0  0  V  E Q U A T I O N ? .

' should rcoive ;> per cent, a month. Alter some months lie took from him the 
“ je'nr.ipai and interest, anil having subtracted the square of the interest from 
‘‘ principal vc the remainder to another person, on condition that lie should 
“ 'i"'e . e :o per cent, and after the same time had passed, as in the former case,
“ f' -d. hack i'.to principal and interest, and this interest was equal to the first 
‘■!u tcrest : wliat sun! <i'd lie lend to each person, and what was the time for 

winch the money w .. lent*?’’
The first principal v supposed unknown, and the number of month during 

v\l ii h it wa? lent w snppi «e-l 5. The question is solved by the rules of propor- 
mii -and a simple equation. Another way is given for working this question, viz.

Id . ale rue inb rest of the second by that of the first, call the quotient the 
‘ miiitipiic 1 i.d, and suppose a number  the interest for the whole time and take its 
“ ■ e, and from the multiplicand subtract J, and divide the square by the

tern; u .~r ; the quotient w;d lac the amount of the second sum, and the second 
“ ‘ 'tm m ivipded by the multiplicand, or added to tlv.squarc of the interest of 
“ tile wit ilc, will be equal t > the first: sum.”

The next question is iike the preceding, and is solved by means of the rule.
1 pas over several other example.,, which contain nothing new or lcmarkable.
A question in mensuration comes next.

“ Then, is a triangle, one title of which is Id surd, and another side 5 surd,
“ m ! it area J dwells ; how much is the third side 1 I suppose rhe third side 

u,ki mi u ; the Ado ! i . ’he I,.,, i known that when the perpendicular 
“ is mult ip1 it 11 by half the base, or the base by half the perpendicular, the pro- 
“ due ill be the an , of the triangle ilc  re tie bar; and the urea arc known,
“ :»o.i the pcrpei u- -fir is unknown. I divide 4 vhi'di the whole area by half 
“ of Id M»rd i tin- quota ot is the perpendicular. J perform the operation thus s 

As ♦ is % number 1 take its square lb', for the division of a number by a soul 
:t is imp o -. 1 r,:,< lialt of 13 surd ;hus: I square •*, which is-the diiimni-

uaLoi ul - ,  n is 4. I divide 13 by it. The quotient is l > parts of 4 parts. I

* r , p, fj»: tl»** pHiH.tjf.il, v i. (he i n l ' i f . t ;  ut t lit* i.d f, .m-l , */, (he mini “r of ilc- numllis. fl 
•r' ■ • »' M ttr f, y r: p t \  :i ~-m •>, and i —• 2 ; wo huve (/> •— i *)• r  n *sr i -jszprni or p R >> —  un

/” "» -o /  (tt ~  r) a f e ,  and h — f  R ’ hut till, b c if .,,1 ! > n * . ; F ss.
P>‘ V ' ft •— f K

t'huih ,i p,»’i *»i d o ru lo ; t(hc rent iiOvldcnt*
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;! ,hvl('e 10 b-v 13 l)art- of 4 parts; it is ()4 parts of 13 surd; m, l this is th?
(j PCITc|idicular. 1 then require the excess of the square of 5 surd above 64 i .; t> *
" !4 13 sur(i: I,nst 1 ^ke the square of 5 surd ; it is 5 number.; rak<. it . square,
“ lt is ~5 Slml t the root of which is 5. I then take the square of 64 parts of j?

surd, as above. I take the excess thus • I make 5 of the same son ; d i> oJ ;
" I take the excess of 65 above (54 ; it is one part of 2 4 surd ; and this is from 
“ the place o f the perpendicular to the angle formed by the side 5 and due base.

lbe other segment of the base is found by subtractin g ibis frun the w hole, v 
m rule which was given in the 4th chapter of the introduction,■ for lindim: the

difterew u of two surds, viz. V . a - y / b -  -  l}* X b). Ik e  square root

of the sum of the squares of this segment and the pe-pt mliculm go , s Te qumt;'. \ 
of the unknown side of the triangle.

In the next question, the side., ol a triangle being given,1 its area is required.
One of the segments of the base made by a perp, rnlii ulad, is supposed unknown 
Tiom two values of the perpendicular, in terms of the In pothciiuses or' the in .. 
right-angled triangles, and their bases, au equation is .'brined; from • ucU ' > 
unknown quantity is brought o&t, The equation ibVolvts many auuls, and they 
are reduced by the rules laid down in the introduction. Tin perpendicular is rht n 
lound by taking the «qwuc root of the di/icrem e o f the squares ot a segment, of 
the base, and of the adjacent sides of the triangle. The operation i.> i cw 0,,„- 
i lu k .l In a nmiginal note arc directions t<> find the ana, as in the foregoing

3,11 VCKt's* '' a at lour fraction' are those whose nenominavors are equ.u. ;u.J
“ v hose sum '* C(l»ai to the sum of died squares. Also what tour <"ia> jions are 

those, the sum ot whose squares is equal to the on of their cube-." F. . the 
fust. y. 11 of tlic question : •* Suppose the first ti action on eunknov >, tie second 

two unknown, the third tliree unknown, and die I nth lour unknown, and 
_ " |lo'v each write 1 for the denominator. The sum of the four is to unknowQ, 

l lifi .  > qi,ni't> !,re 1 mil 4 and 9 and 16, whose sum is ,10 square o nnk nm, 
ami the e t wo quantities are equal. Divide both by cm unkuo a ; he qu, Uei /«■ 

f 1 ' jbei d bit unknown. Divida It) by 30 unknown, the quo!iota ii»

6  , . \ n.  lbe  (int fraction thou i t t he second ‘ the third w,,j

* ,llc f<mnh y ila*i<1 tb îjUAM s of thtNMfractious are la n d  g and and & * .< ?
H

IP  . §L
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• the sum of tlr : f<ur is -|j-, ami this is equal to In the same manner the

' ;»! oiliu lraeiions arc found to he , —•> and — •ID’ ](J 10’ 10
The r.'. is to find a right-angled triangle, “  the area or which is equal to its 

irtuiieiiiisc: ■” and to ft mi a right-angled triangle, “ the urea or which is equal 
‘ 1 ■ rectangle ..I’ if. tliroc sides.” For the first part of  die problem, one side
oh tl.e triangle h  assumed equal to 4 mikiuw i, and the other side equal to 3 uu- 
. .a. ; the hyj'jothen: so '■• found equal to .j.r, and the area equal to 6 V ; the
c«,ua ju .'i.i •- (i.i • being reduced, gas es the value of  .r. For the second part, the 
■ode-, ; o a m e e d  a- above, and the value of  ,r i> deduced from the equation 6o.i ‘
— Id

Tl - re xt problem is, to find two numbers of  which the sum and the d i f f e r e n c e  

hali 1 ■ square and the product •>. cube. The munbers are supposed ,5V and 
-i><I riie 'ida; to ■■ liieli vlicii product must bi equal 1000r’, whence .r is 

found,
ilie iie\i is to find two mimbi is such that the sum of their cubes shall be a 

t l"‘ si.in of tlico squares a cube. One number is supposed \  and 
t "  cl he! ~ i , aim the cube Id"./’ *. In the solution of this the following- 

’ ocec s: 11 ! .he. eubt. of the squats of unknown, which hi Persian algebra 
“ is u ,  i -I re <>; i be.” In the margin is thi> n o te : H u t  is evidently a
“ m •' ' f-'i iii IVn.ian algi >\ «i-<- unl.nowu ( is called thing ( ..* )

•'Mate sipiare (J l* ) , (liteorlly possession;) and its eubt
i—ux-V-V ubt and -.hen the cube is multiplied by tiring, the

“ po duel i < ailed square of square .(JL* JL c .1 ; and when tne squaie of 
■ squ-.u- is imiiii(ii ed by • >fm; . the prod rut is eallid sqiero.-of eehe JL »);
’’ »m*1 when la |u;ne ot ruin. >> multiplied hr tiling, the product is e dit chcube 

‘ hi hoc Iu -ajc'' Mgwuj')) nut s>jmue of cube. I'm ex-tuple, .suppose y tiling 
«' 4 i- ils sqii.ur, K i t . uhe, 1() its Mpiaie of square, 32 its square of rube, h4 its 
; <. t'hf 01 < ii w,  not im -g i.iie o| cub*' .ilthougli 1 i; die eulie* »f tho square

ip*1 i—-v-*.rees?: or the 'quail of tlie j uhe (:,

In ' h e m : : .  ■ vamoii 1 l.e 11rrcc soles of‘.a triangle ate given, and the perpen-

*’**' ' ji aft J -1 1 . .. . :t v; ; ’1 4 tile iin ; x*1 •+■ 'jf* >> umiii *r |hii
■' ' * - •V ' • , l  f  M  ^ 5  I i '  ' t  i t i t r !  X  Iff. li t ■ l l u / l g i o i '  * J  t * » n l  i v  t h e  11 . '  I l b ' - I  .

i l l  < S L
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dicular is required. It is found in the same way as the perpendicular was found 
in one of the former questions, when the sides being given the aiea ot me
triangle was required.

The three following are different cases of right angled triangles in which the 
parrs required are found by the principle ot the squaie of the h\potlu nu>e 1 tin., 
equal i f  the s u m  of the squares of the two sides, and siuiph’ equai.v.is. in me 
first the base and the sum of the hypothenuse and the •'hcr.^de are given. In the 
second the base and the difference of the liyptohcnuse and the other ude arc 
given ; and in the third the base, part of one side, and the sum of the hypotht- 
nuse and the other part of that side, are given.

The first book ends with the following example: “ T.vo sticks sic,ml upuglit 
“ in the ground, one is 10 direhs in height and the other i." direhs, and the 
“ distance between the two is 00 direhs. If two diameters are draw i bent cm 
« them, what will be the distance from the place where they meet <o die gr ■ u»d * 1 
“ Suppose the perpendicular unknown; it i.* .noun that as l * .•* so is Au 
“ unknown to the quantity of the distance 1 rom the side 1 o to :ie ul.iee i n . i ....
“ unknown stands. Wcfitid then by . proportionate, 4 rliiwl of unknown isthe^ id  
“ 'quanta v. In like manner we find the second quantity mi pans or 10. tli.it is 
“ S3 unknown. laic-* the sum of the two, if. is I 0-thirds. and ilii. is • •;’ ' ri,'.o.
“ Divide <J0 by lo-lliinU. tin- »|U iieni u o'; and this r. tin qu o My ol the no- 
« known, that is of the perpendicular. From the place wlieru the perpendicular 
“ stands on the ground, to the bottom ol ’-he side Jo, is 0 ; I .. i' - on..now :.
“ The second quantity is 8 direhs ; tor it is 1 unknown aud a third of «> kmm m 
“ And know that whatever the distance is between the two s'iek ’he -ju.'n< v 
“ ol 'lie rjicndicu' u will be the same; and .-.o it i.-> in every . a - . '1 e e. .» a Iso

* I „i -  id, nc —  IS, nr 80.
In iuiibr triangles a •• uc  : r e ,  A r

Uii : rr> M ha : r a ,  ' d
whence i p  i m  :i ha t pc, I

tlii-nl ni nn i m , r t|,c rutko nf n• i>» m . t* o l>
By i inWi«iii.»H i r  4. . Hr . n \ h- vm. ha ; : • I in j- eo - »u. tb«r<.|or*» ha -I nc un I « v an: in

lie i go d'r in. t<. . 1 ; I...,,. , i.v flni |)i-i.|K>rtH>n, 1 v +  nc : n • ■ in co, Urn t«, . .1 '•■ ■ 01
I' i'orli*)it.,l to u * r 1 ■ i* . loti vri'In It,' n 1 , ol •:»■

Local, tie ' k ’ ha - this pro jto .u ........ (s,.0 hi* G eom etry. i>. Sfc) where tin* t«*:>s 1 le; arc -I, 0, -uni 8 ; o r ji.igc . >,
■ »hu''ll • 'V ."• I .and 0, Tin- t un. i, in KyircV Liiiivuti, w »>* 10 thi rule* rc

,  A l l  X  l  »  i l l  X  1 n  111  X  V H  . '

■aa + cu *n -j- .. n a» t 1 o
tl 1

I I I  < S L
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“■:'-!C,'n': 1 tlu'se two quantities by another method, and that is the ratio of £5 
" (that is the a m  Of the two sides') to 20, is like the raliu of 15 to the unknown *
't tllat ,s the towards the side 15. Multiply 15 by £0, it is 300. Divide

“ *** by ~J> is 1 Thc  .iatio of  25 to 80, is like the ratio of 10 to the unknown :
-i!e icsui is 8, and this is the quantity towards the side 10. by another 
method, by four proportionals, we lind that the ratio, of £0 to £5 is like thc 

;; to the unknown ; 6 is the result. In like manner the ratio of £0 to
„ , ’ 's bJc that of ia to UBknown i »«««« r, u  the rtsufc. Another method is 
.. ^  rcctauglc of the two stick , by the sum of the two, the result is the

quantitv of the perpendicular, and the quantity of the ground we multiply by

.<;; M V ! 1 «  T  T  1,0,11 b* Uk' 61101 tbc sides. The two quotient 
‘ ; • h" ntiriei from the pl.mc of the perpendicular to the bottom of thc

7  accu!<hnS,y divide 150, which . the rectangle o f the two sticks, by 
; 5 o. Multiply ,0  Cinch, which U Che quantity of the ground

„ 1  1 «’ r° P7 <J,,CU *r° ‘i(7 U" 1 divide l>0.h i)y 85, the uuotients
" 3 a‘"J ;• In tlus manucr ■Iil> i]l **» may be found by, calculation a*

1 com ctly as if it were measured. " " 10n aT

tW D  OF  IMS.  F I  KUT KOOK.
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“ Ox tiie luterpor.iltoti ot the .unknown : where tlu* square of t’a k 110.1 n in 
u equal in ii'uiil»ei, ami That is rejected with the uuknow ') (0 /  */» ««'.’> » - iy
th e  unknow n  ( J h ^ s a ^  , \ a£=sOo hj!)» ( 1 d °  n o * h,iC'i: ~ u ' ' "
perhaps there is some error.)

“ It inlitlcil, 1 Intt rj>osii i; n oi Unknown, wo LasMjj ) > because
“ that which is required i-. brought out hy means (ia*w1• , *’l ilie u .i. me »• J 
“ called Interposition ( k ^  J ) ; and Mudhum Vhruti (unknown means) in- 
“ Hi ndt-e is to be so understood. Its method is tills : The square of uimi-m.. u 

being equal to number, multiply both, or divide noth e- m a>>i-n e ui< < >
‘ and add a number to the two results, or subtract it from their, ilia. Loo. > _■

“ be squares. For if one side is a square the other also v id be j m m. * • r thev
“ me equal, and b, the equal increase qi diminution of two equals, two eqna .
“ will be obtained. Take the roots of both, and aftci equating dividr 'he nnm- 
“ her by the root of the. squme of unknown, that is by unknown ; the iv-m’l wid 
“ be what uus required. And it there is equality in the cube of the uul.n'wn,
“ or the .quart: of the square, tlr.it is after the operation iu til. thing aim cube 
“ and stjuaie of quart', if the root cannot he found, nor be brom-.b’ out by r'de,
“ in that c.isc it can only lx obtained by piilect medit.ii ion ami -ici \  -11 -'*•
“ And, a tier equating, if the two .-.ides arc not squares, the method ot miking 
“ them squares is this. Assume the number -h and multiply it by tin mmlwi < i 
“ the squatc of the first side., and nniltiqlv both < a- by the produv r Ami u ! n

* t W i  tilth i-tuc*; i>> the end „l tb* lull Mr. Hum"' ci>|.y i" i» fellow • ‘ Au.t iI o- >i #!■» '
*' unkt.' i  Mi i h ' i.■ I-11‘ .1 n.be. ,:.n,-r i ' n u  Hi. link v i. i nc n r  .11'• i ufl. O' in.i‘- ' 'if-’■ -• ''1 an I ,i
“  MgHtivp, two m . .1)1., will I U e .1,1(1 ill die .millions reunited, ud i io v v* v>> liml 11"- iW »■«> d 1 '• liy
"w hich iiib 1 ‘Vo sill ; should 1,.' I.„il(jj,lit ,i, jm l ill,? .in,In i«> Lie aililo./. b  '.Mroxi e. c m  Hu Hi"!- , Ih.
“  inullipliiHiitt o( ll|fc Dumber I.I the n.umvi: ot llic mil noivn by 4, aiul Id Ibc »0>i 1 <X die imnll- .i ol llii »io
' known, o i  tin- i-iJe in wine'. there i s  Uu- .^ im r <u ihe u’.known, be Hie nuivOvt -vJm •

■ e°S*X
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a. ' ’’ T ;ilc,'ca"' i otl1 si(!t's !>y the s luare of the tiling of the unknown,'
■' vvl’,( •“ ' ; " • 5 l»oth side* will l»c squares. Take the roots of both and

C(! ' "  a,Kl the quantity of the unknown will be found.

. E r a " P t ';' “ So,nc !>«*« v.ci-c sitting oil a tiv -; at once the square root of half 
*• l heir runilit r llew a r..r. Again, right-ninths of tile whole flew away the 
‘C'c: u,nC} tv' ; remained. How many were there? The mailed
t i  ;»»«*“« :l ° “l l;i th's * hum  the question it Appears that half the sbtn has 

1 ; ‘ :i 'T'- - scpiaic of unknown, and I take 1 unknown, that
i not of halt. And as the questioner mentions’that two bees remain l 

s *
“ a"kn,,"n ai,a u 0t " S,1UUre of unknmv‘b that is ~  of J square of unknown,

arnl 2 units, is equal to 2 square of unknown. I perform (he operation of
, "(1UU" ’g ' ,C " U tl',nS m llli> ,nan“^ l I multiply both sides by 9, which is the 
• dcnoimn nor o. a timih , Ki square of mkuowu and f, unknown, ami is  unir/
‘ S t0 l ^ flu:i,r ul '‘"hnowu. 1 equate them tints : 1 subtract Id square of

“ ul'klK,'v" tI)cfjl^ ide from 18 .quare of unknown of the second side ■ it i 
“ ' aukuovvn ainrm b and in like manner I subtract 0 unknown o f

tVn,n ci»,1,CT »»hnown of t he second sole ; y unknown negative 
n mams. 1 bet, I subtract cipher the numbers of the second side from 18 units of 

‘‘ •I,: lust: -,le ; it ts the same. The first side then is 2 square of uukuounaffuma- 
tiveuiul.O unkm.au m-gat.v. . ami llte hccmid side is 18 units aOirtnative. In this 
example Hen is equ ihtv of square of unknown, and unknown to number- that 

. umh. or square and thing to number. As the roots of these two sides can’
'■ M!’'l’UMV li"nUmha 4, " ‘ "luIti',l.v il by 2, which is the number 

. ; ; ,he ;uu’ itis  8* * 8 ; ^ ^ ^ »
<{ il1U ,1,,kuo'VM npeaMvc; and the second side is 111

■« » . It «  arm the square o f, he number of the unknown, which i- s i , to the
1 1 “■‘ * ; . tL,‘ lina lb 16 »qH3re of mil,no' m and 7'2 unknown

n e g a te a n d  H, units ; and tin second hid. i« as mits. I take the roots of 
um! m o ,  tin,* n.'Ot of the first side is •% unknown and 9 .wit- negative uml

’ ; l z omt “ 1 1 i  <■<!«<. ■ i , h i ,
.il.iiaa,-,,.l,cr unknown .,1 tl„- wound idrfrou, 4 unknown of the 

., 1" non q - ’ *1 S unit* ingntive of the Am side tn m  15 units M r m - tm  of

" •  ld l ‘ Uk' " " „ the ......... of llic unknown, and
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“ as we supposed *.* square of unknown, we double 36 ■ die whole number c: "cc r 
“ then was 7'2. ’;

cVlIu the next example arises the equation 0 +4.r4- 10—r1; then x >r_C0T

4.4 — 32-r 4- 64 — -4 X 20 4  64 =  144, 2x — S =  Id ; x =  10*.
Thefnext example is, “ A person gave charity several day«, iin'icasin.; .hi 

“ gill equalU' every dav. From the sum of the days 1 being subtracted a id 
“ the remainder halved, the  result is the number ot dirhems which he gar e (
“ lii ,f day; lie incre.n-cd always by halt of that number: and the sun. < ' t 
“ diihems i~ > >piul to the product of these three; that is io v \ ,  the nutnlxt ot 
“ days, the number of dirhems the lirst day, ami the lumber ot the iuctt.ise.

“ added to ~ of the product.” Let: the number of days be 4 r -|- 1 2r x the

“ number of diihcins given the lirst tins, and x  is the number oi the im u ns.-,
1 16.4 4  64 .4  -

(hr -p 1) x  ‘~\r X  .f — 2j'4 4  &4, add — of this ------ — il,c sum ot r...

dirhems Then by a rule of the I.eeluwuttee, ((4a ! 1) ~ 0  * ’ — ,il1'
number <„"> cu the last dr’ ; halt tin* sum oi what was gist 11 •s* amt
iast days z  ..hat was given the middle day. Multiply mis o in. . unmet oi

days; it is Sr 4  10.4 4- ‘2 .v, which is =  ------- r ~ ----• de* — -- 14. Mul­

tiply by tin assumed number 1’or in this ease as the co-eilicient a ,< <■. orn , 
assume the e -efficient itself ot *, and add the <|imrc ot half the eo-e!hcu .it <■:

29 4  27 .
.r, 64 4 -  4321 4  729 =. B4J ; 4: — 27 *2.0, ■“ --- £—  -  «

Tlte next is *o !l. d r in ’In equal ion 4- -~J X " •— -" dlu smaiion >

“ Isuppoar, M'hat i- cquitcd to oe ihutg, i ms •he it hy e.phu . a-, tin. <|>">licnt 
“ is impossible, tiling is obtained, \thos<- 4  •imunuto- Is ciphc n • s,|uaie, >Mm h 
“ is the souarc of t'm ^. \ hose denominator L bipher, I :u.u to /A. 'vle.-i, is t •
“ root, ti i, the s<pinn‘ i;f i/tuu and thins, \» hose < . mnfim.i i - • '.... •
“ m drip!' "> c . ; jt i* .• »(|u.i,i id ' ;• and >n>; ( hr - ■ ! ' 1 •’
“ Hy a\ule of tin t '/daw utter, wb th s.iva, that, when 1 i whip!' and v  • er 
“ and t'i nwtiplier a nuiubtf whose bctiownnatoi is < pin ’ ••• f '. • • ><’

* Pittt of tUW niul rnowl oil |iw ftul U» till* bo*.1!., ftr«* WiUM'f ) "•

/< #  ' c°^Tx
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‘• tiny number n,ul cipher will ho rejected/’ Whence the equation 4  4  • -  00 
v h'cli i.s solved i:i the common way.

Jlie next is; a va! e of r is required in tin; case ((.r+ - )  x  0)1 4 . ° (x  4 .

0 rr ! It is brought out in r- manner similar to that of the foregoing.
ih e next example is of a cubic equation, viz. x 1 4 I 2x  — 6$  4. 35 The

\  h n ’<A in? t h v  u,lk:ir,wn quantity being brought all on the same side. 8 is 
added to complete the ctihe. “ I take the cube root of the second side 3 and I
„ ! " c Cr ,s o l  ll“' /lls,t Sldc 1,1 the arithmetical manner, tints • S units netra- 
„ tlV,C' "" UDii,,mru affirmatlvt* :uui b' square of unknown negative, and 1 
( ,JC u,,1known- *J,st* 1 ^  t h e  cube root of the last term, it i8 j un.
* V,’0M’n- , 1 * n W l  a?d ic ** i divide the term which is last
J m t o m  b y i n c  product; 2 units negative is the quotient. Its square, which is 4 

affirmative, ] multiply by the term first found, viz. j t h i n # -  it is 4 t k j p g f  I
,  hy !j' •; 12 un, nnw"* 1 subtract, U from the thiol term which is
,(1 -l! ,u hlBr’ n,,thnK rnnam'1 A I*' r that I subtract the term a negative from

the hi-ht term, nothing remain*. The cube root then of the first side'is found j
t h l , f .  afh“ua,ivt' 3,1,1 - u,jith negative,” Whence x  -  2 =  3, „-bjri, is ....Iii( Cd . ■ ti. usual way ’ le*
In the next :i lytic i found, -  4< f e - 9 *  =  a m .  T o  solve tU,

' •  r +  !' ‘ " e< t« l„ ,t ,ea ,l,l« lt„ „ ch  sole; the equation is t],e„
I,11' " ’........ *>»*»* *<•>« ^ but the root of the

/  »'i.Kl .1 number which being added, the root,",,.-
bor , t..,.es may bu lotmtl; that i> 4 t ‘ +  400, -h i. Thi «1ll give a - - i - j -  i
: v ’ : run, ,  . + 1  -  T O , . . ,

b ' * > « '  rf -  # • * »  i» this chapter. A t the conclusion 4
f  «  " " r ............ *  »< *  . .  , b «  4

" "  "  '"‘hr1" fit, at.lt d by Ihe i.ob.tonct: of 4iod
examples nutict r, taken of a cquatioo ...........

V, ;■ , 'U ,n V e M<1‘ t h , , S ' a),<! t h e  numbers are negative, and on |l,e
nuii^'cis am less than the negative numU.s on tin hvst side

,W;  U c  fuHt  « l " * «  them without alteration. Ihe
°  ' U nuM,,M1" J !n,: l cul'd ide nre ciiirm.uivf, to ir. k them ne>.
• ■ >«" r x v ^ x u r  to make them affirmative. Kquate then ; U numbers uiil 

..<■ *'.iimetl, Ontl. ot wucli ill probably answer. ’
• ,a ,l l>lt ; '• “ 'n >Me of ,, dial l ,  long sla„d,  ,.<rpc,.di.

*

V
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“  culm on till ground. I f  from its shadow, a third o f  tlu l i \ ;m  b e n u e  :.C tmae 
“  two sides, viz. the style and the shadow, is subtracted, J4 lingers w-ll remain.
4‘ V\ hat then arc the shadow and tlie hypothenusc?” In the right-angled

triangle " , a being — 1 2 , and b — ~  — U ;  c mul h are required. The equa­

tion ( l ib  — 42)' — !>’■ q- ! i l  arises, a r  1 is reduced to i ' — Cl ~ 2 ?. rJ h: •' 

values +  27 are taken notice ol. ■ irst, f- 27 g. • c-. b — 22— »

declared to be right. From —• 27, b  is found -  9 ;  “ hut here, it is • • ! ' -b
“  9 is not u r rc c t ; for, after subtrac ting  a third ol the liypothenuse, I t  does 

not remain.” In opposition to this, some one speaking in the fn t j on i/-he 
Persian tianslator, l suppose) says, “  1  th ink tha t  this also s r ig h t ;  and go - on 
41 to j ove that in this case the I i \ ;> ahennse will be =  - 1 :•.

'1 he next problem is to find four numbers such that il to each f 1 *licm 2  he 
added, the sums shall be four square numbers whose roots sh dl be in arithmetical 
progression ; and if to the product o f  the first and sec mil, and to the pivu .■ . 
the leoiul and third, and to the product of the third and fourth, i s  !>c -toiled, 
these th ru  sums shall he souaie n. t u b e s ; and if to the sum ol the n <u til
the square numbers 1 1  be added, the stun shall be a square immbei ■
square ol Id.

I t  is here observed, by way of lemma *, that, in questions bhe this. th. 41 :ug- 
‘ mi nt o f tlie products” must he equal to the square o f  the difference c-f toe > s  

multiplied by the “  augments >■ tl,c num bers;” othenvisc the c.;s ; v.. I be .a.
possible.

The folk.wing i.s - abstract c»T the so 'u 'ton ; ( b e t a  >tM< - he tr  - ■-a mi,u« 
hers required, and i ,  /, v the four roots which must he ut .uitlmieUcvil pro-

i 8
gressiou). By the lemma we find tlu eiainnou <!' •ercnce “  .i. 1 'be m*r

root, being r, tiie se< ond will he -  r  -j- 3 , the thqil : : r +  d, and tin. Tuuth 
r  ■+■ 9-

Now >x — £ z z \ / ( i e i  +  18), and v/—2 r tv / ( t ;y - f  i 8 ) ,  and /u —V - f  h -  r  1 1

* :* w ur«," “1 "<**. "-h i.), I t. 1„ I- ■ ivr iii-ii >v till Pivu.i" tnmi-Umr (1,0 »Uoi> (..- I m> >:>
. li pHibli-i K ’ it 111'»* 1 , Hiiv," ...hiiii.n , (Vi • • V  X i1'!- (" ■**■ 1; • ’■* " *• ’

I iU l .,1 ra te  we ha-,  i  =  J , ? ajll) b a r • lw0 , uco ...... .. , ,„ut . .. r.c -  V » < |» -  ' • *
(lie reason ol’ ih« rule is pi, ui. '

1 1 1  ' < S L
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V, .. I ,1.x lion’ ." f  2 — r ; . r + 2  =  ( r  +  3)* ; y  +  2 ~ (r-Hi) '  ; .: -j- » : : ( / • +  ' j ) 1 ;
,-\"r! ,<■ -1- | s — 2/  ; .i y-f-.l 8 r; (.s2 — 2)\  and y z  +  IS ~  ( t v  — 2)'.
MakiX  r+.»-i-/-fv-F'(rv—2) + ( . ^ - ; ) + ( / t ) - ‘2; +  l l  =  lJ l ; a quadratic equa- 

tiuM a‘,s'-s » "diicli being ieduced /• is found “  2, whence* : — g, .r z. 2d, y ~ 6 cJ, 
and sr — j ]f).

Some questions about rijfjht-angled triangles occur next; the first is. “ Given 
1,1 'i 1 > . : i :gUt-iingiod triangle l.-> and 20 ; required the hvpothenuM*.

Although hy i ••• figure ol tin* bride tl■■■ hypidhenusc i the root of the mu i of 
“ Mu ")n..rrs ut Mm (wo .sd« v. the method of solution I)' Algebra is this : lu this 
“ triangle suppose the livpotiicnusc unknown, and then divide the,triangle into 
‘ two right-angled triangles thus: buppuse the unknown hypothenuse the base 

*’ iJI the triangle, and from the right-angle thaw a perpendicular ; then I.'- the 
“ -M i'othi nusi of the .-.•nail triangle, and 20 that of the large one. 15y four prt- 
<! f  oi'.'u.h; ! find, when tin* least side about the right angle, who-e h; pothc- 

■- h> •* uni e r,vn, is :.» ; how immh will he the Last, side about the right 
44 angle udiosi hypotljenuse is la." In like manner file other segment i . to I 
brought, out, when- .r ~  21. “ I) I .ould find tin qiiantit' of the perpeu-
f dieehi” and the srgux nS of the Jiypathenusc at the place of the perp.'udicidar,

■■ ■'' '-e «b in carious v. v s ; f >t hy four proportionals, ' tse. The , are 
h">'id on tin sauic' j.'•iiuuple as .how:. “ And auol.hfr way which is written 

ha. iaau'tw is his; The dill** cute of the two containing side that is 
to y 5, 1 mullipi oy a.'i, w in h is the bum ol the two sides • h 1 7 ,
1 divide by 25 'bat is the base; the quotient is 7. 1 add this to the base, it
■ *2 I hal,c it, lb - obtained; when I sdifrnet 7 from the base, ]8 

utis. I lulu . <j the mu.ait hwnnent tiom the place of tin pencil.
44 di, nlar.

ok/w " The square ofth hyj utb< nine o ft very right-angled triangle is equal 
1 nuu  tu<. r ’:t;.i.• >i• <u .. • ,m> sides containing t'.e nght tingle, with n .

"■ squ u-e (,' llu. difl'*i'iu c ol’ iliost* sides. As the |oining of i ’oc lour triangle*
'* .djre cilK.'iilio.ied is m on : maneei tlud from le Iiv j ■ ibeun-. of each, the
1 i.ih u a vm:' • will h e  foi "led, ami ni the itmhlle of it. Micro will be a squam,

tin qu int ty cf wine e ■ i-. equal in tin- diftn ue >■! the two :<h ••. ahoid the
’ •■!;!'•.-angle of '!x Man It: ; and the it n« of cvoi ■. right-angled Hi ingle is l.alf 

‘v be '.u.iuiglr of tlie sines aboi flu right f'.nnig! . \ n v  lw i< 111 rectangle
• ' the ." o ;• lie*. . ontaii.i' ; tbot is Mot), is equu1 , all the four triangles , and

■ G<x XIII §L
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“ \\ hen I add tk>, the small square, it M ill lie < qua! to the v hole square of the 
“ hvpothenuse, tlmt is <fa5, which is equal to the square (-firing; ami in nr. n  

cases an elfable root cannot he found, then it will he a surd ; and w d
“ not suppose thing, add twice the rectangle of one side into the other, to t.v  
“ square of the difl'crenee of, the sides, and take the r.n t o the sum, it il! i a 
“ the quantity of the hvputhenuse. And ft out tl.is il is kvio\. - dm- .. m .a r 
‘ rectangle of t wo numbers is added to the square of their diil'ercin r, t.n .-..It 

‘e will h equal to tile sum of the squares of those two numbers.
A

The next is in a light-auglcd ttianglc . G.vriu ' n n -  ,) - 1 r: AC

Be. required the sides. “ First. 1 p< 1 In .11 the operation or contrariety an'
■ “ audition: let ,\c — no be supposed '2. To tins add 1, it is G; take its square,

“ io- : . ;i ; add u is In’, 'i'iiis is the quantity of the hss side : its squart w
“ is 1 | t is nr ,\e ‘ — m ~; litre 1! .11 tin differences ol' the turn anginal min .
“ and. ol'the two squares are both known , and the ditference of the squares 1 f tv,.
“ number# is equal to the rectangle of the sum ol'the two numbers, into their 
“ ditference. Therefore when we divide the difference of the .squares l:y tin 
“ ditference of the two mimbeis, tire sum of the two numbers w ill b< ..lie qu -1■ 0: : ,
“ and if vc divide b\ the sum, tin difference will be the on :ait: because m 
** square of a lino has refi renee to a tour-sided equiangular iJgatr win* lour 
‘•sides are equal to tint1 line; for example, the squtue of 1 ilirehs is If ’

subtract, the square <■1:1 from i', C4 remains; end tit.: ditfue •<• i ;  and •• i- 
“ 0, ami 1 icir sum ig  and the rectaii-h of tin .<• two is 2 L winch is the 11m her 
' remainsi’ >•. Tluu it is known 1h.1i. the rectangle of 'he sen: of ’be tv > , t>1 r:

“ into ilieb- ^iiieiencc, that is 1 e: multiplied by i.s equal to the ditV>vnc» of rh<.
“  sqiian .s •! the 1 wo that is 21,” & e. On this principle the sum ami :uf renee 
being found, tin. m nlmrs them--Ives ate had • b\ a title <»| '.Ik Li , 1 is '.utci," 10.:.

u +  b ^  a d _   ̂ I ./ -f- h a - l> _^
iL J

By supposing otlu'i liam kis besides C for the dill’ 1 '’tee, and proceede:,, n the 
“hove manner, triangles without end mnv be lound.

•Vs oI»khuion is In": made (1 ;• oppose by the IVtsr’ti trau ' ■ .1) .a, De 
ahqvnis not ui o’liiaieal. ft is then stal-d that till tian i.it- - has !• u out an
easy tt«y of solving tin- question by Alg< bta. lie directs that the ddlou m ,
*r — t»c may be inuum d — a bet'oie ; and making nc w  "id 'x

t 'i
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Xŝ y .'fŜ y
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~  ■' f  - ’ utuI -sli bcille — 12, the value- of a- may be found from the equation 
A'1 +  12* -  (a* +  2) \

“ Tuc flitk-rence of the sum of the squares of two numbers and the 
" square o f their sum is equal to twice the rectangle ol’ the two numbers. For 
“ cxitinplc, the square, of J and 5 are 9 and 25, that is 34, and their sum 
“ '* 8 anrf Its siluate 6*> *l,uI the differe ;cc o f these is SO; Vhich is equal to twice 

u. rectangle of 3 and 3 that is b\ the 4th figure of the second book thus,” In 
t,ic co>T v-hitli I not have, the figures ;u<-omitted. In Mr. Burrow s copy it is

64

8 9  15 3

•5 1 5  2 5  5

3  5

Tlum follows another rule: 4ab ~  (</ +  A)» an (a -  b )\ which may be easily 
nnckf-.U/od by tins figure. Ti.ete is no figure in Mr. IJmrow s eopy/nor in my 
present copy, but I had one in which there was a figure for the demonstration of 
the 8th proposition of the second book of £iiclid.

Wcxt come iwo examples : ’flic first of them is, what right-angled triamdr is 
turn the sum ol whose 3 sides i 40, and the rectangle ol‘the two sides about 
1 hr right angle ICO :

* ; , h " "  o t  1 i h i  ■ U y  t h e  f i rs t  >ulc  t a k e  t w i c e  IS O ,  it is 240 ,
■( .-ml tin. is equal to the difference of the sum of the squares of the sides about.

rig1,1 angle, and the sq arc of their sum that is the in purlieu use. Then.
* rcncc of tV,,‘ (>f the two numbers, one of which is the sum of the
‘ ,H,: <Kio,ai“l •lK' '’•-hcr the fij pothenu-.e, i . <240; am! the sum ofl.oib i- 40 

'• iu ihc method ot finding out the liiangie, it was before known tli.n the dif 
' ‘ ,!w? hMua‘es o f  t • .1 number., is equal to the p-emm-h of their sum and

(."♦'Tfii.-e : when 'htlei'-nce <0 ’ • two square., 1 c sided by the differ- 
e <’c m llv two nun hers, the qm 'inn is dr sum of the numbers; and if it js 

‘ uivru-d I V Ui mm, the quotient is the difference. Let then 240 he divided 
'"'’V ‘..................... .. W' : 11 tog-tier muke ' by . ;:c question, the quotient
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,f *s ( ’> ant* this is the difference of the hypothenuse and the sum of the two sides 
“ a^out the light angle; then add e to 10, anti take its half, it is il l ; this is
“  su,n ° l  the sides; subtract 0 from 40, anti take its hall', it is 17, and this is the
“ hypothenuse, for the sum of the two sides is always greater than the hypothe-
' nuse by the asses proposition *. It was stated in the set aid rule th ’ tl .

“  difference of the square o f the sum of two numbers, .. d - times their rectangle,
“  is equal to.the square o f their difference. Take then the squmes i f > ,
“ *5̂ .9, and 4 times the rectangle of the two sides, it: is 480; tlj.Tr difihrcnci is 
*c 40, which is e<|ual to the sejuare of the difference o f the • if tlie : ; : f.-n 
“ add 7 to S3, and subtract it from the same, and the halves, arc 15 and 8 fa 
“ two sides.”

The next example is, / '  '[v required r, y, x, such tit at x  -(- y f  —
X

and ay: :r 4C00. “ l suppose tin diameter (.■/#* hypothi • w<) unknown ; take it»
“ square it is . r  : This is equal to the rum ot the square < f  the two salts about 
“ the right angle, by the figure o f the bride : and as 4000'i , the product of the 
“ rectangle of the two side- multiplied by the hypothenuse, I divifx joo in  the

“  unknown, the q u o t i e n t i s  the rectangle o f the two sides. 4 ud it v :

slated that if excess of the square of the sum ot the nuin' ers a! , —• rJi.■ ,jm  
“ *d their squares is equal to twice the rectangle of the two numbers. The sum 
“ °f the two sides is 56 — ,r ; I take its square, it is r* — 1 i*».t +. ;; i .. • ;,j . t
‘‘ Sl,!'' oJ the squares of Vic two sides is v% f->r that is th square ( 1*tlie -i f mse,
‘ which is the same. I take the difference of the two - - 1J e ■ ftm|

‘ i equal to tu ice the rectangle <> ' the two .ides, that i ' 5.<\

l ie  cquauou is ndm;».d iu the eon mu Hi wav: th square in tie ut.idruie 
which arises, being completed by addiug the square o f 14, winch is V . ! f ' . 
cl'to'v nt f  ,r. In this way the li-/pot ben use, mcI 1 hence the oilier s!0 arc
hr,.light out.

M' I>; I x J . , . I, , i, . , a |,ook nf V lU'liif wt:' li ,uv si .LlictiSht ;•*
■■I'utiiy. . !«vr ,••• .. l i. q - igi-»nr' ml inUT|)iil.i! 1. tHtlu. I’ u.ia tr;n,■,l.itn •

, ' i > ,• o . i u • s re ONi> no ok.

■ e°3*x



b o o k  3 .
“ I XH \1.VING THAT AIANV COLOl'llS A m  RE EQUAL TO EaCII OTHER."

“ riH
J-HK role in this case is to M.ht; art the unknown of one side from the un- 

*• !:ni)v, a or dpi,a of-the other side, anti all the other colours and the numbers of 
“ tix second •■ide from tie. first side, from which the unknown was subtracted,
“ aval divide th >r: colours by the unknown, If, as may happen, the dcnonii-

m m  pu-miiry. { , doun the operation of the multiplicand ; and i f  the 
“ d r i n . o  ora arc ditT rent uuk.tov, n quantities let til tin be unknown. Suppose 

the ; lity of cv< iy ■, t these unknown the dcmoni.i: .or. an I ; m. n I .flow 
i r c !o O'- or the dividend, md i educe the tract >ms and ui ;ci riv dinomina- 

“ u •; them the uoknm uwdl  not remain on any ide. After that subtract the 
“ lack > f one side from the otiier side, and subtract the rise of the colours and 
“ the iiiind ers iVom die siilf-from liicli the black was subtra -fed, and perfoim 
“ U , smut op •w.riot.s as were dir<wt d for the unknown, and the or atitv ,>t the 
‘'Ida' will is oh .lin'd , ami in like manner th, lest ol'ilm enlmi, and all 
“ the oaai. it I -s ol the multiplir atul w ill he obtained. T hen perform with it the opara- 
'• ri.,n • »t*tbe in i ,111piie ml . and tlie nwl1 iplie.oui and ••mn , :u will be obrained, 'IT-- 
“ tmdt pile nd will lx* the quantity of the dividend, and the i|uotient the quantity of 
“ tde due.a. And m in the dividend of the opemid n a' the multiplicand, two 
! iliji i s Kim riii; at tor Minijih , black, and blue, suppose tlu second in order 
• ■ null is !dt i e ,  m  div: .end, and -,m.pn>e black a number, and add diat to the

* imp.in nt, uid p.-rforni tim operation; an 1 hen the quantity of th two. last 
'' coimi , is obtained, we shall known by llie method which lim been explained

and ill' tiatid in the examples, what art t pumtitics of tlu other colours 
l.iili me l.e'ou h. Ami c iien the menMity - mm... , • • et the •■'.mnc of 

*' * o our and it tin quantum >d the ■ oluui is not obtaini d in whole numheri 
«;.mm m vf. the operation of the multiplicand till i> conn s. >ut whole ; and by 
h'' M •• i-' r i'1 ,l.i In ■ colour wt know the quantities of the oilier colours, so

* ,,m: "" 'P" ,mv i f II" ntikn >v-■< will In found Iftlici; on. proposy a 
*' question in which there arc many tlougs iinkm wn, suppose them diftcient

fl| §L
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ldIouis, Accordingly, suppose the first unknown, and the second black, and 
I'Ik thim blue, and the fourth yellow, and the fifth it’d, and the sixth given, and 
th " seventh parti-coloured, and so on, giving Whatevt i y antes you please to 
unknown quantities which you wish to discover. And if instead of tin-v 
colours other names are supposed, such as letters, and the like it imiv be d me. 
l'or what is.required is to find out the unknown quantifies, and the object in 

“ S1 V”*S mimesis that you may distinguish the thing.- lequijed.”
From the first question in this hook arises the equation 5.v -4- 8y +  7z -f- ;i0 —

7-r 4- f)y -f- G s  -{- 6*8. From this is derived --- -—:——fitl.." <,r — H L J I j L . j- . ~ ~ j -
~ f  ‘J

TVT » ^  ■» W  '  | ' *  }

iNow .5 is assumed — J, and from — — — , the multiplicand and the quotient

are found by the rules of the fifth chapter p f the introduction as follows . The 
augtin m being greater than the mvisor, the li' iivr is divided in tile le.tier. 'flic 
'inotient is retained, and the icmaimlcr is u .ittin  instead uf the augment; the 
quotient foiled ~ 0  and the multiplicand r: !. A the number of tin qiio.ients 
UJtsing i!"iu the division o! i .te dividend by the divisor is in litis cast odd, ami 
as tin- dividend is negative; and each of thest cjuxuuuitimecs requiring the mul* 
tiplieand lo he Mibtiarted from the divisor. and the quotient from tl . 11. 'dead, 
tlu* quantities remaui as tlu > (‘re, via. 0 and 1. Mow hddiug 14 the quotient
ot 2y divided by 'll, to 0 ; the true quotient is l-l ami th ■ nm’i ipiicand ~~ p 
t be t lore .»• — | |, nntl ;/ ~  1. and ; t= I ; .ml new \ due- nun i.v found b\ t!.
Titles o) the jib chapter of tlifc introduction

■l1'0 next qtn .-tion is the ssnu as die third o'- (he 1 -t book.
In die r, v wo have the fine (Uantilies it p V y 4 8r. 4- 7w, ’ '-I . ;\y -f-

-- P lie, and n.r 4- )y 4- j 4. o„ , and 8.r 4- > V •+■ • ' +  lie, till equal to each 
'•tuei ; an 1 1 he \.ih - o! e, 1/, 4 , and are required. F . o m  the ti.-i and second 
H I nnul c.r •- j.y - - (»; — (he ; from the eond and third dt .:r by -4- * — te, .»n I 
11 "in the 11 ; d and fourth jr  — ;U/_

* " i: th: I wo first of these tluee equ.itioiis <>», - qOo 4 - ttue, and iiom the t . o 

-  ' * iu»; w hence lg.s -  0 , and disidu g ’ ‘'-."t -  . • *• me

un ! ' ’ -!'1' ’ 1 1 ■111 t the midtipbeaufl was qi\ei ii v .. • .aid ill •' win a 1 be
• ciplu . *! •• 1 mltipliv and will lie eq b r, and the quo.: unit ’ he quo iuu

■ t mp 1 ifiy divided 1 y t • Ii- iso ; 1 ••re then tli u c 1 ■ ,d 1. a ,d 1 > • (iml <.n1
i- h.nh cipher, 1 hti/i uhiinq Jl for it nr\y value of ml t ' 1 a hi w

HI Sl
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•’: 1 • ■ i!■ of , 31 — i and 4 — v ,  and the other quantities arc brought out in the 
usual manner.

The next example gives 5x +  7y +  *)z +  3*e — 100, ami :j.r 4- 5y +  7z +  
‘r.i'nioo. From these comes 4y ~  — 8: — 36k.’ +  200, and for the operation of 

. . . .  . —  Hz — 3ftw 4  200t r multiplicand --------------— A-------— g. Suppose tc — 4, then — 8* will be

11n- diviih and +  40 the augment, and t the divisor. As 4 measures 56, 14 
tunes without a remainder, ti;e multiplicand will be s  0, and the quotient r: 14 ; 
adding — ; to 1 ■, and 4 to 0, y — 6 and s — 4. fhe other quantities are found 
j ' i ’hesim ; way as in the former examples. Another method, not materially 

i vent from the foregoing, is also prescribed for the solution of this question *,
A great part of the next example is not intelligible to me. AVIiat I can make

old i-i I’l.ts. J-. III-, el V SO that *---r - i  — y  ------ — ~  « *----- -  — V & .
(> a 4  3 ’

hole number.-.. T..i ng values if <• in llie-c equation* tin following are found
•4/ - b- — l, Sz ~  -\v — 1, and -jv — ho — 1 ; from this last a — 3 and v =  2

y
but these numbers giting - i fraction.*] value of z, new values must besought

for :r and v. i hen after sc,me nan which l cannot, understand, the author makes 
a ~  4 -t- tn, and >ays u is found ~  4 ; then v  !‘), v ~  2 +  3u, v ~  M. After
niorc, win h i ''annul; make o it, he finds  ̂ k  i .u .t, try means of i which

lie add to and find . I.-;, Alter more, which I can make nothing of, he finds
i/ i.“  y) and a r~ 60

J he 'i; 1 example is, ’vVo tim e numbers ar; those which when the first is 
"’’".phed h; i .uul ih uteri by 20, tin; rcutaindci and quotient, wilt be equal j 

llr 1|“- I is multiplied by 7 and divided by go, tlm reminder and the
I,r wl  ̂ lC rMuu  ̂ with an inn case of 1, to the remainder and quotient of the 

ti I , and win n ihethiid is multiplied by g and divided by 20, in lik< maum r, the 
irm.iindn and quotient, will be equal with an increase of 1 to the icn 'imler and 

!>• '1 the ' cond ? 1 he first remainder i i called x, the secmid ,r 4- 1, and the 
1-b"' 1 4- 2, mil liie.ca nsotheq i»:;-.ta Lot f  e fitst number be y. By the

ie i,ii< uion 7C 4 ty‘ m  f j ,  ami ;... *_ip*
~  ' f '•  ' l,,: ■' ’.O. Uurro'.vu » . . o , l i - . w t u ’ftr, biiin,; K.iupfeti m tllif part I tlti.ll p ro .. .»• In
•mj,|itj kUi.ml - 1 hi mil Iron* ni«.
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question — ~  ,v +  —, whence .v ~  Let the second number he  ̂ tlun
7 4   vV j- 1 r ~   O 1

+  1 +  —, whence v — . Let the third number be ,\ then

■) e x -h G ()t> — 42o7, — x f - H ------- whencex — -------- :— From the fii>l and second valius
GO c J

. . 7s — o j . fV — <21
Oi x  is tomu! — —  — ij, and from the second ami third — -------~  i/n*

this last is found by the operation of  the multiplicand z  =  O' and v  — 7, and ;) 
is called the augment of  add 7 the augment of  v ; as this value of  n does i ot 
givc_y integer, other v hie; must be sought. fhc augment of  c. >• h i :feted lo be 
called u\ and the value of  zc is lo he sought; re is found — .>, and its an 
•» ; dd is found l»y multiplying 3 I>y <J and adding 6 ; at last the iVw'.ntcd numbers 
are found 4 , d,  .uul •_ •• \fo..|, ot this example after ttia. par! whe c
found r.r (> is unintelligible to me. Ir appears only that new \ nines o f :  n-j 
found from o' 4- £);<■, and that re and its values aie found re z= t> and :> 4- .)//, and 
from «> — 3 the numbers are found. I suppose the question is solved mm-:i in die 
same si a} a- .such qm slions ;irc now commonly done.

a — 1 ( .r — S5 , x  — _
rp i . A — 1 .V — V .V — ' J o  ■ » CJ lie next niestion "ivc- ----- . ------ - , ------------ -.. •. ........f 5 2 3 ,7

to line] x so that all these numbers shall be integers,
i.cl the number ivuuircd be ,v, let the u>-,t quotient be Gy +  1 this nm . >b. d

by the divisoi g w I produce ic: dividual Jy •+• 2, and l bet •■••• ..............
the icmamdci x -| :1. In like maniua tin second quotient heieq m mmil
3: 4- f. o- -j — 4*if ; from this last, by the operation of  the multipln and lir.d
~ ~r 3 atld d : lit ut in :il i'.i  , )t mul t i  >' ol y ; «»v ; i Ik. ii . .. j •

3 4 4 < (~: j • 3.5 -•)- . 'Ois ,\s the vabift of //, 8 will not answer for r hi
the third <•( million, pierced thus: I.et tin third quotient he . 1 , MniupK 
b> ■> and :dtl i\‘,s 4  ! S .v, i h.s is ,i , .f. * | <. heiu ■ :>u — 1 ‘ . ifi‘» . lie n

tlu* i p; latiou »•! ( <. o uliiplkam u \ . , ,u,d i r !, : J* \  i
■ -• md . v . 4 do, an I , !] f *.< n < vtt • u • - • •> u.»

U" kmc 2.1 X :.u; l)u0

'fill next qiiisthm ; , t fllui w mio.li I ■ r  i ,d .mi lit 7 ' 1 ' - -

4  *- - f - ..... . } a 1 ... . . .  :4r, m l ,  g u -  » i' ' io , !  ' llit,'t i :u i" h ( ' !k



~ '■ o r i \  d n.T i .1 m i w a 'i r. r x: o pl j m s.

Ik' ,1c- (i a;i(1 -.. Let tiic first number be :>.v- -r 1 , anti the second 6.v +  2, tlic 
rl '»'.•!!« e • -i- i. Divide by 3; suppose the quotient y  and the remainders;

-■ii 4- i ~  !'■ a 4  2, and x ~  3 j/+ Jf and j.v 4  1 the first number z: 1J;/ 4 - 6 ;

and (),v 4- g the second number -a lfty-f-S ; their sum is 3 3 y -f - ll . Let
t)

"5 (j. (j j ^  o
—- ~ 4- then 1 * sz y  — ~ ~  - ; from this is found y  — 3 and s  ~  12,

or y  (• 4  f.;c and r, =: J +  live; hci 1 ee :>x+ 1  =45«'4 G, and ftc4 2  =54rf4$>.
“ A . iic product of these tulan according to the question involves a1*,and would

a long work," suppo-e 4Ja> 4 b ~ o i  and let the second number be as it
i' s: tliiMW <"it ; hum both, the remainders are 2 and 5zo 4  1 ; take their
piodut1'., . i lOt” 4 2 . Divide by 7 ; suppose u tlie quotient and 6 the re-

10a’ 4  2 G _ 7u 4 - 4
. — ~  u 4  a lOw 4  ~ ~  7u 4  6, — ——  =: W; lrom this is- / > 1U

' U> ( , T h e  ' f f o r b  number b e in g  ‘- r e  4  it U .>4 X 6-+-8 — 3 3 2 ,
•id 'is U:yn,Mit - r- r >< 7v 37 be. Vs tin firs; number is 4.5a 4  G, and was 

.sajipo'.i its augment is 4.5 X 7c.
! ov ec u 1- v-b ’ n.-.'ibcr is tear whirl, bcin;;1 multiplied by J) and and the 

two pmo-uds Ml ruled i>y Mo, the sum of the t wo remainders and two quotients 
wni oe .. mp’w -■ if- nun her >, multiply it by lb, it is lb#, for if I had 

•' uilrip' ed ./paratvly by 7 and 0 by the first, figure of the second hook, it would 
. 1m> be Ida', Let i1 r qui'iient .ii 104 divided by 30 be //, 1(4—30// is the re-
1 f'()// ..U- i f)

’• 'Under, add tin quotient V ; Hu — 2ip/ Z:2G, and - s s  a\ The augment

v.ru 1 tl:‘ a 111e •! i, i -uj, b.ract. Hi from 2b, it is 10. U - the operation of 
da muh.nheam!, tlie qu« ieul is found fjO and the multiplicand H>. from (H) 
unti • if  2q', and from 50 the In’; 3 and 2 lemaiii. Take 3 from 2,0 and g 

" l". -O . l 1, romiii, As lb was on /c rejected from the uugment, add 
’ '■ --a 4  ini llw < oti at i U  and ihe rcmaimle, 1 •. N'o ow v«|u«s

li * '' ''id in in • e;.* e by the augment, lot then the quotient .’u l ri in. under 
would he naeatei . m 27.

'do ui v wl.i' IIIItuber is ih.it which multiplied h ", and [), and the,, 
pi1 a hi e| .-in ir)-11 by y ,  j .1 the omaiiali added togei liei and again divided hv

oam f 1 ’ I I e I 1 ''llppou. de mimher .; It I 1 Oj| lie divided by 
I' and lit he qnoh< nt h- y, then i;.w- toy II, “ |i  w, Ieul mulliplnil 

M:|.ttnilcly, an divided cai.'.i ism ihf by V \  the mho gam di idul by '!() would

®  < S L
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<< also have been equal to 11 ; but this would have been a long opi ration. 1 hcpioot’
“ of the rule for such numbers is plain ; for example, if 8 be multiplied by 2, 8,  Hm  
“ 4, it will be lb. 24, and 32, and dividing each by 15, there will remain 1, i),
“ and 2. The sum of these, that is 12, divide by 15 ; there remams 12. . I f  8 »
“ multiplied by the sum ot these that is 9, it will be 72 , nivak 1118 .

<• remains/’ From 2 2 L ± -U  =  * by the operation of the multiplicand is found a =

W o ,  imiitiplicd hy » .  * * * * * *
b y  6 0 , a n d  . g a i n  b y  at), t lm  s u m  o f  t h e  r e m a i n d e r s . ,  1 0 0  ? - t  th e  -  •
J 2hr _  ■ 12 t]j ,a

Suppose the first remainder 40, and the second <>0, and Ut ^  J  'i~ 60’

A g a i n ,  let +  then ,  =  Hence 80a +  20

=  60y, from which are found y  =r. 3 and 3 =  2 ; these vuh.es do mr ,nal‘jt’/ r 
teger i  =  3 4 , l ,  =  2 +  * »  I ,«  9  -  7 and * =  5, then ,  =  *  By .up
pitting the remainders 30 and 70, X will be= 1)0, and the question may be vm hu 
without supposing the remainders given numbers, ant y su ijec r..n ‘lv 
titles separately to the operation ot tire multiplicand.

In the next example y  being the quotient of J*, x +  y  =  30. “ Here there can

“ be no multiplicand for no line (of quotients) is found, nor can it be ’-m;t ht
‘‘ out by interposition” (meaning quadratic equa tions). I l o f l u  t U n  . , ,
method and the question is solved oy position ; tin I)un,l vl ' ’ s.uy\ o

brought out truly 2 1 -; afterwards is added, ‘' I  say this too may be dm t ly

“ Algebra thus;” Cal! the number x,
h." 4- x -  ^  ~  uo, If* 390. X LI 21*.

The nc it ex amide is. It h said in ancient books tlut then were ^ v e  p d i  
of wh im the first hud o dirhems, the second ; 1 • ’ 11 1 l' l<  ̂ ,t-V
went trading and fronglq pawn lea 1 piict-,
and to each pet on Kornethimr i mat I. ' hoy then wm> ’ > «»'• 1,1 ’ I’*’" * '' 1 ,t
tin price of ouch I'at was 8 do he ms; tiny ""'<1 " ,r‘ l" ,U “ ,'1 , l“ ' 1,1
the three was equaV At what piim did they buy first tout «*t "hut mu did (,uy 
Sell, ami what were tire remainde or?

*
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Let the number of lea .  es bought for dirhe n be r,  and suppose the price they 
■;uhl for to la ■ certain number. For example: Suppose 1 iO leaves sold tor 1 
dirhem, then the leaves o f  tie first person were 6x;  let tiie quotient o f  Gx, 
di\  ided by l lo !,.• j t which is the number of  dirhems first had ; 6iv —  110y is the 
mi uber of  leaves r< m ; n  dug Multiply b y  5, :)0j —  . . . .  - their price; add

e former result a, 3Ca —54<jfy is the amount of  the first poison's property. Then bv 
t"m propoi-iotials is found a nat t he p o l lu te  of tve and loOxwillbe, i hat of 6‘x being

y ; the second person i- found to have y  -+- ^  and the t h u d  1 Gy + - ? .  AfterO J
working as above, according to the terms of  the question, the amount of  the

l£()& i .I. |
second person's property is found —----- ' •- and in like manner the third

, lbOO.i — 07 i.'iO 1/ ,,
pen.on • ~ • from 30a' — 5-1 x  is found ~  o, and its augment

S'i r his j- ~r r. in 1 // zz So . I.i. i added t lu t  unless r number is assumed the 
. qm-tuni cannot he * dyed without the greate t dil'fh ulty.

'Ino hook Jose, with some genera! junurks about the attention and acuteness 
r po o t"' sol'’ :ig question, like tin sc.

> ion." " mnuiji'r. urn fVHlcnUjr brou^lit C . " I  wrong, fur* tliotilii ti« di u«blc lij uuJbyiM. T.itin 
. un-i.-url of : f«). *, HI..I 1)01 n r ; ; . lo, I ho lt\u i.s .old al 110 po  . l i ltoin; we g tt  b ~  1100 -f- j , auU 

0U4 - j ; v* line a may be i i r>, or the rm< ijj!/.«o1 110 up to 77u.

I N  I> O T«’ T I| K T iiX HJ> HO O K ,



BOOK 4.
« ON THE INTERPOSITION ( l e x ^ y )  OF MANY COLOURS."

A . N D  t h a t  r e l a t e s  t o  m a k i n g  t h e  s q ua re - -  o f  m a n y  c o l o u r s  e q u a l  t o  n u m b t i .  

“  I t s  o p e r a t i o n  i s  t h u s : W h e n  t w o  s i d e s  i n  t h e  s a i d  c o n d i t i o n  m e  - . q u al ,  i Hu 

“  m a n n e r  t h a t  h a s  b e e n  g i v e n  a b o v e  f o r  t h e  i n t e r p o s i t i o n  o t  m w  c o l o u i ,  s t t pp  c 

“  a n u m b e r  a n d  m u l t i p l y  o r  d i v i d e  b o t h  s i d e s  b y  it,  a n d  a d d  o r  s u b t r a c t  a m  i >or 

“  n u m b e r ,  s o  t h a t  o n e  o f  t h e  t v  s i d e s  m a y b e  a  s q u a r e .  D i o n  t h e  o t h e i  s u e  

“  m u s t  n e c e s s a r i l y  h a v e  a  r o o t ,  f e r  t h e  t w o  s i d e s  a t e  e q u a l ,  •’ ■ id bs  t h e  m t u a - t  o i  

“  d e c r e a s e  o f  e q u a l  q u a n t i t i e s .  e q u a l s  r e s u l t ; t h e n  t a k e  t i n  l o o t  tl i  .l 

“  e a d e s t  f o u n d .  A n d  i f  i n  t h e  s e c o n d  t h e r e  is  t h e  -’ <111,111 °* a  t 0  OUI a , , t  

“ A n m b e r ,  s u p p o s e  t h e  s q u a r e  t h e  m u l t i p l i c a n d  m i d  d i e  n u m b e r  t h e  a t m m e i r  , 

“  a n d  f i n d  t h e  r o o t  b y  t h e  o p e r a t i o n  o f  t h e  s q u a r e  w h i c h  w a s  g i v e n  a o n v c ,  a n d  

“  t h i s  c e r t a m l y  w i l l  b e  n u m b e r .  M a k e  t h e  f irst  m o t  o f  c o l o u r s  e q u a l  m  • b a s e  

“ t w o ,  a n d  know t l u t  you m u s t  equate s o  t h a t  t h e  s q u a r e ,  o r  t h e  c u b e ,  o r  t h e  

'« s q u a r e  o i  t h e  s q u a r e ,  o f  t h e  u n k n o w n  m - v  r e m a i n .  A n d  a f t e r  t h e  o p e i  w o n  o r  

“  t h e  i n u l t i p h '  a t i o u  o f  t h e  s q u a r e ,  t h e  l e ss  r o o t  is t h e  q n a n t i t t  l t h e  i t o t  t h e  

“  s q u a r e  o f  t h e  c o l o n )  o f  t h a t  s i d e  w h i c h  w w  w o r k e d  u p o n  : a n d  t h e  g i c a i e i  

‘ . l i e  .1- r a :i :i,  ; , i d e  V . h i c l i  w a s  e q u a l  t o  t h e  root  o f  t i l t  t i e .  s i d e .  K m ,  e 

“  t h e n  'm t h e s e  t • u , id e-  A n d  it i n  d i e  s e c o n d  o d e  t h e r e  s t h e  u n k n o w n  o r  

*' t i l e  square o f  t h e  u n k n o w n ,  t h e  o p e r a t i o n  o f  t h e  n n i U i p l i e a i u l  e . i n m u  h e  d o n e ,  

“  T h e n  a s s u m i n g  t h e  s q u a t  o f  a n o t h e r  c o l o n )  p e r f o r m  d i e  o p ( i u i o n .  l i i . . .  .1 is-  

It t in e is t h e  u n k n o w n  w i t h  m i .  n m  o r  m e  u n i  . t o w n  a l o n e .  *  h o < r  r o o t  . t o r s  

11 a "  c u m c  o u t  b y  th«‘ u iu l i i | i l i .  i t i o n  id t h e  q ua r c y  u n l e s s  In  a s s u m i n g  t o e s q u a . ,  

d l  a n . a h .  eo|  m  : v. l ieu I b e  ni"> ' t h i s  i-- o b t a i n e d ,  •• M'1 1 ' b a l i . i i  b i n 

“  Hi. q n a n i  u  . . |„ n k . m w n  T i n  r e s u l t  o f  t h i s  is. t h a t  > o n  i u  a pp ly  "o> r 

“  t u h i d  w i t h  s t e ' a dm ,  s„ ;i,u l s a g a c i t y ,  a n d  p e i f o r m  t i n.  o p .  a t i o u  ot  m e U i p l u  at  o n  

fit the Si | f /VIC ’ll Ti %\ ;i« tit.r J 'l <Mli M('lf i»'h' . li. *' * ?. '
rthsipi’V t l O l l t f  »jo| o i t i i  V i a 1 A i ! i 1 1 *



/ y ? —4V \

f(f)|
—-^yyx v̂ .-ŷ /

7 *  O V  INDETERMINATE PROBLEMS.

Fix ample. \\ hat numbei is that which bein'.1,’ doubled, and 6 times its square 
added to it, will he a square?
_ Let the number he .r, and let fix +  C\vl  r z  y \  Multiply by 2d, which is 6 mul­

tiplied by 4, and add 4; then divide by 4, it is I2.r 4- :3(Jx* +  i —• t y x +  ] • 
+  3bV 4- l)  n  Ox 4- 1. As the root of the other aide Oh/1 4- l cannot he 

ip.' ul, perform the operation of the multiplication of the square. Suppose the

k *  r ° - or H =  ~ 5 then C y  4 - 1 -  o*; 8  ~  C .v 4- h . r r  Bv the rule of
J  w

c: ovs nu implication for new values y  =  2 X 10 4- <2 X 10 =  40 and Gx 4- 1 —4y, 
whence x =  B.

Hr nex : is: What numbers are those two, the squ re of the sum of which, 
and the eube of their sum, is equal to twice the sum of then cubes?

Let the first number be r -  m  and the second *  4- *  their sum will he t a t
,,,rtl +  ' ' =  'J « *  ~  *>* +  ( ' +  3t)l) =  U  4- b r , ‘; 4X4- lx* =  12/  ;

c .. f  ■* ' 4  =  1 +  1 i " hence Cx 4- J =  ✓ ( ! 2/  f- I). Then by the nml-
t': .: .. ■ m ol he square, making <2 11. less root, 7 1 , the locate,, 0* 4- 1 ~
v - - >' U — ~ : r~.p •- *> x+ij=:5. By cross m jltipli( ati n no, values may be found

I he next i,: M int number is that which, when the square of its square is
irndfldu'il by j, and 10() turns its square subtracted from the product, the rt- 
muind;i is a square?

*  ̂t >nui her be .1, ami let l0tu* =  /  ; Jx* -  100 -  £  -  Q . Sup­

pose 10 the bus root, then 4 X 10*—  100:.: 4 0 0 =  20';  whence y  =  200 and

‘ r;' , Uh;U a,'e l W  ’‘-bole ni. 11,1u j• whose difference is a stinurc 
an I tf, •mu /  whose squares is n ruber ’

L<;t tlltf ,wo ni""bcr5 he x andy; let .// x the, p  ~
and as x ‘ 4- /  Igj. at. « /  -  2> *  4- *♦ ,  * \  'j |,en C/  -  2,/,' -

* /  a m l« /  ~  ^  ~  *z> whence 2j, -  *•
\  JL Knw ,jy tbe inn1 .(plication of tlw sriuaro

. ‘ 4 '* ' — I — ‘0, imkI 7 is ill- umiter root. Then
)  , r  *■ ' *'•'/ -  M  ■ i ; - i -  ;// -- v ~  t _  3* 7 5 .

II •' ■ '" 'v <»< ■' and )i will be loupd as above.
, '' • /  " ' ‘ l|''U‘ ' 11 ,li;" v ! m , !  •ii'c equal an« the root of
„ ‘ , MV" ‘“'d u t  tlH-oilier «d« t w  IS ■•...lour and its m.uuc, make

' ' h 1 bquun: of tin. next c.iout, that u -o x,y , „t to ^  and let
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! i t s  s q u a r e  lx? t o  t h a t  o f  y, a m i  it ’ // L • i t s  s q u a r e ,  m a k e  i t  e q u a l  t o  t h e  s q u a r e  o f  .- 

a ra !  m u l t i p l y  o r  d i v i d e  b o t h  s i d e s  b y  a  n u m b e r ,  a n d  a d d  o r  s u b t r a c t  s o m e t h i n "

- ) t h a t  t h e  r o o t  o f  t h e  s i d e  m a y  In f o u n d .  H e ;  j t h e n  I h a v e  f o u n d  t w o  r o o t *  : 

o n e  d i e  /iust, w h i c h  i s  t h e  r o o t  o f  t h e  l i rs t  o f  t h e  l i rs t  t w o  s i d e s :  a n d  tl  t 

s e c o n d ,  t h e  r o o t  o f  t h e  f i r s t  o f  t h e  s e c o n d  t w o  sales, w h i c h  is  n o t  e q u a l  t o  t!; . ;t  

l o o t .  P e r f o r m  t h e  o p e r a t i o n  o f  this m u l t i p l i c a t i o n  o f  t h e  s q u a r e  w i t h  t h a t  o t h e r  

s i d e  w h o s e  r o o t  is n o t  f o u n d .  L e t  t h e  less  r o o t  l ie  e q u a l  t o  the first, r o e ,  and 
m e  g r e a t e r  r o o t  b e  e q u a l  t o  t h e  s e c o n d  r o o t ,  a m i  t h e  q u a n t i t y  o f  t h e s e  c o b  ;

“  w i l l  b e  f o u n d . ”

i <dmplt. A  p e r s o n  g a v e  t o  a  p o o r  m a n  i n O n e  d a y  t h r e e  u n i t s ,  a n d  g a v e  e v e r y  

d a \  w i t h  a n  i n c r e a s e  o f  t w o .  O n e  d a y  t h e  p o o r  m a n  c o u n t e d  e l l  t h e  :n> ,

a n d  a s k e d  a n  a c c o u n t a n t  w h e n  h e  s h o u l d  r e c e i v e  t h r e e  t i m e s  t h e  s u m ,  a t  t h e  r a t e  

p m o .  L e t  t h e  n u m b e r  o f  d a y s  p a s s e d  w h e n  h e  c o u n t e d  h i s  m o n e y  h e  r, a n d  d i e  

i i u m b e r  o f  d a y s  w h e n  t h e  s u m  w o u l d  h e  t r i p l e d  ,/. f i r s t  l i i j d  t h e  a m o u n t  - rece i ved 

in t h e  t  m e  ,e, t h u s :  “  B y  a  r u l e  in t h e  L i l a v u t i . ”  (,»■  —  ] )  X  f  3  ~  i ’ r  +  l -

t h e  g i f t  o f  t h e  l a s t  d a y  ; C J ,.,+  J  —  T  4 .  n  =  t |ie  <, j| t 0 f  t h e  m i d d l e  d . . y .

A Ii Ht ip l y  t h i s  b y  t h e  n u m b e r  o f  d a y s ,  - * - f  2., is t h e  s u m .  Til l i k e  > i i t m i n  t h e  

s u m  f o r  t h e  t i m e  y  is y  4 - C y ,  w h i c h  In t h e  q u e s t i o n  is  -  S . i l - f  b e ;  w h e n c e  

+  , 8 ‘r  +  !> —  % ’■ I «*/ 4* 9 . u n i  :Vv +  :) +  6 y  +■  «>). I . v t  .»,/ 4 .

i'/ +  y  —  •- , t h e n  w i l l  l ie f o u n d  ‘ }y 4 .  ,-t —  \ / ( 3 ; 1 ~  i d ) .  B y  t h e  m u l t i p l i c a t i o n  

o t ^ h c  s q u a r e ,  m a k i n g  () t h e  I t . n o t ,  : W  —  1 o -  l . r ,  t h e r e f o r e  3 y  • ;> ~  1*  „ , , d  

y  —  4 ; a n d  b e c a u s e  d m  b y  +  9 -  J  ~  81 , a m i  J . r  -I- ;i -  ,t ~  •: T i m s ,

1,1' T Û 11,5,1 , , a >> h e  g o t  d,  a n d  t h e  s e c o n d  a n d  rl>-• s u m  is 8 ;  a n d  o n  t h e  f o u r l b  

' a; 114,1 ~'h w - h i d ,  is t h r e e  t i m e s  ■ •;. I n  l i k e  m a ti n ,  r. b y  m i k i m ’/ i T- ■ 1 r o o t  

3 d, t h e  g r e a t e r  . . .  . v . d l  b e  d ? .  a n  ! ~  18 atSrl .t « = 10,  a n d  o t h e i  v a m e s  . ...y b e

i o u n d  by  a . u e . i n g  a ... 1 n u m b e r s  f o r  t h e  n. a  n o t .

J h e n  follows a K .  le, w h i c h  is s o  m u t i l a t e d  t l int I d o  n o t  k n o w  h o w  t o  t r a n s l a t e  

R . A s  1i.r 1 e a i .  j u d g e ,  i ts n i r n n i a g  a p p e a l s  t-> i»e t hi s  . I f  a.c  q b y ' :rz t h e  

q u a n t "  iej. a r -  t o  i v f . ......id  t b  s :  K u l u  , n . i d r  s u c h  t ha t  ,/r ' 4//. .-  Q  •••7.* . m o  In 11

’* .Ml1' ! r!J aval  c. r r  py, o r  i p p ' v  t h e  r u l e  g i v e n  a t  t h e  e n d  o f  t h e  t u b  c l n q u c i
o f  t h e  m t o ,  h u ' i i o u  l. r t | , c  , use, wi n  11 u  Q .

R e q u i r e d *  ,t - .»nd y ,  s m  1, t h a t  7 . e ‘  I- 8y*  .... L i ,  a n d  7 . i*  •—  Sy *  +  I ~  n

11 U tliki pi ic# thy cooy o* itiii ill iij lift.

/'jS* ■ G° ix111 §L
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4 ^  is. supposed =f The operation otfamuhiptication of the square is 
reeted to be peffornited, l x '  being the- multiplicand, and s f  the augment: “  I 

2 the leas rOdt, ami multiply its square which is four by 7 t!... ir.uiri- 
'■ 11 - 8  ' * 1(! l!>- «iuare is 3( j ' 6  then is found the greater root •

“ l> Na?  t , , '“ 1S t!,e ‘I g n a t y  of blue, and •; black the quaut.tv of the unknown ;
1 llU': ' '* r,K,::<; Ou: =  ‘Jij. Tin., second condition i, J.r -  *,/ +  i -  p

1 • MliuUtutil-  r° ‘ ^  ~  S,/ +  1, or Coy’ +  1 -  D ~  N „J
hv tU  'delation of multiplication of the square, supposing the less root and 
e’O X o- 4 , = 8  ! = : c - ; whmec v  ~  .'. Therefore r -  4 and j, -  2, Suppo>hm- 3(J 
'he If;.- - mot, ,r •.-.•11 he =  72 and _?/ r i  30\ °

r" ' \ f  I'-xatnple and y  arc required such that a 1 +  y’ — q , an(j 
r  +  -  O- Thc multiplicand being a square let tlu* augment be divided by y.
ini.n by a iuIc of the d'lh chapter of tin. introduction + V

‘J • 1 c h—
th e ,! . /  -f.V -  ■!.<» . Multiply In J. and a id  1, , j„*+  4 ,/ +  , _T .

" '* ! ‘" !i,'s ’ •‘, l tc  o f  l l l t ' ' d " a a c n  is * y  4 . r , - ;  | , l , e  r o , ) t  o f  t l )p S£l .*
>.H- by the opera* 1011 <>J multiplication of the square, supposing 6 the less , of 
17"  II he Hie greater; now 2,y 1 =  17 ; whence y re: 3 and r  =  <>s ()l) ’
'V-Iiue- u  7 and .<■ arc 1‘) ~  y, and ]) 70 — .<■.

A Mother m KMof Bolting this .motion i, g | * „ ;  „„e „f  f l*.
r",n " V  ; - f  Hu- -urn fc|U-, which i, the ,i|„.ire „ r ' Tllc
' s" k In-st. added to th- • uln of i),c second. : -1- .<>, • 1., Ml ,t_____
' ■ ■ ' ••• 'l ll')Liem i- Had q- \ k). Perform the operation o f  m u l r i n l i c ^ n
01 t,:< ''' ' '  J the le.s root, 8 X -1 +  . . .  -  3 ] =  iVrrfo,-(.
: r - f  and ihc lu,i ....... 'It' i and tdie sccoml 7a , linn .

..I the filst m .m hSw iuco f.s and t* t. sc.-t,ml \ ,, 1

JtHle' " Ifa  K*uarc ,s e<l llIt  f,m root of which < umot be found and in

" f  n " .. „
' “ • , f /  '-""I'.’ l,'K * ’ - . p  B t j t  ,-q ,  iJicn ---------- -- y ■ ami ■ xl

t H  itiiw In t»f j,i oini .if.i ^

. - ' .........................................  g„ ,„M  ; ,bl..... .. . ................................-

, Uip j*u.i * fv .

•* - : ' ............■■— —



o r  i n d e t e r m i n a t e  p r o e l e w s .

“ which there are two square■> o f  two c olours, and the recta ugic ot thi»e tv o
“  colours; take the root of one square, raid find from the second squai ' a ltK l> b'J
“  tha t  from the two s q u a r e s  that  rectangle may be throw n out.

“  l ’or example: In the second side is 36 square ot unknown, and dG sciu.iu
“ black, and 3 6 * rectangle o f  unknown and black. Take the rt. t ot 30 square
“ unknown, 6 unknown ; and from 36’ square of black, take the ie-t of 9 Square
“  o f  black, 3  black. Wlten we take twice the rectangle of these two roots, me
“  rectangle which is also 3 6  will be thrown out ; ami from the squares O' square
“ of black will remain. Divide whatever remains by the colour, ot which 1 : -
“  the square; and from the number o f  t.lu c o l o u r  ot the quotient, hawing
“  tracted one, halve the remainder, make what is obtained equal to that root
“ which lias been found, \ f te r  d ividing the second by the nrs , the quantity 1
“ tin first colour will be obtained.”

In the next- example x  and y  are required such that  :i + / / ' -t- XJ1
✓ ,{<■* +  i f  +  it/) X (1 + y )  +  1 =  n .  “  The first equation being * o.iltq>licd 1 y
“ 36 gives 3 6 ,1’* +  3 6 t//; +  3(hy  -  3 6 ;*. The root of one square and part o! the
“  second square, the ;cclangie having been thrown out, arc found 6' e know n, and
“ 6  b lack: there remains 27 square o f  black.’ Tiieu applying the nde, a 4S

, 5,/ i o/i M* - •>" — h'i'd
found — - f ,  whence ,»•* =  and .>•* +  ?/* -f- .»"/ — -----h }/ +  '/ — ~3 y y J

—  ( - ; )  , andv/ ( i 1+ j / - l - i ‘y)X(lt,-b.,/) +  l — !j ( ~ a  + . v )  +  1 -  ~ “ y ’ UKtke
tins then jo\, -j-qrryu.'h J lien 1 >ut ol She* is die. and In tlm opt ia ' . n
oi multiplication of the square, making 0  the less root, 13 will be the gw wei loot.
For ■ 6  X :jo d- j) cr gogv ~  4 .,' • ilu ivfurc y  -- 0  and < 10; or mas ng Sl
t],u less loot, y  =  isso and — iuO.

The next, qnesti i . Ib quirt'd r and 1/ such that - ; ~  ~  |i*p r ‘ r '

=  u , and J- 4 1/ +  3  ~  n ,  ami .» — y  f- Si -  U. and .< -• y ‘ •+• 3  it •' d

’ /  > 4- s/(.e* +  »/•) -f- y /{x  + >! +  li)  +  \ /  -f ~  V +  h v r f
— t u  h  i.« piaj,, rj , u  s' and H will answci the a bos •. e n<liti«up ->>s 'hem 
and lind two otlu-rs. [t is required to find them by me,ms m om unkmiwn 
ijuaui its only, in, 1 rh Him number p' l, ant tin s e c o n d 1..... l h  !

a p t  -  4  ~ S > f  e  W ,- _  g ....,V„1 ■• + .  -

t,

HI ‘SL



3 ‘J OF I N D E T E R M I N A T E  PROBLEMS.

£/>' 4- i +  4/r = p + 4- 2p*4- 1 — (/> 4- 1)% And r +  y  4- 2 =  Q f — j)  4. 2/; +  S 
— pl 4- ~p 4- 1 =  (p 4- l ) 1. And .V* — y l +  2 zr.(p — l ) \  And .r1— y 1 4- 8 n  
p —2p‘ -\-l — 4p*+>'j—p '—6pz + <j — (] f—3 y :  and the sum of the roots is equal to 
p 4- (JP 4-1 1 4- ®>4- 0  4- (p— 1) 4- (/>l—3) — ‘Zp~ 4- 3p — 2. As the root of 
this cannot ire found, make it equal to 9*: then %p% 4- 3/> =  y1 4- Q. Multiply 
!r; 8 and add 9 ; iGp1 -j- 24j) 4- .9 — 89* 4" 25 Find the toot of the first side 
v/(:d // + 2 4 p 4- 9) = 4 p d- 3. For the root of the second side perform the 
o;.t mi': m of multiplication of fhfcsquare. Suppose the less root 5, the greater 
root will be 1.5 ; for SX 25 4  «S «  235 =  15*. Make the root of this equal to 
that of the St side 4p 4- 3 =  15, whencep =  3. In this case .v =  8 and 1/ — G ;

m; him.'; th ■ less root 30, the greater will he 8.5; p will then he —  and a>----- ~ 77-
2  4

: nrl 7/  r 1 ; or making the less root 175, the greater will he 4.95, p — jog 
r — 1 5 128, and y — QGG. Or ,v may he supposed ~  p' 4- 2p, and y — o, ()r 

'-•= P  ~ -P> m- d y  =  op _  O <■ = / /  4- 4p 4- 5, and y  -  £/> 4 . p. And 
the nun i ■ ■ required may he brought out in an infinite number of wavs besides 
the above.

■' re fiillu-vs an A creation, tiial in calculation, correctness is the- chief point : 
m-.t a ••.' c m u  t ini derate person will easily remove the veil from the ol jeet; but 
tb it where the help of acuteness is wanting, a very clear explication is necessary.

And <> 1 . " heri there i .• such a question a . this ; What two numbers are (hose,
“ l 'ie ;sl”n rcnce of which, or the sum or difference of the squares of
1 dm h, being increased or lessened by a certain number, called the augment,
“ 'Vi!t bo a ►>!..■at'. If e.vunpl s of .his sort arc required to he solved by one 
* ci.lour r my, it i n o t  every snppo it ion that a ill solve them; bttl first suppose 
• t l  root ol the difference of the.two n umbers one unknown, and another 

number who it either affirmative or negative. Divide the augment of the 
doth rciK'i- of tin two squares, by tire augment ol the sum of the liumbtrs, and 
■•‘I'l )0Ot “* *hi quotient to tin root, of the sujtjn sed difference nboveiiicn.- 
tiomd-, it will be lx root of the two numbers. Take tin n every qno, the 

v "I *ic root of the difference of tin numbers, and flic square of the root 
“ ’be ! m ■■ . Inc numbers, and write them separately. Afterwards, hv the way 

o|i|j'".itK)i! add and "ibtiact, tiic augment of the diift-icmcy and the sum of 
'doa-iiH loioned, as fs it, the example, Hr and from the ,qm r. a of

• ‘ ' ' ■ ''bun. 10 be • . .'»)>, 11 I . r I,|| n, ,Oir ' ' '] JV.I, If r.i
the sudoku and < ubitaet'on .11 be known, and from that the two numlrcrs

■ e°Sx|I | §L
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“ may be ^ n d  iu this manner, viz. by the rule -̂- +  v) v) -  ant;

<£ (,r +  y) -  Q -  y )  _
2 ~

rile next is to find x  and y  such that x  -f~^y +  3 =  □ , and x  — >,■ +  0 -- ~|

and .r* + /  — 4 -  □ , and a’1 -  /  +  12 =  □ ,  and +  y  -  and the

nun or the roots +  2 ~  Q. Lxclude 6 and 7. which it is plain will answer. 
v ' i 1' ~  .*/) *s supposed — p — 1, then x  is made equal to px — 2 and u — 2/;,
" bercb,re •<’ +  y  +  3 =  (p*— -) +2/) +  3 =  (/> +  l ) ‘, and x  ~  y 4- 3 — (y1—-. t
— 2/»+3= (/>— 0% and x '+ y x—4 =  (p*—4pz +  4) + 4p z—4— :y )% and .d -  d •

1C r= (/>*—4//4--I) — 4p‘+12  =  (/»1—4)‘, and - -  +  y =  ~ - + ‘-’y ~ y  , and

the sum of the roots + 2  -  ( y + i )  +  ( y -  I) H./,*+ ( / / - 4 )  +p+<j-C px +  3p-'Z 
make this =  Qjtt‘ +  3 p - 8 = y \  and +3/>=</’ +  2. Multiply by 8 and add p 
lby +24/>4-9 —ttya*4-85. The root of the lirst side is 4//+J Fuul the root of 
the second side by the operation of multiplication of the square; making the 
less root 17 the greater root will be 4}>d. Tluretbie 4p‘+3z= 40J, an d p ^ l^ j, 
and i* —1.̂ 127, andyar24d.

Ibe next is : Required .e and ;/ such that xz—y a +  l m Q, and v' 4-y*4- 1 —
Let * op 1 and y  —4p , * — y‘-4-1 —p% and **4^*4*1 &($£)*• The root of
dpMscy. Find the root of J/>*-1 by the operation of multiplication of the
- (|":ue. Supposing the less root ], the ft roster will be 2. Supposing ~ l’ Joss 
n' ^  ll,|  e:ltLJr v. ill be 3S. Or if „« + y *  -  | -  D, and *» -  „ .1 , e  JcL 
* ~  “f' +  1 :nu' ?/ *1 ’ ; and so on as in the firai ease.

(i ' ''■• •wi: t !: root ot one side i> found, and on the second side thoic i>
a twloui, whether with of without a number, equate that side with the spuan 

K l;r c,)*om nhi 'li t utter it and out: unit. And Inina out the quantin ,.f
„ 1 ' j1oim' • * t,1(' '-f ‘ ''ini side which is first iu the equation ; and bring out a u.u

Is " quiied in the proper manlier.'’

; > r + ,,/] , ^ : * ' " " l : uut  -V s,,k 1‘ , b ; i t  •»./• 4 - I -  n  , a n d  5r  4 - 1 =  □ .  T

I ,4» . *_ ' V ' 11 ! • •' •->' 4 ' lei .’>(3 . 4- vr) 4 . 1 r- n h, a, ■
T1~ ' " “  1 ; !u,lllil,Jy b\ Id anil : <lo 2.i v2 '■* 4 lop* +  2d 2:. I'.m 4 •«,.
' of the liisf side is 15s 4- S. Find the root ol the ec-ml side b.. the

r. ’
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ion of multiplication of tlic square ; nuking the less root t), the greater will 
he Jo ; lo . +  i  r  35; therefore z — s2 anti ,t — lb. By another way: Let

-1_ ] . 5 »5 _ o
.. — ——:— ; multiply by 5 and add 1, ~ m a k e  this ~  tt;q 5z7 — 3zc% H-ih

Multipb. by ; <1 >zl — 15aj" -f- 10 ; jhe root of the ill's1 side is or. Find the 
the iio l of the second as before, making; the less root <), the greater will be So ; 
whence ; a . 1 .v. In the above example other values of .?• are mentioned besides 
those w hich I have taken notice of.

The next r> ample is : Required a such that 3.r +  1 =  and C(3r -j-' O ’

7/x 1
i- ’ — Q .  L'-t 3 .r+1  = y 5; then :s.v =  jp  — 1, and .«• — '■—a— ; multiply his

in and add ], the result is y \  the culie cube root of which h  y. Let Jy* -f 1 
- ; • !'..ng the lc‘s root 4, the greater will be 7, whence .i : i2). 

b • i: i: : To ibid .r and a sc. 1 i b V „ (.i — //) 4-si ~  Q, and j( ( _ q .
“ Know tha in bringing out v.hat is uquired, you must .sometimes suppose the 
“ colour in that number which the question involves, and sometimes begin fiom 
'■ the middle, aid sometimes from the end, whichever is easiest. Here then 
“ suppose the diPbrcnce of the sqi, ..res unknown/’ <xc.

,<* _• 3
Let ir~  i f ~  j> ■ make <2p+3zz</* ; th< n - — =/>; multiply this by 3, and add 3,

3<y» _  •’
,t IH--- -—  • ]P[ be — r*; there fore 3(j*— 3 — 2 ) \  multiply bv 3 and

rruii-qx <•••; £ty" eV‘-r!>; the root of tin: first side L 3y. Find tliai of the second 
side i.y tie- operation of multiplication of the square. Making the le-s root 6, the 
gieatcr will he Or making the less <50, the greater will be 147. I f 3.y —13,

; i* 3</-:r. 147. I.i the first ease p:~ 11, and in the second p ~  1 iqq.

■suj.;>ob< > -  y — 1, o * — y  being ~ 11, =  w +  y  -  -  =  1 1 ; and ,r+ y

i"■ 1 a — <j 1»< .ng gna w, < and if may be found, fn the iirst. ease =. (• and y-_: 5.
In the second c — b(K) and y  >9i).

lU k  “ If ihe v, ■iare of a  colour is divided by a number and the quotient is 
•' "dour. It mter the reduction of tin equation its root is not found, make it 
equal to Ik. square of a colour, that the quantity of the black may conic 

11 out.”

III §L
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The next example which concludes this book is: Requited ” such that -

-  a whole number. Make =  S> £ .= & '+  4: thc root of lhe ^
side is *; that of the second side cannot be found. “ Then by the above rule ’ 
let 7~ +  2 =  v/(7V Vj.z* +  48= + 4  =  7 if +  4; whence 7 c h 4 = =
“ As ihoqw ntity the of biack is 7 s q u a r e  of the blue, ami 4 blue; and as 7 > m ,U1‘
“ 2 units were supposed equal to a root which is equal to the unknown, I make 
■ it equal to the unknown. This same is thc quantity of the Unknown. I su - 

“ pose the quantity of the blue a certain number/' Ac. Vs 7 - .y x It 
\~<z. If r: 1 x — i). If z —2, r — 16‘. Other values of a? may be found in tile
same manner, . , ,

“ Af.er* equating that the two sides may come out, multiply the ley -me >y 
“ a number and take if, root, nod keeping the second side as it was, multiply y e 
“ num ber of thc second side by the number which the first was multiplied by.
“ and make it equal to the square of a colour.'’

Example. What number is that whose square being multiplied hv 5, and :■
■ 5x‘ 4; d

added, and divided by 10’, nothing remains : l.et the munhei he t. bet

— u a whole number; then 5.r — liny — 3, of* X 4 - .  23 ,r*, v (- ” ) — " '
’ , 8 : + l _

T h e n  t in  re s ee m t o  b e  a s s u m e d  ;> X  5 —  — 1, ant i  a f t e r w a r d s  t t o i n  • • -  -  '•

the question is prepared for solution.
The next rule is : “ If tin cube of a colour is divided by a number, and the 

“ quotient is a colour, make it equal to the cube of a colour. lhe way to ll'd  
“ that, is this : Assume the cube of a number and divide if by the d v isor ; then 
“ should he no remainder ; and add the number with it again ml again to tin. 
“ divisor, or subtract it ti uni i t ; or let the cube be a cube of a numbei, whi. b 
“ join with it;  or again multiply that number by the bxed number A and the 
“ remit multiply into tile quotient, and divide it by lhe dividend;, aim 'brie

* In Mr. Burrow’* copy thv i,„uk end* with two wins mid Ivv t • rophe whii.li, m far a* t cun *'**kc
I t*m nui, pit: ; above.,

• G<W\
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“ *!'! he n o  r c m ^ m d c t .If a number can be found with these conditions equate 
with its cube.”

E x a m p l e .  V hat number is that from whose "cube 6 being taken and the re­

mainder divided by 5 nothing remains ? Let the number lie a* and -  - g — y

a whole number. Hence =  Sy +  6. Then the cube root of tins whidr is =  *  
is assumed _  5z  1, and y  is found zz: 25;;’ +  15.3* +  —  1.

END OF Til F I 0URT1I BOOK,
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B O O K  5.
“ ON THE EQUATION' OF RECTANGLES.’'

A N D  that relates to the method of solving questions which involve the 
“ rectangles of colours. Know that when the quest jou is ot one number millti- 
“ plied by another, it the two numbers are supposed colour*, it neecssatily >
“ under rectangle of colours, The solution of that being- very infimute and 
“ exceedingly difficult, if one number is required suppose it unknown ; ami it 
‘ two or three, suppose one unknown and the others certain uumbei>, such that 
“ when they are multiplied together according to the question, no colour w ill he 
“ obtained except tin unknow n, and it will not come under rectangle of colours.
“ And besides muliipUcation, if the increase or diminution of a number is re*
“ quircil, perform the operation according to the question, then it will he exactly 
“ a question of the same sort as those in the first hook, which treats 1 the 
“ equality of unknown and number. J>\ the rules which were given there, w hat 
“ is required will be found.”

The first, question s to find ,r and y  sm ii ily.it 4,r +  -'ji 4- I — .yjf. Supposing 
V ~  ft, then :.i 4- 17 ~  ,5.r, wherefore .r n  17 aud y — 5. Supposing y  >■', 
then i — 10. In like manner any number whatever being put for v the value ol' 
x m ill l>c found.

The next is to find a ,r, y, : such that (:• | t’+ « +  it) tfO ~ uwys. Suppose
the first w, the second 5, the thir l 4, and the fourth 2; then C0.e4-«‘20i=40aft 
and a-’ -a i i .  Other values of w, x. y, arc taken notice of,

I he next e to (iud a and y in integers su< h that \ / { a 4*„V 4- ■»’V +  T' 4- .(/') -h 
,r d -y u: •: l, <>r —. 53, In the first ease, suppose the first number \\ and the 
second £, it.etl > /{,’ a, q. L. q_ n r 03, . ml </(•' •+• 3.r 4- (<) -  ‘if  — A

aiul i 4- 3.i' 4- b i1f— 4 tr  T 4 t i . w hewe .r will be loum! *r gj-; this not

being an integer, let the opciation be repeated. Suppose y  A then will be

5 '
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, _yy?
ufKl -  JI i i,l‘* t()0 ^>“2 a fraction, suf+osc >j =  5 ; tlfeu ,r will be =  7. In

’ ilC. ™ (! ° ' w nrmber is »)ut for y> a fractional value of .r is found. 
n< ;* the ,ccond ,mmhw 1>. the quantity o f the unknown v ill
‘t ' " . ‘I"' lh,K JS coutrary; for if the second number is supposed 17, the quan- 

;  ° f thC u:,known Wlh bc 11 i K?w» is supposed a colour and the other a 
.«'■' '!! :t '"Pr?6ablc tim thc un,;n°wn will be brought out a fraction-
, ;•*»; 11 1 h"lc m,!;,l>c‘1 is it may be found by much search, And if

" " V lk flo u rs , and the .p otion  solved by this rule, a whole
number will easily be found,” c

I)»fc». Wl.cn two sides arc equal, the method of equating them is thus .
Subtract the rectangle of oqe.side from the other side, ami besides that whaf
7 7 “ T * ?  s“k: 1410 i,c f«»» «i* « . * : >;«, let both ,id «

„  ' | ‘ f ' leetangl-* ; and on the side where there- are colours let those
„ : " ; ia>C t08ctl,er- *"•' '«  a nun,,,, the supposed, and |r, t]le

ate on that sub be added ,,> i, ■ and let the result he divided 
by the supposed ututlWr; and let the quotient and the n.unber of the divisor

.. , .."i*"' 7 ' ur by the number of the colour, which were
moniM-a,,,." winch,ncr ,„ay he possible. Wherever tire unknown is

,  .■ “ 'V1."1 Z  , " mwiM 1,1 « ““ » *  o f  * e  Ww* 1 « H  whatever the
. ' ''a ' 14 r .  'uUtmctt<l •> , «  "'ll I* the quantity o, the unknown. v„a

. . ' " I T is i,notl,CT .................. -I d both addition and snbttuctio,,
• ' }l"a i‘ 'k ’ ' 11,11 ''one, and I-.to dllterciH UUntliar.s will he found .\l,„

„ lf tn'ethar of th colours is greuter, and cannot he subtracted, subtracl the
.....f *>« * » » « •  * •  colour «• , . . . im,., ,v„

H'|uucu will be obtained.”
f

F "‘mr":* ref«uilcd U m 4 , +;'vy 4 2 =  t j . Multiply 3 by

J  ruU! * vny 111 ? * + " * ; " m,,m •*»«* j,.,..,! ,o .+
J -  «■ !*•*-,■ ""* =  -V. B. -« + * + ~  V, <• ....... . If, ,i,n , lhfn(,,+tf

-/«)(*-„): :,ij(| muring /, y _  a v : , j,,, __ *. t  i»-r«torc . *  A +

Pf M t' *  “  "  +  ' T -  M ° “  h ,lnu]*  1,11' *-.v r«o lv l„M .,i +  e i„ to diiTvicnt f te to r .



\ ($ t <8L
----V /

O F  I N  O K I  K U M r N A T E  P R O B L E M S .  S £

4, and add C to the product 3 X l  ,'-£—. 14. Suppose 1. Divide 14 by 1. Add i
14

to the number 1, and add 3 to the quotient-4+l=:.5:=y, and 3 +  ~y — 17 — x .

14Or 4 +  —■ =  1$ ~ y ,  and 3 4- 1 — Ax. “ And no other case is possible.’’ D i­

viding by 2, the quotient will he 7 ; y  — 11 and x ~  5. And by auotlur
method y  will be found ~  6 and x  — 10*.

To find 1 and y  so that lOx 4- 14y — 58 =  £xy. After reducing the equate u 
to o.v -T 7y — Gy ~  xy. By the rule above given, assume divisors ot 5 X 7 — -9 • 
i being the divisor, 0 is the quotient.

5 4- 1 — G =  y  and 7 +  6 ~  13 — .r,
or 5 +  6 — 11 =  y  7 4 - 1 =  8 =  x,
or 5 — 1 — 4 =  y  7 — • —• G =  *,

~ being the divisor, 3 is the quotient.
y  — *v y  — T> y  “  3’
,r r  !!, x  =  10, x =  4;

• .nd no others are possible. 3 being the divisor -2 is the quotient, and the quan­
tities ate as above. It is added that these two examples may be proved b> 
geometrical hguics as well as numbcis.

* j'i M r  Burrow’s copy there L another example v. hicli is uantii.s iuni.ue. It •« »h#vc.

T H E  t k l  D .  •

m

■ e°3ix

I
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Mi** Davis’s Notes,

—«.t;053»—

J[ HERE put together all I have been able to make out of Mr. Davis's notes of 
the Bija Oanita. What I have extracted literally is marked by inverted commas; 
the rest is either abstract, or my own remarks or explanations. I have preserved 
the division* of the Persian translation for the convenience of arrangement and for 
easy reference. Mr. Davis’s letter to me, authenticating these notes, is annexed.

Chapter 1st of Introduction.

T h e  manner in which the negative sign is expressed, is illustrated in the notes 
by the addition and subtraction of simple quantities, thus: Addition. — When
“ b o t h  affirmative or both negative, a t .  When contrary signs, the difference 
“ is the sum.

h , 3 3 3
4 4 4 4
'  ,
7  7  1 1

u Subtraction.
3 J 3 S
s  ti 2 a

l i 5 i
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“ Multiplication.
“ When l oth are affirmative or both negative tlie product is affirmative.

2 X 3 =  6, tf X 3 =  6, 2 X 3 p  2 X 5 r 6 .
“ Vt hv is the product ot two affirmative or two negative quantities always 

£‘ affirmative? The first is evident. With regard to the second it may be ex­
plained thus: Whether one quantity be multiplied by the other entire, or in 

{" parts, the product will always be the same, thus:

“ 155 X 12 =  1620

“ 135 X S —. »O80 
“ 135 x  4 — 510

16'20

‘‘ Then, let 135 be X by 4, but 12—4:^16 and 135 X 4 — 540; 135 X T 
—2160, and 540 +  2160 ~  2700, which is absurd . but J 10 +  2 160 — lb'20.

Mr. Davis remarks to me that there arc licrt evidently some error-* and some 
omissions, and he thinks tl» :t the meaning ot the last part ot the passage
bave been to this effect: 12 may be composed of id added to 4. Let loo be 
multiplied bv Ig, so composed

135 X 16 =  2160 135 X 16 =  2160
135 X 4 =_ 540 15 X 4 -  540
135 xTT'i -  ..'700 This is absurd : but 135 X 12 — 1620 which ia

riglit. ilius too 4 may be taken as lurmed by 12 •+- 16 — 4, and it
135 x  *16 — aioo 135 X i 6 =  2160
1 7  X 1 2 =  1620 135 X 12 rr: PWO

135 X 4 ~  37SO which is absurd: but l> , x  4 :e 540 which is right.

Perhaps something like the following might have been intended

—135 X' — 14 — v(i«(). tu. r4‘o r -- '- 1 , ' ><~ !̂  -  l 620eithcr+o, — now l—iarr
’ _  115 X -  tS

— 8;and 8— 4;,tUereforethe sum of * .  ̂ ; 5,1 be=*-*14i X-* s',

Cl| §L

*  2
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- 1 3 5 X ( 4 - I 2 )  =  -  5 4 0 + o r -1 6 2 0  
— 1 35 X ( 8 -  12 ) = — 1080+ or — 1620

product — 1 620  - 3 2 4 0 = —4860 if ~ x ~  gives — ; but
— 1 020 -j- 321 r) =  + 1 6 2 0  if — X — gives + ;  therefore — 135 X — 12  =  + 16 2 0 .

Chapter 3.
Jt QUANTITIES UNKNOWN, BUT EXPRESSED BY LETTERS.”

— —

‘ Jabut tabut . . . . . .  1 st . .

“ K nluk.......................... 2 d . .

‘ Neel u l c ....................... 3d . .

' ...............................4th .

“ t o h c e t ....................... 5 th • #
&c.

(commentary adds Ilurretaka . . .  1 

“ Chi I l iika . . . .  2

&c.
1 hese are styled abekt oi unknown.

„ " rhcsc ,Ma> bc themselves, subtracted, &c. but cannot be added
l"' &C‘ K1U,* “ 'JuantUlc; iu th<- manner explained, or to unlike quantities of 

' Kind. The i qT cannot h«- added to jfy, but the addition may be
'‘ expressed thus 1 add to ^  ; the reason is, became to add 5 signs

<f X“ ~ ''' }'r ‘ ' v r  c a i i n o t  6  a‘ t l e , J  , 0  2 i s  eciual to seven, for this would he
, ;, ;  ‘‘ 7>thtn t‘7 : W;ite t U  —  ^  "hen the unknown quantity is

it nay Iheu he added to the known, into one simple quantity. *
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“ The unknown quantities are usually written first, and the highest powers of 
“ them before the lower..
“ ^7 *72 J 2fT3 | 3. This is 2*’ +  3x +  3.

I d
Also
“ The multiplication of unknown quantities.
“ To multiply 3770 j into 2 | we have 3774.

IJT by 377 gives its square or 2(7 Ef, and this multiplied by 377, gives 377 q*, &c.

Also this example of multiplication.

“ ^ 3  3775 *rr q-i5 3773

“ # 2  2(73 # 1  T̂T]° ^
377 cfi5 J 27T7 | c t̂‘i

which is the product of (o .r -  1) X (3,r +  2).

—— 5TB • *

Chop ter 4.
4‘ OK T il IC CAKNl O lt Si 1(0 Q.l ANTITUSS.”

— ~ ■

“ Ksample of two numhers, 2 and 8.
“ * +  8 r  10, the mahti carni.
“ 2 X b ™ i6 its root is 4, and 4 X 2 = 8  the laghoo carni 

“ The maiuUm ni . . . .  10
“ haghoo carni addetl . . 8

18, the sum of these carnis. This 18 is the squm i ol
“ the sum of their roots.5'

’ e°̂ ox
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Si u o m

And there is another example with the 1 umbers 4 and 9 , and the following
2 2

theorem, “ 2)8(1, its root is 2, +  1 — 1

3 1
“ 3 X 3  =  9 9 X 2  =  18 sum.
“ 1 X 1 = 1  1 X 2 =  2 difference.”

Also this : “ The carni 18 is found ; its root is tire sum of the roots of the two 
‘■given number:,; but if there be two roots there must be two squares, the 

difference is the square of the difference between these squares.”
,oinl ^ie following examples in multiplication : “ To multiply the square roots 
of 2, 8, and 3, by the square root of 3 and the integral number 5.

■ ,t„ce ate •mrds, therefore take the square of the <• tint of the square roots of 2 
anti b, and multiply by the square of a.

Squuu of sum of square roots of 2 and 8 is 18. *
18 I 25, 8 1 450, 54
8 1 25, 5 ) _75,_9 root of 9 is 3 roop.

Sqrs. Sqrj. Sqrs.

450 54 75 — roop 3.

“ Example second.
Roop. Carni. CVni.

“ Multipliers 5, 3, 12.
“ 5 £5 25, 3 025, 75 . 25 loop 25 roop 6’75

*7 3'5’ 3 81 9 roop 9 roop 75

Id 300
“ I he product therefore is lG roop, 300 carni.”
•* he square, of a negative quantity being made negative is here taken notice of 

as m the Persian Translation: In division the following rule is mentioned.
.1 be carni div or : reverse oi each term, its sign, and multiply both divisor 

“ and dividend.”
Cvni which here means surd, means also the Hypotbenuse oi a right-angled 

triauglc.
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Chapter 5.

‘ w  HAT is that number by which when 2 2 1  is multiplied and 65 added to the 
“ product, and that product divided by 195, nothing will remain.

“ The dividend b h a d y , divisor h u r  or b h u ju k , the number added or subtracted 
“ is called c h e p u k . The bhady is here 2 2 1 , 'ho bhujuk 195; when divided the 
« quotient is 1 , this is disregarded ; the s e k e  or remainder is 2 6 , by which 195 
“ divided the quotient is 7 disregarded, the remainder is 13. by which divide 
“ 2 2 1 , the quotient is 17 , the remainder is 0. The quotient 17 it the true or 
“ d i r l - b h a d y ,

“ Then 195 divided by 13, the quotient is 15 ; the remainder 0. This quotient 
“ is named d ir l - b h u j t t k .

“ Then divide 65 by 13, the quotient is 5 ; the remainder 0 ; the quotient is 
. “ the d ir l - c h c p u k .

“ They are now reduced to the smallest numbers.
“ 17 dirl-bhady.
“ 15 dirl-bhujuk.
“  5 dirl-chcpuk.

The quotients are found and arianged as in the rule with 5 anil 0 jelow,
“ 1

thus: 7

5

0 this is called bailee ; the cipher is called u n to  or the lattci ; the next (5)
“ h c a l l e d  upAniiu. Multiply tins by its next numbs1 (7) and a d d  the n e x t  b e l o w  

“ 5, this being (>, thr product will be 35. Multiply this by the uppermost number 
“ (1) and add the next below (5) the amount is 40."

i
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Then 49 and 35 are cl rected to be divided by the dirl-bliady and bhujuk.
17)40 (2 

34

6 this is called lubd.
15) 3.5 (2

30

5 this is called gou/n/k, and it is the number sought.
S2 l X  5 4- 65 c  •
-------j ,( — b, and directions are given tor finding new values of ,r and y,

(supposing —— - — y) by adding a  (in its reduced state) and its multiples to
the value of y ; and h and its multiples to the value of .r.

The next question in the notes is also the same as that in the Persian.
“ Bhady 100, bhujuk 6’3, and cliepuk 90.

« OPERATION.

“ d hi >'• numbers cannot be all reduced to lower proportionals.
*'100 divided by 63, the quotient is l, the remainder 37; by this remainder 
•i\ ide 63, the quotient is 1, the remainder is 20’; by this divide 37, the quotient 

"is 1, the remainder 11. Divide again; quotient 2, remainder 4. Divide ’
’ again ; qnotii m 2, remainder 3. Divide again ; quotient 1, remainder 1 ; this ie,

1

’ mamder 1 is disregarded. The several quotients n: ite down thus : 1

1

2

0

1
4 __

90 the cliepuk,
0
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“ Multiply and add from the bottom as in the former example, 90X l + 0r;:1'),
“ 9 0 X 2+ 90  — 270, 270X 2 + 9 0 = 6 3 0 , 630X 1+ 270= 900 , 9 00X 1+ 630= 1330 ,
“ 1.530X 1+900 =  2430.

“ The two lust are the numbers sought; then 
“ 100)2430(24 this is disregarded.

£00

430
400

30 Sekc or remainder is the lubd.
“ 63)1534(24 

126

270
252

18 this is the goonuk.”
100 X 18 +  90

63 '
The method of reducing the bhady and chepuk is noticed, and the values of 

x rr 17 1 uud y  ~  27, being first found the true values me round, thus :
63)171(2 and 10)27(2 

126 20

45 7
63 — 45 — x  and (10 7) X 10= y.

The several methods of proceeding first,. h\ i educing the bhady and chepuk, 
s e c o n d ,  by reducing the blnijuk and chepuk; third, b y  reducing the bhady and 
chepuk ; and then the reduced chepuk and the blnijuk are also mentioned.

The following explanation of these reduction. given :
“ The bhady 27, blnijuk 15 ;
“ these are divided each b y  3 . . . .  9 ami 5,
“ Write 27 in two d iv ision s................9 and 13
“ these again divided by 3 . . . .  3 ami 6

“ these two add 3 +  6 =  9 ; thus the parts added, bow many so eve an , -d\va\
“ equal t>» the whole, thus i.nerofoie. they arc reduced to save, trouble, aim dole- 
“ lore all these numbers arc so ‘educed ; but the goouuk is as \ U unknown, l'ct

*

|I | <SL
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“ '■ '. : MVl* ^ '1 to be .5, by winch multiply tike parts .of the; bhady <J atul 1B ;
“  X •"» — ‘bs 1* X 3 =. yi), .which added are Id'., and the bhady <27 X .5 ~
• the vimt l.m ; this divided in two parts, Co and 7m and added again, are Ida. 
“ 'Ihc lowest terms of 27 and id above; are y and 5-; the common measured,
‘ multiplied by 5, X  5 — id and 9 x  1-5 ~  Ur.

“ 'finis ton the chepuk must be reduced, and when they are all reduced to the 
“ Invest, the Iubd and goonuk will be true; and if their numbers are not reduced 
“ to their lowest terms, the work will be the greater.”

The principle on which the chepuk is t educed is explained tints :

“ o f  t h e  c h e p c k . ”

“ Tin hired. 821, blmjuk 195, chepuk <55, the goonuk wpi found 5. Iubd 6. 
. 1 X 5 - 1  10.5 
1'h; 1 103(5 Iubd.

975

TO sekt. which deduct from the blmjuk jy.; — 130 =  fij C<JU 1 
“ to tlie chepuk, which divide by the bhujuk 195)195(1. The iubd is 5 to 
" winch add 1 ; C — the original Iubd.”

ln 'u,,t • ■ c^ ml»l‘ (|w bhady -  b’o, blmjuk -  13, and ch ep y k - ,16 or ~  iff
: t: ■"•••"'••o me h-.i.ml the mind . , SO and 3<»8 ; then SnS-CO^ff-.S the Iubd
an(1 ~  ,J >• 6 “  - thc k“onuk ; CO -  s — 50 ,jJC jllbd E rected . a|uj

J -  8 =  I, thc rfoonuk eonected. ^ J - L t - * 6n X 2~  1613 "» ---75----— 8.
N o ■' 11 ' ‘ u ";t: d l‘f product by the > wo uppermost terms of the bailee 

‘ v i u bvided m, the bbruf and blmjuk respectively, bare hitherto always 
" f'u',U’a ,l“' uuWl a* in ‘be last, example ff the ijuolient, and tlu- like 

,al̂ ) TP the foregoing examples, but when it happen-, otherwise, as in thr fm ’
lo'vin? : " 110,1 tl,r '*'■“}? ‘ lll< bhujuk :l, the hepuk 25 aliinnative or 
negative, what wdl be f< uid the goonuk f

3) -\l ’ , h

T
3)*0  _  / bailee,

-  -
1 '!.<■ <b.o 'gaifled q )

7  +  « - 2 > J ) 46' r ... 3 j S3 ( 1
-tl X ! ... 8,. -f y.> 4ff 45 t,j

1 it g o o n  11k
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“ The two quotients being .different numbers they must be take.. ■ n 1 •1 ~
“ thus instead of 9, take the quotient 7-

. . ■ -
5)4G(7

35

TT
_5 x  2 +  ‘23 _

“ therefore the goon is 2, the lubd 1 1 . -------- _  11.

“ Next, wiien the chepuk is negative, or to be deducted, the rule directs »ô
“ -iiblract tire lubd from the bhadx, but here ir. cannot be done: the rule is
“ reversed, thus 11—5 = 6 , which is the lubd for the negative chepuk ; next, tor 
“ the goon of the rhin chepuk 3 —2 = 1  ; therefore the goon and lubd to the 
“ rhin chepuk are 1 and 2 ; 5 X l = 5  ; but from this the rhin chepuk cannot he 
*• taken ; therefore take it from the chepuk 23— > =  h .

“ 3)18(<> the Uibd.”
IS

<r, ... t. (0 _ ; y* u-.l « ■ • '■ '

Other cases are mentioned for the negative chepuk, and for the chepuk se­
duced, and for new values of the goon and lubd.

The examples nnd —, which are in the Persist,t translation,art

also ms ted here, but < : abnm.i of the work is given, only he V -'1 is < ' to be 
5 and the goouuk o, which applies to thf las'. ol the two only.

“ The s e k e  in bekullas is tpunosl soud, meaning that it n the chepuk; the 
“ bhady, l l it he GO; Tin : cu din ,.r urgun e the luk'uk, from, which the lubd 
“ will be found in bekullas, and the -non still b seke of the <u l! o !"eh
“ must he ,ulen as the du'pi.k making the blind} again 60, I hi blmji k ss .il bc 
“ the u.gun, .1.., inli.,1 „f tin* will la in c .das, the s I U lh< - 1 *‘f ansa,,
“ which sc*' i-i ik.ii! .1- i 1 ciiep tk i th' * 'I i.i< - ’ ei. a l-d>'.n 3<\ • • 

hhujuk is .till the urgm , the lubd is in attsis the . I- • Mu mvc <-•. •• »’s e
■ I ( N -
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I  ! £ *  3,i'ke “ * * S , * # * i l t ;  m ak i" s  ® » * U r  12, a t b h u ju k  < m  be . a n
, II coi.ilni, the lubd here will be signs, the sckc is the seke of bhannas
™ ta“T 4  w ,,c h « * »  m V ‘be ,“ke" “  «!■<• chepuk; the lubd will here be in bhaganas, the seke the urgun.”

<( f  t u n ly  ” " Let thC Call> C0°din °r mgUn be 19> the bhaganas 9, the

“ Then hy proportion if 19 gives 9 , what will 13 give?” This is found to be 

6  rtv‘ 1 S'S"> &*> 30', 31", .with a fraction 'of II s then from I 1 -  ,
ly  ~ — y»

x an d , are found *'=10, ,  =  31 , then from _  y  ", _  50 „ ld _  |fi,

f ,°111 * T -r  ~  -  y  *' y "  =  26, *" «  17, from = /" ,  j," *"'= 3
9*"" — :j

l ',"i In f  , It --1* and x' ::: I 3, which is the urgun.

..r,u!n - f i ^ r ' " ' M ' W ,“" "  =  =  «», ealp euodiu or■ rgi.n 1 » ,  Jest urgun =  1)7. The quantity is found by the rule to be =
•-* r"  *,J 1»', **■, 31", the remainder 11.

;; T“; "'y > >. • the btlady ; the coodto 1 9 , ,  the blmjuk; the seke of
tbc udijy month y.i, i, the chepuk.

M» 9 j)l(0  0

J seke disregarded y/. bullec.
0

“ O X D H O - o  B u s -
ya

“ I W °  193)9^(0
<)> gooi)nk

•' 95 X I — 93 o 195)0(0

0
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** The che tits 26 is the bhady; coodin ‘225, isth c lb u ju k ; abum st kc 2'-0,
“ chepuk.

“ 225)26(0 0 ftRaas QoQ

26)225(8 J* 5?2°
~°B 7  26)660(25

5' l 10  sekc the lubd,

y ) i~ ( i  1
'  g  ---------- 3 2 5 ) 5 7 2 0 ( 2 5

------------   220 ----------- *

S ) g { \  ------  95 seke the goonuk.
3 0 

l disregarded.
36 X 95 -  320 J0 

225
“ Hence the chandra days are 95. ’

The last rule of this chapter is taken notice of as follows .

“  O F  T H E  S A N S 1 1 S T  C O O T V K . ' ’

“ By what number may 5 be multiplied and divided b}' >3, tht icniaiudi 
“ be 7; and that number so found, when multiplied by 10  and divided by 6 3 ,

“  the remainder will be I t.
“ The two goouuks are 5 and 10, the sum IS the bhady : the two sekes are 

“ 7 and 14, tlie sum is the cbepuk ; the bhujuk in both is the same n im.

The question is solved as before; it ends “ Thus, however numerous be 
“ the goonuks given, let them all be addeti bn- the bhady ; and Uic saim witu 
“ respect to the given seke a for the chepuk s the blmjuk. v'dl be. always d.c 
“ aatne.**

H  ,

■ g°5x
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Chapter G,
“  t h e  CIIACRA BALA.-’

S ilE multiplication of the square is a cliacra baht. There are six cases- 
‘ 1 Ik first quantity assumed is called h u r m a  (the smaller) ; its squat c-must be
■ niuhq.K-a by the/iWciriV, anti then must be added the c /u jm /c ;  that is sue], a 
‘ c!u’l',li; as '-Vl!l by llt!̂ t:°n produce a square, and ihischepuk mav require to he 
• '.'tii-iq-.itivc or negative, which must be ascertained. The root of “this square is

e ye/,/ these three, the canist or ln.rsun, jeist, and chqmk must he noted 
down andaguiiiwrUteudow.il. ' 1

1 ,w :u" nction- ot m hm u  b a b n v  and ( in te r  b a b m  are given as follows 

“ of  -ri i r. s a m a x s  u a b n a "

" ll('U UiC je,8t and c'“llst are multiplied into each other (budjra bens)
" U,C ‘lu,n is til h,,rsa «r cawUr. It i, called b n d jr n  b e a t from its heimr a \ ,j .  

angular multiplication ; the uppe, or jeist, or greater, being multiplied l»v tin
■ !,;ii ‘ r’ • and tb,: cunist multiplied by the greater n, i . r -
‘ the t a ') piudaets' inld-rl is the burs. ” n ~ ’
„ ; i " '  ' 7 -  ............... . y * * * , » ~ l BU'UpliM dip I'rucii|

••••» . M b . *W»JT . . la t h e r ,  . ,  lbp V ,. .
,UV>; !,u ^  ”l rllt' ,wo then become ; the chn.uk ’

. ' '’I T  ' \ U‘U>; “ The - »*otu cen the two produc ts
produ xs bursa or canht. The product of the ranlsts multiply 

. e and the d.ffm-.ue, a u - e - r  (this anti) the product df the two
vnot,! ", e «*  p™»«* of t»,t , i o n , ( F k, is tl)c

rH’e -est of this is very imperfect, but the eases of ftli t z  np* and /?/» amf

'U,L ,v v,.* ... x /  L * it'c-pi inly alluded to. (her notes on the Persian
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translation.) 11 Tims” (it is added) “ the root of the canist and joist may be in a
“ variety of cases found.”

After this there are examples the same as in the Persian translation and worked 
the same way as far as the “ Operation of Circulation and, after the examples.

Hence how various soever the 1st, front the sonians babna and an ter Laima may 
“ he produced canist, jeist, and chepe; and hence it is called the chaevn bala.”

I find no abstract of the rule for the “ operation of circulation, but there Is 
the first example, viz. G7.C +  1 =1 □ , as follows : “ Ro'op 1 is the canist, is
“ the chepe; tlmn rlic pracrit 6?, canist 1, jeist 8. Hurs i is the bhatjv, chepe ’
“ the bhujuk, jeist 3 is the cliepuk : then by the cootuk gunnit

“ Bha. 1, die 8,
“ Hur 3 ; hence the goonuk !.

then the square of, l is 1, 67 — 1 =  <>(>', but this is not the smallest , then 
“ j+ ij  —o 6+ 1=37*; its square If), deduct from praciit 67—19 — 18: ■
“ but the.-negative must he made affirmative 6 ; ami 5 x 5 —C5, end U3Xt>7 =
“ 1 67a, and }6;v 4-6 — 1631 its root -1 { ; then in the cootuk gumu

i7‘ Bha 5, che 41,
“ Ilur 6 ;

“ then .5X5 — 95 and 61 — 25:3 H.’> (»') :2(7 ; the hd)d is the canist 11 ; 11x11 =
“ 121, nil XG7 — 8107 ; chepe is 7, 310; +  7=8100 ;ts root is .ay which a d .
“ jeist; t hen by the cootuk

*• Canist is hhady i 1, * lit on,
“ Hur 7. ,

“ Here the goon is 3. dir 7 ; 7 . • the second goonuk . its square is si
“ 8}— 67—-It ; /)t 1(2 the other dp. nc.

“ The canist 2 . This i.% madr ■< -ist /‘.'I.
. , “ C:l. 4*7 £21 he

“ Ca. 67, 221 jeist, die 2.
“ Ca. ! If)ill, jeist ,97(18A, che 4.
" ( i. 0.967, jeist -188-1J, che 1.

“ The square ea. .'.>605089, whidi mull <ply by 67, and ) added, the sum will 
* be 3385540964, and i;s root <>. o ’
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BOOK 1.

“ T h e  unknown quantities, &c. must be clearly stated, and then the equation 
£t must be reduced in the manner hereafter shewn by X> by by the rule of 
“ proportion, by progression, ratios, by ; still maintaining the equality.
“ Wlitn ihcy are otherwise, add the difference; then sodana the quantities; the 
“ same with respect to roots. In the other side of the equation the roop must be 
“ sndanad with the roop. When there are surds they must be sod an ad with 
‘ surds i then by the remainder f the unknown quantities division, the roop 
“ must be divided; the quotient is the quantity sought:, now become visible.”

'* Then the quantity so found must be utapanad, in order to resolve the 
*' question.”

It will ie remarked that the Persian translation has “ the figure o f the bride,” 
f that expression which is represented by  ̂ in the above abstract. Mr. 
Duke, tells me that the original had nothing like a reference to Euclid, and that 
lib" pint k lated simply to the proportions of right-angled triangles.

fbeve follow abstracts of the seven iirst questions of this book, with their 
sol a s. M ilk 1 are the same as those in the Persian translation,

1 lit iirst pai i r.t the but sample ‘ One man liad 6 horses and *100 pieces of 
‘ silver, ai d the oiliu 1 ad 10 hot a-s, atm owed 100 pieces of silver; their pro- 
‘ |.T't v u .i • equ.il. Qua the, value of each horse, ami the amount of the pro- 

• ; y of each person. Hei r the unknown quantity is the price of one horse.
“ Ja t), roo 300
‘ Ja 0, roo 100 these are equal.'
“ Ja <), roo 300
“ Ja 10, roo 100. Sudan, that 1> transpose.

” Ja f) +• :0o ~  Ja 10 — 100 
“ Ja 4 =; 400
“ Ja -  100 [
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The third example, where the Persian translator has introduced the names 
Zeid and Omar, is in Mr. Davis’s notes thus:

“ One man said to another, if you give me 100 pieces of si ver l shall have 
tf twice as many as you ; the other said give inc 10 pieces and I shall h.c! c *ix 
r‘ times as many as you. Quecre, the number each had.

“ Ja 2 roo 100 
“ Ja 1 roo 100 
“ Ja 12 ro<» 660 
“ Ja 1 roo 110.

“ Diflf. Ja 11 roo 770 
“ Ja roo 70

—  ■.. -̂ JMSgaeasaorâ ^--, -

B O O K  2.

! rJPlIE square • oot of the -mm of he squares of the bhojc and cot/1 is l ie  e.ono.
“ Explain the reason of this truth.

“ The carna is ka ja ; the iigurc thus. . Divide this l*v a perpen-
Jih. tf

“ dicular l^‘ sc are equal triangles. The bhojc is abaci a or given.

i , /  ' £0
«< The lumb or perpendicular is the cote, /  , Di the lattw the: cot-

f* f  'U*Jtl /
«•« js t earn,!; the lumf pcqiendicu! r is the blioje, tin- cote is the ea*na ; lb- \ are 
“  similar triangles, When the blioj., now carua, gives the lumb tor me co e. 
“ then cote lor <eoa hew- much? Thus by proportion the vote js forun.i 
Also

“ As bhoje 15 is to tqmia, then from this carna 15 what bhoje?
o

■ e°S*x
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1 ••I'VcruiT 1.5 X o', and divide by Ja 1, and the small blioje is found =
225 ,

jT7* A"a,n*
“ As cote 20, to die earns, so is the carna 20. What cote?”

J.i's s four. I — -j-j-y, and this added to -J—  — is the carna; whence
2 5 =  Ja 1.

i ueu from the blioje to find the perpe ndicular.
The bhoje .5, its square 2_5 ; bhoje abada 9 ,  its square 81 ; the differ' 

“ cnce >s 14+; its root is toe lumb 1-2.
So, the vote 20, its square iOO ; cote abada i6, its square 256; difference

“ ot squares 144; its root the lumb is 12.” Again,
Auotliei way.

f 1 ; tlien lialf tljc rectangle of the bhoje and cote is equal to the
area -  150; therefore the area of the square formed upon the carna in this

‘ lnann"r bt etluul to '<>“'• the above added to the contained square
1 Uliico quare is equal to the rec..angle of the difference between the bhoje and 

cote, which is 5 X 5 — 25. The rectangle of the blioje and cote is 15 x  20

~ G00: and 300X 2^500 (or°d°  x  4); 600 +  25 =  625, which is equal to
"the a, a of the whole square drawn upon the carna, and therefore the square 

’0 ot t.ns is equal to the carna w: 25. I f  this comes not out: an integral 
nuiXu r then she carna is imperfect or a surd root.

„ ’ 11’"' 01 f"” 6(!uavc' uf lll‘ bhoje an-l cote, and the square of the sum of
° “',K •'1‘- ditK-u-ncv of these is equal to twice their rectangles;

thm h.rc Ulieorem) tin- square root of Mu squa,^ of the bhoje- and cote is equal 
' the carna. l o  illustrate this, view the. lieure.”

UV : h {,gU,V '■ i:‘Ven XV'ud l re‘l"*rcs explanation to make it intelligible
„ t,,ar. V!im  :j ‘ltduCU<1 bhoje. a. d the square root ,nude of

riaiwei, anoo.it deducted Mom the square root, and where the remainder
!S ■’ r''ld  U lUe u -U,n,:;' ***■*<*» the cote and carna. Requited the bhoje, Cote and carna. J ’ ’

! oeokA i j o ».'*

«  r  !"* *  WwhWl “ W >• it ; »!>««■ U lnatle=t>; to tins
‘ ’ 1 •* U ?t> i square .■? 1+4, and this by the foregoing is
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“ equal to the difference between the squares of the cote and carna ,* and the sum 
“ of the cote and earn > multiplied by their difference is equal to this.

Then follows something which I cannot make out, but it appears to be an 
illustration of the rule, that the difference of two squares is equal to a tec tangle 
under the sum and difference of their sides, probably the same as that in the 
Persian translation. The end of it is,

Thus the square of 5 is P.5, and the difference between J and 7, sides or the 
“ square, is 2; the sum of those sides is 12, which multiplied together <> 24;
“ therefore equal to this is the remainder, when from the square of 7 is deducted 
“ the square of 5.

“ The difference between the squares of these is known, and thence the 
“ cote and carna are discovered thus : This difference o f squares divide by the 
“ difference of the cote and carna, or difference of roots, as in the Pati (>an..

“ i i i  — 72, and this is the sum of the two quantities sought, as is taught in the

“ Pati Ganin., but their difference is 2 ; there fore deduct 2 from the sum, the 
“ remainder is 70, and half of this i> the lirst quantity sought Again, add 2 to 
“ 72, the sum i-> 74; t s  half is 57 the other quantity ; therefore' the cot; is $5,
“ the carna 37.

« When the proposed diffe enceis 1, the muni ers are found 7, 24, 25; multi*
“ ply these by 4, the numbers will be 28, SX», 10O.

Then follows a note of the rule, tlmt the ditieience i ; the sum of the squares tu 
two numbers, and the square of their sum, is equal to twice the rectangle cf the 
tu o numbers, anti tnis example as in the Peisian translation.

“ The two numbers arc 3 and 5 ; the sum of squares 9 +  °5 «= 34; tire sum 
“ B, its square (54; the difference is <‘'4 — 34 — 30; then 5 X 3-rs 15, 13X 2 = 30, 
“ equal to the above. But * non the sides are nor known, bui the difference of 
“ their squares, 16 then divide by 2, (vix.. Ay the difference o f the ttwithers)

“ — — B ; this ci then sum, and dedu.-A their differemi 3 2 =  O’, halt lies is
%

M one number, and *o, ami =  5, the other number.

' o S

«
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The next is,
‘ In the figure where the sum of hhoje, cote, carna is 40, and the product of 

“ hhoje and cote T_0. What is die hhoje, cote, caina ?
41 -Multiply the product 1 -0 by 2 — 2 10, this will be equal to the difference between 

“ the square of the sum oi' the hhoje and cote and die carnas square. The sum 
iC of the squares of the bh >j and cote equal to square of die carna ; therefore the 
“ product of the hhoje and cote X by 2 is equal to the ddlerence between the 
“ rectangle and cote (the square) of the sum of the hhoje, and the square of the 
“ cai na.

“ divide this number 240 by the sum of the hhoje, cote, and cama 40, - - °  = 6,

1 vhich i.j equal to the difference between the carna and the sum of hlioje and

“ cote. Hence -— r—  =  1? the carna; 2:3 sum of hhoje and cote, squared is

“ oi’P. Multiply die rectangle of bh jc and cot' 120 by 4 — 480, the remainder 
*‘ 49, am it . root 7', this is rhe difference of hhoje and cote; deduct tins from

‘ their sum 23; ‘23 — 7 — ]G, its half ~0‘ — 8 is the hhoje; 23 -f 7 r: 30, its

“ half, is the cote 13.”

Tiie next is,
When the sum of hhoje, cote, carna is 56, and their product 4200, what 

" are die hhoje, cote, carna?
u Ja i ,  ja, Lba i. The sum of hhoje, cote, carna.

“ tlar: a ja ] ; ja i, roo 5 6 ; these three multiplied, 4200.

“ Thc ri';t-an<S,e 01 bii°3e and cote equal to sum of squares of hhoje

' ai“ icote i vjal'ha J, sum of blmjc and cote ja 1, roo 5 6 ; the -quare bha 1.

‘ i * top 5 i.:6 . the rliffnenr-f bm ween them i> equal •
ja 1 ’ r

“ therefore Ja 112 roo 3136 
Ja 0 roo 8KH)

ja I

4
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“ divide both by 112 ; reduce both sides, and it will be
Ja 1 ion ‘28

Ja 0 roo 75 

Ja 1
Reduce the tractions.

“ Ja bha 1, ja 28, roo 0 

“ Ja bba 0, ja 0, roo 75

« Multiply by 4, and add the square of 28.
«< Ja bha 4, Ja 112, roo 300 (should be 784)
«* .Ja bha 0, Ja 0 roo 434

.. The X00.  l i |  .hen «<W, divide by 8 =  « .-w M ch h

“ the iabut, and therefore carna. . . .  .
“ Then for the bhoje cote. The tliree multiplied are 4200. Divide by c-.irna

i — 168 — bhoje X by cote. The sum of bhoje and cote =  56— 25= 3 ),

“ and 168X 4 = 672. The square of 31 = i W  (»be difference) “ X ) ,  os square 
“ root is the did'erence of bhoje and cote =  17 ; deduct, this. 3 1 — >7 ~ ’* l ‘tr 
“ half 7 ,  which is the bhoje; and 31 4- 1" -  48 : its half 24 <s the cote,

The lines above have been carelessly drawn. The true Hindoo method of

writing the equation -  .r +  28 ss ~  i  understand to be this, ja >] roc 28. and
Ja 0 Koo . ..

Ja 1

that of — .t’1 4- 28 .r =  75 this, Ja bha l | ja 28 roo 0
Ja bha 0 i ja 0 roo 75

7 ! ' ,



' *'"' NOTES.

' *

Books 3, 4, and •>.
— , US d *

_t MND among Air. Davis's notes a small part only of the beginning of the 
3d book, which consists of rules for the application of the cootuk to questions 
where there are more unknown quantities than conditions. I find also some 
notes which evidently relate to the first example of this book, but nothin- 
distinct can be made out. °

',lT“ are no notes relating to the 4th book.
Of the .dth hook only this:

A In i there are two or more quantities multiplied, the 1st quantity must be 
divatded then"— There is also an abstract of the first example, the same as ‘ 

that in the Persian translation.

-----«■»»> »»n.

Extracts from M r. D a v i s ’* Notes, taken from a  modem 
Hindoo Treatise on Astronomy.

~ ' > r  ,t;f toetV|<*l the J isht and Canist from two jyns* being found, others 
m<lV !) ’ oinputerl by these who understand the nature of the c m le  (the bow

* Ji>m : mo,"‘n’ k w o p c M  ut.|tti'«d -I. ii k< w l.-ilgr 4 th .  ine from the Arabian.- »nd it
1 - " l f dicv tEc.l i |lf UTHKi-jsf.nlv hw  ■ w „H ,*  , ( e ^ ) ,  by ,h i ,h  the A * b u , ,  called the

' * ............ .. : '*»«*■ • « * * •* « •  f V ^ - )  »  u. cu t,and  t. danotarthab«*oi»

* * '*  « •*'"*’ ' ■ • P * « i .  - c o r d t ^ l y w .  find that ♦ it •
/

CP <SL
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“ and arrow), and thus, by the addition of surds, may the sum and the 
“ difference of the arc and its sine be computed whether that arc be 90 degrees,
“ more or less.

does not mean bosom, but that among the Arabians it signifies that part of their dress where'.: ■ porkc. is 
usually placed, and in some languages which abound in Arabic words, as the Persian and the H iudoesiance, 
i t  is the common term , not only lor a pocket in the bosom, but for any pocket wherever it may be. In all 
Arabic dictionaries this word is explained as above, and in some, though not in a!! (it is not in the Kuril fool 
Loghat) the line we call sine is given as a second meaning.

The Arabs call the arc «s ( which signifies a boiv; the cord xeutr (  y  which. i* IV: Ane-string

and the versed sine sithum which is the  arrow. But the sine they express by a  vurd  which hr* ■

Connexion whatever with the bvw.
T he M athem atical hinory of the Arabians is nut known enough for us to  speak positively about the fi- is;: 

o f  sines among them, hut there set ms to  lie reason to suspect th a t they hat! it r o ta  a fort, -u  sours--, pnob. My 
from the Indians.

T he Sanscrit w v,J for tic: chord i s o i  w  properly /ya and /ftv». (For these te rn s  -■■■ * M , D; vis's 
paper in tlic s econd voium . o f the A sm tic Res. a rc : , j  the literal, explanation of the word* ha« ’■ en given me 
M r. W ilkins,) aiid the mio is called jy a  a’-o/ti, 1 r hall . s>i(i ; !> .1 com m on.\ the Uliid.-i -, iV  brevity, : .• .. 
for the sine. T hey also apply the svurd in composition as we d o ; thus, they ta ll the cosine c n j,,:  ,m..i.iiiig 
sine, the side of aright-angled  triangle; the sine (or i ghl sine) if:, .ya, meaning the a m ,  he base f a right- 
angled triangle, and tramajya the sine m oved; the versed sine they call ooiew/nq/ya, or the sms moved tip. 
w ards; the radius they call triJjya, or the sine of three, (meaning probably three sign,.) In theii term for the 
diam eter jyapimla, o r whole jya ,  the word is used in its prfipet acceptation for chord, and ' -i ior jy a  arnhi, 
or sine.

I t  refill? a t if ■ w i n ,  and jya  were originally the same word Mr. Wilkins (the bed. author'd, ) ar?un» njr 

that ;ya. in the feini-bn. n, is uuvoubtetlly pie. Suinciit, ih.ii it :v Jouini in the best an l olUt-c tbvl.on.iru-.,
and that its meaning is a  bom-sirit.g.

The Arabians in adapting a term to the idea of chord, had r«!'en:in.e io the v.bici' i : o-.cn dried,
and called it y ^  OI the h  n*striug ; but having so applied this term, they had in seek uiu.lhcr for : , n,

then they would naturally refer to the name of the thing, and call it by some werd in their owe a . .. ;, 
which 1'ieaHv rcsepibi :d tti.:t ur.di r which it vv.:, n r  Iliads l.nosvn in tlu'iu. ) :- mode of gi . a . : r 

designation lb the sine was evidently wore convenient than that of lb-: H indoos, s o l  conjecture (hat s, 

for sine is no other than the Sanscrit word y,.i a t j i ia .
It rein, kabb: tli.d > '.n'«rrit tm n : for t he- ,.f a right-angled • rlani-l- be*: ■ ■. li-rvnn. to .-. A.** 

tin \ * v. to be named from the angular points which arc formed by the en o f li e bow, (lie .mu which 
holds b, at! i / . -- ’ :• i w l  u .> il-e xli mg I nr. ■ " , i k  vi." '■■- ailed fiCi, or r . of /he ' ,- • lie b..
M et, or tm : an . '  hvpathr ni-o ca. a, o< the M r, So.lie Imilier explanation however is deni, 
to shew wt.v - <• ■■ ’• h i  -. -i tii- :.!i.—. and not fa-' r - h -"O'! i. : liy a is..log, > the cosire, and voi-.-,.- c it
cosine instead of tin sine.

The Hindoos have a wind <0t !U< *<• !'d ni.vt. si,r, which s'lf.iiiiiri arrowy W»wctipg e v .„ tly  to the A. Abie gtyM*

III <SL
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“ Multiply the jaw of one of two arcs by the colejaw of the other are, divide 
“ the product by the tridjaw, add the two quotients and also subtract them ; the 
u sum is equal to the jaw of the two arcs, the other is the jaw of the difference 
between the two arcs.

“ Again, multiply the two bojejaws together, and likewise the two cotejaws
togi ther ; divide by the tridjaw. Note the sum and the difference. The sum 

“ is the cofej.tw of the sum of the two aics, the difference is tiie colt-jaw of the 
*■ difference of the two arcs.

In this manner Bhascara computed the sines in his Siromony, and others 
“ have given utliei methoils of their own tor computing the same.

The author of the Marichi observes, “ that the author of the Siromoni derived 
“ his method of computing his sines by the jeisht and camst, and diagonally multi-

pi ed (!ia jen bcas), the jeisht and canist being the cotcjaw and the bojejaw;
“ hem < hr found the sines of tin: sum and difference of two arcs, the third 
“ cani . being those quantities. He did not use the terms jeisht and canist, but 
“ in then- room bojejav, and cotcjaw. I shall therefore explain how they 
“ were used.

*• fn - bojejaw ~  canist (small).
“ Cotcjaw =  jeisht (larger).
“ (1 lie tlteorem then is wiiat square multiplied by 8, and 1 added, will produce 

“ a square).
*• Mul'.ipiv tii- given number (8) by the square of the canist, and add the 

'' eliemik, the sum in- -t be a square.
“ Tiie bojejaw square deducted from the tridjaw square, leaves the cotcjaw 

‘ square, therefore the bojejaw square is made negative, and the tridjaw square 
■ added to a negative being a subtraction, the tridjaw square is made the chepuk.

“ fhe canist square, which is the bojejaw square, being multiplied by a negative 
“ becomes a negative product, therefore the quantity is expressed by 1 roop 
“ neg. f ve.

‘ 1 her the uijejaw square multiplied by 1 roop ntnative, and added to the 
" U id jaw, its square is the cotcjaw.

lienee the bojejaw and loiejaw in the theorem by Bhascara, represent tire 
1 camst. and j isht, and I i op negative; is the multiplier, and the eh'.pul. is the 
U (it t he tridjaw, and the equation ' ill - tand as follows :

' Cam - 1st. jaw I . jeisht 1st. cotcjaw I : clmpuk, tridjaw square 1,
“ Canist ad. jaw 1 . jeisht 2d. cotcjaw 1; chap tk, tridjaw square 1.

m  §l
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“ These multiplied diagonal!) produce
“ 1st jaw 1. 2d cotejaw 1.
“ 2d jaw 1. 1st cotejaw 1.

These added produce th.e first canist, viz.
“ 1st jaw +  2 cotejaw.
“ 2d jaw 4- 1 cotejaw,

“ which is the sum (or joge) and the difference.

“ 1st jaw — 2 cOtcjaw.
“ 2d jaw — 1 cotejaw.

“ Thus from the sum and difference are produced two canists, and the squar< ot 
“ the tridjaw squared is the chepuk; but the chepuk wanted being only the 
“ sejuare of the tridjaw, then as the Bija Ganita directs divide by such a nu.nl 
“ as will quote the given chepuk.

“ Therefore the tridjaw being the ist, or assumed, or given quantity, divide 
“ the canist by it, the quotient will be the tridjaw square, and hence the theorem 
“ in Bhascara for the bojejaw.

“ And in like manner the coteiaws are found; but Biiascara did not give Bus 
“ theorem for the cotejaws, because it was more troublesome. lie  therefore gave 
“ a shorter rule. But since the cotejaw square is equal to the bojejaw square 
“ deducted from tbe tridjaw, therefore the same rule may he applied to the 
" cotejaw, by making the cotejaw the canist, and the bojejawjeislit; then bv the 
“ foregoing rule the cotejaw oi the sum or difference of the arcs may be found”.

I*
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Second Extract.

%

“ Sloca. The munis determined the equations of the planets centres for the 
“ u*'- of mortiils, and this can be effected only by computations of the sines of 
' arcs. I shall explain and demonstrate their construction and use.

“ 2. And f.„ this purpose begin with squares and extractions of roots, for the 
" satisfaction of intelligent persons of ready comprehension.

The square is explained by the ancients to be the product of a number 
■ multiplied by itself. (He goes on to show how squares are found aud roots 

extracted as in the Lilavati).

“ G- Square numbers may be stated infinitely. The roots may be as above 
" e- <.tia< ten. but there, aie numbers whose roots are irrational. . (Surds.)

“ 7. 1 he ancients have, shewn how to approximate to the roots of such
‘ .'ambers as follows: Take a greater number than that whose root is wanted •

:ml by its square multiply the given number, when that given number is an 
integer, itxtract the root ot the product, divide this root by the assumed 

‘ number, aud the quotient vv'UI approximate to the root required. If ihc given 
“ lunnl,er b il fV;" l'"m> multiply and extract as before. To approximate the 
“ ucurer the munis assumed a Urge number, but the approximation may be made
“ by assuming a small number.”

And after a blank.
‘ In like manner surds are managed in the nbrkt or symbolical letters 

“ (Algebra) expressing unknown quantities.”

Again, alter a blank.
“ Some have pretended to have found the root of a surd, and that this might

®  <SL
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“ be effected by the Cutuca Ganita, attend and learn whether or not this could 
“ have been possible. I shall relate what Bhascara and others have omitted to 
“ explain. A root is of two kinds; one a line, the other a number. And the 
“ root of a square formed by a line expressing 5, may be found, though the root 
“ of 5 cannot be numerically expressed; but the numbers J 4, ;■>, &e. may be 
“ expressed both ways. 2, 3, 6, &e. are surds, and can have thcii root- exprv-sed 
“ only by lines. (He goes on to shew the impossibility of finding the root of a 
“ surd, though it should be eternally' pursued through fractional quantities.)

“ The root of a surd may be shewn geometrically."

I Have copied these two extracts exactly as I found them ; there appear to ' 
one or two errors which it may be as well to mention. In the first extract the 
latter part of the first sentence should, perhaps, mu thus: “ By *:••• addition of 
“ the jeisht and canist mayr the sines of the sum and difference of arcs be 
“ computed, &c.

I observe that where jeisht and canist first occurred in these notes Mi Davis 
translated it originally “ arithmetic of surds,” anil afterwards corrected ; 
probably from oversight it was not coma ted in the second place,

The value of the cosine of the sum of two ares is given instead of turn of the 
difference and vice versa.

There is an error also in writing the sum and the difference of the eio>s pro­
ducts.

I know nothing of the author of the Marichi. Possibly lie might have 
observed that the jeislit and canist rule corresponded with the formula- for the -dm s 
and cosines, and the latter were not. derived from fhe foimer by Blmscm >, but 
invented at a later period, or introduced among tlu* Hindu*" from dm 1411 
sources. Probably how ever the application and the formula- are both of Indian 
origin.

As for the second extract the rule for approximating to. the sqmm 1 -t is tin 
same as that given by ltecorde, in bis ** Whetstone ot Wit which w as pub­
lished in 1557; -»d bv his eumemp-'iai-v Buck lev ; (for an account of u r , 
method see Wallis’s Algebra, p. English edition.) I have before s t a l e d ,  thai

i* ‘J
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tii’.s rule is also in the Lilavati, I mentioned it generally then only because of 
its omnie'x.ion with a trigonometrical proposition. The following is a literal 
translation of the rule, as given by l’yzee: “ Take the squares of the base aud 
• side, an ! add them together; then multiply by the denominator and write it 
“  down. Then assume a large number and take its square. Then multiply it 
“ In that which was written down. Take the square root of the result and call 
c‘ it the dividend. Then multiply that denominator by that assumed number,
“ and call it the divisor. Divide the dividend by the divisor, the quotient is the 
** hypothenuse.” This is not delivered with perfect accuracy, the true meaning 
however is plain. If the assumed multiplier is decimal the method gives the 
common approximation in decimal fractions. The writer denies that the root of 
a surd can lie found by the cootuk, but he speaks of it as a subject to which the 
cootuk was said to have been applied. It is very improbable that such a thing as 
his should have found its way from Europe to India, and it is very probable that 

many tilings of this Bor£ were to be had from Hindoo sources.

" ><ac>c iCMaicaoiK»a
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Explanation of Sanscrit Words used in Mr. D aviss
Notes.

BIJA G A N ITA—Algebra—Literally seed counting.
Pali Ganita—Arithmetic—Ganita seems to be used as we use arithmetic. Thus as we 

have arithmetic of integers, arithmetic of surds, decimal arithmetic, &c. tlu- 
Indians have bija ganita, pati ganita, cutuca ganita, See,

Jabut Tabut—The unknown quantity, as we use x—Literally us far, so fu r. It is not clear 
how this comes to be so used. It would be more conformable to the rest of 
Hindoo notation, if the word pandu (white) were applied '.no j ;v leu or of 
pandu is very like that of jabut, and they might easily lie confounded.

Kaluk, necluk, $c.—Unknown quantities— Literally the colours black, blue, &c.
A bekt—U nknown,
Carni, surd—Hypotheuuse—Literally car.
Mahli and laghoo—Greater and less.
Hoop—Known quantity—Literally form, appearance.
Dliudy—Dividend.
Ilur—Divisor.
Bhujuic—D i v isor.
Seke—Remainder.
D ul—Reduced.
Chc/mk or chepc— Augment.
But Ice—Chain or “cries,
Vntc—Last.
Upantea—Last but one.
Lubd—Quotient.
Goonu \ or Goon—Multiplicand.
Rhin—Minus—Literally decrease,
Goodin—An astronomical period. 
l7rg««T~Nuuiber oi day b elapsed.
IiekiJlas—Seconds.
('ii l/as—Minutes.
A neat—Degrees.
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Bhagana.s.—Revolutions.
Calp—The grent period.
Haas—Literally a heap, a sum total, a constellation.

Cootuk— The principle on which problems of this form ~ ~ l - ‘ — y  are solved.

tist—Ditto of ~  — y + c and — =  z | e.
b b

Chacrn-hala—Ditto of ax* + h — y" —Literally strength.
B u r s  / 1, h s ,  h u r s u — * in the above form—Literally small.
Pr-T,-it—a nr Dit to—Li rurally principal.
JrJst or J t i s h t - —y  in Ditto—Literally greatest.
Cruise—x in Ditto—Literally least.
St mu./: 1 sb/m—If a , » +.ft — y‘* and a/ 1 1- ft -  g‘, then the rule x" — x'g 1- y f  is called- 

samans babna— Literally contemplation of equal degrees.
Antes babna—In the above form, when x" = x'g — y'f, it is called airter babna—Literally 

contemplation of difference.
Jiadiru bras—Cross multiplication which produces tire above forms —Literally cross 

diameter. ’ . 1 »:*
Coo' </•• mit or cuiuca ganita.—Cootuk Calculation.
Sml ana—Reduce- Literally purify.
Utupanu—Brought out.
Bhojc—Base of a right-angled triangle—Literally arm.
Cuts— -Side of Ditto —Literally end of a bow.
Carua—Hypo then use—Literally ear.
Luma -  Perpendicular—Literally length.
AUuia—Given.
1st—A ssuined.
Jaw or Jya—Sine or chord—Literally bow-string.

* Hojitiaic•—Sine.
tin tej aw—Cosine.
I'rio'j <io—Radius — Literally sine of three.; perhaps meaning of three signs or go degrees.
Addy— -lute- e alary.
C/.i-Ms (i. ..han't tithij—Difference of solar and lunar day s.
Ahum-—} For bltuini savan—solar days.
Chandrae- Lunar.

Ford). ieei i1 ejrplmintion of these ternfa, as far as they could be made out, fan,obliged 
Mr. V i: .in- Most of the words am Written here according to tbor commrn pronun­

ciation in Bengal. f
.
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NOTES. 139

D e a r  S t r a c i i e y ,

H a v i n g  just laid my hands on a parcel o f  papers of notes, containing abstracts and trans­
lations from the Bija Gauita, made by me, with the assistance of a Pandit, as long ago as 
when I was stationed at Bhagulpore *, I send them to you with full liberty to make any use 
of them. Ever since my removal to Burdwan these papers have lain unnoticed, and might 
have continued so had it not occurred to me that you are occupied in such researches. There 
may be trifling inaccuracies in some places, the translations having been made careless1; and 
never revised ; but their authenticity may be depended on, as they were made from the orig iual 
Sanscrit Bija Ganita, which was procured for me at Benares, by Mr. Duncan. I send also 
a book of memoranda, containing chiefly trigonometrical extracts from a modern astronomical 
work in Sanscrit, which I suppose to have been written in Jey Sings time.

I am very sincerely your's,

Portland Place, Jan, isie. S. DAVIS.

T H E  EN D .

/  r
* About the year 1790,

if i .
1----*------------i------ ------- ----

Gtcndhuing, Printer, Hatton Garden, London.
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