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PREFACE.

.
ST R
e e

It is known that there are Sanscrit books on Astrononiy 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 asserted their

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, agrovant, «&oo: &gry i L i
My object in the following paper is to support the opinion that the Hindoos
had an original fund of Sciencenot borrowed from forcign sources. I mean to infer
also, because of the connexion. of the sciences and their ovdinary course of q‘
vancement, that the Hindoos had other knowledge besides what xs established lw]
direct proof ta be theirs, and that much of what they had, must have'existe‘d‘ in
early times. o 1y S ‘ e i ouid 15
But with respect to the antiquity of the specimens which I am going to exhibit,
nothing seems to be certainly known beyond this, that in form and substance as
they are here, they did exist at the end of the 12th or the beginning of the 18th
Century. 5 &k 0 . pro ,
It is not my purpese to inguire here what parts of Indian geience have already
Deen ascertained to be genuine, . 1 only wish to obsei ve that the doubts which have
been raised as to the pretensions of the Hihdoos are of very recent birth, and that
no suchedoubts have been expressed by persans who weré perhapsaas well able to

judge of the matter as we are.*

— = 4

#The Edinburgh Ruview, in criticising Mr. Bentley’s Indian Asironomy, in the 20th nnmbd;-, ably contend.
od for the antiquity and griginality of Hindoo Scicnce, The writel of that avticle however seeins 1o huve leld the
fiuld s atid lis successor, it a Review of Delambre's Histosy of Greek Atithinelic, has taken the otheér side of the
question, with nuich zeal, This Critic is understood to be Br. Lesiig, who, in bis Eleménts g( Geomeliy,s has again,
attacked the Hindoos. Mr. Leslie, after explaining the rule for constructing the sine by diffcrences, which was
given in the 2ntl Velyme of the Asiatie Rescarches by Myv Davis, from the Swya Siddhaolby adds the follownig
remarksy {

A
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We are. told that in early times Pythagoras and Democritus, who taught the

Greeks astronomy and mathematics, learnt these sciences in India. The Arabiaus

 Buch is the detailed explication of that very ingenious mode which, in certain cases, the Hindoo Astro-
nomers employ for constructing ‘the table of approximate sines, But ‘totally ignorant of the principles of
the operation, those humble calculators are content to follow blindly a slavish routine. The Brahmins must
therefore have derived such inforiation from people farther adyanced than themsclves in science, and of
a bolder and more inventive ‘genivs.,  Whatever may e the jpretensions of thut passive race, théir know-
* ledge of trigonometrical computation bus no solid claim to any high aptiquity. It was probably, before
“ the revival of letters in Europe, carried to the East, by the tide of victory, The natives of Hindustan
l" wiglit receive instruction from the Persian Astrononiers, ‘who were <henisélyés twught by (he Greeks of
** Cohdtantinople, and stimuluted o 'those scientific pursuits by the skill and dilierality -of their Arabich con-
“ querors,”—(Leslie’s Elements; p. 485,) e X

When scientific operations are detailed, and wost of the theorems on whichthey depend are given in the
form of rules, surely it s not to be Inferred because the detnonsiratioils do mol_alsiays accompany the tules,
therefore that they were not known; on ‘the contrary, ‘the presumption in such-a case is that they were
Kaown. 8o it s here, for thie’ Hindoos cerlainly had at least as much trigonometry ds is assumed by M.
Leslie to be the foundation of their rule. Mr. Leslie, after inferring that the Hindoos mnst have derived their

ence from people farther advanced than themseives, ’pm‘ceehs toshew ‘W <oarees from which they might

borrowed, namely, ‘the Persians, the Greeks, and the Ardbians,. Now asfor the Persians 4s.a nation, we
o not know of any science of theirs except 'what was originally Greek or Arabian, This jndeed Mr, Leslie
would seem 1ot to deny; and as for the Greeks and Arabians it is enough to say that the Hindoos could not
barrow from them what they never had, They could not Nave borrowed from thew ‘this slavish’ youtine for
the sines, which depends on a principle not known even {0 the inodern Europeans till 200 years ago.  In short
the tide of victory eould not have carried that which did not exist. :

At appeurs from Mr. Davis's paper that the Hindoos knew the distinetions of sines, cosings, and versed sines,
'Bwy kuew thal the difiecerice of the radius and the cotine s equul 1o the versed sine; that in a right-angled
%o if Ahe liypothenuse be tadius the sides arc sines and cosines,  They assumed & emall are of o cirole as
equal to its sine, They constracted on true pringiples a table of siues, by adding the first and second
differences. oy y

From tl.e Bija'Ganita it will appedr'that they kaew the ¢hief proparties of right-sngled apd similar triangles,

In Fyeee's Lilavall I find thefollowing rules ;

(Tine hypotheawse of a right-angled:triangle being A, the based, and the side s.)

‘Asduiae any large ngmber p, then ﬂQ:.g:illﬁf) ek

B s ) and s O Y,
b A Ll s Py e
(B o ) (l =) == e B2,

2
& being fivén to dind % and s in any number of ways; let p be any number; then ng: % and'
ﬂhﬁ' b =4

"
“"
«t

“

{
" b3 \
ST stk 0 A
L?..... =g, and Lr-h‘

hwaygm,;‘é{ﬁ? &= by Tl pu el w2 30,
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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 bave compared the
Indian sphere with the Greek and Persian spheres. (Heilbronnen Hist, Math,
p. 456). We know that the Arabians asciibe their numeral figures to the

¥

Let g and g be any numbex"s; then - ‘ A 3
g =5, pie=g® =¥, andp* + ¢* = b ‘ \
2., A2 !
a

a—;
~ =y, and

i X : ‘1_ ' ” T
Giver a .:::b+s; tllenu.%u)=b. an,da+.‘/ 2;1 az):ﬁ" i v

b e ! L
"There are also rules for finding the arega of triangles, and fo@dﬂﬂmw_ the sule for the
area of a triangle, without finding the perpendicular. ' ] : Wis
For the Mlhere are these rules (9 being the circumference, o the diameter, cthe chord, v the versed sine,
a the arch,) ) ‘ ! .
c D 3292 7; and'e ;0 :; 5997 : 1250. (Alsosee Ayeen Mﬁbu"y. vol, 3; p.dR.) 3
v ta(o—e) . Ly ‘uio
= 2 ' P . .

2Y(D—10) X v==ca ' < i

Given a = k== ; then

T~

4 A

e e _
| _4ap (c — a) c ; a.:“": g ) oy
5 =0 Wk Q/("W AT TN :

—C?— (C —a)a
o — (¢ —a)

Also formule for thie sides of the regular polygons of 3, 4, 5, 6, 7, 8, 9 sides inscribed in & circle, 'lmm
also rules for finding the area of a cirele, aid the surface and solidity of a sphere. It will be seen also that
Bhascara is supposed to have given these two roles, viz-—the sine of the stm of two arcs 1s equal to the Yot
of the products of the sitie of each multiplied by Lhe cosine of the ather, and divided by the radius; and the
cosine of the sum of two ares is equal to the difference between the products of their sines and of their
cosines divided by radius, i . : ‘

Is it to t_)e doubted that the IHindoos applied their ryle for the constinction of (he sines, to ascérlain the
ratio of the diameter of 3 circle to ila circumference 2--thus the cireumieionge of o' cirele belng divided into
360 degrees, or 21600 mjuutes, the sine of 90 degrees which is equal Lo the vading would be found by the
56 B0

1
58 and 1930 : :m.si,m

rule 2438, This wuuld give the ratio of the diameler to the circun ference % : 21
and assuniing, as the Hindoos commonly do, the neavest intégers, the patio weukl be 7 : 92 or 1950 3927.

1t is not to be denjed that there are some remarkable coincidencun between the Geoek snd the Hindon science 3
for example, amaug waoy which might be giver i may be suggested that the contsivhaces ascribed o Antiphon
and Bryso, and that of*Archimuydes, for finding the ratie of the diameter of a gircle t0.its crcumfesence might
have been the foundation ol the Hindoo method; that Diophantus's speowiations on Tndetesninate prolyfens
might be the origin of the Tinduo Algebra. Bat there are no teuths in the history of science of which we are
hetter aksured thq’n’-ltmt the Surya Siddhanta rule for the sings, with the ratie of U@ dlametar of & aicvle to ftu
civcwunterence 1936 19097 ; and the Bija Ganita rules for indetermingte prablems swere pot hapwi lo the Greaks.
Such are the stimnbling bltocks which we always find in our way whon, we attenipt tarefec thy Bindlos scence (o
ang foreign origin. f i ‘ ‘

A2
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Indians; and Massoudi. rc&mE&Q_emy s astronomy to them. (See Bailly’s preface

to his Indian astronomy, where is cited M. de Guignes. Meni. Acad. Ins, T. 6,
p. 771). Fyzcc,)who doubtless was conversant with Greco-arabian learning, and

certainly knew the Hindoos well, has never started any doubt of the originality

of what he found among them. The preface to the Zeej Mahommed Shahy, or
Astronomlcal Tables, which were published in India in 1728, speaks of the
European, the Greck, the Arabian, and the Indmn sy sti‘xr'h_s" as all different.
That work was compiled with great learning by persons who were skilled in the
sciences of the West, as well as those of the East*. More examples might be
given—but to procecd.

The Bija Ganita is a Sanscrit treatise on algebm, by Bhascam Achar\ a, a
celebrated Hindoo Astronomer and Mathematician,

Fyzee 1, who, in 1587, translated the Lilavati, a work of his on arithmetic,
mcmumtlou, &c. speaks of an astronomical treatise of Bhascara’ e dated in the
1105th year of the Salibahn; which answers to about 1183 of cur wra ; but Fyzee

0 5ays, it was 373 years before 995 Hegira, which would bring it down to A. D,
i 25. So that Bhascara must have written about t}le end of the 12th century, or
bggmmv?g of the 13th. '

“A complete translation of the Bl_]a « :aﬂitd. 1s a-great desideratum ; so it has
been for more than 20 years, and so it seems hkcly to remain.

1t will be seen however that we have alieady means of learning, with suflicient
accoraey, the contents of this work. T have a Persian translation of the Bija Ganita,
which was made in Indiain 1634, by Ata Allah Rusheedee. The Persian does not in
itself afford a correct idea of; its original, as a translation should do; for it is an

R

* Bue Aslatic Revearches, ath vol. oit the Astronomilenl-Labours of Jy Singh.

+ Lowilh here translate o parl of l'ym-au prefade :—= Dy arder of king Akber, Fyzee translates into Persian,
“ from the Todian lauguage, the book Lilavati, so fameuvs far the rare and wonderful arts of caleulation apd
“Cmonsindlion.  He (Fyzec) Degs leave o mention that the compiler of this book was Bhaseara Acharya, whose
« pirth place, and the sbode of bis ancestors was the city of Biddur, in the country of the Decean. Though
the date of compiling this work s not meationed, yer it way lenearly knowa from the cireuinstance, that the
anthor mutde another hook on the constrvetion of Alinunucks, ealled Kuerun Kuttobnl, 36 which the date of
compiling It i mentiontd to be 1105 yowsy irom the dite of (he Salibabu, un ara famous in fndla,  From
that year lu thig, whiich ib the 524 Mali ‘year, carresponding aith ghe lunar year 995, there luve passed
A 379 Yoy 1 ©

As the el began in Qhr Tegivi (or lupar) year, 992, (feb Ayeen Akbery) tie date 3¢ of Tlahi is of
coure an errone U likely too that there fs an ercar in the number 373,

Mr, Calchrooke, 1 the 91K vol, wf Asific Redoarehen, gives; on Blascard's ewn authority, the date of bis birth,
vim 1060 Sucn.. I 1AD5 Exlibahin (or Baca) that is, abewt A, D. 1183, he was 42 years old

"

“”w

"

(l
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undistinguished mixture of text and commentaiy, and in some places it evem .
refers to Buclid. But to infer at once from this that every thing in the book

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 whiceh it contains, being purely Hindop T 1T et Jo R

The fullowing paper consists of an account of this translation, and some notes -
which I shall now mention : " ‘ s '

Mr. Davis, the well-known author of two papers on Indian Astronomy iu the
Asiatic Researches, made, many S’cal's ago, in India, some abstracts and transla-
tions from the original Sanscrit Bija Ganitaf, 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 L gladly avail myself of Mr Davis’s permission to make use of
them heres . The chief part of them is inserted at'the end of' iy account of the
Persidn franslation.  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 be scen by any second petson ; certainly they were never proposed to
convey aperfect idea of the work, ‘or to be exhibited before the public in any
shape. Many of them are on loose detached pieces of paper, and it is probable
that, from the time they were writtelh ull they came intd my hands, they were
never looked at again. But nevertheless it will be scen, that they do, without
doubt, describe accurately a considetable portion of the most curious parts ot the
Bija Ganita; and though they may scem to accupy but a secondury place here,
they will be found of more importance than all the rest of this work together.

They shew positively that the main part of the Parsian translation is taken from

® The Tate Mr, Reuben Burtdw in one of his papers in the Asintic Researches says, he made translitions
of the Bija Ganita apd Lilayati. Those translations he left to Mr. Dalby. They consist of fair copies in
Persian of At alal’s and Fyzee's translftions, with the Englsh of eoch word written ahove ‘the Persion.
The words being thus. translated separately, without any vegiid to the ineaning of ‘complete septences, not a
Binglo paasage gan he made oul. It 19 plain, from mapy short notes which Mpr. Burkow hag Mritten in the
margin of 1§ Bija Ganite, that lie magle Wy verbal translation by the help of a Mdunwhee, wod st he bid-
the origlgal Banscit ut haad, with sgme oppaciunity of cofsuliing 1t aceasionalty. - Lam mueh shliged © Mr.
Dalby for allowing me the use of Mis Burrdws copy which has emblod me Lo sapply deficigneies in e ; and
it 1s athetwise juterealing, Lotuost it shews that Mr. Burroy had access (9 Lhe cuginal Sanscrit (probably by
means of 3 Mdonshie and & Pundll) and comparred it with the Persian

4 Jt s (0 be remarked that they were myde fion the Sanscrit oplg, My Davis Beves saw the Pertlan
trangliation. i q {

L.
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thc Sanserit work, and that the refencnceq to Eaclid are'interpolations of the

Persian translator they give uwst 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,

X I must however confess, that even beforc I saw these notes the thing was to

: my mxml quite conclusive. For I found (as will be seen) in this Persian trans-
Jation of 1634, said to be from the Sanscrit, a perfectly connected structurc of
science, comprebending pmpgaluons, which in Europe were invented successively
by Bacllet de Mezeriac, Yermat, Euler, and De La Grangef.

i g N

#* T’lw Kmdooa have no mark for -, they only separate.the qunntlt:es to be added by a vertical line
thus | or]l, as they separate their slocas or verses.

Ihels nnihpﬁr minug is a dot over the quantity to be subtracicd. =
: e 1,.., M Jnstead o{gm for multiplication they write the factors together a5 we do, thus, 4 for a x 5.
# «“

Division they mark as we do by a honzontal hne' drawn between the dividend and dlmor, the lower
-ﬂ’l‘ “'"" “ WWMW\& T R, B T T
spntd & F‘or wnknown quantities they use letters of the alphabet as we do, ' They ude the firit letters of the words.
B of M ifyinyg colonrs. - B o "t}"'

. h v nquantily (which is alw&ys a number) has the word"l"'oop (form) or the first le(tir of the word prefixed.
;‘MI‘—"",' The of the ynknown quanlity is marked by adding to the expression of the stm;ﬂe uantity lhe first
! détler of the word which means square, and in fike manner the cubes V6 by VOl Yha o #

.. The sides of an equation are writle one shove another 3 every quantity on one side is exprem-d again directiy
mglq- it on the ather side. - Where there is in fact no corrupnndmg quantlty, the form is preserved by writing
that quantity with the ec-cfficient 0.

The methods of prefixing n leiter to the known number, and using the first letter of the words square and

B wube are thesunie us thase of Diophantus. 1 mention it 48 @ curious coineidence ; pe rhaps some people nay
attach more imporiance to it than I do. s
t The propmmm which T here y?rﬂculnﬂy allude to dre these:- Fihess

W

A general method of solving lhc pieblem -—:3—~ =1y, a4, b and ¢ being given numbers :md x and y
indeterminate. . The solution is founded ona diyision like thut which is made for finding the greatest common
measure of two numbecs,  The ruley comprehend every wort of case, and are in ail respects quite perfect.

2. The problem am 2 4 | == »d;.(a heing given and » and 2 required) with its solution,

3, The application of the aliove to find any nuwber of valugs of e+ é==»* lrom one known case,

¢ ‘To find values of # and ¥ In a2° 4 b== y* by an application af the problem ff_;if == g It s e
necessary for me here fo give any detail of the Hindon methods,

The firsh question abput this extvaordinery matter is, what evidence have we that it is not g1l 4 forgery
3 nmmm, shortly, thad ivdepondently af:lslumg now found in the Sungerit lmuk’, itis ascertuined to haye
been there In 1634 and 1587, that I+ Lo suy, In ffuies when it doulh ot have beon foiged.

The following extrapt feom & paper of De Lo Grange, i the 28U volume o the' Mestoire of the Belin
Academy, for the year 1760, contiing a summary of that part of the history of Algehra which is now siluded to,
As fur the, 4th of !hz ,gpmu abovementioned, the method in detall (howevar iniperfeet in some respects) iu, as

far av Uikhow, 6w fo this duy,  The frst upplivation of che priveiple in Farope is to be sought in the wiitingg
of Dy La Grange Himik,
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To maintain that the Lija Ganita'rules for the solution of indeterminate pro-
blems might have been had from any Greek or Arabian, or any modern European
writers before the Mathematicians just named, would be as absurd as to say that
the Newtonian Astronomy might have existed in the time of Ptolemy. It is true
that Bachet wrote'a few years before 1634, but this is no sort of objection to the
argument, for that part which might be questioned as a mere copy of Bachet’s
method, namely, the rules for indeterminate problems of the first degree, is closely
connected with matters of latter invention in Europe, and is in Mr. Dalby’s copy
of Fyzee's translation of the Lilavati, which T bave before said was made in 1587 ;
and Mr. Davis’s notes shew that it is in the Samscrit Biga Gaunita, which was

[V

3

« La plupart des Géometres qul gththnllw de Diopbante se sont, g lexempie. de cef illustre inven-
“ taer, uniquement appliqués 3 eviter les valours irrationelles; et tout Partifice de leurs mithodes se reduit 2

 faire en sagte.que les grandeurs incannues puissent se déterminer par des nomlires commensurables.
« L4t de_ resoudre ges sortes de questions ne demande gueres d'avires Pprincipes que ceux de Lanalyse
* ordinaire ; mais ces prinvipes deviennent insufiisant loss-gifon ajoute la candition que les quantités cher
chées soient non seuleinent commensurables mais encore ¢gales 3 des nomhres entiers. . e o
“ M. Bachet de Mezvriae, anteur d'un excellent commentaric sur Diophante et de différens autres ouv&es
est, je crais, le premier quit ait tanté de saumettre cetie condition an caleu), ‘Ce savant a trouvé mne méthede
générale pour resoudre en nombres entien foutes les equations du premier degréa deus ou plisicurs ingon.
nues, mais il ne paroit pas avoir ¢té plus loing gt ceux qui aprés lui sesont peeupds du méme ohjot, ont
« aussi presque tous bornd leurs recherches aux eyuntions indétermindes du Premier degi€; leurs efforts se
«isont veduits @ varier 1és méthods qui peuvent servir a ln resolution de ces sortes d'equations, et aucun, Si
“ jose le dire, n'a donné une methode plus dirgete, plus générale, et plus ingeniotse que celle de'M. Bachet
* qui se trouve dans ses réeriations mathématiques antitucles ¢ Problems plaisans. et détosiudies qul se foal par les
© nomdres” Tl est o lo vérite assez surprenant que M. de Fermat qui s'etoit si Jong lefs ot avec tant de
“succls exercé sur ln thébrie des nowmbres entivrs; w'uit pas cherché 3 resoudie généraicaient los problems
“ indeterminés du second degré, et des degrés superivess somme M. Bachet ayoif, fuit ceux du premier dogré ;
“ on a cependent liew de eroire quiil sletait auss appliqué o cette weehvrche, par le prohlame qu'il proposs
“ comune une espece de défi A KL Wallis et & tous les ‘Grometres Anglols, et qui cousistoit 3 trouver deux
¢ carrés entlers, dont Punélant multiphié par un nombre entier donné non capré & ensuite retranché de Pauted,
s le reste fur etre égal & Limité; car, qutre que ce probleme.est Gn cus pavticulior des équations du sedend
“ dégré 3 denx inconnués il est comme la elel de la résolution géoersle de ees équations, Mauis woit que
® M. de Fermat w'ait pas continué ses racherches sur cette matiere, soit qu'elle ne soit parvenue jusqu'd ngus,
* il est certain qu'on n'én trouve aucune trace dahs ses ouvrages, "

“ 1) paroit wéime que les Geometres Anglois qui ant résolu Je prableme’ de M. de Ferwiat v'ont pas connu
‘¢ toute l'importance dont il est pour s solution féndrale des problemes indérermings hy debond degré, du
“ moins on ne voit pis qulils en ayant jamais fit wsyge, o Buler ost si je ne e tramjig, Je poémier qui ait
4 fuit voir comment & Peide de ee ‘pmblémv an peut trouvir une fnfinité de solutlons en nombres entlers de
« toute ¢quation du seoend degré a denx inconnues, dont on connolt déja tne solution. ’

« 11 résulte de tout ce que nows venous'de dire, que dupuls Vonviage d¢ M. Budhat quo & paru ou 1618,
* jusquia présent, ew dy meins jHsquiio mémeire que je donnal Vpinte passée sut Jn solutioh de problems

" indéterminés du sdcopd déged, la theorie de cos <ortes de problemies nvoit pa 4 proprement parler, éte
“ poussés au dela du premier dégré,” i y ‘

&
i1

il
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written four centuries before Bachet. Though Ve are not without direct proofs
from the original, yet, as even the best Samserit copies of the Bija Ganita, or any
number of such copies exactly corresponding, would still be open to the objection
of interpolations, it is néceééary in endedavouring to distinguish the possible and
the probable corruptions of the text, from what is of Iudian origin, to recur to
the nature of the propositions themselves, and to the general history of the
science. Indeed we havé not data cnough to reusen satisfactorily on other prin-
ciples.. We cannot rely upon the perfect identity or genuineness of any book
before the invention of printing, unless the manuscript copies are numerous, and
of the same age as the original.  Such is the nature of our doubt and difficulty
in this case, for old matheinatical Sanscrit manuscripts are’ éxceedingly scarce ;
and our uncertainty is greatly increased by a consideration of this fact, that in
latter times the Greek, Arabian, and modern European science has been introduced
into the Sanscrit books. L Ot

Yet, in cases precisely parallel to this of the llindoos, we e not accustomed
to withhold our belicf as to the authenticity of the reputed works of the ancients,
and in forming our judgment we advert more to the contents of the book than
to the state of the manuscript.  When the modern Europeans first had Euclid,
they saw it omly through an Arabic translation. Why did they believe that
pretended translation to be autlientic ? Because they found it contained 4 well

&

connected body "of science; and it would have been equally as improbable to -

suppose that the Arabian translator could have invented it himself as that he could
have bortowed it from his countrymen. ‘There are principles on which we decide
such points.  We must not look for mathematical proof, but that sort of proba-
bility which determines us in ordinary matters of history.,

Every scrap of Hindoo science is interesting ;
any which cannot be anthenticated ? I answer, that though this translation of
Ata Allab’s which professes to exhibit the Hindoo algebra in-a Persian dress, docs
indeed contain seme things which are not Hindoo, yet it has others Which are
certuinly Hindoo. By separating the science from the book we may arrive at
principles, which if cautiously applied, cannot misléad, which in some cases will
shew ug the trath, and will often bring us to the prababil
not to be had.  Ou this account I thiuk the Persion translation at large, interest.
ing, notwithstanding it contains somie trifling matters, some which are not in-
telligible, and athers which are downright uonsense.

Thave said that Mr, Davie's notes shew a contexion of ,the algebra of the

but it may be asked why publish

ity when cortainty s
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Hipdoos witle theirastronomy., M. Davis informs. me that in the astranomical
treatises of the Hindoos, refercuce is ofgen made to the algebra ; and particuiarly
he remembers a passage wherc Bhascara says ‘it would be as absurd for a pcrsoﬁ
* ignorant of’ algcbm to write about astronom), as for one ignorant of grammar
“ to write poetry.” be W 7 ¢ Mg

Bhascara, who is the only Hindoo writer on algg,bra whose works we have
yet procured, does not himself pretend to'be theinventor, he assutes no charaeter,
_but that of a compiler*.  Fyzee never speaks of him but as a person ‘eminently’
“skilled in the sciences he taught, = He expressly calls him the cﬁmpaler of th;e

Lilavati. v
T understand from Mr. Davxs, and I have heard thc sgme 1n Iu!dxa, that the

Bija Ganita was not intended by Bhascara as a separate tm;:onnected work, bat
as a component part of one of lis treatises on astronomy, another part of which

“is on'the circles of the sphere. v

I'have. #ound among Mr. Davis’s papers, some extracts fiom a $nmcm book ef

astronomy, which I think eurious, although the treatise they were taken from is

modern.  Mr. Davis believes it to have been written in Jy Sing’s time; when the

European improvements were introduced  into the Hindoo beoks. Two ‘of these

extracts 1 have added to the notes on the Bija Ganita, The first of the two
shews that “a method has bemw by Hindoo Aumnopm 10 Bhascara of
calenlating sines and cosines by an application of the plmcxplcs ‘which. solve
indeterminate problems of the sceound degree. This suggestion is doubtless of |
Hindoo origin, for' the principles alluded to were hardly known in Euwrope in |
Jy Sing’s timet. . L think it very probable that the. second extract h also purely
Ilindoo, and that the writer knew of Flindoo authors who siic & s&un’i'e root
might be extracted by the ecootuk ;. that is to say, the principle which ¢ffects the
solution of indeterminate problems of the first degree. ¥ rom this, and (rom what
is in the Dija Ganita,sone cannot but Suspeet that the' Hitdoos had continued
finctions, and possibly some curions arithmetic of s sitics.” On such mateers how-
ever, let every one exereise his own Mgmenm 1 .

A : rA.—* #
/ .
* & Aluigst nky ttuuhlv and ‘expince would be compensated By the pos.egmun of the three popioue treatives
« on algebra fiom wiich Dhnecata deolares e nﬁmqtéd his Bija Ganita, and which mm,m of Todia ame
« siipposedito be entigely Tost."—As, Rew, ¥01. jils Mr., Diyis “ On the Indian Cyele of oo)mm

t 1y Sug Teigned from 1604 16 1744, i ahnd ;
+ My, Revben Burrow,) whn Fy thebye, it nmn be upfvmd i very eu\‘f\unuluu on thege auhhu. ‘l”"l’ﬂ
)

(74
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' We must not' be too fastidious in our belief, because we have not found the
woiks of the teachers of Pythagoras ; wedave access to the wrecksonly of their
ancicnt learuing; but when we see such traces of a more perfect state of know-
ledge, when we see that the Hiddoo algebra 600 years ago bad in the most
interesting parts some of the most curious-modern European discoveries, and
when we see that it was at that time applied.to astronomy, we cannot reasonably
doubt the originality and the antiquity of mathematical learning among the
IHindoos. Science in remate times we expect to find within very narrow limits
indeed . its history is all we look to in such researches as these. Considering
this, and comparing the contents of the Hindoo books with what they mwht
have heen expecteds to - ~contain, the result affords mattes of the most curious
speculation.

May 1 be excused fnr adding a few words about myself. - If my rescarches have
not been so deep as might haye been expected from the opportunities I had in
India, let it be remembered’ that our labours are limited by gircumstances. Tt is
true I had at one time a copy of the original Bija Gm)ita, but I do not under
;L_vc:éatms often prcvented ‘me trom bestowing attention on these matters, and
from seizing opportunities when they did oecur. - Besides, what is to be expecteqd
in this way from a mere amateur, to whom the simplest and most obVious parts
only of such subjects are accessible v :

E. S'

The following account of Ata Allah's Bija Ganita is partly literal translation,
partly abstract, and partly my own.

The literal translation iy marked by inverted commas ; that part which consists
of my own remarks or description will appear by the context, and all the rest js
abstract.

I have translated almost all the roles, some of the e’xamples éntirely, and

.

: g .
o

i the appmdix of the 9d vol. of the As, Res lp“kl of the Lilavati and BUR Ganita; and of the mathematical
knowledge of the Hindoos : He siys, b0 was told by & Pundit, that sope time ago lhcn were other treatises of
digebra, 8ic,  (Bed the papir.)
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others in part; in short, whatever I thought deserving of particular attention, for
the sake of giving a distinet idea of the book.

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

The notes are only a few remarks which I thought might be of use to save

trouble and to furnish necessary explanation.






.. BIJA GANITA.

¢ A rren the usual invocations and compliments, the Persian translator begius thus:
“ By the Grace of God, in the year 1044 Hegira” (or A. D. 1634) “Deing the
“ eighth year of the king’s reign, I, Ata Alla Rasheedee, son of Ahmed N adir,
“ have traunslated into the Persian language, from Indian, the book of Indian
“ Algebra, called Be¢j Gunuit (Bija Ganita), which was written by Bhasker Acharij
 (Phascara Acharya) the author of the Leelawuttee (Lilavati), In thescienee of
« caleulation it is a discoverer of wonderful truths and niec subtilties, and it con-
« tains useful and importanit problems whiel are not mentioned in the Leclawuttees
“ porin any Arabic or Persian book. Thave dedicated the work toShah Jehan, and
T have arranged it according to the original in an introduction and five books.”

INTRODUCTION.

« The introduction contains six chapters, each of which has several sections.”
& P 4 . o s & -

, CHAPTER 1. ‘
Ox Possession (Jle) * anp Dent ((ye0).

«« Know that whatever is treated -of in the science of caleulation is cither
“ affirmative or negative ; let that which is alfirmative be called mal, and that
“ which is negative dein,  This chapter bag dive sections.”

Seer., 1.

On Addition and Subtraction, that is, te encrease and diminish.

« If an affirmative is taken from an affirmative, or a negative from a negative,
“ the subtrahend is made contrary ; that is to say, if it s nﬂi‘vmnti\[e suppose it
“ negative, and if negative suppose it afirmative, and proceed us in addition,

“The rule of addition is, that if it is required to add two affigmative quantities,
R ‘o yema e -

"
I * Moet of the technical ferms here used are Amibic,
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# or two negati:yci ‘-qgar{ti.gigs fto,ggt}ier,' the sim 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.” (Here follow examples).

. e % Seex JL, e W
i, On Multiplication %,

1oAY 4 ) J > ‘

f i ff affirmative is multiplied 3y affirmative, or negative by negative, the product
aLr fﬁ,;tmlztive and t,q_be incihd_gd in the product. If the factors are contrary
e m.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,
 the result will be six affirmative ; and if we multiply two affirmative by three
‘“ negative, or the contrary, the result will be six negative.”

Secr, III
On Division,
“¢ The illustration of this is the same as what has been treated of under multi-
“ plication, that is to say, if the dividend and the divisor are of the same kind
“the quotient will be affirmative, and if they are different, negative. For
o example, if 8 is the di-vidt:nd and 4 the divisor, and both are of the same Kind,
“ the quatient will be 2 affirmative ; if they are different, 2 negative,”

Seer. IV,
On Squarest,

“ The squares of affirmative and negative are both affirmative ; for to/find the
o i o

———
-

 Tni the Pesslan tramilation the product of nimbers s generally ealled the rectingle,
4 I'had a Pemsian teéntise ob Adgebra in whish there was this pussages—** Any number which js to be multiplicd

by twelf Iy cuiled by writhmeticlons oot ( JA%;), by miéhyrers of surfaces side ( é““‘)’ and by alge.
9 braists thing (gf;:‘)' Abd the product is called by arithmeticians square ( . )J\'_Sw), by measurers
“ of wirfaces sruate (é.l]o), aiid by algebralsts posselsion (JL,),H JLO it also used for phus, and

ifs opporite delnt ( wd) for i These term, all of which aro Aribic, are wed iy the Persian translaiion
of the Bija Ganita, the geometrical more fiequently than theil corresponding arithmetical or algebraical ones.

[
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" square of 4 affirmative we multiply 4 affirmative by 4 aflirmative, and by the rules
“ of multiplication, as the factors arejof the sa.me kind, the product must be 16
“ affiimative, and the same applies to negative,”

Sect. V.
On the Square Root.

« The square root of affirmative is sometimes affirmative and sometimes nega-~
“ tive, according to difference of circumstances. - The square of 8 affirmative or
“ of 8 negative is 9 affirmative ; hence the root of 9 affirmative 15 sometimes 38
“ aflirmative 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, forghere
“ never can be a negative square as has been shown.” '

CHAP. II. | )
Ox tE CIFPHER.

Tt is divided into four sections.”

) & Secr. I,
On Adu’mou and Subtractwn.

-

“If cipher is added to a number, or anumber is added to cipher, or if cipher
“ is subtracted from a number, the result is that number : and if a number is sub-
« tracted from cipher, if it is affirmative it becomes negative, and if megative it
“ becomes affirmative. For example, if 3 affirmative is subtractea from ciphes
¢ it will be 3 negative, and if 3 negative'is subtracted it will be 3 affirmative.”

Secr.’ 1L
On Multiplication. :
“ If cipher is inultiplied by a number, or number 'I;y cipher, or cipher by cipher,
« the result willbe eipber.  For example, if we multiply 3/ by cipher, o1 con-
“/yersely, the resalt will be eipher”

{

L.
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“ If the dwxden(l is mpher and the divisor a_number the quotient will be cipher.
« For example, if we divide cipher by 3 the quotient will be cipher, for multl-
“plying it bv the divisor the product .will be the dividend, which is cipher:
“ and if a g: T is the dmdend and (:1pherJ the divisor the division is impossible ;

< for Ey W atq r number we mulup'ly ﬁle divisor, it w:ll not arrive at the divi-
- dend lyécausc at wnll alwayk lﬁctphgr.

iy IR By : n e,

_ . f '1 S‘Irg'r. LV A e
YL al el (o T RN i i, 1 W R -
o R b ' Ou Syuares, &c.

“ The square, cube, square voot; and rube root of cipher, are all cipher; the
“ reason of which is plain.” ~

L

CHAP. III.

J 1 ON’ LCorouns.

g Whatever is unknown in cxamples of cilculation, if it is one, call it thing,
e g’e}. )s and unknown (%.x\..) and if it is ‘more call the second blacl\,
* and the fhird blue, and the fourth yellow, and ﬂ‘r.fx ted. Let theése be termed
“ colours, each aceording to its proper colour, This chapter has five sections.
b P it A T Al e

T i

On Addttmn and »Subtracaon of Colours.

““ When we would add one to anotht o, if thty are of the same kind add the
“ numbers* together ; if they are of twoor more kinds, unite them as they are,
« and that will be the result of the addition.” ch follows an example.

“ §f we wish to subtract, that s to take onc from the other, let the sabtrahend
« he reversed. I then two terms of the same kiwd are alilee i this, that they are
“both alirmative or both negutive, let their sym be taken, btherwise their dif-
“ ference, and whatcvcr of the kind eannot be got fron thc minuend, must be

¥ Meahing here the co-cflicionty,

6.
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“ subtracted from cipher.
“ exactly.”

Then let it be reversed, ﬁnd this will be the TGSt;lC
(Here follows an example).  * ¢

Secr. II. , \
On Multiplication of Colours.

¢ If a colour is multiplied by a number the product will be a number*, & X &
“ will be o*, whether the number is the same or different, and the product multi-
““ plied by z will be 2% 1f the colours are differeit multiply the numbers of hoth

“ together, and call the product the rectangle of those two colours. +‘The
following is given as a convenient metbod of’multrplymg s |
[ s o :
+ S | + 2 A B
+5¢ + 150t | 4102 |
\ -1 - 32 - 2 R 14 e ) ;
v e e sad ot o bt TN N .
Y -
Produet + a4+ 70— 2
v { s \

which shew® the praduct of (Gr —1) X (3r 4. 2.) (Here lelow examples).

- . 5 i

Sren 1 I‘I
On Division of Coloups.

Sl k. A S i W

“ Write the dividend and divisot in one ph\ce, find numbers or colours or both,
“such that when they ave multiplied by the divisor, the ploduct subtracted from

 the dividend will leave 'no vemainder. Those ‘nambers o colours wm he the
“ quotient.” M

¥ i
B i e . A RS TN o e S v

- e -

% in the Persian translation there Is wo' algebivic watatlon, T mwean 6] teatslale "‘ﬂm unknown™ by @, “ ke

black” by # #nd 50 om  And in like mapner | lave used the marks of multiplication, &, instéud of Wwilting
the words at length usithity i in the I?t‘ﬁiaJR,

i
o

L
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Secnealy . v
' On the square of Colours : 4

« That 15 to say, the product arising from any thing multiplied by itself.”
Examples. - ;
’ Srer. V.
-On thg Square Root of Colours.

“ To kuow the square root of a colour, find that which when it is multiplied by
“ itself the proJuct subtracted fiom the eolour whose root is required, willleave no
“ remainder. The rule is the same if there are other colours or numbers with
“ that ¢olour.”

Evample. Required the square root of 162° 4-36 —48.2.  The roots of 16:* and
36 are 4v and 6, and as 48r is — these two roots must have different signs.
Suppose one + aud the other —, multiply them and the product will be — 24w ;
twice this is — 48.r which was required. The root then is 4-40—G6, or 46— 4.

Another .E.mmplc. .Required the square root of 924y 42"+ 190y~ 65—
dys—Gr—4y-+2z-+1. Take the root of each square ; we have 32, 2y, 2, and 1.

Multiply these quantities and dispose the products in the ¢ells of a square.
gt . v iy " e : ot - 3

‘ 3 5

=}
o

S ga* | Gay | Srz R

8 | Gxy | A | W | W

2 Saz. | 2yz o $

) sr | o 5 i

Fo find what sort of quantities these are: The product of » ynd ¥ is +, there-
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fore the factors are hke suppose them both —. . The product of @ and =z is -,
therefore the fofmer having been supposeds— the latter must be + hecause t])c
factors must be different. 3z is the product of 32 and 1 ; and 2 being — , 1 must
be +. The sorts thus found are to be placed in the cells accordingly. The sum
of the products is the square whose root was required. If @ bad been supposed
+ the sorts would have been contrary, the reason,of which is plain.

CHAI’. Iv. -
ON Suuns.- ' oy
Com‘unmw ﬁve sectmns.
Szor. 1. 7 i
On Addition and Subtraction.
~To find the sum or difference of two surds; +/a and \/ & for' instance.
Rule. Call @ + b the greater surd; and if a X & is futional call 2¢/ab the less
surd.  The sum will be \/(a+b+9\/ab) * and the difference \/(a+b-°s/ab)
If @ X b is irrational the addition and subtraction are uhposssblc. ;
Fz-amplc Required the sum 3(‘ \/ RUBEYE Q i 8 = 10 _the grcatcr surd.
ax8=16, ¥ 16=4 4X2=8 the loss surd, 10+R-1$\ and 10—-8=9¢. /I8
then will be the sum and v/% the difference. If one of the numbers is rational

take its square and proceed according to the rule, and this wust-be attended to in
muitiplication and division, for on a number square \nth ‘& number pot sqaare

the operation « annor be performed. .

\

Another Rule. Diide a l)\ b and '\w:;ili,t’c' ‘//2 fn twoaplncos In ihe first
place add 1, and in the second subhm t 1+ then we 31111!1]:.1\«_‘/((\/ e 1) X.b)

= 6.+ Vb and V((\/ = 1) Xb) =vSa—~ v b JIf 5 5 i§ ircational tho nddmon

can only be madg by writing the surds as they a 0, and the subtraction by writing
the greater number 4 aud the less 4.

R {a4 b vab)=vaky'h, '

¢ 9 |
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Secr 1L "
\° On Multiplication. 4
Proceed accurding to the rules already given; but if one of the factors has
numbers as dithems or dinars, ‘fake their squares and go on with the operation.

Example. Multiply \/3+5 by /844 3448, As 5 isof the square sort take
its square, and arrange in a table thus:

w if;
t LATE gy T V8
V3L VB e e :
i g’ VEs L L 50 A8 200
W L TR . o0 Ao R, ' 2
o L '!’, S 4,-} " .-I'.. | 48 T . :1 ‘._ g f
‘ Product | 8 4 /54 4 /4504 /75

e ik oac o

*

In summmg the terms of 4the pmdu«,t if any square number is found, take its
root. Here 0 is found and its Yoot is 3. The rest of the teris being irrational,
add such as can be added. | /64 v 242 /54, 'If this last were a square number
its root. should be extracted. .. tin

Again, /50 4++/200=14/450. No further addition is possible ; the complete
producs therefore is 84 4/54+ /4504 Vv 75. b

Another rule to be obscrved is, if any of the termis which compose the factors
can be added, take their sum and ‘write it in the table instead of the terms of

which it s foymed.  Thus in the lask example /2 and /8 may be added. Write
v 18 which i their sum in the table, and we shall have
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e

V'3 V18 r

-

V'3 V9 A 54

1

V25 ‘ V75 /450"
" ‘

S+ T4 54 47450 |

we il o

and the zesult is the same as before.

Another Example.  Multiply v/3+44/45 by +/3+4/12—5. Instead of /S and
V/1¢ write their sum /27, Take the square of 5 it is @5, and this is negative
notwithstanding the rule which says that whether the 100t is negative or affirma-
tive the square shall be affirmative. ¥ere the square must be of the same sort as
the foot.  Multiply. v/27 — 4/25 by /844725,

) \

+4Q7 | —y/25

ENVE VB Y5

+ V25 | V055 -s/ﬁzs“

~ 16 44300

v

V8159 and /695 =95, 95 being negative and 9 affirmative their sum is — 16,

and the sum of 4 /675 und = /75 is 4 V4800, Therefore (v/3 i 25) X'
(V/3++v/12=5) 3 — 16+ /800,
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SEcr. AL

On Ditision.

Divide the dividend by the divisor, and if the qﬁotient is found without a re-
mainder the division is complete. * When this cannot be done proceed as follows :

When in thedivisor there are both affirmative and negative terms, if there are
wore of the former make one af them negative; if more of the Jatter make one
of them affirmative. When all the terms are affirmative make one ncgative, and
when all are negative make one affirmative. - When the number of affirmative
terms is equal to that of the negative, it is optional to change one of them or not.
Multiply the divisor (thus prepared) by the original divisor, and add the pro-
ducts rejecting such quantities as destroy each other. Multiply the prepared
divisor by the dividend, and divide the product of this multiplication by that of
the former the result will be the quotient requircd.

Eawmple.  Let the divideﬁd be that which was the product in the first r:xﬁm[)lc
under the rale for multiplication, viz. 8 4 v/54 + /450 + /75, and the divisor
V18 43, » -

751, . 450 WML - R e 4 L Sorn —
'-‘3‘:25,-3?;.‘:22.}, -;1-9,‘% -‘3’ ‘]"8’——-3, \/2.)._.5,

thie quotient then is 5 + /3.

~ Another Erample. Divide VO + /5 VA0 + VTS by 5+ V/5. " Make
/3 negative, and multiply 5 (or v/25) — ¢/3 by the divisor 4/25 4- v/8.

et

b e ' - | 4423 —~y/8

+¥3 | 475 | =v9

‘ ’ VS | 085 | (75
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.

V75 ocentring twice with opposite signs is destroyed. /625=05, V9=4=3,

95 -

3=99 =/ 48

Multiply-/25 —+/8 by the dividend and we have

+/9 +4/54 +&\/450 +/75
Zahg —VF | =V 162 1f—=a/1850 | —w 825 |
. Fv25 | /285 | v/ 13500) 4 v/ 11250] /1875
1 . 'i A ¥ ‘ y . ®
A 1 1 oy b A g ! s
Heie v/02s and /1550 are rejected. I‘md the stm of Vvaer and \/ 187., in this
mannet, i I* ' e
1875 + 27 = 1902, 1878 X 27 = 60625, ¢/ 50645 = W" b
225 X 2450, 1902=450=145¢, ¢1452-\/1875-—Vg7 o (a4
Next find the sum of 47162 and V11250, g -Vt 4

160411250 =11419, 1623} 1250.= 1822500, &
V/1822500=1350, 1350X2=2700, 11412--2700=-8718,
V8712=v/11250—v/162. By the multiplication of the dmdcud we lmve found

V1352 and /8714 _

Divide  these by w481 which was the’ result of the multiplication of ,thc
divisor, and weyshall have 418, andv/3, for the quotient required,  LE 473 is
retained as corregt, and V138 38 “considertd as mco:re(.t, msu..td of /18 otlier
number~. may be found by the following rule *.

* Divide the incorrect uwmber (meaning the bumber uﬂdﬁ‘i‘ the "M’ll(‘M sign) by
any square number which will divide it without a mmdmdcr and note the quotient,
Divide the root of that square number into as iy parts as there are nuubers
required.  Take the squares of these parts ; waltiply tham By the quetient aboye

e i

ity —
:

* "o rsolve 4/ a inlo séveral purts, divide a by any nqm\.r-f 0% and 1t & be pesobved Tnto i mpary pils, 2, d, o,
&c. as may he yequired, Then ¢ars .‘/(;"f.) [ \/(:; ,[i) % \/(;ﬁf. ™) &, whith ‘may be pravedby adding

she quantitios. ] } e
' | \
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fowd’; agd the roots of ﬂm,sevcgal pmducts w:ll be the rcmannng ‘parts of thc
qpotxent xcwncd. Kt 1 -

SR :

h e s % e

~w»§a~_ﬁ,\/¢)—~‘$ 3:5‘14-2, - 2 =4, 1% @ 9,’"4‘)(2_?,3.

‘/Q aq@ Vs are the rcmammg patts of the qnonent. .
e g Aha
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Multxpl‘y the surds b_) ’chemsﬁves.—(ﬁcre follow cxamples).—T' he squares are
fd\md by mult:plymg th@ wdb mrthe common way,

V - g 8
!
PPN

Y ’
: L%
i 1 . - Sy

L R | S reT, V., A .

On ﬁndw the. Sqnare Wﬁ the Squares of Sard.s-
SIE d\e square is of one surd*mr more, and I would find its root ; fist I take tlie
“ square of the numbers that are with it, and subtract these squares from it.
« Accordingly after subtraction aomethmg may remain. I take the root of what-
“ gver remaiis, tdak it in one plu'e to the original number, and in another sub-
. # fract it from the same. = Halve botl) the results, and two roots will be obtained,
“1 theg re-examine the squares of the surds to know whether any square remains

e

| o5

v Y

¢ Leta+ ‘/H- Vﬂ-y'd &e. be the square of a multinomial surd, a the sum of the squares of the roots, and
Vb e gy d 4 oo the produet of the ooty taken twd and two,  The number of roots Leing a, the nuins
ber of terma, in ﬂ\q squure will be u?, of wh!ch n will be the humber of vationgl toris, and «?2

* == the number of
’..(-
Mmduou It we onll the double pmdmh slngle terms, > 7 will express the nvumber of surd teriis,

minonnﬂ» ring the st of thie ratidnsl wikis as onetering the proposed nquare Wy be reduced to the form
(o g4 2 &c) + (B A+ 2/ 3 F Rigl) & Qe dolic. fee) i
where ?/1 + vy Ve F & i the root of fhe squaie, and the surd terms of the square are dmded mto
porigdg of mee [, 1=, fi= 3, & s directed jo u.euu-j dmmn
tSppotug, o W F o B = G ! |
1]
oA oo o Bt B R ;
M s Ry =R
1 \ L t
W . - s s
b~ —
Vu%..:‘“)g‘/gm‘/. | 3 T

sz-‘q:‘;-‘w“«yor ‘/. 1
> P e v n
_ VM;M = o Boy lwned 80 wive -

ot 'n'w“n
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“after the subtraction or not: if none remains these two are the roots : required ;
“if any remains; that one of these two roots, to which the following rule cannot
““:be applied, is correct, and the other,is the sum of two rootsy from that reot we
¢ obtain “the two roots required. The way of the operation is this, suppose that
“ root numiber, 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 whi¢h we supposed, and subtracted from it in+
“ another place, and halve both the results, two ,mga_witl be obtained. If then
“ these three are the roots required, the operation is ended, otherwise go on with
¢ it in the same manmer till all the roots au: found ; and if the first question is
« of a number without a square of a surd, it Jmty be solved by the operation
¢ which was described at the end of division. And if in the square thereare one
“ or more surds negative, suppose them affirmative, and procccd to the end with
« the operation ; and of the two 1oots found let one be negative.”

Required the root of 5 + v/ 24; 6" = 25, 25 — 24 =1, \/1 =08 FIS

~

S VR, i, =3 and —_9., and v/3 +v/2 "“\/(5-}-\/24)& ‘ ‘ .

' Anrother Fa'bmp[e Required the root of 1044704 - /40 +\/60 3 10’&'190..
100— (24-+40) = 86,4/36 =6, 10,4 6 = 16, 10 =6 = 8, 126 "“8,: = s,*then'

we have 4/8 and /2. - As 60 rémains to be subtracted, ane of these two numn bers
is one term of the root, and the other i the sum eof two remaming. terms
(should be the root of the sum of the squares of the remaining terms), The rule
is mot applicable to @, thercfore 8 must be the sum of the terms. §* = 64,

) . \ :
64—00=4, v4=¢, 842=10, 8- 2=6, .I_'? = § and g_ = 3. Wherefore ¢+
\/J+v’> = ¢/ (104 ¢/ 24 4-¢/40 44/60). '

Amﬂke Eaample. Required the root of 16 + a8 . \/40 +.4 48 4;:;/60
V7844120 16722056, 256 (Q4+4+40+48) =1ddy V14418, 104 182208,

b a8 4 e
16 13 =4, 5 =14 3= 2 ; we have then v/14 dnd +/R.  As the tule does not
apply to 2, 14 must be the sum of two rémaining terms of the Toot.  14*= 196,

196 —(1204+-72) =4, V4=2, 144216, 142018, 1§...8 ]94_6 One surd

remaining; and the rule not hemg 'lpph('abl(‘ to 6, 8 must be thc sumi, vf two

.ﬁ‘ﬁ“ ;

\ m"" e 'r"w{‘(!

% v o 5 %4
IMW& AW
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" Al '* gkt &7 . PR o, 1L $a10% a2 1 o
weims. =04, 64—60=4, 1/&:2, 3+ 2:)%, S-—Q:G,-Q:;: 5, and % Ay
J . s e o
All the terms of #he square having been brought down, the complete root is
VB £ 54 V3+ Ve v %

SL

A nbther Erample. Required the ioot of 721 721 =5184, 0*=0, 5184=0=5184,

ST i .\ ' : g 3 ‘ ;
V51IB4=TY, 72+72:.144,.‘.7?§*;-79 =] -%3: 78, =0 v/72 then is the root.
IfF dinstead of one term, threc terms. are r'@uired, find them by the rule

given in the section on clx%@ion; divide by 86 which is a square number,

7Q b ‘ AR A 78
- éfi:e, V/36=6, 6=3+2+1, 5759, 2°=4, P=1, 0% == 18, 4X ==8,

» A 70 sla “- o 5 N
1 X prtct B therefore \’7‘?25'\/ 184 /84 ¢/2.  If three equal ‘terms had been

required, the root of the divisor must have been divided into three equal parts.

Another Evampie. 1t is required to find, the difference of v/8 and 4/7. The
rulé not being applicable to this case, supposta/7 affirmative, and +/3 negative,
the square of these mumbers is 10—1/84. To.determine. the root of this, suppose
84 to be positive; 10°z=100, 100—84=i6, +/16 =4, 10+4=14, 10—4 =0,
-!g 2y, g‘: 3. We have then +/7 and +/3, one of which must be minus because
/84 was minus.

Another Evample. 'Whether the root is ++/ 2/ 3= /5 0t =235
the square will be the same, viz, 1044/ 24—/ 40—1/60,

Let the root of this square be determined:  10* == 100; 100 — (40 + 60) = 0,

V0=, 1040==10, 10=0=10, 159:5,'-]-?:::5. T As p/04 rémains, 5 =25,
> .

~

§ -

Qb 34 =1, v/ L=1, 5++=6, 5,..1;—..;,2:: 3, =z 2.7 If 24 440 is sub-

!

¥

Ly

4 TR

m}ft‘&ed from 100 there remaing 86, ¥ 86226,104-6 =16, 10 ~G=4,

As /60 Yemains 8* =64, 64-—002=24, / 4==2 S4e= 10, 8~—Q::6,—]§ =5, )

— b —1
$d 2 ol
If ¢4 4 60 is subtracted fiom 100 there remains 16, v/ 16=4, 10+4=214,
I L, 6 b
e e 87 ,-"—'—-‘—‘9, VA0 yet remainings 7' = 49, 49—40=9, /9==3,
plla Nt ML Y 0
7¥ U 0,7 ~ S==4, T F 4 4: = 4 The terms of the fool ave /2 and

S !,’”'wha,r.
e

*ny

.
o 4 St - t
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v
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8 and v/5. If 2 and §, or 3 and 5 are both negative or both affirmative the oper-
ation will be the same ; the only difference will be in the signs. .
«1f the oot .consists of one term™® only, its square willybe of the kind of
‘¢ numberstif of two terms, its square will be number and one swid; if the oot
¢ Jjas three terms, the square will have one number and three surds; if it has four,
“ thie square will have one number and. six surdsy if five, one number and ten
¢ surds ; and if six, one anumber and fifteen surds.  The rule is, add the numbers
¢ in the matural scale, from 1 o the nwmnber next helow that which expresses
¢t the number of terms in the root, the sum will shew the number of surds. . For
¢ the use of beginnersis annexed a table in which the first column shews the
« gumber of terms of the roots; the second column  shews the number of surd
‘ terms inughe squares; aund the third the number (of rational terms in the
¢ squares, from 1 10 9. ’ M !

T 8% 4y 3o wiling A

‘ No. of rati
No. of terms in{No, of surds in tchlg rﬁxlorlxa:
the root, - the square,’ fsquares,
1 0 1 r
\ 2 | 1 :
b A, P——— . — ‘
3 3 1
4. : 6 l \

a 10 3 ,

g 15 1
4 aL Y 1 ;
8 g8 1
{ ) : : K
“ 9 30 ' 1 y g ‘/ '

# 'The nuinber of sued ferms in the sqyare bem_g'—i-—é;-r . ia =3 the dufh of the numbers in the natorz] scdle

feam |1 to the number m;xt’)mkm f !

DR "

L



28 , iy m'mon.vc'rwx., L

¢ Por numibers consisting of more terms than 9 the number of surds in the
“¢squares may be fouwid by the rule which has been given. Ifin the square there
 ate three suvd torms, first subtract two of them from the square of the numbers
Mand afterwards subtract the third. If Ithere are six surds, first subtiact 8, then
“2; and s6 on ; if there are 10 surds, first subtract 4 ;.af 15, first 5; if 21, first 6;
“if 28, first 7; if 36, first 8 ,#nd‘ in general the number of surds of tlwc square
SAwill be found in thc table in the column of roots next above the number
* of its root.  If they are subtracted in th&regular order, the result will be
““ wrong.. The test pf the operation of this: if either of the two numbers found
“ by the rule is multiplied by 4, and the number which was subtracted from the
** square of the rational term is divided by the product, the guotient will be the
“othtr number found, ‘'without any remainder.  If cither of those two numbers
is a correct term of the root, and the other the sum of two roots, the least, or
A4 that \vhxch is the f.qgreot‘mrm, “heﬂger in number it be more or less than the

" munbcl of the sum of twe moots, mp,’t ultiplied by 4, and every quantity
4 that has been subtracted must be divided B§ the products, the quotient will be

*the numbers of the required roots from the second number,
“ sion, there is any remainder the operation is wrong.
““flie squares of all moofrid numbers* are made up either of rational nuinbers
y. aioue, or of rational aumbers and surds, as has been seenin the examples of the
‘“agction on sguares, X :
FUELH T qqm oceurs there must be: d moofrid number wuh it, otherwise its root
> cm}uot be fbu.nd If a surd is divided into two:—For example, if v/18 is
“ divided into Ve lnﬁ V'8, its 1oot will have one term meore than it would have
“ lmd reg,ulariy, and 1f twb surds are united the root will have ome term less.
“ These two operations of separation and union must be attended to and applied
“whendver they are posgible,”. )
< Brample. Reguired the oot of IO - s/ﬂﬂ + 24 478 From thc squate
tfhlq,wﬁ’n*m 100, subtract any twe of the numbers undey the rudical signs, and
the temaindor will be irational : the case s, therefove impossible. 1f we proceed
(GM;M to mgw Ly subtracting at once the Mice terms irum 100, we shall

1
hhve 36 the ?‘m;a’unlu, tlma V36226, 10+G.._lb IO-- =4, =8 é =28, "We
1 ) Il’ ‘ J
* , i ‘ .

R . o # .

¥ WMootid means simple 4 Gppoked ta umnpnnno. but do the Jangunge of tiis sclonce ois generiily wied to
axprest o ngmbes bi mm slgnifican fignie, .

If, after this divi-
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find then v/ 8 and /g, but these are mot the true roots, for their square is 18.
If we proceed contrary to e rule by inding a surd equal to twe of the surds,
as v/79, which is the sim of /32 and ¢/8, and extracting the root of 10+
V724724 weshall have for the two roots +/6 and +/4, but their squaye is not
equal to the quantity whose root was required. ‘The'foregoing rules are lllultlltc'd
by four more examplos, which com.lu(]c this chapter, T
5 ST B Rl Ay
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o find the valu¢ of an unknown nunbet, sueh that when it i mn]npth by

« 3 known number, and the product increased by a known number, and the sum
« divided by a known number, nothing remaiis.” Call the number by which the
“ unknown number is multiplied the dividend, the number which is added’ the
“ augment, "and that by which the sum is divided' the divisor. Tind a humber
< which will divide these three numbers without a remainder.  Perform the dnvx-
¢ sion, and write the three quotients, giving each the same designation as the
¢¢ yumber from which it was dedivéd.  Divide the dividend by the divisor, and
¢ the divisor by the remainder of the dividend, and the 1emamder of the divi-
“ dend by the remainder of the divisor, and so on till one remains.  Then let the
‘i division be discontinued. Arrange all the quotlcnts in a line, write the augmeat
“ below the line, and a cipher below 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 ¢ipher. Multiply the number thus found by the
« number next above in the line, and to the product add the number above the
« ¢cipher, aud so on till all the numbers in the line are exhausted. If of the two

“ numhers last found, the lower is applied accordmg to the qucstum the number

i

“ gbove will be the quotient. ‘ '

« To find the least values. Divide the value of y by @ and call the remainder y.
“ Divide the value of @ Dy & and call the remainder @, Multiply « by the value
¢ of & and ta the product add ¢ Divide the sum by & and the quotient will be
« y without any remmndu.r Aad if to the first_remailder we wdd ‘@ aguin and
“apgain, and to the sacm\d remainder & as muny tines,” we'shull have newv values
“of @ and y. i ,

% 'l‘hu rule is applic nl»le only whcn the numbu of quotwnts is ev enj when it is

t AN fu it ..«—JLv--v*J-m.--\.

ey ey e ~pe -

® The ruléd givilh ip (his chapter dre in ¢t ihﬂ ot as thowe ‘wWhich have lbon giveg by tHe modnem
Europeas Algebigisty for Abd solution of fide shgriminate prob s ol the first clvﬁm Compare tham with #e |
peocass by contineed fractions,
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“uld proceed as follows:  Having peiformed the o'ﬁmgbious directed above, sub-
“ tract lhe. value of' g ﬂ:im 4 and that of @ from b.odfa number eannot be found
“ o divide a, b, andre, wnhout a rematnder, tbut a nnmbai' can be fuund to divide
“a'and ¢ without a remainder, (supposing the reduction of these two Instead of
“ that of the three which was ‘directed by the foregoing rule) 2 will be brought
“out vight and y wrong. Tadind y right, multiply its value now found by the
“* divisorof'a and ¢, .md thé‘pfoduct will be the true value of y. If ¢ and ¥ only
“ean be nctlnu‘d l)y a comuion divisor, the valullof 2 must be multiplicd by the
“ commob divisor, and the qm%fﬂmn will be the true \nluc of 2. When ¢is — subs
“ tract the valae of & from 6, and that of y from.a.’
“Af the subtraction is possible let it be done, and the question is solved; iff it
‘18 xmposalhlc sappose. the exeess of the subtrahend above the minnend to be
vegative. - Multiply the mmu(*ml by a number, so. that the product may be

“ greater than the negative quantity.  From this product subtract the negative
*Cquantity, and the rémainder will be the number required.

“CWhen @is — the same rule 1s to be obsum that is, subtract the values of »
o dmi y from b and . 1f ¢ is + and greater than § reject 6, and its multiples from
‘¢ till a number less than & remains. Note the number of times that & is rejected
“ fromi ¢ i there Will be no remainder after rejection it is unnecessary to reject.
* Go on with the operation, add the number of rejections to the value of z and
“ the sum will be its true value. . The value of 2 will remaih as before.  If cis —
“ subtract the number of rejeetions from the value of y. 1f a and ¢ are greater
“ than b reject b (or its multiples) from both ; call the two remainders a and ¢
 and proceed ; @ will gonie out right and y wrong. If there is no augment, or
+ at ¢ divided by b lenves nb remninder, » will be == 0, and ¥ the quotient,  If
" the nunbers are not reduced, but the quotients are taken from original nnm-
" bf‘!‘}. @ and y will always be brought out right, If the numbers are weduced,

“ and y aili he brought out right only when both are reduced; and Gut ohe of
“ them will be bmught out right when both are not reduced. ”

it

¥ .‘* 1}

Jz.mmp!e. 6 &= Q%) €==1b, b = 196, clnmhng llmac numbers by 13 we
have, &' AT, Fb, ¢ 2815, I)whle 17 by 15 (a8 ahove dlwct(‘d) continii-
ibg the dmmon till the xcm'uudcr is 1., 7Tlie c’]hauents are 1 and 7, ﬁrntc
these ina line with ¢ below themy ‘and (3‘ halow ¢, ‘thus: '“"‘l""‘-' i
Multiply 5 by 7 th(‘ product is 85, add © ﬁhe B 18 85, . Mual- ' ‘

i 2 35
tiply 45 by 1 the product i 35, add & the sum is 40,  Tlhe two o ‘
last mumbers themare 40 and 35, Fron 40 thwew out 37 twich, g

e s gt ot
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6 remainsg; from 85 throw out 15 twice, & remains; therefore ¥ = 5 and ¥y =6,
291
Sl 17 + 6 = 23 is a new value of y, and l5+ =20 a corres-

e O

195
ofit,12 X 17 4 6 =40 is another value of g, and 2 x 15 + 5=85

ponding value
a value of @. In like manner we shall have 3x174-6=57 and 3X 15 +5=50

new values of y and », and so on without end. .
Another Erample. a=100, b=63, ¢=90; c bemg =+ or —. Although in this
case 10 is a common divisor of @ and ¢, yet as the reduction would give a wrong
value of y, write @, b and ¢ as they are, and proceed, ' We find the quotients
1, 1, 1, 2 2, 1 Arrange them in a line with ¢ below the last, ‘and 0 below ¢,

in this manner:

- A0 e e
o

We have then
190 +0 =90
e X 90 490 = g70
2 X 270 -+ 90 =030
1 X 630 + 270 == 900
1 % 900 - 080 = 15350
1'X 1580 4 900 = 2430.
The two last numbers arc 1530 and 2430, divide the former by 63 and the

latter by 100; the remainders are 18 und 30, therefor¢ re= 18 and y == 30,

l()() 4 ”}__j—_?f = 30.

63 ;
By another method. Divide 100 and 90 by 10, then @' =13, & =63, ¢’ = ¢;

The quom,ut» are noy found 0, 6, 3, wute them in a line with ¢ and ® below ;

Y

we have
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W The two last numbers are 27 and 171, TFrom 27 throw out 10 twice, 7 re-
mams" fmm 171 throw out 63 twice, 45 remains. The number of quotleuts
bé‘mg odd, subtract 45 from 63, the remainder 15 is the value of 2. 7 sul-
tracted from 10 gives 3 for 4, which is nov the true value. To find: ¥y correct,
multiply 8 by the common divisor 10, the product 80 will be the true value
%o 3
. Another way of solvmv khe same qucatmn is this, find a common dwnor of
hand e, for example, 9. Dividing b and ¢ by 9 we have ¢ = 100, &' =7, ¢ = 10.
Perform the division and arrange the quotients in a line with ¢ and 0 below, the
quotients will be found 14 and 3, then
3 X 104 .0 = 30
14 % 80 + 10 = 43
I‘lom 430 throw out 100 four times, 30 remains. Herc we have found a true
value of yand a wrong value of @, Multiply 2 by the common divisor 9, and
the. product 18 is the true value of . This guestion miay also be solved by first
taking a common divisor of @ and ¢, and afterwardsa common divisor.of b and ¢,
as follows : - , _
Reducing @ and ¢ we have o’ = 10 ¢ =9 and b = 63. Reducing b and c we
have g = 100, ¢ £ 10, ¥ = 7. Unite the reduced numbers this; a"= 10,
W =7; bat g havmg vadergone two reductions *, take the. difference, of the
numbers nrlsmg from the two operations ; then @ = 10; ¢ =7, ¢' = 1, divide
and arrange the quotwnts w1th ¢’ and 0, as above directed, and we shall haye
2361 ok @ = 4
l X 2 4 1 A
S and 2 are now found for » and y, but they are both wrong, for ¢ was re-
duced both with 4 and a. € must be multiplied by ¢ the common divisor of b
and ¢, and 3 must be multiplied by 10 the common divisor of @ and ¢; the frue

values will be » = B, ¥ = 80; and new values of y and ¢ may be had by adding
aand b again and again to those alieady found.

' v v
Pyl T b %
‘f‘awzy, ivide g and ¢ by p, U‘mu'ﬂn whenee 7

!3;1

= % ROw divicde, lnd;

a
B
PR
by & ﬂlcuwz«;. Taking ¢he & Jerance Iv only tie jn this case, hiccause pg =24, and pe= g == 1,

=8
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What has Dbeen said is applicable only when ¢ is 4. When cis —, subtraet -
18, which is the value of 7, from 63, the remainder is 45,3 subtract 80, which is
the valueof ¥ from 100, there remains 70. - We have in this case 7 =45, = 70.
By addmg aand b as above, new values of » and y may be found. :

x

Anotkcr Ezample. Suppose a = —460, b = 18.and ¢ = 8 + or ~—. W:thout
making any reduction, divide, and p [ace the quottents with ‘¢ and 0 as belore,

we have 19X '8 40 =8 : 5
1% Sk g '
10 6k g
1 05¢ 5.0 -t hes NG 8
(b [ 0 e e oY

The last numbers are 69 and 15. - From 69 throw out 60, 9 remains; from 15
throw out 15, 2 remains. The number of quotients being odd, subtract the
value of & ffom 13, and that of y?from 60, the remainders are 11 and 51. As
601 ~ the subtraction must be repeated, by which means we have as before
e=2andy = 9. Ifcis — subtract-the value of » from 4 and that of y froma,
and we'shall have again @ = 11and y = 51 : ”

Anothér Example. a =18, b =11, ¢ = — 10, Divide and arrange the quo-
tients as before, we have 1%V 10 3 0 10
1 X 10 4 10 = Q0
T X"20 4+ 10 =80
1 'X'80 +. 20/ ="50
Frou 50 reject 18, and fram 30, 11; the remainders ate 14 und 8. ¢ being —
subtract 9 from 11 and 14 from 18; whence @ = 3 and y =4

o

Another Evample, a = 5, b = 8, ¢.= 23. Proceeding as before,, we Shall

haye ¥Rt T 393 "
T X '83 + 83 = 46. ] ¥

As 3 can be rejocted but 7 times from 28, reject §, ¥ times from 46, the re-
maitiders avg 2 and 11, If ¢is &~ subtract € from 8 there rewuing 1, and 11
from 5 there remains — 6 Here twice 5 must be added to % 6, the sum 4 is
the value of ¥ : and that the numbers may. corvespond add twice 8 to | the sum
¢ is the value 61" ) VI ¢'is greater than §, reject & fiom ¢, 1 Thyg\v aut 3 seven

E
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ke value of 2, we have then y =5and'a = 13

" 3
 INTRODUCTION. :

m:‘t.ﬁrom 23, there remains 2. Make«' = 2 and place’ it with 0 umlm thie line
nfquotzentg, e ifitichhss et LoD @ o 0L Blaed ) |
sblap Bl QF 4 mEEids T T ‘

i is the true value of @, and 4 which is fonnd for the value of y is qung. Add
‘7 thc divisor of ¢ to 4, the sum 11 is the true value of #.
fromy 3, and 4 from 5, and weshall have 1 for the valueof @ which isivight, and 1
for the yalue of y which is wrong. Subtrdct 7 from the, \alue of \y the dlﬁ'gwnce
is = 63 add twice 5 to — 6, andwe shall have 4 the true value of g,

'i'hat the numbers may conexspond twice 3 must in like manner be added to 1,
and 7 will be the true value of a.
y

If ¢ is — subtract 2

Aﬂalher Emmpk. @t 5, B 13, ¢ ....0, or ¢ = 653 the quotients are 0, ¢,
l. 15 place thcm in a lme wxﬁh ¢ and 0 below, we shall have

F N ROTA 15 04 (0 22 40y
i Ml B & PR T T O e o o
siinds ' . 9, 5¢ 10,4 (0 TEMg
ARty , 4 ‘ 0 X040 = 0.

Md 5 ¥00 which stands for the value of %, and 18 to that which stands for
In the second case a=35, =13,
o= 65, .&ab ineasures ¢ @ will Be found = 0and y = 0. To the value of y
add 4, whuh is the nuniber of times b i ¥ejecied from ¢, and this will give a
Rl i (‘):' 65 = 4. Addmg 13 to 0 which is the valae of
@, we shall have @ = la, and adding 5 to & which is the value of y y'=10

,5 x \3 + BA

correct vnlue of v, for

= 10,

Another method 18 to suppose ¢ == 1, and proceed as above directed.  Mulsiply
the, vithues of @ and g, which will be so found by ¢, rejecting & from the valifp.
of y and & from that of ., the remainders will ic the numbers required.

Evample.. a =081, b =.195,"¢ =65, divi(ling these numbers by 13, their
common diviser, we have o = 17, b g 15, ' = 5" For 6 wiite one, and
ﬂﬁdkm‘ the quot}mq; as abt)Vc, atranso them w':th and 0 below, then v

Y A 7 KR Ve, Q= 7 ,

Py , : U T g s

Mum)b 8 and 7 by 3, the produets are 40 nnd 84 wjectmg 17 twiee fram w

- i A L,
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. : 98 |
and 15 twice from 85, ‘the remainders are 6 cande 53 whence r = 35 a'n‘d'%ff B

If ¢ is.~ subtract 7 from 15 and'8 from 17,8 and' 9 remain; - Multiply ' these.
numbers by 5, the praducts are 40 a0d 435; 15and 17 being twice 1gjeeted,
2 = 10and y = 11. By subtracting=6 from 17, and'5 from15; the ‘shne
numbers will be found. = A% : Ly g R

“ Know that the operation of the i?_ultiplican‘(l;"{is of  use in many examples
“ as, if by the rule I shall have brought it out and any one destroys it, and sonie
“remains ; by the operation ofithe multiplicand, [ can (k;tcrmiqg the nmr_a-bun.

w
3

“ which have been destroyed from thatwhich rem:ins. B
“1In the operation of the multiplicand of a' mixed nature, the multiplicand is

“ of another kind, and it is called the multiplicand of addition, and that relates
“ to determining the value of an upknown: number,” which being nultiplied by
“a known number, and the product divided by a known mumber, there will re-
“ main a known number: and again, if the syme unknown number is multiphied
“ by another number, and the: product divided by the former divisor, the res
‘“muinder after division willshe another number. Call the nhmbers by which the
“ unknown is multiplied the multiplicand, and that by which it is divided the
' divisor, and that which is left after division the remginder. . Fere then aie two

“ multiplicands, one divisor and twe remainders. . The method of solution is. s

“follows: add the two multiplicands together and: call the sum the dividend,
“Add the two remainders and_call the swm - the augment negative; leave the
“ divisor as it is; then proceed according to the rules which have been given :
‘““ but the values of = and y must be subtracted from & and &% 2 will "be foutd

* right, and y wrong.”

Exgmple, A =5, € =7, a =10, ¢ = 14, . b= &3, f‘; =Y 4+ 6 abd ‘ﬁ; =

".

- - b

‘ﬁz. +6 A+ az=13 ¢ 4o =gl We have now o = 15, & FOs, &* =

o
. s o oo

B ) w7
" At this place Mr, Borrgw's copy hus * and besides thia It is of great tse'tn detyrmining Hhe, signs and
“milnntes and weconds™ AR in Oe wargin thdre 'is an sxample by Uhe waond comiméntator, nppmf!lﬂx g »
“ ,l glve f‘" oxumple whith cames Upder this rald ;o alar bakva 37 eevalutivns of the henvens i llp du)l s
“nights 5 how puang' wilit make dn 17 dips i Uhibn i writer gods on {0 siyethe AnswE I 19 w1, 10 i 1%
13 Y8 e which is yot & suppuse By prapartion, Now fie hedds, * iiall this wiire lost ooy, & H.'migln Lt e

i . 00 &' s "
i sl by the rale > o & e Al 25 : - o & i’
torerl by the rule ‘ _élc. thyn gives Lh.? Euution Pt X om. which = is found k= 34 and g L
. ) o) a' =23 P b Tt ,. J )
then from g =y hednie  gnd oo 5 ot TS ol is Todls y R e
E 2
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o asip 7= 7
w'rtmg', 21 —7 =14 x rights for 'md‘hp‘lymg 14 by 5 the product is 70,

whiel being divided by 63 leaves the remainder 7 and multiplying 14 by 10,

and dividing the produet by 65, tlw remamder 14 I8 obt.uned
S AT E Mg ,!., ST ¢M4.&

'

k|

& o R N W el CHAP IVIM PR g

T N " boana il
0 Oa"ti;cﬁeratnpn of. multlphcatmn ot the square, and that relates  to the
“ knowing of a square, such that when it is multiplicd by a number, and to the
“ product a numbcr i3 added the sum will be a square. »
. “In this question then there are two squares, one less and the otlier gxeuter,
o and *g. m,ulyg ca,nd ,pnd an :Lugmcut From_ the. mulnphcaud and. augment

u, the two anucmsqu%.g% to be foux'id The n.cthod of solution
m this : Assume a number and call it the less root ; take its squa:e and mul-

“,mﬂg' it by the .multlphcand, and find a number which when added to it or
#ubt,;actgl from it wnll be a square ; thcn take ifs root and call it the greater
“ root: Wm.e on a hunagm;al hm. thuc threc, tlu; less and gncatcr roots, and the
4 pumben;imlych wq assumed as the augment.  And again write such another
the ﬁormer o that every mumber way be written _twice, once

st ll}ou and, below £ then multiply erossways the two g)cntm voots by the two
“less; then take the sum, of the two and call it the less root ; then take the
‘“rectangle of the two less roots and multiply it by the multiplicand, add the

oS ¥y t iy )
i

Hdh

# The rules sk the Inghmnu of tlfis ehapter for the general solutioh of Ax®+ ne=y® are, as they wtand in'the
Pocsiut, to this purports Find Af24-ae=g?, where /8, and gmuy be any nunibers which will satisly the equu-

A r /& and = af gy and @ = @t Then As4 @ ==y/"; and making + == ¥'g 4 3
.m'".:“‘ e g 8 =g, or 5 = Xg -yl and ﬂ"".V!"' Axf we have aax? 4 gt =y
'(‘}“7 L Wnﬁ}Ltﬁ 8, and “‘ﬂ" & 1, then p'p* ==, but in the first case (e values of #and 4"

dividedy and in GM second oume mulbiplicd by . - Tn this way, by thu cross niultiplication of the numbers, new

ﬁmﬂ" are had for as® + » =yt Wihea g= 1 and # == 0 Uie role s the sikne as Fermats proposmm., which
St s appliod dn thid maniver by Bules for finding wew valyes of wand y i the vqu.mou Al 9% (See

tbp%v ‘"‘puun of this m.tlwd I g al,ebru) Was® 4 oz g?, then X9 "'.,;' *. r being any  atambes ;

Wy avmﬂmh’m only whtn » == 1. Titthat can A(» ) 4 1=
wsd Browneker's bolubion of Perats problens, -

must bg

-__-_—\) which Iy the mame as

-

L
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“ product to the Tectangle of t;&vo greater roots, the resylt will be the gté‘ite; h«
““100t, and the rectangle of the angments will be the augment. PR oF
“ And to find another square in the same condition write,on a hotizontal line,
“ the less root and  the greater root, and the augment, which have been found,
“ helow the less and greater raots, and the agument which were assumed.. Per- .
“ form the same operations as before, and what was required will be obtained. ..
9 Au(l another method in the operation is, after multlplymg crossways to take
““ the difference of the two greater roots, it will be the less root. Aml having
““ multiplied the rectangle of the two less Tocts Ly the multrpllcnn yote the pro-
““duct ; then take the rectann'le of the two greater roots, and the dlfﬁcrencc of
“ these two will be the greater root. '
“ Aund know that this augment, that is, the augmcut of th& ogepﬁt!tm it is
« thie same as the original augment, is what was required. Otheérwise, if it is
« greater, divide it by the square of an assumed nuniber, that the original aug-
“ ment may be'obtained. Ifit is less multiply it by the square of an assumed
“mumber, that the original augment may be obtained. And that they may corres-
« pond in the first case divide the greater and less toots, hy that assumed number

‘“ and in the second case multlply them by the same number. ™

“ And a third method is this: Assume a number nnd divide its doulle by the
« difference of the multiplicand and 1ts square, the less root will bé Gbtained.
“ And if we multiply the square of it by the multiplicand, and add the augment
“to 1he result, the root of the sum will be the greater root.

Eyample*. ** What squgre is that which being muinphed by 8, and the pro~
“ duct increased by 1, will be a square. Here then gre two squares, one less and
“ one gieater, and 8 is the maliplicand and 1 the agment, ~ Suppose ) the less
“ root, its square which is 1 we multiply by 8 ; itis 8. We find I which added
‘F,*.,m 8 will be a square, that is 9.  Let its joot which is 3 be the greater
“root. Write thésc three, that i3 to say, the less and greater, roots, and she

DR : o 4 PRI eI e PERe———— S

* To find x nudy so that 8x° 40 = vy Suppose /==t and B 4 8= Lot @ 54, ghen 8 4 (=020
IKIHIK I=0= W, PR UREF Sl 1 Teny, 1% 12=] the dugments ) belng $he original augment there iy wo
occasion tu warry the-operation Welher, 8 K36 4 Vo= ogte 175 ok new valuey, i 6 gl 21T B8 s,
1X 68 F3x f: =y L L teangnent, 8 X457 o 1= 9501 &=pb?, In l‘rf:t' e e vilde
may be found: ' ) \

~
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Multiply the two greater roots crossways by the two less, it is the same as it

“ was before ; add the two, it is. G; and this is the less root. Take the rectangle of
“ the o less 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 i¥ 9; it 'is 17, and this is the greater root.

- “Take the rectanygle of the two aughente’; itis 1,  As j¢ is according to the ori-

“ winal there 'is no occasion to work for the 'pl'-ig'i!ﬁ‘l{"'augment. “The square re-
“quired is 36, which multiplied by 8 is 288 ; addg\ng 1t becomes €89, and t‘m.s

. *'is a square whose root is 17. Again, to find a number under the sante con-
“ ditions. Below _phe less and greater roots and first augment, write the lgss and
“ greatet roots and augment which have been obtained by the operation, thus:

-

5 i o
sy Fe) ]

H

TR, O oA

.
T

.

v

ol Lass Greater Ai:g:ﬁcnt

) - :3‘ |
i ks 6 17 Wt o

A M . ) v —'*_—
I e - ! - v

“ Mulbiply crogsways the two greater and the twa l'eézk'foom, that is 3 by 6,
and 17 by 1, it is thuss : . :

~.. LR !&ﬂ x Urél(q. All;;mt;\'l 1
ol et . | i L
DT o i

o
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A t])c two greater roots ;%{35, -*ﬁﬁd’-ﬂi?ﬁjié th‘e.iﬁ root. ; Take f%t{' > k.

* angle of the two less roots ; it M ul~tip’l’ybi»ﬁbyfﬂ,-vtlmJn‘lilgiplit‘iudt;- 'afm ilie
“ product which is 48 to the rectangle of the two greater roots 3 and 17, which

“is:81, itis 09, and this s the greater root. "Take the vectangle of the two™

* tugments; it is the original augment ;"for when the square of 83, which is 1225,
‘e 1“_91,ti|>lied by 8, it will be 0800 ; ‘adding 1 it will be a square, viz. 9801, the
““ 100k, of which 1599. - Inlike mauﬁcr if the two roots and the augment are
C m%%eu below the two reots and the ather aungments dike 6 and '17 and 1, and
““ the operation is performed we shall W what we require, and another number
“ will be obtained. A A b n T g 4 PE
y } : .

Another Lggmple.  * What square is, that which being wultiplied by 11, and

“ the product increased by 1, will,be a square *2. Suppose 1 theless root; and
“ multiply its square, which is 1 by 115 itis 11, - Find a)numbet which being
“ suburacted from it, the remainder will be a squaré : Lot the wumber be 2; this
“@Jeu is the negative augment, aud 3 which is'the root of © is the greater root.

-t . 4 |

“ Write it thus; 3w , - , Sl
» - - - kg - H
e, " Less. | Grester | = Augment ) AT
: 3 - 2_ ne
1 3 J . 9

\ I y of B

- - PR

Sl 4 1egh 5“*‘1"’“/‘:"“""“/"*9:-0- Lot =2, 115 1 g2m92s3% 53¢ 1 050 12 feman,
i 4
1 I 3=20== %o 00 4 4 L2
X X 1143 % e b E 4. 2 221 the origina) augment, .
Therefore :‘-,:-_- 10 2=y fj:;}af.x. For 11 3¢ 9 o 1 = 100 = 101,
ABOtME wiy. Suppesesemi and (£ 48= 0). Letd s, 11 x Loy 3 2516 s ad I A X129

IXIX U4 4% 42972y, §x 52505 the nugmente & o Y, f)'. L
=y ® augren § . e H)((:L +l‘&nl_.‘)‘_

Y # 87 16 8 ) 594 )

l'nlrnw valies, 10 % 3 2 -}«&:: =y x-b- 14 1b ’g'.._.!!_.- sy, 1=l the sagment
ILIRE BRG0P\ " YRS R Pr Aoy

1% (T‘ ¥l R RRET . (T) oo By the sadend mgthod, THTEI %o -l " c:% 3 J

R G e N L T g rh
1 the augment, 1 % (;) + i = = ('3' ) o the saanie Way olher yalues may be tuin, \

3

|
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P“' d?‘f-*mlﬁp’ly cmsswa)*ahd add the fwo grgg\ﬁgr, it is (6 ; and this is the less
“root. Take the rectangle of t tWo less rq'ptsg' itis 1. Multiply by 11; it is 11.
4 Add it to the re¢tangle of ‘the mﬁ.gﬁamr which is 9; it is 20, and this is the
"¢ greater ot. Take the rectangle of the augments, it is 4 affirmative. Now
““ we have found a number such that when we divide this number by the square.
S 'pf that, the quotient will be the ariginal augment. 'We have found 2 and pe:
“ formed the operation ; 1 is obtained, And we divide the greater root wihich
**is 20 by 2, 10 is the greater root. And we divide the less root, 3 is the less
“root. Tor if the square of 3 which is § fs maultiplied by 11, it will be 99, and
“when we add 1 it will be 100, and this is the square of 10 which was the
o s;eatgr fooL ) % * A y
“ Another method is, suppose 1 the less root, and multiply its équal‘e by 11,

“igis 11, Wé find 5 which being added to it wiil be a square, that is 16 ; its root
* which is 4 is the greater root, thus :

£
¥ i Jh Less Greater Augment
\ v e . ¢ '
: i ] 4 5 4
1 4 i PR
‘ - ,‘

“ After multiplying crossways, add the two rectangles; it is 8, and this is the
“less root, and the rectangle of the two less ; which is 1 we multiply by 11, ir is
“ U1 add it to the rectangle of the two greater which is 16; it is 97, and' this is
“ the greater root.  ‘And fiom the rectangle of the augments, 25 augnient is
= om_aily. We have found an assumed number 5, suEh that when the aug-
" meat i divided by its square the quoticnt will be 1. And for correspondence
“ we divide B by 5 8 fifths is the less root. And we divide 27 by 5; 27-fifths
i ‘o"btaiug:d for the greater root,  For multiplying the square of 8-fifths, that is
“ 64 twenty fitily pares by L, it is 704 twenty fifth pdets 3 add ) integer that s -
“25, It s 720 of the abovemeutioned denomindiion. And to furd other
“awmbe s under the same conditions, write the two rools and the other augment

“ bulow these two roots and gugment, ‘and that is on the suppoesition of 3 amd 10
““ and 1, which were obtained befoie, thius: :
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“ After multxpl}mg croae\vays, ndcfme two rectuntvles, it 1 xs lél hf’*hs, and
< this is the less root. Multiply the less rec'ta‘ngle which is 24- ﬁfths, b) 11, itis
0 964 5 add it to the rectangle of the two greater, which i is 270- fitths, it is 5ﬁ
¢ fifths, and tﬂs is the greater root, Take the rectangle of the augment it is 1,
“The operahun is finished, for multlplymg the sqlmrc o 16'1-ﬁf't ) vnch is
“ 25091 twenty-fifth parts, by 11, it is 285131 twenty-fifth parts ; add QS that
“ s 1 integer, it is 285156, and this is the square of 534-fifths, °

% And by the second methody, Afeer multiplying  (crogsways it s 81 hﬂ:hs and
¢t go-fitths ; the difference is 1-fifth, and this 1- fiftl s the less root. '‘Mulriply the
« rectangle of thd two less, which is 24- ﬁfths, by 11, it 15 264-fifths ; and the réet-
“ angle of the twogreatet is 270-fifths. ‘Take the difference ; it is 6-fitths ; and
“ this is the greatex root; and 1 teger is thc augmont. ‘The square of 1-fifth,
« which is 1 tweiby-fifth part, multiplied by 11, is 11 twenty-fifth parts; add 25,
“it is 36 twenty-fifth parts, the oot of which is 6-fifths; rmd in like manner
“ any number which is wanted may be obtalned. © & 4

Eyample,” ** Let the first quentxon he sdr»'cd by the third method * ;: Suppose
‘N thc‘ less root, and take thenﬁﬁ(‘ruuc of 1ts square and the muhnphmud which
“ s 85 itis 1. Divide twice 3 by 1; it is 6 s and this is the less root.  For myul-
“AQiplying the square of this, which is 86, by 8, it is 288 add 1, it is 48O, and
“ this is a square, the root of which is 17, and thi is thesgreater rool,

“ Avother method is what is ealled the np(.-mu(m of circulation ¥, To Lring

5 P

s PRI

4

J &
# To gulve the frit yiestivn hy !hu third imethod,  Suppose ros 3, “359 6 = e OB + 15980

17L. \ 1= Y
T)J Oy temgketo ko round, ""'")}O to ga roundly - Thiv ride iy, supposing A:\" + A nnd »
boing given to find sand y by the uperation of cirgulation, Im(l /, Rand & so thal af? < 85 g% Supposé

F
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‘iF uh‘%atwhwh is reqﬁmﬂ by the.-mlb of the inulhp},tcand; It is thus s After
“ supposing the less and greater roots and the augment, suppose the less root the
*“ dividend, and the augment the divisor, ‘*'uid the greater root the augment.
“ Then by the rule of the mulgiplicand which is passed, bring out the multipli-
¢ cand and the quotient. If that numbentby which the questioner multiplied the
* squdre can bé'subtracted from the square of this multiplicand, let it be (,og.;
“ gtherwise subtrict the square of this maltiplicand frowa that nwber of the nul-
“ tiplicand. If a small number aemains, well; it not increase the mulhu,h.
“ ¢and thus: add the divisor again am‘L again to the multiplicand as before
“explained, till it is so that you can “subtract the number of the multipli-
g cand from the square of it, ortlie square’ of it from’ the number of the mul-
o np‘“c.md ‘Whatever remains we divide' by the augment of thc operation of
“ multiplication of the squarey and take the quotient which will be the augment
“ of the operation of multiplication of the square. If then we shall have sub-
“ tracted the multiplicand from e squarc, let the quotient remain as it is: and
“ if we shall have subtracted the square from the multiplicand it will be contx.xr'y

“ that is, if negative it will lm,ome affirmative, and if affirmative negative ; and
“ ghat quotient wlhich way obtained by adding the dividend to the quatient, as
“ many times as the divisor was added to. the multiplicand, will'be the lesg root ;

1

L U o
) e > e

oy ] . )

!

fate = v tind fiom the Knowil rmn‘\bus S & 8, find x and ¥ By the rules which fitve Leen given, If x9

be » A fakex? == 4, or iCnot take A — x2, l[a‘mall nuinber remaing s well, otlierwise take multiples
o B, amd add them te the found value of x for a Mw value, thibwe hove (@8 -1 x)'—A, o8 A — (B + 5 )t;
divide this by 8, wnd if the square has been sulbs d change the sign of the quotient.

W oinstead of x the
villys mp & baw been useld o gorresponding vilne o

y il A Y it he uken : by substituting these valoey as

2
follows: ¥, or mif 4 v == &, andd 3««;? or ‘ﬂ_ﬂ_{_ me A = #,"we bLave i.)u. solution of this equatiaon

ax? +ﬂ* I @ ls nelubier == & nor to 0p* nor to ;- pragued a8 before, Let Af"™ 4 @ 5= g be a solotion

of AxL % @ = v whilite /', B and @ are'knowe.  Sdppose L"T,._E' == ¥’y proeced W before, and solutions

" » " n ;
will b hisrel for Ax""l' @' =" and in Jike manner for 42% & B =¢ 3? iV @ la found = b or ap\‘ Bea

l'h.-wmh uflhu i pludn, fora x'nf‘; Find Bl ...’_;'_., wo have axth @z a (-—--5) " 1 :Z.f‘ whith
2
ik SO A X +§w:¢ 3 Wl..‘" hut Af* 4 A2 gt

and g Biem afY, and therefare ax 4 @
x4 28 A"/ ; *
L. jm“f—*-ij« whilch 1o =2 ('~ i ff) . Thiv role, though 5 seme respeets imperfect, is in

princljple (he snene se that fo) ol eing U@ rab}uu i integor by the applicatlon of cemtinued fractions, which
wap it given In Luropety De La Urange.
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“ augment shall have been found a square™, theoperation is finished ; for fir
‘“ a number by the square of which, it we divide thigaugment, dl&resuﬁ will be

“ the original augment, when this augthﬁﬁb*ls gréater than the original augment 5

% o1 otherwise, if we multiply by it, the result will be the original augment, in
he same manner as before. And if ibyis not a square perform the operation
in in thé same manner ; that is, supposing the less root the dividend, and

€¢
*« ghe ‘augment the divisor and the greater root the augment ; and work as be-
¢ fore till the original augment or thelwgment of the square isfound. = &

: N A 3 v : S 8. A

Example. ¢ What square is}hat which bciné ii)ulti_plie_d by' 67y, ahd the pro-
“ dugt wcmﬁd _l)y~’l,~w¢iv_ll be d'squaret. Let us 'supposc 1_the_ less root, mul-

tibn St 4 : g " -1
- - - rfod -

* I syppose it should be np? 01";‘}, . Ithink it likely that thia does not form 4 part of the priging rule ;Mcb
ms to relate (o Integer values only. v 5 A o g .

T eTat 41 =% Supposef=1 and ﬂi:.-.:—-.'i, then 67 x 13 —3 == [] = 64 = &%, we have now Vi'*'ﬂ"""' L
Ix 48 sl

" where f=1 and fz= —3, and g = 8. Sﬁppon&;—g =¥; 1lxatn¢o‘n§y, e =¥, reject twice @ lrom
3 ] i T o

: L% . i
# we haWl — 2 x 3= 2and work for x sad ¥ in E-gi—gm v Divide | by 3, asgrgcied inthe Jusk chaptor.

The guotient is O; geriie mn& nnd.‘mﬂ«w fnd X == 2 andl ¥ =2 0. The Bumber of Wh‘hﬁ:g M‘T,iﬁ,u.
truct the valué of efromiB and thatofg from /. 3 —2= l =X, | —0 = I=¥. A4 B wor rejocted twice from
& add 2 to the valop A v. 1 -2 =) = v we have now % == ) and ¥ 223, As we cannot subitract G5 'mmll‘,
and as b geealer number will remgin if we sublyact 19 from 67, add twice gto x fora new value of xil A Y
) Ta= x, and for g corredpondiog value of v adiltwicefitn v, 23 1 I =mie=w, e XS T oy

i ' ' < P
Aswwe Bave taken a =< X? we must chunge the sigit of = 6, it bécomes = 6 == B, and v :::rl; we
o iy

——— e (),

have HoW Ve 5 8 == 0 whond K% 07 0 e 6, ahd o 2= 5, whenwe p' =x 0" Sindbon wa Pand 02 6, %o pird-

ceeil to find == b, Tat Ay 4 @ e where/ '=3 5, W= 6, ol g =& 41, Mike 53~%'-ﬂ 2= %', we shall

finith %' == 4 fand v =241, Subitract /G times froi the viloe of ¥4, %) <=6 x Sl la= vh um.”um A the
sane number of Limas fpay Ahe yilud of X' 41—l B2 0m 3 A =X 0f 67 -~ ez 4 5 - =YW, As
’ o r

wehayedaken o~ x the vigneof 7 must be changed, ETITL e e T I S S X\m e M s
W', andiy == 90, B oot heing == 8 we must proeced ws above. Lot A/ 48 g whire s 3 1, e iy
i

s ST O LR, M i LY 2 4 ' y
ind g =m0, Mike: Y w2 ¢, reject 7 twelve ey Tiam 80, 90 ~ 64 28 6, we shall fid " =2 12, and
ylezmilB, o Subtralbt /7 frem il vatire of v* and 8% teom Watof  x% la—-llc.z":npq!", 14w T 5o gt
Phenwmbitr of guotionls o e diviaton of it by T being odd, sibivigr the ‘almo of v* (pom % wnd thatul x”
from @' V1 ==4F o b i v, T Sam e x®  Asiwir siniot dake 67 fpom @, and a5 u greatke number reniplis,

o Lt

if wo sublrict 25 edim 67, atl B Gnel 1o '3 For'a Hod value B 87, 7 4- 2ol ke 275NN Al I8 67 = i
; \

= = B As B wisrjedted 18 Gros from 2% 12 must T pdded e the vilue of v, 4 l..? s W,

1

" @
S

==

»~ @

-

¢ and from the lessrq&t and the.'uziu'gme}s:t‘bripg out-ﬁxéﬁ&ter root. df .thl?l,ljﬂs £
)



¢ * square, which is'8 negative, 6 negative is the quotient.

"
- ! . ""‘ - ‘ ' 'vw' 3 " 1 !

= ; 3 NP ol -

TS ¢+ = fNTogpucTION: *

k :

" S0k g i, ) . . ¥ », P - - ]
£ tiply itiby 67, it is¥67. Pind8 the numnber of sthe augment, which sub-
'ﬁ‘*‘trmteg;ﬁom 67 will leave a square, that js 64, .the root of which is 8, and this
€ is the greuter rooty 1 then is the less root, and 8 the greater root, and 8 the

* “augment negative. If we wishsto bring it cut by the operation of circulation, let

“ us suppose 1 the dividend, and 8 the atgment, aund 3 the divisor  Asaejection
“ of the diviso* from the augment is‘posaibllg,-'rvject it twice, 2 remains. Sup-
*¢ p-se this the augment, take the numbers of the ling, eiplieris obtained. Write
“ under it 2 the augment and cipher,  Perform the operation,  the multiplicand is
“ found 2 and the quotient cipher, 'l‘h_.gppmber of the line being odd, subtract
* the multiplicand -and the quotient from the divisor'and the dividend, 1 and 1
“ are obtained.  As we rejected thie divisor whiehiis 3 from the augment which is
““#, add 2 to the quotient, the quotient {s § and the multiplicand 1.7 As we
“ caumot subtract 67 which is th¢ multiplicand of the operation of multiplication
“ of the square, from the square of this. multiplicand, and if we subtract the
“ square of this from 67 a greater number remains ; from necessity we add the
“ divisor, which is 3, twice to the multiplicand 1, it is 7 add the dividend to
“the quotient it is 5., Subggact the square of 7, which is 49, from 67, 18 re-
“ mains, * Divide by the augment of the operation of multiplication of the
As the squitie has
“been subtracted from the multiplicand the negative becdlues gontiary ; it is
“ 6 atfirmative, and this is the augment ; and 5, ‘wlich was_the number of
“ the guotient; is the less root,  Then bring out the greater t0ot, from the less
“root and the augment, and the multiplicand 67, it is 41,  Write them in order.
““ A 6 is the augment of the operation and 1 is the original augment, perform the
““operation’ again' to find the original'augment : that.is to say, suppose 5 the
" dividend, and 6 the divisor, and 41 the augmentpand perforni the operation of
“ the multiplicand, the multiplicand is found 41 and the quotient also 41,  Sub-
“ tyaet | e dividend, 6 timed from 41, the quotient, 11 remaing’; and subtract
% fthe <ame number of, timés from 41, the multiplicand, & remains ; take its

- ——— -

And us 47 wiip m'wd onet to (e value of % add £ to that of ¥, 1) & 16 :.l Mm=v' =" Now af* 4 g"e
&% Broawse 2= 97, oud 6 = e ¢, Uherefore o m= 921, Lét ay™ 4 g% cx g™, whiere F¥ 2 9, #" = o 2,
angl g == 090 Maving Bow Found 27, which, moltipliod by itsell will be the adgment of the square, (memning,
Lippose; = ap®) apply the fivst suleof this ochaptér. #% a0 s == 11934, 3 2 g™ + -

R= 91084, 8" =,
we fimd p 2=

@ wich that £ 21, Dividing v 4: 8 4 b W hieve (A - T e ‘.}C ),
: PV Dividing af 4. 87 = g™ by %, e b p) ks
oR 0Ty 0ONTS ot o dbaze,

L



¢ " ; ~:!i.~ % ; v v
- Al W < “ i -
, % ) ol » -
) . ’ Yo R -
iy, QR B T
. o, e ar W "‘ " g -4 e 2
U .

¥ wwhonwoﬂ'mm 4 . d 45

¢ square, it is 253 suh ot it fmm 6 42"&einmns. Divide it by 6, twaugﬂpznb\
“7is the quotient; and this is theaug menf’ ﬁﬁve subtracted the squate of e
“ multiplicand from 67, it is ¢ontrar is the mugment neganvc* and 11

¢“swhich s the quotienty the less roet lfh nggout the greater root, it is 90. -

4In this'case too the original augmen% notobtained. Again, perform the oper-
“Hation of the multiplicand ; 111s the dividend, 90 the augment; and 7 the di-
“ vigor.  The divisor can be rejected: 12 times. from the augment ; muctwg 6
* remaing,’ Také the line, and perforny the rest gf the operation; 18 is the
“ quotient and 12 the mumphca"nd tw . . SR TN RN .

-

L - " , ' : '
. 1? db T . (R S TN AT iRt S TR
s . F - e A A
> Y e st 1 e w44 | T e
# 1 12 e
- :
1 R
AR { ] L} f| i

. A ; p
1 p b b il \ iy X
. / - . A ol po YRk p d A . LB

« Subtract 14, the dividend, from 18, and 7, the divisor, from. 12; 7 and &
“are obtained, the quotlcnt and the multlplmand As the number of the line
“ way odd subtﬂt 7 frnm 11 and & trom 7 ; 4 is the quetieut and € the multi-
“ plicand. -~ As we ¢ anndt subtract 67 from the square of #; and after subtract-
“ ing the square of 2 from 67 a greater number remains, add once the divisor
« which is 7 to the dividend ; it is 9. Sebtract 67 from its square which is 81 ;

s¢ 14.remains.  Divide by 7 the augment negative, & negative is. the qnoticnt,
“and this is the augment. Again, as we rxgjected 7 tweive times fiom the
“ gugment, add 12 to the qhotientawhich is 4 it is 16, And ¢®we mgded 7 to
« g the multiplicand, add 11 016 the quotient; W is &g, and this is the less root.
“ Find the greater rooty it is 827, As an angment 1 ¢ ntmpqcl wl\_mh, after being
“ multiplied into itself, will be the augment of the square, weo W\jtc this ling
v lxlmv that, and miltiply crossways in both places,  Frof one gross niultiplica-
ot diom. it iy 5067, Gdd these tav 0; 11984 is obtained the lesy yoot. And the
+¢ greater 100t js 97084 and the augment fl 4 afivmative,  We haye found 2 an
“ agsumed number, by N square of which, it we divide this augment of the
« gperation, the guotient will be 1, which is tl\i origiual nu;;um‘n;Q ln Like

B

-
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is &'e ;eié roo{g and 4384&2 is t’he greater

‘ . tisquare '-mnghmh hgynawmulnphed by 61 and
3 d _femmcmudﬂ By 1, m}l bwt @re*’ Let 1 be the less root; 8is the
X - wﬂg aﬂ&;m Applying the upgratmn of" thew

?‘s‘_:, P | .‘\.4;, l,".

T D TR
Wi ~n:-"~"'r~“. 50 TN | &
S8 . . . :

&Aject ﬁe dmsm &m;ﬁnm.ﬂu augment, ﬂ}g‘namm and a@n the operation
9 the mumphcamd and ciplier the'quoﬁent are obtained. line is odd
ijpmn cipher from the dividend and 2 from the dwisor. c‘&is T and 1,
“ As we rejected the divisor twice from the augment, we add 2 to the quotient.

MWSW" 3 and ‘the muliiplicand 1. If we subtiact the square of the
“ multiplicand which i is 1 from 61, a greater number remains, ' We therefore

| ‘ﬂ% the !w it a.ml tbﬂQ‘”w" to the quotu:nt and the multiplicand, The
’_‘ i A R

L TS by 4
el Lt 5 ‘
”'. i f"*‘j'r‘m SRl i ;T‘ ) : W
' ¥t 4t .qutuasj‘ Mf 1, =5, =3, M-keL“:J =y u."l.-“lf-—w- v, rejoct 8

e s B
)5_*#,‘*9. i m x==2 and yi=0, The mlmber of quotients yiihr division of 1 by 3
Mﬂwbw!h vilié of ¥t 7, andt that 8f x 1rum B, 1—0 = l=v, 9= | s=Tomx.  As B was 1o jected

Pwice ta tbe value of ¥, 14 2 == ¥, dfwe tahe &4 — 37 a gradler number remains; add twive £
""hwz Xe aﬂhmﬂwm»@.i.a-t ?& D Vo b8 3002 Tz X Fake A ¥, 6]
4 e |2, Divideby j,..-;, == 4, which becomes & wmd S vy Now axt 4+ = 32, whence
,ﬂum Lt pf% - R g UW g 8, M=t (= ﬂﬂ. A‘h not = ny we find a number pz=9, such

thit Sy — 1. Divide & imd y/ by and we have F" ] a.-’-:_/,md;' 2 a,wq,,.mfim,_

-
a" pl*.‘npﬂlﬂm ﬂ?!wlpd lbiwhnpler, o % s-—l X -—1——+1 =0 Y =N X ';; xJ‘f~

g"‘“ﬂv#""‘mﬂ‘{”§ ERUIR y’)"m:‘m‘: =y, -‘fr)!'-:l;-‘-'- ‘Ug‘ lf'-’.‘ and 61 x (-,::’) "
a H‘f‘m"rwﬁ«blpﬁﬁ wligre » == - |, &lﬁlﬂmlsy'\. tlmn ﬁ af TN £ At e 1 8.

Him ‘,V' +fﬁl ‘.W” mfb A(‘ + fﬁ‘]‘ where /' = T aml B 1 ordon thit we iy

W w2 1y Then oz 3608, andyse 49718, and Boe= — 1 ; cs X (UBIE — 1 == (20718)%  Far new
valuew, where' Mg 4 4, dwiply. A e il oz ‘ CroRWaYE with the values of £and 7, which we L W just fGomd,

Bl “"Nf‘)lﬂ?ﬂ‘- | VIOOSIODAY, 1 ¥ i - tuke (e produet of bwo sugments whiah bave untike nigns,
and if il # that of two which have bilge: wigng.

pgment, | - B e "

'
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‘“ quotient is 5 and the multiplicand 7.4’§u§[tmct the square of 7 fipm 61; 12
“remains, Divide by the augment of the'@‘&m‘ion of mnltiplicnligg of the
“ square whicluis 3 affirmatives 4 aﬂifmat—ive.’ils the qiiotient; and‘after reversion
¢ it is 4 negative ; angd thigis the augment; and the quotient which was 5 is the
“Jess togt; 89 then will be the greatafgoct. As 4 is not the original augmeat,
‘s ‘_km.,v_,a found 2 an assumed aumber ; and by its square we divide this augment. -
%e augment negative is the quotient. - We also divide & and 39 by 8, These
< s:mi"e two unumbers, with the “denominator @, are the quotiét.ts. As our
“ question is of the augment affirmative perform the operation of €ross multipli-
“ cation. When we multiply the augment negative by itsell’ it will he affirma-
¢ tive, The less root will be 800 fourth parts; the greater root 8046 Sourth
¢¢ parts ;hand the augment 1 affiomative. Reduce the less and greater roots to
< the denominntor 2, The less root is 195 second parts ; (the 'greater 100t 1523
« gecond parts; and the augment 1 affirmative. And if, for example, the questiorn.
¢ was of the subtraction of the dugment, the answer would be as above; 5
‘Wcond parts being the less root, and 89 second parts the gfeater root, and 1 the -
¢« augment negative. And besides this, if we would obtain auother ease, let this
¢« he multiplied crossways with that in which 195 second parts is the less rool ;
¢ for multiplying affirmative by negative, negative is obtained. The less root,,
« then is 5808, and the greater 29718, and the augment 1 ucgative; and this is
¢ ¢he answer to the question. ‘ :

¢« To find another case with the augment affirmitiye write this below it and
« multiply crossways, 486153080 is the less root, and 17606319049 thegreater
t«.poot, and 1 the augment affirmative. And in like manner wherever the aug-
“ ment is required negative, we must miiitiply crossways two angments of Jif*
* ferent sorts ; and if affiziatige two of the same soit,

.,
“]

: : o f_; Y
. i If the multiplicand of the guestion is the sun of two squayes, and
“ the augment 1 negative; it may be Solved by the foregoing vules™ gnd if
\ ) o o ‘
« wished for, it may be done in another way, viz,, Take the ronl of these wwe
' u' I .s.;_'_._ Y ey A

r1 &

L bt " ) R WAL c g 2
* fm Pl “——,'L" u hn:/-"wl— g% and B e o5 1,' .uz:nz amlt.--y; for (¥ g% 'R (’) | = (P )1,
st A\ o .
RO (s |

§ ! i
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4 “ sqnares, and divide the augment by '!ca::h, the two numbers which are found
“ will both be the less root ; what was required may be obtained from each.
E,mmﬁé. “What squaseis that which being multiplied by 13, when 1 is sub-
“ tracted from the product, a square will remain *. 18 then is the sum of 4 and
“9, and 1 the augment negative. Take the roots of 4 and 9, they are @ and g

" i ] " , 1 i
“ Divide the augment by these two, the quotients are -]é-and 3 both these are

‘“ the less roots. What is required may be had from either. For multiplying

-

“ the square of !; which is ;i by 13, it is 18-fourths ; and subtracting from it il
-

“ which is 4, 9-fourths will remain ; and this is the square of ]l!.A

2

Multiplying

¢ the square of % which is %by 18, it is 13-ninths; and subtractibng‘_l integer

. X 4 ¢ ek,
““ which is 9, 5 remains; and this is a square.”

Here follow solutions of the same question, by the former methods: I oniig
. them because they contain nothing new, and are full of errors in the calcéulation,

Another Evample. Where ba* — 1 = y* is solved by the last ruje, is omitted,
because it is immateriul, 5 w

Another Example.  « What square s that which being multiplied by 6, and
“ 3 udded to the product, willbe a squate. And what number is that swhich
“being multiplicd by 6 and 12 added to the product will be a square . The
“ operation in the fivst case is thus.  Suppose | the less root, and multiply by 6,
it 16 add 3, it is 9; and this 5 a square. Mmd for the secoud casé thus:
" Multiply 1 by 6, it s 6; and find & number which added to it will be a square ;

ol a3 "

- !
Yt eyt hore A8 10.2209 -}.4::;"1-7'.])::9,q::.?;am%pn:um%;ﬁrrlsx (;)"_.

) n Iy q ¥ \!
1::*—-2::(!{:'1 nnr'l\ix(f:‘)-lmaa-(g;). i
B R B T L ] =yl it SUPPOoRE S s i W T, then 6 X 4 gz 0o 0% gt ‘
Becond, 0 51 mmn Bad B el that § 4 5 cn 0. Dt Boae ) 6 4 0 smp == 1Y, 3 buing  wots= n, but lesw |
Wan 1 i p moch Gt fpf s g pao 9, B w S gy an e Nowll B = 8, A=, a0l =20, multiplying
AFS e @ o 2 By Y e have AXIpT g 0 = ot and sking « = 8P, ¥ = gy a0z B we bisve x = g,
yamtund =R 0 % =9 18 8
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“ e find 8. As this is not the ongmal aum ﬁ&l but 15 less, ﬁnd by the rule
“which was given above, a number by the square of which when we multiply
* this augment the original augment will be obtained:  We have found 2. Mul-
“ tiply 8 by its square whieh is 4, it 15 12; and this is the original augment.
& Then that they may correspond, multi iply the less and greater roots together ;
““also by that number, which is €. ' The less root is &, and the greater 6, aud
« thier augment 1. Multiply the square of 2 by 0, itis 24; add 12, it 1s ‘ib 3
‘“and this is a square the root of which is 6.”

Here follows another example wherggin a2* + 3=y B = 7%, and a == 6.
The solution of this question is like that of the first part of the pmudmg
S(in af* 48 -..g *) is assumed = 5 and p = 75.

Another _E.rample. i 300 being the augment the less root is 10 ; its square
“ which is 100, we multiply by 6, it is 600. Add 300, it is 900 ; and this 15 a

¢ square, the root of which is 30.. And Know that when the augment is greater

“you must bring out what you require by the operation of  circulation, that
* the augment may be less.  And if you wish to obtain it without the operation
“ of circulation call to your-aid acuteness and sagacity. And when you have
“ fourid one case, and the'augment is 1, you may find ethers without end, by
¢ cross multiplication.  For however often you multiply 1 Ly itself, it will still
“ bhe one ; and the less root and the greater will come out difterent,

Rude .  *“ If the multiplicand is such that you can divide it by a square with-
“ gut a remainder, divideit; and divide the less and greater roots by the root of
¢t that square, another number will be found. . And if you multiply it by a synare
“ and multiply. the less aud gredter by its root, the numbers required will also be
¢ founds

Example. ' What square is that which being multiplied by 8¢, and 1 added to

i

* 02 - 300 == % Lt ¢ == 10, then @ x 102 4- 300 == 900 = 30?
t, When #iv o preatodhumiber find 7, @, e, les 39 by the eyle of circulation, Solations of thege problems without
the riile of girowlation, o twbe had only by tridds judiciondly made.
Wheh one case of AP ) = pais known any voplber of cases may he (und by cross mulliplication ; (op
13 == 0, aned different Yalues of s did g will be foumd it eviry new sty s
{ T suspect that this'i |’s incorrectly trmpulatedls the cnmplc. dues not ustrate the rale. l’lrhablll should be,

iCin aet - 3 =35% A= apt, thiep 4%t & ‘-( ) (- “-', el AT o U S (g% !

o
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R I .h
“ uhc pmdugt, will be a squmé‘* The less root then is -, the squale of which - i

- mulhpﬁed by 3¢ willbe 8 : addH, it is 9; and this is a square If we suppose
“ 2 the less voot and divide 32 the multiplicand by 4, 8 will be the multiplicand ;
““and dividing the less root by the root of 4 whicli is g, I is the less root. - For

“ multiplying by 8 and adding 1, itis 9, which is a square, the root of which
45,190, '

‘Rule. ““1f the multiplicand is a square f, divide the augment by an assumcd
“number; and write the quotient in two places ; and in one place add to it, and
*“in the othér subtract from it the assumed number, and halve them both; the
+** greater number will be the greater root:  Divide the less by the root of the
*multiplicand, the quotient will be the less root,

E(rwnﬁl'c. “ What square is that which when multiplied by 9, and 52 added
* to the product, is asquaref. What other square is that which when multiplicd
“by 4, and 33 added to the product, is a square. Tn the first case divide 52 Ly 2
26 is the quotient ; write it in two places and add and subtract 2, it is 28 and
24 : the halves are 14 and 12 14 then is the greater root.  And divide the less
# mumber which is 12 by the root of the multiplicand which is 3, 4 is the quo-
 tient; aud this is the less root : for when the square of 4 which is 16 is wultiplied

“by 9, 1t is 144; add 52, it is 196, which is the square of 14 : and in the

; L
e x40, Leltm:%.:xﬂx (.3) Frelo=o9 freey ::-, 2, ’.’5:3‘,;_—.,,-.,
fors x 14 1 =3, ]
n B
- -l-n --—n -~ 7
’ "&hl...v' and A == p% take n any numbers and we have Tz y's and 5 = w; for = .
P 3
!-.‘..n
B e gt " B4 nt B !
n...r.,.. ! dm-?-—u:-—«ﬁ;-. But g » (—2-,—';—) +n....(—--—-) ;3 whenee the rule,
’,’9!‘1-“:::3# and At 35 == v, Pirgt --::an, w+a.—=sa, as--‘):-.‘.»t.—-—u .’;31‘ y=
M. V,,ztnn 9% $*+'2-|‘m=—.mz Secon, -.-:.u. 1) 4 5= 14, llwﬁnR.T_.. (1

.: a4, ,-J SR, 4 X 2 4004022 7% Values of w and y might have been found by taking # == 4 in the
firal cse, apd 4 =1 in the second. !

&
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“second case divide 38 by 3, 11 is the quotient : after adding and suhtﬁéﬁng’«'a;;it
“is 14 and 8 after halving, the gredter root B Divide 3 by'e, 2is the quo-
“tient; and this is the less root: for multiplying 4 by 4 and adding $3 to the
“product it is 49; andutliis is the square of 7. - And if at fitst we divide 52 by 4,
ftand 33.by 1, what is required will be obtained , ot
- a ¥t ] w50

“Another: Evample, when the multiplicand is equal to the augment, - What
“ square is that which being multiplied by 13 and 138ibtiacted from the product,
* and in anether case added to it, willlbe a square®. In the fisst case suppose
1 the less root, its square which is also 1, we multiply by 13,.it is 13z subtract
“ 13, their remains cipher, the poot of which is cipbher.  And in the second case
“suppose 3 the less root,take its square, it is 9; take the difference between it
“ and the apgment, 4 is the augment.  Divide by it the assumed root-which is

av

“ 6, it is 6-fourths, that is lé. and this s the less root. ! The square of this
; ;

“which is 9-fourths we multiply by 13; itis 117-fourths. We see that adding
“ 1 integer, that is 4-fourshs to this, it is 121-fourths ; and this is-a square, the
. root of which iy 11-second parts: the less root then is S-second parts, and the
“ greater root is 1l-second parts ; and the augment Jds 1 afficmative.  As the
“ original augment is 18 aflirmative,  pexform the operation of crogs mulii-
“ plication with the former which was 13 negative, thus : Fiest multiply Sesecond
“ parts by cipher, it is cipher; and 1l-second parts: by I, it is the same.

\ !
P10 Mampt, and 198 4 18 ==y Lot s == L 18R =13 =0, For I35+ 10=p% let '3, #'%=0,
(Here are two or three etrors in the Pervifh: A casé of Ax'T 4 1 =2 ¥ is found by the rule 73!‘7_'. e )

——
i ey TS o R TRVISE LT O BT ) ‘
“_‘2-}:. 139 (3) 4 | = % _(3-). 3 = 2 vy = 'i.smh“l AL 41 N w= 19, nwply Cros-

wayd with the former case whowt 13 X | [~ 13== 0, ; %04 "_.', X 1= 'Il sa; 3R 1 X LW l;f“ i

39 | Y o
g =" 13X~ | == 132 g% but & = 3 12, Suppose thep 2 =z %, and @' laqnl‘ {l; ® (»::)'—-. 1 a.;
A0 W7 148 . 260

12
P ST == a A P s 5 = —— s I3 uyr aud 13 == 0,

1 \8 v 54
= (‘:) o Mmlnply‘g“mwgygl ¥ 4+ g

'8 v
Or lry tie rule af/* - gg' R i e DB B L W e ()" -
&g .w-,y,‘&ud{ 8 =/ == 3 e b Andal o " v B ' o b 1 (J) b

= (G:g )" \ " [

-
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S add l_Wtogjc‘ther,_ it s 11esccond parts; and this is the less root.
“-second parts by 1, it is the same: muitiply it by 18, the multiplicand, it is
“ 89-second parts: add it to the rectangle of the two greater roots which is eipher,
“it is the sante ; and this is the greater root; and 13 is the augment negative ;
“ as it is not the original augment, for lsf'ﬁlﬁfmative is reuired’;  againy'suppose

e es o : o slileds g | '
““ the less root - and the 'ﬁ‘l{gmentl negative; and multiply — which ig the square,

Multiply

“by 13; itis 13-fourths. Subtract 1, that is 4-fourths, the augment negative, there

. ¢ « Al 5 :
“ s¢mains 9-fourths, the root of which is !}:‘;. By this we multiply crossways,
-~

“ thus A N
"y 11 -39
ot o TS
1 3
2 2 bl

“ the less root is 72-fourths, which is 18 integers, and the greater root is 26o.-
“ fourths, which is 65 integers, and the auginent is 13 attirmative,

“* If we would perform the operation of cross multiplication take the dif-
“ference of the two, which are 39-fourths, and 95-fourths, that is G-fourths ;

£l

1-% i the less root; take the difference of the two less, after multiplying by

‘ the multiplicand, and e rectangle of the two greater, it is 26-fourths, that
gt o p : "
s GE; and this is the greater root and 13 is the augment affirmative,

Anather Example. . What square is that which bein
“ tive, and the product increased by 21 will be a squar
“root, and multiply its square by 5 negative, it is 5 negative: add 21 affitma.
e, it 15 16 5 4 then willbe the greater oot. . Iu another way. Suppose 9 the

g maultiplied by 5 nega-
¢¥.  Suppese 1 the less

)

T

w
bl B T e BUppose xz= 13 —8 % |+ 9] = 163 y =4, Or, suppose & = %, =5 x B4
o 1, LAY By mulliplying crossways when ® &= §, new values miy be found,



L

a3
“less root and multiply its square by 5 mnegative, it is.20 negative; add a1
& at‘ﬁrmativg 1 affirmative is obtained, the root of which is 1; the less root then
“is 2, and the greater 1, and the augment 21. And if in the place ofithe multi-
“ plicand there is 5, and the augment is 1 aflirmative, multiply erossways and
¥ numbers without end will be obtained.

“And this which has been written s the introduction to the Indian Algebra.
“ Now by the help and favour of God we will begin our object.”

INTRODUCTION.

E

END OF THE INTRODUCTION.
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KNdV@: that whatever is not known in the question, and it is required to bring
“it out by a wethod of calculation, supposc the required number to be one
“or two unknown, and with it _whatever the conditjons of the question in-
“ volve, and procecd by multiplication and division, and. four proportionals and
“ five proportionals, and the series of natural numbers, and the knowledge of the
“ side from the diameter, ind the diameter from the side, that is the figure of the
“bridet, and the knnwigt‘lge of the perpendicular from the side of the triangle,
“and conversely, and the like, so that at last the two may be brought to equas
“lity. If after the operation they are not equal, the question not being about
“the equality of the two sides, make them equal by rejection and perfection, and
“ make them equal.  And that is_so, that the unknown, and the square of the
“ unknown of one side is to be subtracted fiom the other side, if there is an un-
“Know init; if not subtract it from cipher: and subtract the numbers an
“surds of the ovther side from the first side, so that the unknown may remain
** on oue side, and number on the otheér; the number then,
¢ found, is to be divided by the unknown,
“the unknown,

TCTE the qlestion involves more unknown quantities than one, call the first
“ one'ndlown, the séeond two unkonown, the third three unknown, and so on,
“ And the miethad is this.  Suppose the quantity of the lower species less th

and whatever else is
the quotient will be the quantity of

an

'that of the higher, and sometimes suppose —l;, and -],, and i— of‘the unknpwh
g1 2 3

- bia-s
4

* Thove ate whiy parts of the rales given in the rent of the Work whilah
AE obecumed Prolisbly by (he esrom of transeribers, and
u-;_l ein Trou ' i Peslan,

g f The Arab call tho 230 Propovliion of the first book of Euﬂi",-
oy why, :

'pre anintelligible (o e, they

of the Pyrslan Ganslatdre=! Iramslote then ay exuctly

“Uhe figure of the bride” I do not

I
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¥ and the like : and sometimes suppose the unknown to Be a cerlain number, and

‘ sometimes suppose 1 unknown and the rest certain numbers.” The shortest
method of solving the question:is directed. go. be observed, and rthe' whule at-
téntion to be given to what is lcquued

The first example is,. “ A persoun has 300 xupees andb horscc, and another
““person has 10 horses and 100 rupees debt; and the prop@nt\- of the two is
““ equaly and the price of the horses is the same; what then is the value of each?
*“ Or, the first person has two rupces more than the property of the first person
““in the first question, that is 3 horses.and 158 rupees; und the second haqiﬂlc
¢ same as he had before, and the property of both is equal ; what then is the
‘¢ price of one of the horses?  Or, in the first questlbn the propcrtv of the first
“* person is three tismes the value of that of the second, what then is the value “of ong
“ horse? "The operation in the first question is this: I suppose the price of a horse
% to be the unknown's 6 horses aresix unknown. The first person’s property then

“is 300 rupecs affirmative and 6 unknown : and the property of the second. is 10 -

““unknown and 100 rupees negative.  As by the question both these sides. are

““ equul there is no oceasion for, the operation of rejection and perfet.t.rou 1
* make them cqual in this manmner:

+ 800 Rupees | G

— 100 Rupees 100

\ o o

“ First I write them both, above and below, and 1 take 100 rupces uegativ;:i‘mm
¢ 300 rupees affinmative, it is 400 rupees affirmative ; u,pd I take 6 unkiown from
“ 10 wnknown, thete remaing 4 unknown. 400 rupees is equal to 4 mme I
“ divide the first by the second, 100 rupees is the quotient, and this 18 the price
of a horse.”  The other guestions produce also simple equations, in whlch uothing
remarkable oceurs. !

The second example has three unknown quantitics with enly nht equation ; it
is solved fivst by wssuming the unknown quantitics in the pmpm‘tmu of 8, 9, and
i and secondly by assuming them as'1, 5, and 4. :

In the third exainplo the Mussulman nwnes, Zell and Omar lmr mtuuhmﬂl.
The fourth dnd fifth e \ampks goutain nothing worthy of netice, : B

The sixth is is follows : <A person lent maney 6 another on condigion Mal be

1.



““ should receive 5 per ceht. a mo ith.  After sonte months he teok from him the
“ principal and intetest; and havin@ subtracted the square of the interest from
“'wiwiinl gave the remainder to another person, on condition that he should
“ receive 10 per cent. and after the same txme lind passed, as in the former case,
“ he took back thuvﬁ’muful atel interest, and this interest was equal to the first
“rm%tesb what sum’ lend 'to'cach pcrsdn, and “hdt was the time for

“ which the money awus lent %37 o

+The first principal is: supposed ‘unknown, and the number of m(mths during
which it was: lent is supposed 5.~ The question is solved by the rules of propor-
tion and 4 simple e(iuatwu Another way is given for working this question, viz.

~# Divide the interest of the second by that of the first, call the quotient the
ﬂ”qumplicmd, and suppose @ nomber the interest for the whole time and takeits
¢ square, and from the multiplicand subtract 1," and divide the square by the
“yemitindery the quotient will be the amount of the su‘ond sum, and the sécond
“ Mﬂmlﬁ;ﬂ:&l by the multiplicand, ‘or added to the squanc of the interest of'
“ alic whole, will be equal ¢y the firse fum.”

+ Thie mext question i like the preveding, and is solved by means of the rule.
1 pass over several other examples, which contain nothmg new or remarkable
A quentwium miensuration comes next,

1 Thexe 15 & wiangle, one side of which is 13 surd, and another side 5 surd,
“tand its area § direhs ; liow much is the third side? I suppose the third side
““unkiyown's the side 13 is the basc. It is kuown that when the perpendicular
“ s multiplied by half the base, or the base by half the perpendicular, the pro-
“dnet- will be the area of the triangle. Here the base and the ared are known,
“und the perpendicular is unknown: T divide # which is the whole area by half
of 18 surds the quoticnt is the perpendicular, 1 perform the opération thus:
ﬂﬁﬁwﬂmmb&r 1 taice its aquag 16, for the division of a number by a guid
: silile.” Droake haflf of 13 surd thus: [ square 2, which is"the denomi-

56 | . O BRUATIONS.

al Y _‘!I' "‘J

“ nator of =, it 54 1 dmdc:'l:) by it. The guotient is 13 patsiof 4 parts. I
2 ‘

4 A il 00 T
- o 5. ‘ H 14
j' Hf] )F i

* Lai vy ) baﬂw MGM’I. iy £, the inloreut; Hy % the tate, and w;n, the number of the months.  If
m:, uu‘ 5 Vs p Y, Mo mpand 0 =0 we have (p we 1) RN 2= sz porigh or RIS PUN 2o

i

i o

s
: m \llmuu % (l —r) ==l"u, and B — 7%= 7:;, but this is equal to ”y- , aud ® | oo .'." «'
» {_‘:,lwm b ; -t i L
Wil de L thcrl of the rulé 5. fhe rest is ovident,
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“divide 16 by 13 parts of 4 parts; it is 64 parts of 13 surd; and this is the
“ perpendicular. T then require the excess of the square of 5 surd above 64 parts
“of 13 surd: First T take the square of 5 surd 5 it is 5 number; take its square,
“itis 25 surd; the root of which is 5. I then take the square. of 64 parts of 13
“surd, ‘as above. 1 take the excess thus: I make 5 of the same sort; it is 65 ;
“T tuke the cxcess of 65 above 645 it is one part of 13 surd ; and this is from
*“ the place’of *the perpendicular to the angle formed by the side 5 and the base.”
The other segment of the base is found by subtracting this from the whole, by
@ rule which wus given in the 4th chapter of the introduction,- for finding the

differeuce of two surds, viz, y/a—y/ b= ‘/ (‘/ (% =) b).  The square toot

of the sum of the squares of this segment and the perpendicular gives the quantity
of the unknown side of the triangle, -~ . e o 0 P A T

In the next question, the sides of a triangle being’ given) its area is required,
One of the segments of the base made by.a perpenidicular, is supposed unknown,
Liom two values of the perpendicular, in terms of the hypothenuses of the two
right-angled triangles, and their-bases, an equation is formed ; from which the
upknown quantity is brought ouf. The equation involves many suids, and they
are reduced by the rules laid down in the introductioh,  The perpendicular is then
found by taking the square root of the differenceé of thy squares of a segmeént of
the base, and of the adjacent sides of the triangle. . The operation is here con<
cluded.  In a marginal note are directions o' fiud Abe arca, as in the foregoing
Casc, §

The next is, “ What four fractions are those whese denomhinators are equal, and
" whosg sum s equal to the sum of their squares. - Also what four fractions are
" those, the sum of whose squarcs is equal to the sunipf their cubes.” . For the
first part of the question: ‘ Suppose the fiist fraction one unkunown, the second
“two unknown, the third three unknown, and the fourth four unkndwa, sud
“ below each wiite 1 for the denominator, The sum of the four is 10 unknown,
“"Their squaresire | and 4 and 9 and 16, wiiose sumi’ s 80 square of unknown,
** and these two quantities are equal. Divide both by on¢ unknown ; the quotiente
‘ave 1-? nomber aned 30 tnkvows.  Divide 10 by 80 unknown, the quoticnt ip

‘: 4 aaie, 1 » e
g 3 of unknown,  The' fipst fraction then 1s ;i-, the Mcoml-“:. the thn‘l'v'*g-, angdt!

% the fourth Lj;;fcmd the syuates of these fractions are %uml '3'. and g'*‘"d .‘;25 aud ‘

b



58 T OF FQUATIONS.

Vi I mgup, qf’ thcsc fnur is m-,' zmdl tlns 15 equal to iy In the Sﬁme munner the

A [ART Y
the ptlm [ractions are found to hé 02 107 10° and T

%T‘hc nt‘ﬁ is to find a rig t—anglcd tmmg»]e; stthe area of which is equal to its
N lzypmhennse 7 and! aright-angled triangle, ‘ the area of which s equal
“ (g the rectangle 91’ it ec sides,” . Fuc the first part ot the problem, ane side
of the ’trungi”s it awwmcd\ 1al to 4 unkuown, and the, o,du.r side equal to 3 un-
known ; thc h}ﬂpﬂhcuusg: fnml equal to s, and the area equal to 62*; the
equation S = 6 being: retluccd gives the value of 7. For the second part, the
siddés are assumed as above, and tlle mluc of x isdeduced from thie equation 604*
-o-M"ﬁQ ap "‘",’ H

" The next pm‘lﬂum is; to fmd two numbcrs of whlch the sum and the differénce
shall be squares, auxl;f&em::orlMp A gube. . The numbers ate supposed 52* wid
A, a.mt mm o thﬂclmmodm . must bq 5:qual 10002%, whence a2 is
found, e M

‘The next is to ﬁnd two numbers such that the sum of their cubes shall be a
.aqﬂiw‘, audl the sum of their squares a cube.  Oue number is supposed 1 and
the other 247 and the cube (1252’ *.  Tn the solution of this the following
pussage oceurs:  The cube of the squire of unknowny. w hich in Persian dlwebra
"ﬁtqﬂﬁdﬁgtﬂm of cube” In the margin is this note: ¢ Here is cvidently a

‘st,alu for in Persian a!gcbru the anknown [ ) .ex\,,) is called thing (L:v‘“)’

md lts Syuare (‘::.! ) square (‘_)l,-.) (literally possession ;) and its cube
...,L{M) o he (‘.M ﬂnﬂ when the ¢ube is multiplied by thing, the
"{ ‘mf‘nt:t s mﬂéd square of syuare (Jbe Jlo) and when the square of

o mdlnpﬂcdtby thing, the product is called square of cube (s’ L)
 when tlm square of cube is multiplied by thing, the produet is ealledeeule

"“‘ { ,-‘.f_ (L,,f,{ \_f‘;f), not square of cube. For example, suppose 2 thing
¢ &\457,%@‘l$; 8 it cube, 16 its square of square, 32 its square of cube, 64 its

" clhm JM. E»bewmpt its square of cube, although it 1§ the eube of the square
i) o the square of theweahe (N T é-!fo)

o ,[n fl’uﬂcxf cx,aMph. thgthree sides of a trinugle ate given, amd the perpen-

L T T - v ” T r T NTS CNPURES SRISIRCY RSP SR TN

- M ufl Lthe uuhﬁhx‘ 4 =2 uuﬂ Gutgquace) s Ml the sum of squbves =z 4 e 1% = 524 aseome (his
mm’, o T e A00Y, whestor G s 090, o x == 05 5 theoelory 625 eml 6250 ave the nuribers.
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It is found in the same way as the perpendicular was found
f the

' ae

dicular is required.
in one of the former questions, when the sides being given the area o
triangle was required. - ko (o

The three following are different cases of right-angled triangles in which the
parts required are found by the principle of the, square of the hypothenuse being
equal fg the sum of the squares of the two sides, aud.js'ingplc cquations. . In the
first the base and the sum of the hypothenuse and theg side are given. In t,h‘c
second the base and the difference of the hyptohtnuse und. the other side are
given; and in the third the base, part of ‘one side, and the sum of the hypothe-.

nuse and the other part of that side, are given.. "3 . it ‘
The first book ends with the following example: & Two sticks stand upright
it and the other 15 direhs, and the

¢ in the ground, ome is 10 direhs in heigl
« (istance between the two is @0 direhs. If two diameters are drawn between

¢ them, what will be the distance from the place where they mect to thqgwufmﬁ'?
« Suppose the perpendicular unknowns it is known that'as 15 to 20, so is the
¢ uuknown to the quantity of the distance from the side 10 to the place where the
¢« unknown stands. We find then by 4 proportionals, 4 thirds of unknown is the said
“yuantily. In like manner we find the second quantity 20 parts of 10, that is
“ o yunknown. ‘Take the sum of the two, it is 10-thirds,« and this is equal ro 20.
¢ Divide €0 by 10-thirds, the quotient is G; and this is the quantity of the un-
“knowh, that is of the perpendicular,  From the place’ where the perpendicalar

ey iy

“stunds on the ground, to the bottom of the side 15, is 12 ; forit is @ uuknown. .

“The second quantity is § direhs ;. for it is 1 unknown aud a third of unknown.
“ And know that whatever the tlistance is between the twb sticks, the quamtity
“ of the perpendienlar will be the same; and so it is in every case. We can also

- — . - J .
Fe - ' 2 T y i

s [l an =10, nc =15, Bp =x 0,

By k'nnil:u: {riangles nb { Wp 4t pe : 06,

BB 2 PD 1 RA & VG,

whenhee 8¢ 1 PD 29 BA ¥ DO, ¢

therelure 3o i dividetl (n p in the sutio of po o RA, w4

B,\‘ CUMpONTion e e ki o wP G A 4 DG RA) l;u' Bo o PD 5 DD, therofore naA <+ noand A we i

the rago df np 40 wEl; Whanee, hy the first proportion, Ta s DC ; BA i BE ¢ PG, that ey, @ In w fourth
proporlivnib o B A o6 DO, wA, i we, Whatever bethe “’“Em of B : a ) .

Lieas de Birgo has thig proposition, (see his Geometry, pu 48.) where the h‘!l([”‘l“. a;'c 4, G Mla"i O poge 69,

wheve ey ara 19, \-’v,f'md Gy The same s in Fyzee's Lilagatl; whove the roles irg !

; AB R Op Y M UD B K AN !
P == e RN pe S i VBT e .
U ¥ An 4 R and » " B8 4 Gh ’

"2
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“ aseertain these two quantities by another method, and that is the ratio of 24,
* (that is the sum of the two sides) to 0, is like the fatio of 1
" “that is the quantity towards the side 15.
#8300 by 25, itis i2.

6o

OF EQUATIONS,

5 to the unknown ;
Multiply 15 by 20, itis 300.  Divide
The ratio of 25 to 20, is like the ratic of 10 to the unknown ;
“ the result is 8, and this is the quantity towards the side 10. By another
‘ method, by four pvogc‘ﬁbuals, we find that the ratia of 20 to 23, is l'_jkc the
“ratio of § to theunknown ; 6 is the result. In like manner the ratio of €0 to
“10, is like that of 12 to unknown ; again 6 is the result. Another method 18,
“ divide the rectangle of the two-sticks by the sum of ‘the two, the result is the
“ guaatity of the perpendicular, and the quantity of the ground we multiply by
** each side separately, and divide both by the sum of the sides. The two quotients
“ will be the quantities from the plece of the perpendicular to the bottom of the
“sticks; aceordingly divide 150, which i the rectangle of the two sticks, by
“ 25, the quotient is 6. M ultiply 20 direhs, whicly is the quantity of the ground
“ by both $ticks, the products ave 300 and 200, Divide both hy 25,
‘“are’)g and 8. In this manuer the figure
* eorrectly as if it were measured,”

the guotients
may be found by ecaleulation ag

END OF THE FIRGT BOOK.
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., ON the interposition of the unkuown : where! the square of unknewn is

“ equal to number, and that is wejected with the unknown.” (Or dim’dk&iw by
the ululmmm ¢ 460 M=y il (1 do mot know what he means here,

perhaps. thave iy some error.) \ e o

“ It i intitled, ¢ Tnterposition of U“"‘“""f“!‘:i,-ﬂg}}@?}* h}.»;)). _becuuse

« ghat which is required is' rought out l'»y'fnéans(h*.;.f,'j; of ‘the‘(unklwﬂ'}u. At is,

“ealled Interposition {laaws )J) ; and M‘u‘d‘hmnv ‘ Uhrun (unknown ‘,,;"n,eip.ms) D~
¢ Hindee is to be so understood. Its method is this: The square of unknown
““ being equal to number, multiply both, or divide bath by an assumed wumber,
“t ‘and add a number to the two results, or subtiact it from them that both iy
““ be squares.  Tor if ane side is a square the other also will be a square ; for they
“ aie equal, and by the equal increase i diminution of two equals, two equals
“ will he obtained. Take the roots of both, and after equating dixide"the num-
“ ligr by the root of the square of unkoewn, that is by unknown ; the result will
“be what was required.  And if thert is ¢quality inthe cube of the Unkuown,
“or the square of the square, that is afier the operation 'ia the thing and cube,
“and square of square, if the root canunot be found, nor he branght out by rulé,
“in that case it cap only be obtained by pefect meditation and acutones®.
« And, after equating, if the two sides are not squares, the method of miking
“ them squares is this.  Assime the nomber 4, and multiply it by the number of
“ the square of the first side, and multiply both sides by the product. Andin the

[
g { b rareeey
65 57 "

4

b h"’,’“ this plisee to the end of the rule My, Burvow'y copy in as followsr ** And il i the vide whieh hos e
¢ umknawn theve lny puimbor greater than e unknown, i the number is afficingtive make i tvey and if
“ pegative, Awo nunben will e foand i the conditions requiredy and e’ wal 1o ind the wsanicd nvber by
¢ which the twe sides should he molfiplied, and the numbict (9 be udded, s extromely wusy) ; for muliiply e
“ multiplicand of Ufe oumber of the aguare of the unknown by 4, and et the squive of the numbars oF the at-
“ lnown, of the side in which thiere is vhe quare of the ankuown, be (e muinbs addud.™ Ky
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rﬁmﬁben uﬁ Sreise both $ides by the suare of the ﬂu-rrg of the unknown,
ich is on that sme, Doth sules will be squares.  Fake the roots of both and

: them, and the quat;uty af ﬂ'rg unl«umwn will be tound,

* | Sy

Ex wfl Same be

A
v.ex’e‘sittmw on a th:e at once the squ u-e raot of half

‘n I‘i P&gﬁl‘[ egg‘h‘t tinths of the whole flew aws ay the
time ; W‘. ermained,  [Tow many were: there? The ‘method

"‘o’ bringmg it ouf mi i mr From Hit question it appears that half ‘the sum has
3‘5 .t G ig lﬂm v“;u 2 zé‘qmt. of unknown, and I take 1 unknown, thar

oFM Aml as the questioner mcutnom'that two bees remain, 1

y 16
e "ﬂu w_d. ] of' 2 lqggm @E',un}_\:nown, that is T of 1 squ‘tre of unknown,

. . k8 f
N “'Q«‘ mme, is ew-&n £ square of unknown. I perform the opetation of
tu e?‘ractionurm ﬂua .mannqa, 1 multiply both sides by 9, whicliis the

¢ i of l“m#t 'nlknown and 9 unknown, and 18 units,
iw'_ "‘* mi’g ,yq e o{'m o Ytquate theni thus : ¥ subtract 16 square of
‘“mm of the ﬁ"rst side from 18 square of unknown of the second side s it is
ﬁﬂ%@jﬂdn&unww aiﬁrmatwc and in Tike manner I subtract 9 unknown of
 the Miﬂl‘e from cipher unknown of thie second side; 9 nuknown negative
o :uqs. ’Fhon I suhﬂact eiplaer the numbers of the second side from 18 units of
ﬁ rst m&e it is the same. The first side then s ¢ square of unkpown aflirma-
and 9 u w.wwme, afid thé decond sicle s 18 units affirmative, Tn this
texample 1 T }tequuhfv of square of unknown, and vnknown to numiber ; that

aalif Jum hmﬁ.lhipg to numher As the 100ts of these twa sides can~_
8 s rtheﬁﬁn'mér 4, anil muhiﬁl‘y it by 2, whichis the number

u;'

“ of ;h#}tﬂ&u of unknown, it i8 8, | multiply both sides by 8; the fitstside is
B LT are of tg?np:, and 78 unkuown negative ; and the secopd sideds 144
“ aipvits, MM‘M:! the square of the number of the unknown, which s 81, to the

it 8; the first silde is 16 square of wnkuowm, wnd 78 anknown
é{lﬁf}, 81 units; and the stcond side is'e2s units. I take thé roots of
lrhad: m;,‘m aget of the first side is ¢ unknown nndfg anits negative ; g
% ﬁ\e !dot of tht second side is 15 unitg afirmative, I equate them in this
i ¢ phicy witknown of the second side fr om 4 unkpown of the
i 1 MWMO htlmmtwe of the first side from 15 uuits affirmative of
he seconid side ; the firat is & thing, and the second side is 24 units affirmas
idinﬂe, 6 is the result, and this i8 the quantity of the unknowu ; and
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“as we supposed @ square of unknown, we double 36 ; the whole number of bees.
¢t then was 72.” , - * A g

£ i,

Iu the next example arises the equation ;T +4e+ 10=a"; then 2* — 8p=20,

A1 — 890 4 G4 = 4 % G0 4 64 =144y qw— 8= 14; # =0 £ n L
Thenext example is; ** A person gave chatity several day s, increasiug the
“ gift equally eyery day. From the sum of the dnf being subtracted and
“ the remainder halved, the result is the number of dithems which he gaye the
“first day; he increased always by halt of that number : and:the sum ol".'m;
¢ dishiems is cqual to the product qf"therse three ; that is ‘0"57“‘9'." thc"i.“fﬂl’{“ﬂ
“days, the number of dirbems the first day, and the number of‘ti;é 51&(?!6?3:, ;

. l x 3 . ’ "_‘ 4o
“added to:‘;of' the product.”  Let the number of days be 4r -1, 221s the
: i e : 1 g Ty i (:“.,,.;'
« number of divhems given the first day, and @ is the ﬁqm'bor of the ixmg;
P

1 AR A TS A
(do+ 1) X 2r X a = % + 82, add —7~ot' this L-;—l——'= t;he’sgn@hqt the ™
LA i A

115 ! o ! ‘ o
dithems, Then by a rule of the Leelawuttee, (e 44 1) Tl)"‘*’h’afe’:’-mﬁ
number given the last day s half the sum of what Avas given the fust ‘
fast days = what was given the middle day. Multiply this, by the ndmber of

| 1 GOV Sl T g A L
.-——.-—:7-:--‘——.) St\" —— 5*»' —— 14:_ ‘W_: 3
| in thi g T
tiply by the assumed number 8, for in this case as the co-eflicient of '@ iy oven,
assme the co-ctlicient itself of &%, and add the sgaive of half, the ¢o- - of
: 29 <y 9 1™ AN oy

¥

days; it is 82' & 104+ 82, which is =

2y 6‘1‘-3"_ Hnd- 43282 + i 2t 8‘*“ 3 Rl — Q7 == 2.‘"’_) F = 5 In-- #‘,v.u. y: 0 "
> g TR TR o g O
B L & o N . . ‘,. ‘r i K 3 ”.A' V v
The next is to fipd 2 in the equation, (:)— % (.).) S = 90, Time S,

1 suppose, what is required to be thing, 1 divicde it by ciphc;‘, as the @i«ﬁhﬂ
* 5 impossible, thing is obtained, whose denomimator is ciplier. Tis squate, which
“ is the square of thing, whtse denominator is ¢ipher; Tadd o thing, which is the
“yoot. A is the square of thing and thing, \hose dendainavd) is cipben T
“multiply by eipher; it is the squate of rhing and thing," Ciphev is thrown dut
« Py a vule of Wi Leeliwuttee, which says, that shen the’ mitiplicand b eipher,
“Cand the mltipliera wamber whose denominator is (fipﬂw, the prodies will be

SR St 00 CSNERARON: 1.1 1 o7 i e el . o HEEEE
\ ) v

* Pyl al this exWmple, and most oft I Fee In thils boak, are winiig ih My, Bogrows aipy,

k.

-
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?‘Q’M n‘{‘umh%‘1 and qwhqr will -;bf_a 'rejeqtgd," Whence the eqhation @t + @ = o0

whic b is solved in the common way.

OF EQUATIONS,
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2 (v + %) X
0o=1% Itis brought odt in' a manner similar to that of the foregoing,

L\ hpe Bext example. ‘:. 2 cubic cquai@pn, viz: @) 4 127 = 623 4 35. The
terms ‘ipyolymg the u v._.ﬁ' Wn quantity heing brought all on the samie sidle, 8 is
added to complete the cibe,  “ I take the cube root of the secoud side 3, and I
¢ write the terms of the Airst side in the arithmetical manner, thus: § units nega-

’ tiV_e; and 12 unknown 5ﬂirmati(#, and 6 square of unknown negative, and 1

"-;c"'_‘ vof‘nn'know‘n.‘ Iférst, Itakc.t}‘,le cube root of the last term, it is 1 un-

“ kuown. I square it and maltiply it by 8, and I divide the term which is last”

"“"fsylé-‘dne by the product ; 2 units negative is the quotient. Tts square, which is 4
“* affirmative, 1 multiply by the term first found, viz, Vithing ;. it is. 4 thing, I
b mu,lﬁpﬁ{ it by 8, it is 12 un "pr!.}( I._mbtn:aﬁc!; it from, the third term which js
“ after the ﬁtst.,"hothing, remains, Aﬁer that I subtract the term 2 negative from

* the first term, uothing remaing, The cube root then of the first side is found ]

“thing affidmative and 2 units negative.” Whence @ — 2 = 8, which is re.
‘IML. in the nsual o) O AR Y o

In the next a biquadratic is found, ¢ — 400y — 81 = 9999. Toe solve this

. 4002 + 1 is directed to be addegd to each side; the equation is then ot <« @4 4
12 10,000 4 4600, THe roat of the first side s & — 1, Lut the root of the
second side cannot be found. Tind a number which being added, the roots of
both sidés may he found; that is 4.0 + 4002 o 1, This will give 2% 4 gu* + |
= 10,000 4= 40* 4 4004 ; and extracting the square 100t, +* 4 1 = 00 o+ 2,
which is reduced by the rules given in this chapter, At the conclusion of the ex-
ainpleave these words : “ The solution of such questions as these depends on
fmoneat judgmeht, aided by the wssistance.of God, g ]

0 the two uext examples notice is taken of a Guadratic_equation having two
100 f“" \ﬁmn on one side is thing, and the numbess are negative, and on fhe
,“otljkri side Lhe nungbers are less than the negative numbers on the fiyst sidle,
“ theie are two met wids,  The fist s, fo #quate them without alteration, "I'he
“second is, if the numbess of the second side are affirmntive, to make thew néga~
Y yp, and if nepative 1o make them affirmative.  Equate them ;i 2 numbers il
‘Uhe ebigined, both of which will probably answer,”

The hext example s, “ The style of u dial 12 fingers Tong stands perpendi.

. 3 a0 g . ™ ‘ N
© The next is; a valee of  is required in the case ((»+ Z)'x 0)
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: " &
““eular on the ground.  If from its shadow, a third of the h}'prxt‘xcnuse of these
“two sides, viz. the style and the shadow, is subtracted, 14 fingers will rematn.
* What then arc the shadow and: the  hypothenuse?”  Iu . the right-angled
. e ) }
triangle “_> | g being = 12, and b — g-:: 143 ¢ and b are required.  The equa-
. 4 - ; § ] S N ‘\-‘ " ‘ 4 " » .
fion (306 — 40)° = b* 4 144 arises, and is reduced =88 ..\27. The two
i ' b 8 : ot | V-_—"' ,.l L, r
values + 97 are taken notice of. . First, + 27 gives b = 2%, wlnch‘ is
declared to be right.  From — €7, & is found = 93 * but here,” it is observed,
““9 is mot correct | for, after subtracting a third of the hypothenuse, 14 does
“notremain.”  In opposition o this, some one speaking in the first person (the
Persian translator, I suppose) says, ‘1 think that this also is right,” and goes on
*“ to prove that in this case the hypothenuse will be = — 15" '

"The next problem is to find four numbers such that if to cach of them € be

L

- - N -
added, the sums shall be four square numbers whosé roots shill be in arithmetical

progression ; and if to the praduct of the first and second, and to th? product of
the second and third, and to the ,product of the t"hi}'d and fourth, ‘18 be added,
these three sums shall be square numbers; and 'if to the sum of the roots of qll
tli¢ square numbers 11 be added, the suin shall be a squire sumber, viz. the
square of 18, | 73 g ‘ ‘

It is here observed, Dy way of lemma®, that, in questions like this, the ' aug-
“ment of the products” must be equal to the square of the difference of the rools,
multiplied by the « augnients of the numbers;* otherwise the case _wi_l} be im-
possible. : T W e

The following is an abstract of the solution: (Let w, @, ¥ = be the four num-
bers requived, and #, &, ¢ v the four roots which must be in avithmetical pro-

‘ i : ety 18 ‘
gression). By the lemma we find the cownon difference \/ 2= 3 The ﬂut

Tobt being », the second will be = » 4 3, the thigl = » + G, and the fourth =
” 4 9. ) . 4
Now Pel@ =/ (or 4 18), and st~ g=v/(ry+18), and ml—-s: o (ye +14).

. ¢ Jua marginal note, which § sppore to be written By the Petuion trnnivhdtor” the uppﬁulﬂw ul the Lemma
to the problem is illustratud thoss L o) & ¢ e (ke mimbenn - (s 5)8 5 6o (% o) & (B9 5) == (ab 20
ki this case we haw g—b= 3, e g il b an ! a Lwo tuckywAive faot; und 45 @ 735 1% o ”f W & = e B
the veason of the rule is plgan, [ i

X

\



g

Waammoﬂ&—mmm PR 4-9) 5 Y= (r R 6) 5 e (s +9) R
o Andiatr 18 z0(rs =)t ;g 1B =(st4-9)%, and ys A8 = (0 —2)". |
Making: 7+ s-fLd-v45(rs Q) 4 (st 2) F (Fo=2) -+ 11= 1335 a quadratxc equa-

tion anises; which hcmg teduu:d s xs found = 2 whenog o= 8 v mn@d, 4= 62,
and 2 — = 1194

Some questions abouf:

66
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-augled tuangles occur ncxt the ﬂsst jagspss Gnen
“ﬂw sides uf;a, right- ' triangle 15 and 20; xequlred the hypothenuse.
% Mhoﬁgh by the figure of e bilde thie hypothenuse is the root of the sunmi of
“ the aquares QF the twa gides, the method of solution by Algebra is this : In this
¢ tmpgle suppose the hypothenuse unknown, and then divide the triangle into
“'ﬂ IX ﬂght-mgléd triangles, thus: Suppose the unknown hypothenuse the base
il Qne triangle, and from thc Hght-augle diaw a perpendicalar ; then 15 i the
L bype@anuse of the small tnangle and 20 that of the large one. By four pro-
“ portionals 1 find, when the least sl(lc about the right angle; whose hypothe-
“ nuse i$ 1 uan‘JWn, 1815 bm.nﬂkh,.v. il be the least sile about. the right
“* angle whosc bypothenuse is 5.7 1a Yike nanwer the other sesnient is to be
brought out, 'whence » 3= o5 If T would find the quantity of the perpen-
¢ disﬂfm’. ;Oﬁﬂ the segments of the hypothenuse at the place of the perpendicular,
‘it iy De dohe in various ways; first by four proportionals,” &e¢, They are
found on the sume’ principle as above.  “And anotler way which is written
"*ilﬁ the Leclawuttee is this; The diffelence of the two cnntammg sides, that is
“ Wsw'\’d; Imu]tﬁ)!y by 35, which i the sum of the two sides; it is 175.
"1 divide By ¢5 thatids the base; the quotient is 7. I add this to fhe base, it
U R ™ !m]w it, 16 is obtained ; when I saubtract 7 from the base, 4§
# wmﬂﬂ‘ “Fhalve, 998 the smaller seguient: frﬁm tlae pluct\ of the porpeu-
"(‘h‘ﬂimﬂi o y -k il
S 2 P aphc / t ok 4
W’ “ 'I‘he square of the hypothetuse of cyery right-angled trihngle is equal
" tugwice e regtangle of the two sides containing the vight aungle, . with 1)
“aaquare of the diflerenee of those sides,  As the joiting of Uhe fotir triangles
' gbovementionad i in such a manner that flom the hypothgnuse of cach, the
“ides of a square will be formed, wod jii%he widdletof 1t fierc wil) be a square,
“d'tﬁe lwm oi whove sides is ¢qual 1o the differgmiee of the two sides abe i tie
tMglﬂ of the fﬂnnu%; and the aron of cvery rn,;ht.-xmglml triangle bs halt
mWa of the gides abont the fight munglr Now twice the rectiangle
" of thie two sides containii 2 that is 600, is eqiad to alk the four triaughes ; and
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“when T add 25, the small square, it will be ‘equal to the whole square of the
G h\pothenus‘e, that is 695, which is equal te the square of thing; and in!m'ady

“ cases am effuble root cannot be found, then it will'be a surd; and if we do
“mnot supposé: thing, add twice the rectangle of ‘one side into the other, to the
““ sqpuare of ithe difference of the sides, and take the oot of the sum, it will be
“the quantity of the hypothenuse. . And from this 1t @ pknown- that if twice the
“rectangle of two numbers is added to the square @ gheir difference, the result
“will be equal to the sum of the squares of those two numbers.” o

The nexe i aright-angled triangle E\‘} Given s/(«n'-- gy &= Aé{m
’ @

’ € &l
nc, required the sides, ¢ First, Iperf’(‘)uu the operatmn of wntxs,uety ;.nd op-
pmili‘m let ac — nc be supposed 2, To this add 1, itis 3; take its square,
“Clmis 9 add 3 itis 12, This i is the quantity of the IQ.‘» side 5 its squige which
“is 14448 7= Act — Be*; here then the difterences of the two original numbers,
« and.of the two squares are both known; ;und the (hﬂ'ucdnccmf the squares of two

“numbers is Lqml to the rectangle of the sum of the twe pumbers, inte. t,h:xr'

“ difference. Therefore when we divide the differcnce of the squarcs by the
“ difference of tle two numbers, the sum of thc two numbers will be, ;he quotient;
,and it we divide by the sum, the difference will be tbl. guotient : because the
# square of a.'hne has reference to a Fonr«smler,{ quﬁgular digure whosc four

“ sides are equal to that line ; for example, the square of 7 direhs is 49 If 1
¢ subtragt the square of 3 from it, 2d.remains; and the, difference. of 7 and & is
Y ﬂ, and gheir sum 1g, and the rectangle o af:he'w two is 24, which is the namber

“pemaining, Then it is known that the rectangle of the sum of the two numbers
Hointo ;lmu diffcience, ;hat g L@ mumphul by @, is cqmv.l to the difference of the
‘£ squiarey of the two that is 24," &g, On this principle the sww and difitience

v beinge found, the vuinbers themselves are had * *by a rule ufthc Leolawuttes,” wiz,
d“:';—l? 5 d:‘—-;——{f = o and ‘;‘4 £ ; b o b. : Yot NG
By supposing other numbers besides € for the differenee, " ahd progeed,mg m “the
ehove MANNE,, nmngleﬁ without uud way be ﬂnnul. y }

As ahjection is here made (L suppose by the I isinh trwru.tm) tf)pﬁ the
abova is not ajgebwaical, It is then stated that. the winslator has ﬁn.’“‘i out an
casy wiy of solving the question hy Algc‘;m. e du‘g‘u thal the t\lﬂnuqmrz
A0 = BC may he asswmed = 2, as_betore ;. and makiog 8¢ 5 & Jq.t.. ‘W"
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:‘»&4-#!1':954'&11&7}5 being = 12, the value of 2 may be found: fron the equation
MV O i SRR % e o 0 M0 e i Mot 1l

daf e v iR JRCTE R g eyt

‘Rude. . * The difference of the sam of the squares of two numbers and the
““ squiare of their sum is equal to twice the i’ecté,nigle of ‘the twomumbers. - For
¢ example, the square ) and 5 are 9 and 93, that ‘is 84, and their sum
““is 8 and its square 64, ai Ithe difference of these is 30, whiclvis equal to twice
‘% the mﬁ@glc of 3.aud 5 that is by the 4th figure of the second book thus,” In
he copy which I new have, the figures are omitted.  In Mr. Burrow’s copy it is

: 4 : .

T o e
Yo
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*Then follows wnother rule: Aab — (& + b)* = (a — b)*, which may be easily
vnderstood by this figure. There. is no figure in Mr. Buirow’s copy, nor in my
present copy, bat I had one in which there was a figure for the demonstration 'of
the 8th propasition of the second hook of Euclid. : '

 Next came two examples ; The first of them is, what right-angled t‘r‘ianglc is

E [
‘ 1

that * the?m of whese 3 sides is 40, and the rectangle of the two sides about
“ the right angle 1207 _
¢ The, methgel of solation 58 tlis By the first vale take twice 120, it is 240,

> i
-

“ and this is equal Lo the difference of the sum of the squares of the sides about
“ the tight angle, and the square of their sum that is the hypothenuge: Then.
" 'th‘ﬁiiﬂ"crcnce of the squaves of the two numbers, one of which is the sum of the
“ two pides and the other the hypothenue, is 240; and the sum of both_is 40,
“In the method of finding out the triangle, it was before known that the dif
“Terence of the squares of two numbers is équal to the rectungld of their sum and
"‘dliﬁmnm,- When" the difference of the two ‘sijuares as divided by the differ-
“Cence of the two numbers, the quotient is the Sam of the numbers ; and if it is
divided by the s, the quotient is the ditference.  Let then 240 le divided
“ Ty the two numbers, which topether ake 40

)

by the guestion, the quotient
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“is 6, and this Is the difference of the hypothenuse and the sum_of the two sides
5 about the right angle; then add 6 to 40, and take its lp.lf it is 23; thisis the

‘ sum of the sides; subtract 6 from 40, and take its balf; it is 17, and this is the
i h) pothenuse, for the sum of the two sides is always greater thau the hvpo;he-

‘nuse by the asses proposition*. It was stated in_ the second rule that the
« dlﬁexcnce of the square of the sum of two number ‘ ngl 4 times their recta.nglf..

‘ is equal to the square of their difference, Take t Eu. squares of 23, it is-
9 5"9, and 4 times the rectangle of the two sides, it i5 480 ; their difference is
¢ 49, which is equal to the square of the difference af the sides, 'that is 7+ then
“add 7 to 23, and subtract it from the same, and the ba lvc», are 15 and 8 the
“ two sides.”

The next example is, ij required 2, ¥, 2, such that = 4 y 4 & = 56,
and tys = 4200. “J sup;osc the diameter (¢he hypotheruse) unknown ; fake its
“square it is #*: This is equal to the sum of the square of the twa sides about
“ the right angle, by the figure of the bride; and as 4200'is the product of the

“rectangle of the two sides l’l)lﬂtlpllcd by the hypothenusc I du ide 4200 by the

3 unknown, the quotient :L—:)—(-) is the rectangle of thc two srdcs. “Aud it mq

“ stated that the excess of the square of the sum of the humbﬂrs ahove the sum
“of their squares is equal to twwice the reetangle of the two nuinbers. The sum
¥ of the two sides 1s 56 — »: I take its square, it 15 2 — 112» + 5136 and Sh‘"
“sum of the squares of the two sides i5 2*, for that s Lht squ.uc of the hy pOthcnm
“which is the same. I take the dlﬂ'crcme of ‘the twWo — llc.r <+ 3130 mi this

s equabto twice the rectangle of the twe sides, that is __,QL e

The cquation s ‘reduced in the ‘common way : the squm% in 'thb’qmmﬂc.
Which arises, being completed by adding (he symare of 14, which 18 Nalfoie’ tﬁl-
efficient of 2. 1n this way the hypothetuse, and ‘thence’ the other sidéy ‘ave
Litouglyt out. J ¥ T

N N
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'P‘ ?‘mu Wwwmmét tlle m‘nf\uuwu of one si fehom the un-
up“er o‘ﬂ% other side, and all the other colours and the numbers of
i ¢ first ‘~szde, efmm.%vluc,h the unkiown wus subtracted,,
‘ - If; as may happen, the denomi-
4 ‘of tEc multiplicand 5 and if the
cs lcr, gbg;u h'p’ ,anmm N ..Suppme
gﬁj&lﬁ: ;Qi b t‘xt Liglow
! e fract L 't the dﬂmn.mm-
, in_on any side.  After that subtizet the
T sult, i;'ad ‘subtract th(, rest of the colours qnd
1 the bitu K vas s“l{uﬁowﬂ and pelf'mm
he Wi, anqthc quantity of the
Le vest ‘f(‘ mﬂmm1wm all

3 'l‘hcﬁ perform with it the opera~
i qﬂotu nt will be obmqu "The
of the d i‘@d the quoucnt the quantity of,
nﬂ‘-of-eﬂkwﬁn of ‘the' mn?txi;»h(‘and, two
M and blue, suppose the second in order,
d, and suppose black a number, lmd 1} 1at to dlc
mm,,md when the quantity o\' tlic two, last
' *by the method \;\uh has bccuf%med
‘i ﬂu‘thc qunnti’hes of !ﬂe other colours
L is bpamwect the name of
ur'i$ mot obtiined iy whole numh&g
M‘ nﬂi‘canmmﬁt eomcs out whole ; ; and by
r dié know the quantities of the other colours, 5o
s waknown will Te found, If then any one prapes¢ a
are many thmgs unknown, suppose them different

el “

R —
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“.colours, - Accordingly, suppose the first unknown, and the seobnd black, and
““ the third blue, and the fourth yellow; and the fifth red, amd the sixth green, and
“ the seventh parti-coloured, and so on, giving whatedtr games you please to
“ unknown  quantities’ which you: wish to discover: = Aud Af instead of these
““ colowrs other names are supposed, such as letters, and the':like: it may be done.
“ For what is required is to find out the unknown i ities, and,the objeet in
“ giving names is that you may distinguish the things ¥equired.” i ’a
From the first question in this book arises the equation 5 4 8y + 7z + 99 =

70 0y TR, Trom thisi i derived =¥ Zj e g = 3"“‘; o
: . i, % hor )

e oy

: W=y o+ ag . 8
Now z is assumed = 1, and {rom ——L—-—‘l, the multiplicand and the quottmn;

are tound by the rules of the filth ehapter of the introduction as follows, The
Augment being greater than the divisor, the former is divided by thc’la‘tte{r The
fuotient i retained, and the remainder is. Weitien instead of the augment ; the
quotient is found = 0 and the multiplicand =1, As the number of the yuotients
atlsing from the division of the dividend by the divisor is in this case odd, wfdl
as {he dividend is negative ; aud each of these circumstan ces requiring: the muls
tiplicand (o be subtracted trom the divisor, awd the quotient fiom. the, dividend,
the quautities remain as they were, yiz 0 and 1. Now adding 14, the quotient
of 29 divided by g, to 0; the true quotient is 14 and the multipliesnd = 1.
Theyetore » = 14, and Yy =1, and 2 =1 ; and new yalues may be tound by the
rules of the 5th chapter of the Mtroduction. L | R y 0L

The next quistiob is the same as the thicd dtthe 15t book. | e

In themext we haye the foor dnantities 52 i Sy 4 8x 4 7@ and d» -'k,zy +
St dwand Grod 494 1s 42w, and Br 4 1y 4 J2,4 1t all egiel to each
dticr ;. anddlic value of &, v, &, aad w aié rcquj,x‘c;d. From the fisst and second
18 ¥ound Q= S5y == Br <= Gw; from the svcond and thitd 3¢ = 8y + 2 =W, llml
from the third and fourth 2o = Jy =081 N N

From the two fiest of . these thiee equations 9 = 209 4 16w, and fiom the twa

h

L 'f ¥, } o 4
: P - oy L Siw 0 3 :
list, 39 = 8a w=oiw 3 whenee 123% 0w ; and dividing ~~—Ei——-- =% LR

-’

“ abevd, whereahe rule of the wultiplidand was given, it swes said that when, the
“Cangment iy capher, e multiplicand will be eipher, and U’\e'quqtim\t llm‘*'quuw

*al the Wgmpng divided by thie divisor 3 heve then tle oltiplicand r"qp'l w‘g{:éht

ave both ¢ipher.™ " Then :uiu‘mg‘- 81 ol o ney valag of » nnci ] ﬁ_qr,:*,' ‘dfem

L.
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oy o .
value of w, 31 = z and 4 = w, and the other quantities ave brought out in the
usnal mauner, '

The next examplg gives 5o 4 7y + 93 + Sw = 100, and 8o + 5y + 7z +

9w=100. Trom these comes 4y = — 82 — 36w + 200, and for the operation of

— B2 — 86w 4 200
the multiplicand — Ay

T

it = y. Suppose @ = 4, then — 8z will he
the dividend, and 4 ji‘ﬁé’augment. and 4 the divisor.  As 4 measures 56, 14
tines without a remainder, the multiplicand will be = 0, and the quotient = 14
adding — 8 to 14, and 4 t6.0, y = 6 and 5 = 4 The other (uantities are found
in the same way as in the former examples. Another method, not materially
different from the foregoing, is also prescribed for the solution of this question *,
A great part of the next example is not intelligible to me.  What I can make

et At et Y &~ 35 & — 4 & — 3 2=~ Q
out isthis, To tind 2 so that i TS TR A SN

whole numbers.  Taking values of # in these equations the following are found
by =6z~ 1, z=4v—1, and dv = 3w —1; from this last w = 3 and v = 9,

. / L SN 7 . N
but these numbers giving s fractional value of 2, new values must be sought

for w aud . Then after some part which 1 cannot understand, the author makes
w = 3 b du, and says wis found = 4 ; thenw = 19, v 2= @ 4 34, v = 14.  After

more, which I cannot make out, e finds -‘3—;«" Ly &, by means of ¢ which

headds to's and finds ‘== 15,  After more, which I can make nothing of, he finds
== and & = 89: : N

The next example is, what three numbers are those which when the first is
multiplied by & and divided by 20, the remainder and guotient will he equal ;
and whew the second s multiplied by 7 and divided by 20, the remainder and the
Auotient will be equal, with an increase of 1, to the remainder and quotient of the
firse § dnd when the third is multiplied by 4 and divided by 20, in like manwer, the

semainder and quotient will be equal with an increase of 1 to the remainder and

quotient of the second ? ‘Lhe first remainder is called #, the second @ - 1, and the
third, » 4+ @, and theése are also the quotients. © Let the first number be ¥ By tlle
o

ooy g

L ﬁmup thiy gsee there is @ great ontission in my copy a far av (he goestion 7&* # 0y* sz 1, and Ta® ~ gy?

= 1 ), I the ot book,  Mr Burrowy'y cupy, lowever, bung complete i this part, I shall provedd te
wopiply tie ombaion in mine from fis,
&

I
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i s il 1 el e Lad Lo ; ‘ ! ; v
question ‘:(4 =z - ¥ whence » = i’-{ Let the sccoml nnmber be z, th&n
7z * 1 : T8l
g0, — - 2 . whenee » = SR “ Let the ﬂwrd humbcr bt-v, thém
9v x + 0 0 — 49 LT ey
qul=* T2+ dois whence a = 9——7—-— From t,hc' first and"secomlnwluu
3 Iy B~ Q' 0 — 21 &

of # is fornd’ = ———— =y, and from the second and th‘l‘d 2—-——,}*“- s ﬂ\"m

s) .

this Jastis ﬁ)uud by the operation of the multlpluand z=0and v = 7, uﬂ
iy callcd the nugment of 3, and 7 the augment of w; as this value of # does *n&)t
givey integer, other values must be bought. The augment of z is tlucctcd th be

(1Hed 0, qn(l the value of @ is to be snu<rht w 1s found = 3 nnd its angment
3 83 is found by multiplying 3 by 9 and adding 6 ; atlast the réquirdd uumbers'

ave found 42, 33, and 28 Most of this example alter that part where = i
found = 6, is unintelligible to me. It appears only t]ut‘.nc&v values of = arc
found from 6 4 9w, and that w and its \.gluu, are found w =='S and § + 3&,‘ n:{l

from w = 3 the numbers are found. [ suppose the question is solved much in the

Sane wily s such questions are now commonly done. P SR g """
S R
51 1 P it B CE

~la— 9 x—8 .‘(: *"3"’"9 '3-‘“8"

“The next question gives -—§- e Wmén—wi L el )
to find x so that all these numbers shall bé integers; ‘ R

Let the mouber required be «; let the L quoticnt be gy + 1, this ﬁmltrrﬂmd
by the divisor ¢ will puuluu for the dividend 4y + ¢, and 1 being addad {or
the remainder & = 4y 4 3. Inlike manner the second gudticit heing assumed
3 + 9 Pt b =4y; hom this Tast, by the operation of the mulhp}uteuq dind
2 3= 8 apd y == 8, and'the angment of 3 is du, and that of ¢ is Ov ; then du:arll-j+
.f =34 4 X84 00) = 35 + 360 As the valae of uy 8 will not answer *in
the third condition, procced thus: Tét the third quotient be i 4. 4 | '
by 5 and 'uld 3o Sou + 18 = this 1§85 33 + 'l(n', shence gow ~ 17 22 'Iﬁlﬂ t}m
Ly the optration of the umhlpll(nml "= ind v = 3, B0dE 108, ®5) X a-u‘t?-;-

55 =2 148 = g, and as & = 5 3611', and v = - 9 4 Qhie, tlw dugmeﬂ{ uf‘t »" N
hccau-o 9 X g(, =900 : ﬂ\ b e

Tife next ‘l"u’ﬂ“\l o find two u'mmt 18 and ¥ sucl’ (liiee < L m—’-gq-,

et et I o S 0 AR T § o
S_.,__é__.,_, ‘-9——-“-;‘- s jind L-«T-- wres mwgcw 'lu ﬁud ?IWt l:umb@n
|, (e 1
J VK
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begides 6 and 8. Let the first number be &+ 1, and the second Gv 4 e, the,
difference 19 & 4 1. Divide by 8; suppose the guotient y and the remainder 2 ;
then ¥ + L= 3y 4 2hand & =4 3_~y+d and 5o 4 1 the first umuber = 15y + 6;

and 6'::’ + Q \hc %ccoml numl)el =3 18y+8 thenr sum is 33 ¥+ 11' Let 02k T

OF INDETERMINATE PROBLEMS,

i J: — 8 . A
=z 3—; then e ;,;7‘)1:: (e i—n—-— ; from this is foundy = 3 an =19,
or y= 0+ Jw and z == | + 1lw; hente 52+ 1=45w+06, and 6x+2=54w-§,
*SAs thie product of these taken according to the question involves @*, and would
o bmd; loug work,” suppose 45w + 6 =51 and let the second number be as it
; thwow out 7 ham both, the remainders are ¢ and 5w 4 1; take their

pfhduct, it is 10w+ 9. Divide by 75 suppose wthe quotient and 6 the re-

1 \ 0O l 4 3 N
nwmdcr;pg-w-;?-‘-r-w-:‘dﬁ-m- 0w A4 8= 71+ 6, z—‘%—- = w; from this is

found 32608 6 470, - The second. ,mlmbcr heing 54w + B, it is 84X 64-8=332,
andl jts augment is 64 K Tv = 378'0. As the fiest number is 45w 4 6, and was

» md =31, its augmdnt is 45 X 7.
mext s, what pumber js that which being multiplied hy 9 and 7 and the
o two products divided by 30, the sum of the two remainders and two guoticits
wﬂl be 26, “ 3'&ppmc the number =, multiply it by 16, it 1s 162, for if I had
NﬁM wpurately by # and 9, by the first figure of the second book, it would
> ,dm be 162", Let the quotient of 162 divided by 30 be y, 16x—30y is the re-

md&nde?f add the quotiem y; 160 — Quy =46, aml sz:___ == . The augment

bcmg greater than the tlwmm subtract 16 from 96 jtis 10. By the operation of
the multiplicand, the quotieat is found g0 and the multiplicand 50. = From 90
subtraor the 200, and from 50 the 167; 3 aud 2 remain, Take 5 from 29 and ¢
from 16, 26 and 14 remain  As 16 was once rejected from the adgment, add
1 (0 96, » = 97, and tlie quotitnt i 14 dud the remainder 18, No néw valoes
caw be dnd in this case by the augment, for then the quotiént and remaipder
would be begieiten than 97,

The next is, what number is that wlﬂdﬁmuluphad b\ J, 7; and 9, and _the,
ptmlndh divided by 30, and the remainders added tagether and again divided by
mm demiinder willl be 41 Sappose the nwinber »; let 102 be divided hy
90y M»halﬂﬂ‘le Quatient ‘lﬁ'y, Ahenw 10a - 30y =11, ‘I we had madtiplied

i aemuﬁy and divided each number by 30, lhc sum again divided by 30 would
e

3



OF INDETERMINATE PROBLEMS. 75

« also have been equal to 11 ; but this would have been along operation. The proof
¢« of the rule for such numbers is plain ; for example, if 8 be multiplied b)( 2, 3, and
“ 4, it will be 16, 24, and 38, and dividing each by 15, there will remain 1, 9,
¢« and 2. The sum of these, that is 12, divide by 153 there remains 12. 1f8 is
““ multiplied by the sam of these that is 9, it will be 72 divide this by 13, 12
'y 0 < S . » »
30y ]‘:)' Al L by the operation of the multiplicand is foundz =
29 + 30m, and y = 18 —+ 10m.

The next is, what number is that w
by G0, and again by 80, the sum of the remainders i

“ remains.” From
hich being multiplied by 23, and divided
100 ? Lect the number be .

E 23x 40
Suppose the first remainder 40, and the second 60, and let -0-‘-:-)- =Y+ 5 then

60y 4- 40 a8y 60 802 + 60 y
PORTOR L i 31 4 3 L e “r .1 Heunce 805 80
gar Again, let 5o =% 4- i then @ as] | -}

== 60y, from which are found y =3 and 5 = ¢; these values do not make @ in-
teger. y = 3 4 4m, s =2 + Sm. lety =7 and & = 5, thena = 20 By sup-~ «
posing the remainders 30 and 70, & will be=90, and the question ‘may be workgd
without supposing the remainders given numbers, and by subjecting the quun.
tities sepurately to the operation of the multiplicand, : ‘

. 5% ‘ A
In the next example y being the quotient of 152+ y=80.  Here there can

“ be no multiplicand for no line (of quotients) is l’oqml, nor can it be brought
“ out by interposition” (meaning quadratic cquations). Proceed then by another
method and the question is solved by position the number is supposed 13, and

2 g
brouglit ont truly 2\;; afterwards is added, 1 say this- too may be done by

““ Algebra thus:” Call the number
-?;' + e = LH; = J0; 1%z = 390, & '“;‘

The next exaniple is. Tt s said in ancieat Books that thére were thiee people,
of whom the first “had 6 dirlies, the second 8, and the thivd 100, Whey all
went ‘h:_anling and boaght pawi lcaves at ong price, and sold them gtong ate,
and to each person sonyéthing remained. © They then went to another place where
the price of ench Jeat was 8 divhenis; they sokd the rerainder aml the property ef
the three was t'q'u.(‘. At what price did they bay fivs, and at what ratedid tiey)
sell, and what were the remainders ? | ‘

™ x4



OF INDETERMINATE PROBLEMS.

- Kiet the number of leavgs Lought for 1 dirhem bew, and suppose the price they
sold for to be a certain’ number. For example: Suppose 110 leaves sold for 1
dithem, then the ledwes' of thé first' person werg 6x; let the quotient of Gz,
divided by 110 be g, which is the number of dirhems first bad ; 6@ — 110y is the
nuber of leaves remaining - Multiply by 8, 902 — 550y 1s their price; add
the former result y, 302—549y is the amount of the first persow’s property. Then by
four proportionals is found what theproduce of 82 aud 100z will be, thatof Gxbeing

Y the sccond person is found to have _y+%dnd the third 16y + %'/ After

working as.above, according to the terms of the question, the amount of the
; ! 180z — 2196 s
second person’s property is found -;-—..5._..:3_1’ and in like manuer the third
B V5008 -~ Q7450 pe :
'{amn'l o 5 2 4, From 30x = 549y, 2 1s found = 0, and its augnent
L .

, Ay ‘

3 549,_\% 1# = a and y = 80*%. It is added that unless a number is assumed the

» question cannot be solved without the greatest didficulty.
~ This book closes with some general 1emarks about the
mmuwte f‘.“’ solving questions Tnke these, ;

attention and acuteness

‘.l i B iR
- * Soma ol thewe pumbers are evidently brought ont wrong, fur x shonld be divisible by & snd by 21. Taking

BE5 (instend of 5405 for 2, and putling a, A, ¢ foe the loaves sold.al |10 per dirhom ; we get & == 1100+ a, aund
€38 541004 a; where ¢ may be 119, or the multiples of 110 vp to 770,

LA all W
R |
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l“l
’..l-. " -‘r END OF THE THIRD BOOK.
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BOOK, 487 g el

& ON THE INTERPOSITION (]a .-,,,)_'.‘) Or' MANY COLOURS. s i
j { k% 1V _ Rk
D@ S Py

“ \ b
d

Fy = p
i

“-.A,ND that relates to making the squares of many C{)‘U\H‘S' ﬂl@‘ w“ m;nﬂﬂ‘l'-
“{ts operation is thus : When two sides in the said condition are equal, in ch€
““ manner that has been given above for the interposition of pne. it - SBRSE
“a numberand multiply or divide both sides by if, and add or subtragt moﬁer
“ number, so that oné of the two sides may be a square. T{’”‘ the th?" side
“ must necessarily have a root, for the two sides are cqual, tnd by thq lﬂcrim
““ decreage of equal quantities, equals result; then take the root ﬁmt'w‘?'?ws
“ casiest found.  And if in the second there is the ”ﬂ“m“,’-bﬂ oy Cmnﬁ'l‘l.!l‘ E
“ gumber, suppose the square the multiplicand and the humbcrvﬂ'tc ‘aﬁgl\cnh
“ aud find the root by the operation of the square which was given above, and
¢ this certainly will be number.  Make the ficse root of colours Cq%"n t&}“‘
“two, and know that you must equate $o thae the squire, or the C““‘ﬁ»_ ,V?“'tﬂ“"
“ square of the square, of the upknown' may remajn.  And after the operacion of
“ the multiplication of the square, the less root is 1he quantity of the root of the
““ sgquare of the colonr of that side which was worked upon 3 and the greater root
“is the root of all that side which was equal to the root of the ficst side. ~ Equate
“then iw these twg sides. Al ift in the gecond side there is the unknown, or

" . . ‘ . { {
¥ the square of the uaknowi, the operatioh of the multiplicand cannut be dones:

“ Then assuming the square of another colour perform the opc*g"ntiun. Thus it is.
$OTF there is the unknown with nuimbers, oF the unknown along, whose v ot dm-g
i l\,it& come out by the multiplication of the pquare unless by assuming the . Qﬂu;gm
“Cof ot colius : when the rapt of s is obtained, gquate fn both and tind
““the '51}"“"""5" f thie ynknown  The result of this is, that you st ‘W your
“miud with stéaditsess ind sagacity, dod perforn the operation, of multiplication
“of theyyiire tn any way that you can.”  Here follow & few lins ‘ot gencral
observations woy worth tramslating. ' i ‘ v

1 N
a \
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OF INDETERMINATE PROBIEMS.

Ezample.  What number is that which
- added to it, will be a square ?

Let the number be @y and let 2z + 62* = y*  Multiply by 24, which is 6 mul-
tiplied by 4, and add 4; then divide by o, it is 192 o 86t vz 64 4 1
V(120 + 360" + 1) = 6 + 1. As the rodt of the other side 64" + 1 cannot be
found, perform the operation of the multiplication of the square. Suppose the

bcix_\g_f«lo}‘xpled, and 6 times its square’

1 ]
less root, or y = Q; then 6y +1=5*; 5 =6r+1, 2= j.@ By the rule of

cross multiplication for new values y = 2 X 10 + 2 X 10 = 40 and Gz + ] =49,
whence v = 8.
The next is: What, numbers are those two, the square of the sum of which,
aud the cabe of their sum, is equal to twice the sum of their eubes 2
Let the first number be » — g; and the second

4y, their sum will be Qv ;
then 42* 4 82 =

2((2—=2) + (2 4+ »)}) =44’ + 192y%; - da 4 dat = 1947
45 + 48 ¥ 1 = 199" 4 1; whence oz + b= & (12y + 1) Then by the mul-
tiplicatitm of the square, making 2 the less rool, 7 is the greater; a4 1 = 7,
*23, y=2: ¥~y =N, a4y=5. By cross multiplication new values may be found,

Ll next is: What wumber is that which, when the square of its equare is

multiplied by 5, and 100 times its square subtracted from the product, the re- -
mainder is a squarey

Let the twmber be 2, and let 5a%— 1002 =Y St~ 100 = 1;-, = 0. Sup-
pose 10 the less foof, then § X 10" += 100 == 400 = 20*; whence Yy
& 1"3 IO- ) 0o

The next is : What are those two whole
and the sum of whose squures is a cube ?

Let the 1wo numbers be o and 4 let y — 2= 2*, then a? =y —Qys 4 2,
and a8 @t 4y @ bev 8y* — Qya® o+ 2t wmah Then By* < Lyt 20 2t
ane Ay® -~ dys* = 92° — gat

‘ and 4y — dyet 4 3t - 98 ¥*; whenee 8y — 20
=T ) st (ot 9

Now by the wuliiplication of the sqharg
muking 5 the less ront, ¢ X 5° =49, and 7 is the greater wot, They
V(" ) =175 = By 2% Qy —~ 98 =175 y = 100, o =Y - 8 =75,
Orif & = 89 ew values of & and Y Wil be found as ubove.
Here follows o Rule, ¢ Bnow that when both sides are
“ ane side s found, and outhe other side there is
“*thin side equal 1o the square of the

= 200 and

numbers whose difference is a square,

equal and the root of
& eolour upd e squnie, make
next eolous, thut is to say not to 2, and let
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€ its square be to that of ¥, andify be its square, make it equal to the square of =,

“and multiply or divide both sides by a number, and add or subtract something

““ so that the root of the side may be found. Here thén Fhave found two roots ;.
“one the first, which is the root of the first 6f the first two sides : and the
““ second, the root of the first of the second two sides, which is not equal to that

“root. - Perform the operation of the multiplication of the square with that other

*“side whose root is not found. Let the less root be equal to the fitst root, awd:
“ the greater root be equal to the second root, and the quantity of these colours.
“will be found.” '

Ewxample. A person gave to a poor man in one day three units, and gave every
day with an merease of two. One day the poor man counted all the ‘money,
and asked an accountant when he should receive three times ‘the sui, at the ratc
paid.  Let the number of davs passed when he counted his money be z, and the
number of days when the sum would be tripled Y. First find the amount received
in the time 7, thus: ¢ By a rule in the Lilavati,” (¢ — 1) X2+ 3=Qr +1 =
the gift of the last day ; s dn sl % 4 +21 E 3 =@+ & = the gilt of the middle day.
Maltiply this by the number of days, 2* 4-2¢ is thé um. In like manner the
sum for the time y is ¥ + 2y, which by the question is = B2+ 64 ; whence
90" 4 182 49 = 9* 46y 4+ 9, and S0 4 8 = V(3y' + 6y + 9).  Let 3y 4
6y + 9 ==, then will be found 3y + 3 =4/(32" — 18). By the multiplication
of the square, making O the less root, 86" — 18 = 15%, therefore 3y 4 8 = 15 and
Y =4 and because 3y* 4 Gy + 0= 2* = 81, and 32 4 5 =0 & =2 Thys
on the fiyst day, he got 3, and the sccond 5, and che sum 1s h; and on the fourth
day be had g4, which is three times 8. In like manuer, by making the less root
33, the greater wol will b 57, and y = 14 afid 2= 10, and other valucs way be 7
found by assuming other numbers for the less root. ' e

Then follows a Rule, which is so mutilated that T do hot know how o translate
it. -~ As far 1 can Jndge, its meaning appenrs to be'this: 16 ae 4 oy* = &% the
Guithtities are to be found thus: Either find » such that +4x [5=p*, and thea'
@ will be = ry and & = Py, or apply the rule given at the end of the 6th clm‘pmt
of the i"“,(v""‘m@ﬁm for the oase, when ¢ = (). ‘ '

Retjuired® @ dnd" dosuch thae 70% 4 By* = [, and 7pt =8yt ¢ 1 = )

A

3

by il " - .- sy

ff
v

™ AU el place iy eojy ool in ugaln,
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7t 46_@‘ is supposed = 3% The operation ‘iﬂ,ﬁuh’iplicathm of the square is

directed to be performied, 7.° being the nmltipﬁ?:fml,

““suppose 2 the less rodt, and 'x'l'\Aulﬁpl'y its square’ w

e plieaﬁil?ﬁt i5 28 ; adil 8, the square is 361 6 the

6 black then is the quantity of blue, anil o black th
CFhus 288 found =6yand s = 2y, The second cond
“whente by substituting ey for #; S8 — 8y 4 1, orely 4 1 = [ = Now
by the operation of multiplication of the square, supposing ' the Tess root, and

0% M (=8B1=w’; whene¢ s = 0.  Therefore @ = 4 an ¥ = 2, supposing 6

the less root, © will be = 72/and y == '56.

In the sext Example © and ¥y are required such that «*

r 'y ﬁ:”m “The multiplicand bein g a squure let the aughie

and 8y* the augment: ¢ [
hieh is four by 7 the malti-
i is found the greater root ;
¢ quantity of the unknown.”
1Bon i3 Gt 8y 4+ 1= [,

- Y A N A
nt beé divided by v.
i . ] ks 1
Then by a rule of the Gth ebapter of the introduction Z—-—}-l/ =a* Let
:'m”f‘thiu'y‘ +y =ow'. Multiply by 4 and add 1,
"The root of the firse side of the equaticn is by !
side by the operation of mﬁlliplicatiou of the square
17 will be the greiler’; now 2y 4+ 1 =17; whenc
vilues of y aird @ are 49= y, and 1176 = .
Another method of solving this question is given, Supposing one of the-
numbeis £0* and he other 72° ; the sum is 0a% which is the square of 5z, The
sfuire of the first added 1o the eube of the second, is 8.0% 4 492 ; let this be =

/4
N
&

Ayt Ay 1 =8ut .
Find tlie root of the second
v Supposing G the Jess root,
¢y =bander =298 Other

7 K
)

% . . » \I/l,'
divide by %, the quotient 15 88" + 49, Perform the operation of multiplication
of ‘the square, suppminé ¢ ‘the less tooty 8 X g4 4g =81 =9% Therefore

v =g, and the first number 20" 18328, and the sceond 7a is=

=88 and SUpposing
7 the less root, 21 will bc’ the grftater!root ¢ them 2 = 7, and the first number will
be 08 and the second 348,

Rule.

- -
»

“If a square 15 equalt, the ront of which cannot be }’ound’gt, and in

. e

.

" n
- i1 LT
L View I a s e (suppasing ax 4 B z= ), fhen 2—-1:7—&; ¥ and -'1«;--;% xf

T Hevo seonw to bé 5o ainiwion,
300 the pmber cin ve reducod o e Forin (% 4 my)" ory®

N o ) L
_’--—?w-y, ok thm (L»‘)Jy) oyt e (,“ﬂ;-‘")_. I Mg
M idde:, Al foun¥ &E,

. :

s 1L beeonies matigual by DiARing aw o my =
Burraw's dopy dhis fute hogine, Bt 2here dre qpo



OF INDETERMINATE BROELEMS. 81
“which there are two squarés of two colours, and the rectan gle of those two
* colours ; take the root of one"-'a‘quarc, and find from the second square a root, so
‘“ that from the two squares that rectangle miy be thrown gut. | :
“ For example: In the second side is 36 square of unknown, and 36 square of;
“ black, aud 36 rectangle of unknown and black. Take the root ofv 86 square of
“ uaknown, 6 unknown ; and from 30 square of black, take the root of 9 square
“ of black, 8 black. When we take twice the rectangle eof thesc two roots, the
“ rectangle which is also 36 will be thrown out ; and from the squares 27 sguare
¢ of black will temain. Divide whatever remains by the colous, of which this is
¢ the square; and from the number of the colour of the queticnt, haying sub-
¢ tracted one, halve the remainder, make what is obtained equal to that root
¢ which has been found.  After dividing the second by the first, the .quantity of-
“ the first colour will be obtained.”™ i
In the next example ¥ and y are requirgd such that 2" + y* -+ ay = O, and
VvV + v+ ay) X(@+y)+ 1= n. * Theiistequation being‘multipliml by
36 gives 862* 4 36y + 36ay — 862% . The root of one square and part of the
¢ second square, the rectangie having been thrown out, ate found 6 unknown, and
“ black : there remains 27 square of black,” Then applyimg the 'ryle, @ is
£} 2 \
found = ég—, whonee o = %U-, and 2 4yt 4 2y = %2{— +¥+ ‘«5;;"y = ig-l
a3 b oy R 2B
=) md vty b x e 1= (1 y) 4 1 S ST ke

this == w*, then 5640, 4+ 9=9w" Then roor of 9w*is 3w, aud by the operation
of multiplication of the square, making G the less toot, 45 will be the grealer root.
Foi 36X 86 4.0 = 095 = 45*; thevefore y = 6 and @ = 10; ov making 180

the lessaoot, y = 180, and » = 300, , '

The next guestion is: Required @ and y such that ‘L'Li!i_i’ = @ and a* + ¥
S0, and v 4 g4 2= 0, ande -y 2= ,Fl'—\,“ﬂ“d @l gt B aR and
VES 4 0 4 ) 0 g ) (= g D Y )
= o, s plajy that 6 and 8 will answer the above cuudilint'w. 1ass them

and Tind two others, [t is required to find them by mc%ns of oue unkuown
quantity enly, Suppose the first number phoe 1, dad the 5*"40“‘4, gp. . Thew

ay + ' (n J 2 ot oo - ! gk i
,._‘_,__'! L P, 1) ?f 4p 4 up s ! ({1" + _QP =PV "And B4 g iy -
r‘ o .

e

8 o
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'+ 14 =p' + P+ 1=+ 1) Amdb4y+2=(p=1)+2p+2
=p+9P+1=( w D% And a* —y* + 2'.;5..(];-'-1)‘. And o*— y* 4 8 =
Pr—2p H1—4p +8=p*—6p*+9=(p*—3)*; and the sum of the roots is cqual to
P+ @D+ (p+1) + (p—1) + (p'—3) = 9p* + 3p — 2. As the root of

this eannot be found, make it equal to 9*:then 9p* 4 5 = 9* + 2. Multiply
by 8 aud add 9; 16p* 4 24p + 9 = 89> + 25. Tind the 100t of the first side
V/(16p* + 24p + 9) = 4p + 3. For the root of the second side perform the
operation of multiplication of the square.  Suppose the less Toot 5, the greater
root will be 15 ; for 8x 25 + 25 = 225 = 15°. Make the foot of this equal to

that of the first side 4p + 3 = 15, whencep=13. In this case 2 = 8 and e i

making the less root 30, the'greater will be 85; p will then be %’— and @ = ~—]-§4lz
and ¥ == 41 ; or making the less root 175, the greater will be 495, p =193,
= 15128, and y = 266. 'Or.w may be supposed = p’ + 2p, and ¥ =2, Or
e=pi2p, andy=9p —9 Ora=p +4p 49, and y =9 + 4. And
the numbers rcquired way be brought out  in an infinite numbcr of w
the above. ‘

Here follows an observation, that in calculation, coriectness is the chief point ;
toat a wiseand considerate person will easily remove the veil from the object ; but
that where the help of acuteness is wanting, a very clear explication is necessary.
“ And go it & when there is such a question as this: What two numbers are those,
“the sum or diffcrence of which, or the sam or difference of the squares of
* which, being micrcased or lessened by a certain number, called the angment,
“awill be a square.  If examples of this sort are required to be solved by one
“ eolour enly, it is not every supposition that will solve them ; but first suppose
“the root of the difference of the two numbers one unknown, and another
“muniber with it either uffirmative or negative. Divide the augmeént of the
“ difference of the two squares, by the augment of the sum of the numbers, and
“ndd the root of the quoticut to the root of the supposed difference abovemen-
Y tiomed 3 it will be the root of the two' numbers. Take then every one, the
aguare of the root of the difference of the numbers, and the square of the root
*of the sun of the nambets, and write them separately.  Afterw ards, by the way
" of opposition add and subtruct, the augment of the diffcience, and the sum of
“the two nunibers aforementioned, asis in the example, to and from the squares of
“ the twa, whichy by the gucstion, were incgeased or dimiished, The result of
“ the addition and subtraction will be known, and from that the two numbers

ays besides

i
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“ may be found in this manner, viz. by the rule @+ 9) t (i 5.8} = ed nd
¢t (*T+y)—(*‘-’"3/) e, o
g 7 o

The next is to find 2 and y such that » HY+S=0, ade —y+ 3= 0O,

and @* + 9*—4 = ], and #* — »* + 12 = [, and %L +y = (], endithe

sum of the roots + ¢ = 3. Exclude 6 and 7, which it is plain will answer.
V(r — y)is supposed — p — 1, then » is made cqual to p* — 2 and y = ep,
wherefore 2+ 3 + 8 = (p*—2) +9p + 3 = @+ 0D, anda—y+ 3= (p—2)
—=2p+3= (p—1),, and 2 +y*—4= (p*—4p*+4) +4p*—4= (p*), and 2*—y*+
¥ A} @

12 = (p*—4p*4-4) —dp*+12=(p*—4)*, and -1—211 +y = 9".) o +2p=p’, and
the sum of the roots 42 = (p+1) + (p—1) +p*+ (p*—4) +p+e=p*+3p—2;
make this = ¢*; 2 *4-3p~2=¢" and Qp'+3p:q’+‘3. Multiply\'by 8 and add o.
160"+ 24p+9=8¢*4-85. The root of the first side is 4p+3. Find the root of
the second side by the operation of multiplication of the squar¢ ; making the
less root 175, the greater root will be 405.  Therefore 4p‘+3:495, andyp =148,
and w=15127, and y=246. ,

The next is: Required » and y such that #—y+1=0) and #* +p*4 1= 0.
Let 2" =5p'— 1 and 3*=4p?, Sy t1=p'and 2+ + 1=(3p)s  The root of
4p* 182p. . Find the root of 5p*— 1 by the operation of multiplication of the
square.  Supposing the less root 1, the greater will be 2. Supposing 17 the less
root, the greater will be 38, . Or if #* 4 ¥~ 1=0, and 2 — 9 « | = 0,0t
V=R 41 and 9t == 0 awd 50 on as in the first case.

Y AT o . Sk > y u 1
Lule.. ““When the raot of one side i3 found, and on the srcond side there is
il L'ulol\_l', whether with or without a number

, equate that side with the square
‘Coftthe colour which is after it and oue unit.

And biing out the quantity of
" y . Y i % : . F

the colour of the second side which i first in the cquation; and bring out what
G . ' o 3

"8 vequired in (he proper manner.” {

Evanpte. "To fing - and y such that Je 41 5@, andse 4+ | e o0 Ret
n+ Vs (8 3 05tk w0 s e 4+ 28, let 608" 4 %) W ) = @), wheate
195% 4 100 = w1 wultiply by 15 and agld, 25 ; 9262° 4 1608 + 96 == 150410,
The root of the tist sile is 152 4« 5. Find the root of the second dide by the

W



'

e

84 OF INDETERMINATE PROBLEMS/

operation of multiplication of the square ; mﬁl{% the less root 9, the greater will
be 3675 155 4+ 5 = 85; therefore 2 = 2 and¥@ = 16., By another way: Let

i

] \ 2 : L
2t AT 537 — g 1 .
@ = ——5-—4; multiply by 5 and add 1, RkEe T 0 make'this = w?*; 5§32 = 3w* +9.

Mql’iﬁply i)y.‘.ls"; 952" = 15w* + 10; ‘he root ‘of the first side is 5%,  Pind the
the root of the second as before, making the less root 9, the greater will be 85 ;
whence s and 2. In the above example other values of @ are mentioned besides
those wiich I have taken notice of. 3

. : \ W v s

. The next cxample is : Required w such that Sw 41 = [H *and 3(3¢ + 1)

i { 3,! B ] o 2

= Lms Let@a+A=9%; then 32 = 3 — 1, and @' = —5—; multipiy <his
N ; v . .

by 3and add 1, the result is »*, thé cube cube root of whichi is 7. = Let 8y* + 1

& 2% making the less root 4, the greater!will be 7, whetice /== 21.

‘The next i : To find 2 and y sucl, that 2(2*—y’) +-9= 3 and (=) 4-9=3
¢ Know that in bringiug out what is required, yon ninst Sometinies suppose the
“colour in that number which the question involves, and sometimes begin fiom
“ the middle, and sometimes” from the cnd, whichever is casiest.  Here "then
“ suppose the difference of the squares unknown,” &c.

y ' gt ~'3 : 1 ;

Let a"~y*= p ; make 2p+3= ¢ ; then /—T::]z; multiply this by 8, and add g,

s N * .‘? . N .
it xsjl-‘;-—; let this- be = 725 therefore 8¢" — 8 = 29*; multiply by 3 and-

trauspose 3 9¢° =6r"-+9; the root of the first side is 8¢g.  Find that of the second
side by the operation of multiplication of the square. Making the Jess root 6, the
greaterwill be 15.  Or making the less 60, the greater will be 147, 1f $g=15,
q==b3 i B¢=147, ¢=A49,  Inthe first case p=11, and in the second p = 1109.
i) . & -y 11 '

Suppose » ~ y = 1, 4* — 3" being = 11, —l-;--__—_—"-yc Taty= vl and ety
and w= y being given, » and y may be found. In the first case # = 6 and y = 5,
Iu the second ¢ = 600 and ¥ = 599.

{
w 4
Rude. U the square of a colour is divided by a number and the quoticnt is
o golour. I after the reduction of the equation its 1oot is not found, make it

“enual to the square of a colour, that fhie quantity of the black may come
“ put.”

L
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: : : i iy . : ¥t — &
The next€xample which congludes this book is:- Required . such that ~——
TR ¥ AT e

2 .
— a whole number.  Make i-fﬁ =y, then g*= 7y + 4 the root of the first

cidods #5 that of the second side. cannot -be found, ¢ Then by the above rule”
let7e+ 2 =/ (7y -+ 4); 492" + 28 + 4 = 7y + 4; whence 738+ 42 = 4.
 As the quantity the of biack is 7 square of the biue, and 4 blue; and as 7 blue and

“ g units were supposed equal to a root which is equal to the unkiown, T make

‘it cqual to the uaknown. This same is the quantity of the unknown, I sup-
¢ pose the quantity of the blae a certain number,” &c¢. - As 742z a0,
v=0, Ify=1, v=0. If 2=2, »=16. Other values of # may be found in the
same manuer, A ‘ ‘

« Afrer* equating that the two sides may come out, multiply the first side by
¢¢ o mufnber and take its ioot, and keeping the second side as it was, multiply the
¢« number of the second side by the number whichgthe first was multiplied by,
“ and make it equal to the square of a colour.” 3

Eyample.  What number is that whose square being multiplied by 3, and 8
50043

added, and divided by 16, nothing remains ? Let the gumber be . Lt o | e

=y, a whole number; then 50* = 16y = 8, 52° X 5 = 252% v (252") = by

i o gz 4+ 1
Tlen there seems to be assumed 3 X 5 =a*— I, and afterwards from - -

5z &,

the question is prepared for solution, .

The next vule is: “ If the ¢ube of a colour is divided by a number, and the
“ quoticent is a eolour, make it equal to the cube of a colour. The way to find
¢ that, is this: Assume the cube of a number and divide it by the diviser ; there
“ should be no remainder ; and add the number with it agaiu wl again to the
“ divisor, or subtract it fiom it: or let the cube be a cube of a number, which
“join with it ; or again multiply that number by the fixed number 3, and the
“ resuls multiply - into the quu'ticnt, and divide it by the dividend also there

B &
o i —

x o e A e ot et i
kb

* ‘ 0 v il .
n Mr. Borrow's copy the foarh buok ends with (wo xoles apd Lwo examples, which, ag fay a8 1 ¢ap make
tham out, are i 'dboyt.'.{ '

\

L
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“will be no remainder. Ifa number can be found with these conditions equate
“ with its cube.” -

Ezample. What number is that from whose cube 6 being taken and the re-
3T
mainder divided by 5 nothing remains ? Let the number he 2 and £ : O e

a whole number. Hence 2* = 5y + 6. Then the cube root of this which is = &
s assumed = 52 + 1, and g is found = 255* 4 152" 4 Sz — 1.

END OF THE FOURTH BOOK,



BOOK 5. e
« ON TIE EQUATION OF RECTANGLES.”

g e, O

N

¢ 2100
AND that relates' to the method of solving questions whicli “involve the

“ rectangles of colours. Know that when the question is of ane number multi-.

“ plicd by another, if the two numbers ate supposed colours, 11; neccssa\ ily conies
“ under rectangle of colours, The solution of that being \ery intricate aund
“ exceedingly difficult, if one ntimber is requited suppose it unknown ; and if
o t.wo ot three, suppose one unknown and the others certain numbers, such that

* when they are multiplied together according to the gquestion, o colour will be
% obtained exceptithe unknown, and it will not come under rfuuuglc of colours.
¢ And besides*multiplication, if the increase or diminution of a number is re-
“ quired, perform the operation according to the question, then it will be exactly
“a question of the samc sort as those in the first book, which treats of the

“ equality of unknown and number. By the rules which were gn en there, what

““is required will be found.”

'The first question is to find @ and y such that 42 4 %y + 2 = ay. Supposing
y =35, then 4& + 17 = 5o, wherefore @ == 17 and y = 5. . Supposing y == o,
then @ = 10:+ In like manuer any ‘number whatever being put for v the va’lnc of

x will lxc found.

The next is to find w, @, y, % such that (w4a4y+ o) 90 = weys.  Suppose
the first w, the second 5, the third 4, and the fourth 2; then Uw+‘390——“‘w
andw = 11.  Other values of w, v, ¥ 2, are taken notice of,

The next is to find ¢ and 7 integers such that o/ (o +y 4+ 2y + #* 4+ ¥') +

vty =23, or =53, In the first case, suppose the fisst number andl the |

second 2, then VI 8040 6Yq- o 4 2228, and &/ (4* + 3¢ -+ 6) =0y
aiel 8% o 82 4 6 = b 420 4 4141 ; whence » will be found = —-; this ' not

bt‘mg an ]nlcger, let the operation bhe “l‘t‘[’(’ﬂ(t‘d- Suppﬂscy < 8 theu & will be

L
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f'odﬂd = (‘—’% ; this too T)ciug' a fraction, suﬁ“ then » will be = 7. In
[T ¢ N el : .

ti’n_évaéc;oml ¢se & namber i3 put for y, and a"f‘ractional value of & is found.
‘“Aund ifwe suppose the second” number 11, the gquantity of the unkrown will
“ be'17, aud®™his is contrary ; for if the second number 15 supposcd 17, the fuan-
“tity of the unknown will be 11 ; and if one is supposed a colour and the other o
“certaim number, it is probable that the uulknown will be brought out a fraction;
A< and if a whele number is required, it may be found b nuch search,  And if
“ both_are supposed eolours, and the question solved this rule, a whole
“ number will easily be found,” v

w ATgleM. . ¢ .Wlu;n two sides are equal, the method of equating them is thus :
":a\ibtmc‘t the rectangle of one side fiom the other side, and besides that what-
L c_v,e,r_i,s;‘o,n the second"s\ide is to be subtracted from the fivst ; then let both sides
“be divided by the rectangle 5 and on the sidesvhere there are colours let those
‘“ colours be multiplied together, And let a namber be supposed, and let_the
“ mimbers 'whicii“zfrc on that side be added toit; and let the result be divided
“ by the supposed number ; and et the quotient and the nm,:l#er of the divisor
“Dbe sepatately increased or lessencd by the number of e colours which o ere
* before maltiplication, whichever way be possible.
“ added or subtracted there will be the quantity of the black ; and wherever the
“black is added or subtracted there will be the quantity of the unknown, A
“in like manner if there is another number, and if both addition and suibtraction
*“ are possible, let both be done, and twa different numbers will be found, Also
43f the number of the cqlours is greater, and cannot be subtracted, subtract the
" uatient and the nawber of the divisc
“ required wilk be obtained.™ '
’

Wherever the unknown is

oF fiom the . colour if possible, what, was

Example. & and y ace required such that 4a + “Y A L=y Multiply 8 by

ATE

TR bl it e (A i g e e

{
ing reduced fo gy 4. by 0 = i, @

e ——

* Thisrule i very 1 expressed

3 Bt must meaneThe myndion oo
ah 40

will he == g and 4 45 = », Besguse auifyfesiny, o =ape-an—by, add ab (n both sidei, then sdc

S NY i e by o dh = (x- b) (y—a): anid MAKING pazid = b,y & will bes= ?ﬁ;‘- i Thetafore = & e
al) g 4 .
£, and y a4 i B Mure formils may be had by tesolving ad 4 ¢ into di fecent Tuctor.
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4, and add 2 to the product 3X4¢-Q_I~L Suppose 1. Divide 14 by 1. Add 4

4~
to the number 1, and add 3 to the quotientd+1=5=y, and 3 + — = 17 = 2.

Ora + e =13 =y, and 3 4+ 1= 4. ‘ And no other case is possible.” Di-
1 ;

viding by g, the quotient wiu be 7; y=11 and # =5. And by another
method y will be found = 6 and & = 10*. il : %
"~ To find 2 and ¥ so that 10x 4 14y — 58 = Qay. After reducing the equatio

o S#-b 7y — 29 =ay. By the rule above given, assume divisors of 5X7+-29;
1 being the divisor, 6 is the quotient.

54+ 1= 6=yand 7+6 =13 =
01‘5+6:11:_y '7 4+ 1=, 8=z
or 5§ —1=4=y 7—1= G ==,
2 bCin‘g the divisor, 8 is the quotient,
¥ =80 LY S E gy =8

a0, =L A f sy ;
and no others are possible. 8 being the divisor 2 is the quouenf, and  the Q;’“l‘)“
tities are as ahoye. It is added that these two cxamples mpay be proved by
geometrical tlggres as weil as numbeis.

- '

ichj fng i . i ove.
* fn Mr, Burrow’s copy there is another example which js wapting i miné. It is as ab

.THE END.
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Mr. Davis’s Notes.
LD me

1 nERe put together all I have been able to make out of Mr. Davis’s notes of
the Bija Ganita. What T have extracted literally is marked by inverted commas;
the rest is either abstract, or my own remarks or explanations. I have preserved
the divisions of the Persian translation for the conveanience of arrangement and for
easy reference. Mr. Davis’s letter to me, authenticating these notes, is annexed,

Chapter ist of Introduction.

o~ N ==

THE manner in which tbe negative sign is expressed, 1s illustrated in the notes
by the addition and subtraction of simple quantities, thus: ¢ Addition.— When

“ both affirmative or both negative, &e. When contrary signs, the difference
“ js the sum.

Shail " g ud
3% ety
S, i )
¥ Subtraction, ' N !
B TREARS
o AR i
O TR
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»k‘u y
¢ Multiplication, ﬁ;\
1 .“ -~ i . 1
‘“ When both are affirmative or both negative the product is aﬁipmatne.
L4 el 9% 5=6, QxB::G 3% 3g=6
- “Why is the product of 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
¢ purts, the product will always be the same; this:

Py 185 X 12 = 1620

e

“ 18596 ; 8, 23 0N, -,
€135 % 4 = 540

e

1620

“Then, let 135 be X by 4, but 19—4=16 and 135 X 4 = 540; 135 X 16
=2160, and 540 4- 2160 = 2700, which is absurd : but 540 + 2160 = 1620.”

&

[
:

Mr. Davis remarks to me that thcre are herg evidently somc errors and some
\
omissions, aml he I.Iunk'é‘ that the meaning of the Jast part Of the passage must

have been to this eﬁ‘eu- 12 may be composed of 16 addul to 4. Let 135 be
multiplied by 12, so composed
135 X u“ = 2160 185 X 16 = 2160
135 X' 4 = 540 15 x 4= 540
135 X 12 = 2700 This is absurd¢ ~but 135 X 12 = 1680 which is
right. Thustoo 4 may be taken as fopmed by 12 + 16 = 4, and if
135 X 16 = 9160 135X 16 = 2160

5 X 12 = 16€0 188 X 12 = 1690

136 X 4 = 5780 which is absurd : bus 136 X 4 & 540 whieh is vighe,

Pcrhaps something like the following might have been intended :

L858
=186 X —18= 620 bither T 135X
i ithey o 195 o
: - c(4=12)2 L
=8 andB—18= —4:1 Ao must bess s 196 X al 1 &
4; taevefore thawnmt 198 X (8= 12)$ il 3

H N 2

g ~ 1620¢ither4-01—; oW 4« j§=
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~135% (4=129)=— 5404 or —1620 AL
~ 135X (8<18)=—1080+ or — 1620

(] h '
product  — 1620 ~3240=—4860 if — X = gives -- ; but
- 162043240 =4 1620 if — X — gives +; therefore — 185X — 12= -4 1620.

Chapter 3.

' ¢ OF QUANTITIES UNKNOWN, BUT EXPRESSED BY LETTERS.”

it g “ " ay
1 e 3 0 9090

. € Jabut tabut .. ... . 1st ., oqT

“ K:lluk s e s L) LI = O . 2(1 p s w .
“ Neeluk s ... 8d LAY

“Peet. ... .. .0, ath . Oy

% "t Loheet "........5th.@'
&e. .
“ Commentary adds Hurretaka . . . 1
“ Chitrika, 2. . ¢
&e,
“ These are styled abekt or unknown,

“ These may be added to themselves, subtracted, &e. but

cannot be added
“ toy &e.  kndwn quantities in the manner explained,

or to unlike quautities of
“any kind,  The square of 7 cannot be added to AT, but the addition may be
‘“ expressed thus ):rn 1 add vo T 47 5 thegeuson is, because to add & signs
“to ¢ dtg‘ees We cahnot say 5 added to 2 is equal to seven, for tliis wonld be
““absurd, we therefore write the st s® ¢°

But when the unknown quantity is
“ discoveréd it may then be added ¢t

o the known, into one simple quantity,



W NOTES. 1 ' 9%

“ The unknown quantities a%é ﬁal‘ly written first, and the highest powers of
“ them before the lower..

“ a1 g2 | 778 \ 3. Thisis 228°F 3z + 5.
 Also
‘“ The multiplication of unknown quantities.
‘¢ To multiply qT2 l,into Q l we have 2]'[4.
T by ¥ gives its square or 3T &, and this multiplied by JT> gives JT &, e
Also this example of .multiplicatioh.
- N < >
<t m qJ15 @l qr10 @2

- .
qT F15 qT7 i e
which is the product of (5o = 1) X (82 + ).

Chapter 4.
“ OF THE CARNL OR SURD QUANTITLES.
. 2. ;

“ Example of two numbers, 2 and 8. ”
“2 4 8 = 10, the mahti earni.

2 X 8 == 16; "its root is 4, and 4 X 2 == 8 the lagheo carmi
“ The mabti cami , . . . 10
“ Laglwo carni added . . 8
18, the sum of these carnis. This 18 is the square of
- - f 1
“ the sum of their roots. > \



24 ‘ 5 Ve raliae. | e
And there i3 another example with the nﬁiﬂgqrs 4 and 9, and the following
' ahre b
theorem, ° 2)8(4, its rootis ¢, 4+ 1 — 1

-

3 1
3 X8 =9 9 X2 =18 sum.
1K e | 1’4 =" 2 difference}

Also this : “ The carni 18 is found ; its root is the sum of the raots of the two
“ given numbers; but if there be two roots there must be two squares, the
“difference is the square of the difference between these sqnares.”

And the 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.

““ These ate sards, therefole take the square of the sum of the square roots of 2
and 8, aud multiply by the square of 5.

“ Square of sum of square roots of 2 and 8 is 18.

18 ' 25, 31450, 54 A
3195 8] 75, 9 | rool of 9 is 3 roop.
Sqrs. Sqrs, 8qrs.
$ 430 54 75 = roop 8.

‘ Example second!.

' R?op. Carni,  Carpi,
¥ ‘ Multipliers 5y 38, 19.
“ 5 95| 05 3] 625,75 | Ssnoom 25 roop 675
2 12% 27 | 25, 8 | 675, 81 | 9 roop —_f{ roop 75
“ 16 300

“The product therefore is 16 roop; 300 earni.”

The square of a negative quantity being made negative is heve taken notice of
s in the Persian Translation : Tu division the following rule is mentioned,

“The carni divisor ¢ reverse of each Lerm, its sign, and multiply both divisor
*“ and dividend,”

Carni which here means surd, means also the hypothenuse of a right-angled
triaugle. , L
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Chapter 5.

“ WHAT is that number by which when 221 is multiplied and 65 added to the
“ product, and that preduct divided by 195, nothing will remain.

« The dividend bkady, divisor kur or bhujuk, the number added or subtracted
¢ s called chepuk. The bhady is here 221, the bhujuk 195; when divided the
% quotient is 1, this is disregarded ; the seke or remainder is 26, by which 195
« divided the quotient is 7 disregarded, the remainder is 13, by which divide
291, the quotient1s 17, the remainder is 0. The qt_:é'tient 17 is the true or

 dirl-bhady. ‘ il
¢ Then 195 divided by 13, the quotient is 13 the remainder 0. This quotient

¢ is named diré-bhujuk.
“ Then divide 65 by 18, the quotienit is 5 ; the remainder 0 ; the quotient is.

. ¢ the diri-chepuk.

i

\
¢ They are now reduced to the smallest numbers.
17 dirl-bhady. : )
¢ 15 dirl-bhujuk. .
¢¢ 5 dirl chepuk.

The quotients are found and arranged as in the rule with 5 and 0 below,
i i

thus:

o |~ ]

0 this is ealled bullee ; the cipher is called unte or the latter ;. the next (5)
“* is ealled ypdntea. Multiply this by its néxt number (7) and add the next below
* 5, this being 0; theé product will be 85, Multiply this by the uppermost uumber
% (1) and add the next below (5) the amount is 40," ' :

1



96 NOTES,
Then 40 and 35 are directed to be divided by the dirl-bhady and bhujuk,
17) 40 (2
81

6 ti)is is called fubd.
15) 35 (2
30

5 this is called goonuk, and it is the number sought,
g?'_]_lj;_tﬁ = 6, and directions are given for finding new values of 2 and Y,

J :

R A . i : .
(supposing 5 = 4) by adding a (in its reduced state) and its multiples to
the value of  ; and 5 and its multiples to the value of .

The next question in the notes is also the same as that in the Persian.
“ Bhady 100, bhujuk 63, and chepuk 90.

¢ OPERATION.

*“ These numbers eannot be all reduced to lower proportionals,

100 divided by 63, the quotient is 1, the remainder 37 ; by this remainder
¢ divide 63, the quotient is 1, the rémaiunder is 26 ; by this divide 37, the quotient
““is 1, the remdinder 11.  Divide again i quotient 2, remainder 4. Divide .°
" again ; quotient 2, remainder 3. Divide again ; quoticnt 1, remainder 1 ; this re-

o %

* mainder 3 is disregarded. The several quotients write down thus :

e

l—-f;:lzal.—]

=]

90 thechepuk,

(

QL.
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¢ Multiply and add from the bottom as in the former example, 90X 140=90,
“ 90X 2490=2870, 270X 24+90=630, 630X 1 4270=900, 900X 1 +630=1330,
“ 1530 X 14900 =2430. . '
“ The two last are the numbers sought ; then
“ 100)2430(24 this is disregarded.
200

430
400

B

30 Seke or remainder is the lubd.
“ 63)1534(24
126

270
252
18 this is the goonuk.”
100 x 18.. .‘.-..S_)..Q e o i 1 {
:—_—.—\'—-bs b 3()' \ 1
The method of reducing the bhady and chepuk is noticed, and the values of
x = 171 and y == 27, being first found the true valaes are found, thus:
63)171(2 and 10)27(%
¥ 186 24

o ey e e

45 7
63 — 45 = z and (10 = 7) X 10=y. \
The scveral methods of proceeding: first, by reducing the bbady and chepuk ;
secorid, by reducing the bhujuk and chepuk ; third, by reducing the bhady and
chepuk ; and then the reduced chepuk and the bhujuk are also mentioned.

The following explanation of these reductiong is givens:

¢The bhady 27, bhujuk 15 ; ‘
“ these ate divided each by-3+ . .. 9 and 5
; * Write 27 in two divisions + « + ++ 9 and 18

“ these again divided by 8 + .« .. 3 and G
s these two add 3 + 6 == 9; thus the parts added, how many so ever are, always
“ equal to the whole, thus therefore they arve reduced to save tronble, anc! there-
“ fore all these numbers are 8o redneed 3 but the goonuk is as yet nnkfiown, Let

N
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-“""“"!&; pql}{smd,' torfens; o hye avhichi multipiyidhe’ pastsiof thodbbadyigand'13 ;
0.5 5000 85, 1B, =90, awhichtadded iase 185, and: the bhady 27:X 5 =
“ the same 135 ; this divided in two parts, GO and 75, aud added again,xare 135,
“The lowest terms of 27 and 15 abovey/are 9 and 615 the common s medsure 3
“ muluplied by 5, 3 X 5 = 15 andi 9rx:16. 30 155, i

* Thus too the chepuk must be reduced, and when they ave all re
“ Jowest, the lubd and goonuk will be true; and if their nunibers ar
*“ to their lowest terms, the work will be the greater.” _

The principle on which the chepuk is teduced is explained thus :

2 NOPES,

duced to the
¢ not reduced

P 5% U

“0F THE CHEPUL.” j ,
¢ FENE SR L AL
“ The bhady 221, bhujuk 195, chepuk 65 ; the goonuk was found 5, lubd 6.
L2 X 5 = 1105 =
195)1105(5 lubd. e
' 976 ‘

(9,1
e

130 seke, which deduct, from tl}q_l{l}ug_}qu 195 — 130

““ to the chepuk, which divide by the bhujuk 195) 195
“ which add 1; 6 = the original lubd.”

o In anothes example theblady 5260, bhujuk =, 13, and. chepuk

By the bullee are foupd the pumbers 80 and 368 ; the

and 80 = 18 % 6 = 2 the goonuk;

13 = & = 11 the goonuk corrééted.

“ Neote in the text: The produet by the two uypérmust ter

“ when divided by the bhagdy and bhyjuk, respectively,

R %Q(.l_mc st number, as in the last example 6 the

= 65 €qual
(1. Thg lubg [18.:3,,t0

'3
== TO) e 1)
Syl I S;SSTIG(;xﬁ;S the lubd,
oM [R50 v ; . ‘ 1
Q. = 2% the Jubd corrected, an
) ) —
6t ><1|+1_»£59, ()‘oxln;u::3 16

'

and

—

i
ms of the hullee,
bave hitherto always

L las . Lie quotient, and the (like
. slgo iy the f’o‘-;;guin:;. o;.'.lampleuh lm_tzﬂh]t,u it ‘lh."q;‘pg,x),s, qnher)}"i;ﬁ, 48 jn the tal-
“lowing: When the bhady is 5, the' b mink 8, the vhepuk 23 Qlii}”l!\#t}i\’g;m‘
 negative, what will be found the goonuk 7 b ol
3)4(1 " P
ey A
P ' B | £
2)8(1 w— ( Hullee,
- \ ! 23 g%
T vk mkc‘dia_iesm'dcd' 0.
oA P gs, g s Y e g 3Ry
MRk A A T 45

21

2 goonuk

1
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“ The two quotients being different numbers they must be /taken the same ; »
“ thus instead of 9, take the quotient 7. sl R Gl e ops S
J e Miw bt R EYRTE 14 5 AT B B : i ! (e B (," 1
5)46(7 Ao nis By Sathe Sdd e caiskd o
35
1 . ———
o whasueld S el ad dudlie o "loos g , ity
SXAH2S &y i #

« therefore the goon is ¢, the lubd 11. 5

d el el 2l N8 B1 Alim r@ Eavig Q17T ok A W18 e

4 Ne?ct!; ‘when the chepuk is uegativé‘, or to be deducted, the rule directsto
b subtrac't' the Inbd from the bbady, but heéré v cannét bedone : tle'rale 'is’
¢ reversed, thus 11—5=6, whichis the lubd for the negative chepuk ; next for
‘“.the goo of the thin chepuk 8=2=1 ;| thereforé the goon and Tubd o vhe
¢ rhin chepuk are 1 and‘ 258X 1=5; but from this the rhin chepuk cappot be
* taken ; therefore take it fyom thechepuk Q9 B8, "ol

1

RIS U ¢
“i3)18(G the Tabdldls D™ S ir &
18
oo ke Silves i IO roampntiihal aRHE Siln A aphiods W

24 “..‘ Wit ’MU i Breviocnd & ¥ I ﬁl.i | .T" 1 H'\\ f ' o 10 I
Other cases are mentioned for the negative chepuk, and for the chepuk, gg»
duced, and for new values.of the goon and lubd.

JAT R FTTETA] LR $ B

0 and 2& -:; 65, whict ¢ 1o hie Persiin tinnslation, are
also stated here, but no abstract of the Woa,is given, only the lubd is suid to be
'

5 and the goonuk 0, which applies to tl of the two (ml{y.

alhveled a0l Mo X vH GO Ll vy

The_examples s 1-:

0]

« The seke in bekullas i tevmed sood, meaning that it is the chepuk ; the
“ bhady, let it be 60, , The eogdin or urgun 14 the bhaguk, from, which the Tubd
¢ will be found in békulias, and the goon will be the seke of the cullas, which
“ must be taken as The chieptk § inaking the bhady again 60,/ thé bhojuk will be
“ the urgun, the tabd of this will be in cullas, the scke isithe seke of the ansas,
“« whicht ‘seke must be (ghewohs the chepuks the hhady, being taken 50, the
“ bhujuk is still the urgun, the Jubd is in ansas, the seke is the seke of the signs,

“ .
f v
! |‘ A
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“ which scke take as the chepuk ; making the bhady 12, the bhujuk will be still
** the coodin, the lubd here will be signs, the seke is the seke of bhaganas,

“ revolutions, which seke must be taken as the chepuk ; the lubd will heve be
*“ in bhaganas, the scke the urgun.”

100 - NOTESs,

Ezample. “ Let the calp coodin or urgun be 19, the bhaganas 9, the
“ urgun 13.” 4

** Then by proportion if 19 gives 9, what will 13 give?” This is found to be

v » ot N ! ‘. 60z — 1
6 rev. 1 sign, 26°, 507, 31 ‘y with a fraction of il; then from L"iii)‘“{ 2y,

~

602" — 1 - 5
@ gnd » are found z= 10, Y¥=31 ; then from -—,?)w-o =%, ¥ =50and 2" = 16,
308" — 16 °

X 123" el ¥ ‘

from i =97, _v;'::: 26, &' == 17, from Fatigr =¥ G yt=l, e =3
g -3 TR i . .

from 19 =¥ ¥ =06 and 2" = 13, which is the urgun.

In another Example.  Seke bekullas = 117, bhaganas = 49, calp coodin or

urgun =149, Jeist urgun =97. The quantity is found by the rule to be = ,
23 rey. 10 sighs, 18°, 234 314 the remainder 1.

*‘ The addy month 1, is the bhady ; the coodin

198, the bhujuk ; the seke of
** the addy month 5, is the chepuk. .

“195)1(0 0
1 seke disregarded 95 bullee,
.‘ » u
“0x95+0="0 | Roas =
X 9 =0 mas o%
“ 100 ' 195)95(0
O labd | 95 goouuk.
YR <95 =0 195 )00

0
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« The che tits ¢6 is the bhady; coudin 223, is the bhujuli.; abum scke 220,
¢ chepuk. /

¢€995)26(0 GiTY #Raas 660
26)225(8 8 5720
208 — ’
s 1 26)660(as
17)26(1 e s
7)17( 1 10 seke the lubd,
9)17(1 1
9 —— ' 225)5720(25
b we 280 ¢ em—
8)9(1 -—-——0 95 seke the goonuk.
8 . A

1 disregarded. '
26 X 95 — 220 __ .

== XD
905 ase

¢ Hence the chandra days are 95.”

'

The last rulé of this chapter is taken notice of as follows :
' \

“ oF THE BANSTIST COOTUK.”

“ By what number may 5 be multiplied and divided by 63, the remainder will
“be 7; and that number so found, when multiplied by 10 and divided by 63,
“ the remainder will be 14, ‘

“The two goonuks are 5 and 10, the sum is the bhady ; the two sekes are
« 7 and 14, the sum is the chepuk ; the bhujuk in both is the same or 63.”

The question is solved as before; it ends Thus, however numerous be
“ the goonuks given, let them all be added for the bhady ; and the same with

“respect to the given sekes for the chepuk 5 the i)hujuk will be ﬂlle’ the
“ same,” - ' ' ) f
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' : :
b )

h i w ¥ AN LT 1 bt
t % | "y )

»

el b Chapter G.
e AW 3§ % b !

% THE CHACRA BALA.” *) 2

Lo - Y ey
=200 DDVo~ p

Sebd balke | 1 by ) 9 |
i THE‘ multiplication of the sqnare is a chacra bala. Thereare six cases ;
“ The first quantity assumed Lis called Zursua (the smallér)'s 'its square must he
“ multiplied by the pracrit, dnd 'thei}‘ must be added the ¢hepuk s that is snch a
- ch(-p;mlf,,a@,’yi.u by addition produce a square, and this ¢hepuk may require to be
“ affirmative or negative, which must be ascertained. The root of this square is
“the jeist : these three, the canist or hursua, jeist, gpd chepuk must be noted
“ down and aga‘in w;riﬂgy @N"b‘: . HRERLED o R
iR )

LI Y

\ ¥ Ly " . Xy R - ~
The distinctions of samans babna and anter bgl{vg(}z are given as follows ;
1 LV LA e PN 5 | :

i ly

| “ OF THE SAMANS BABNA™
¢ -"‘-F=:,“( at A ,15(.1\ ":Jd:\"‘.": I..".»'_l LA PR RS T A

““ When the jeist and canist are multiplied into each other (budjra heas)
“.the sum is the horsd or qupise,, - 1t vy ecalled budira. beas from its being a tii-
o nngu:ln; multipl&cu;iun_; t‘hc upper, o gcfsr, or greater, being muttiplied by the
“lower, smaller, “the caufist y ant the clinise multiplied Ly the gieatér oi jeist -

g \ " UMEERE RN T ‘ TR .
“ the't a"pm’d(’htfﬁ“adﬂed‘keﬂt}w-Hn’rs. AT bW 2 L

“The two canists multiplied together, and multiplibd again by the praciit,
“then the produee of the two jefs(’s-zdtddéd altogether, ploduces’ the toot of the
“ Jeist; the prodict’ of the two chepiks (hen hecomes the chepik>

The anter babna is déscribed thus: “ The difference bhetween the two products
ot budjra beas, produces hursa or canist:  The produée of the canidts multiply
“ iy 'thé"prht'nfit‘,!' and the o i‘tfd'encwweerg (this and) the “product 6f the two
“ jeistd ‘15 the voot of thie jeist, i "‘ﬂl‘é"’ﬁrd,mwf of the ' two ‘ehépuks is 1,
“ ¢hepuk.” ' ' "

The rest of this js very impertect, but the cases of ps = Bp* and 28

W

2= ancd
1)l)

I
: L gy T
the rule a (,«;;-:_-_' A) F 1200, we plainly alluded to,  (See notés on the Persian
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translation.) ¢ Thus” (it is added) ¢ the root of the canist and jeist may be in a
“ variety of cases found.” i

After this there are examples the same a> m the Persian tranblatlon and worked
the same way as far as the  Operati ? tlon » and, after the examples.
« Hence, how various soever the ﬁat rom thc somans babna and anter babna may -
“ he produced canist, jeist, and chepe; and hence it is called the chacra bala.”

1 find no abstract of the rule for the *%pperation of circulation,” but there is
the first example, viz. 672* + 1 = [J, as follows : “ Roop 1 is the canist, 3 is
“ the chepe ; Fhiu the p}aqut 67, canist 1, Jeist 8. Hurs i is the %lady, chtlc 15
i the bhu_]uk Je\st 8 ls thc che uk, then b) thc cootui( $uuu|t

¢ ‘,& 1 " SRR E DT 1l heoehorf o
Bl;a.. 1, che 8,

Gp . Bl e o0 1 A0 )x,u‘. 'f‘-‘
. 1 “ {

k) e i R “ Iim i h‘?“&'e t‘hq gqonpk 1’ LG
#then tlmnﬁqmlq..q#; L F—‘i 15,67, .1 565, but,this, t‘*?x P9k ,t‘he 5"‘““”‘: th"ll
“ 34§26, 6-+d =75 its, square 49, deduct from " pracit, .Q‘Trdg...w; &)18\0 :
‘ but the negative. must. be mwade afirmative 65 and, 6x8:=25, and 23X 67 =
“ 1676, and 167546 1681, its. root.4 1,5 thien by, the,cootuk guamit |, i/ 14,

(1 aviodt o, bk Y BhaSy RRORE Ao drmsor, oF ¢l el g

a llu16 e

6 then 5)(5-"35 and 6195 =49, 6)42(7 ;' hE1ubl s dhé t‘&;}'ism'nl-'; txda =

«'{a1; "‘I’XG? =8107 ;. cl&épemn 8107+7"“8’1()0 #{s root 13’ ;o, which''is the

“jeist ; thén hy the cootuk ! e i Sy i | gkt )
T g Canist is btiady 1| dw ()n L ¥ el g el
V) AT JIET R RN TR ali e 1 - _‘:" o l e
@ | .y AL :
a7 1

 Here the goon is, 8  ghe; 7 'Z,+..==Q thpl \ge(,cm‘d @Q“NH ,;s 5%‘4‘:‘@» “ 31
& 8;1.'-(7de " /)‘4‘(0 tm m“ﬂ' chepe " R I il '.‘ i d O
|“ '1 hc (“““P" 4?‘ sTllm‘w lnnl(le JClst‘ L’Q]‘

i F 4 \..'.n'\' N | “"." oYy Tl | [
gl 0 ,(ﬁ!- ?‘1 J‘-;‘?Fn Fb&' T8 ikl ad ] kst R \;1
“Lﬂ "7, 201 jeist, Phe_..l A .J
LA 4 R
“ Ca. 11084, joist 07084 ehig 4y 1 p v 0y \

“Ca, 5967, )eist 48842, che 1.
¢ The squdn' ea. 35605089, which multiply by b,, :md" 1 aldcd t.hc sum will
“ be 9385640964, and its root 15 49840 9y
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 BOOK 1.

< ’

THE unkmown quantities, &c. must be clearly stated, and then the equation
“ must be reduced in the manner hereafter shewn by 3¢, by =+, by the rule of
“ proportion, by progression, ratios, by ‘[™\_ ; still maintaining the equality.
“ When they are otherwise, add the difference ; then ssdana the quantities; the
‘ same with respect to roots. In the other side of the equation the roop must be
“ sodanad with the reop. Wlhen there are surds they must be sodanad with
“ surds; then by the remainder of 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.” ¥

1t will be remarked that the Persian translatmn has ¢ the figure of the bride,”
for that expression which is represented by 5. in the above abstract. Mr. .
Davis tells me that the original had nothing like a reference to Fuclid, an- that
this part related simply to the proportions of right-angled triangles.

There follow abstracts of the seven firet questions of this book, with their
solutions, which are the same as those in the Persian translation.

The first part of the fivst example is: “One man had 6 horses and 300 pieces of
« gilver, and the other had 10 horses, and owed 100 pieces of silver; their pro-
“perty was equal.  Queere, the valye of each horse, and the amount of the pro-
“ perty of cach person.  Here the unknown quantity is the price of one horse.
“Ja 6, Too 300
“ Ja 6, vo0 100 these are equal.
“Ja 6, roo 300
“Ja 10, voo 100. Sodan, that 1s tmnspuae.

“Ja6 4 300 = Ja 10 - 100

“Jad = 400

“Ja = 100 . o

o e a Bt A
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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 I shall have
“ twice as many as you ; the other said give me 10 pieces and I shall have six
{“ times as many as you. Quere, the number each had.
“Ja g roo 100
“ Ja 1 roo 100
«+ Ja 12 roo 660 . il Mg
“Ja 1 roo 110 . -
“ Diff, Ja 11 roo 770 ; .
“Ja 100 70 ‘

BOOK 2..

“"Fue square root of the sum of the squares of the bhoje and cote is the carna.
* Explain the reason of this truth.

“The carna is ka ju; the figure thus, % Divide l.hll by a perpen-

“ diculdr ?‘EM ; thes¢ are Cqual triangles.” The bhoje is abada or given.
Th s ;

“ The lumb or perpendicular is the cotc, g "‘;& 3n the latter the cote

¢ is a carna, the lamb perpendicular is the bho;e, the cote is the carna; they are
¢t similar triangles, When the bboje, now ¢arna, gives the lumb for the core,
“ then cote for earna how mmneh? Thas by proportion the cote is found ™
Also :
* As bhoje 15 is to cgma, then from this carna 15 what bhoje?
LY



NOTES,

“Therefore 15 X 15, and divide by Ja
ey ol v
j——gfsr Again.
“Ascote 20, to the carna, 50 isthe carna 20.  What cote?”

B ¢ i b 0O v b ¢ 25U BRI U
— : _— i arna ; whence
'I'hx§ is found = Ta 'and: 'ty;§ gfi(kd L o e thgc na ; W

1, and the small bhoje is found =

.

25 =Jal. ‘ :
 Then from the bhoje to find the perpendicular, R
‘ The bhoje .5, its square 225; bhoje abada = 9, its square 81 ; the differ-

“ence is 144; its root is the lumb 12. )

48

* 8o, the cote 20, its square 400 ; cote abada 16, its square 256 ; difference

“ of squares 144 ; its root the lumb 1s 12.” Agan,
Aunothey way. .

*4Camna ja 1 ; then half the rectangle of the bhoje and cote is equal to the
“area = 150 ; therefore the area of the square formed upon the carna in this
“ nianner will be equal to four times the above added to the countained square,
“ which square is equal to the rectangle of the difference between the bhoje and
* cote, whichis 5 X 5 = @5, The reetangle of the bhoje and .cote is 15 % 20
“ =300; and 300X 22600 (u‘r.m:) X 4); 600 4 95 = 625, which is equal to
“ the area of the whole square drawn upon the carna, and therefore the square
“ root of tliis is equal to the carpa = 25. 1If this comes not out an integral
“ number, then the caroa is iupestect or a surd root.

* The wlp'o? the squares of the bhoje and cote, and the square of the sum of
“ the bhoje and cote, the difference of these is equal to twice their rectangles ;
** therefore (theovem) the square root of the squares of the blioje and cote is equal
“ to'the carna, To iilustra.tc this, view the figure.”

Uere a figure 15 given which requires explanation to make it intelligible.

f"ln that figure where 8 deducted from the bhoje, and the square root mude of
“ the remainder, and one deducted frenn the Square root, and where the remainder
“is equal to she difference between the cote and earna, f{.cquircd the bhoje, cote,
" and carma, , :

* oreBAwION, '

“ Let the assomed number be ¢.

A y
to which add 1, its syuare i8 made= 0 ; to this
“add 3, whenee the bhoje is i ;

is square is 144, 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 carffa multiplied by their difference is equal to this.”

Then follows something which T cannot make out, but it appears to be an
; illustration of the rule, that the difference of two squares is equal to a rectangle
" under the sum and difference of their sides, probably the same as that in the
Persian uanslation. The end of' it is, A \ _
“ Thus the square of 5 is €3, and the difference between 5 and 7, sides of the
¢ square, is 2; the sum of those sides is 12, which multiplied together is 24
¢ therefore equal to this is the remainder, when fiom the square of 7 is deducted
¢ the square of 5. '
«The difference between the squares of thése is known, and thence the
« cote and carna are discovered thus : This difference of squtres‘divide by the
¢ difference of the cote and ¢arna, or difference of roots, as in the Pati Ganita,

144 . ¢ L s
“ — = 72, and this is the sum of the two quantities sought, as is taughtin the

« Pati Ganita, but their difference is @; therefore deduct 2 from the sum, the
« remainder is 70, and half of this is the first quantity sought. Again, add'2 to
« 79, the sum is 74 ; its half is 37 the other quantity ; therefore the cateis 35,
*¢ the carna 37.

% When the proposed differchceis 1, the numbers are found 7, 24, 953 multi-
“ ply these by 4, the numbers will be 48, 96, 100. '

Then foilows a note of the rule, that the difference of the sum of the squares of
two numbers, and the square of their sum, is equal to twice the rectangle of the
two numbers, and this example as in the Persian translation.

“ The two numbefs are 3 and 5; the ‘sum of squares 9 4 25 == 34 the sum
“ g, its square 64; the difference is 64—34=x30; then 5§ X 8=15, 15X2¢=30,
“ equal to the above, But when the sides are' not known, but the difference of
« their squares, 16 then divide by ¢, (vis. by the difference of ihe mithbers)
9 :

g =8; this is their sum, and deduct their diffvrence 8 - 8 = 0, half this is

.
¥ 4

10 g |
* one number, and 642210, and T 5, the other number,”

N
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The next is,

““ In the figure where the sum of bhoje, cote, carna is 40, and the product of
“ bhoje and cote 120. What is the bhaoje, cote, carna ?

“ Multiply the product 1.0 by 2 =210, this will be equal to the difference between
“ the square of the sum of the bhioje and cote and the carnas square. ‘The sum
““of the squares of the bhoje and cote equal to square of the carua; therefure the
** product of the bhoje and cote X by 2 8. equit to the difterence  between the

*“ rectangle and cote (the square) of the sum ot the bhoje, and the square of the
“ carna.

“ Divide this numbcr 240 by the sum of the hho_]e, cote, and carna 40, j(? =0,

* which is equal to the difference betwcen the carna and the sum of bhoje and

'l

40 — 6
“ cote. Hence - 5 = 17 the carna; €3 sum of bhoje and cote, squared is

¢ 599. Multiply the rectangle of bhoje and cote 120 by 4 = 480, the wm#inder
‘49, and its root 7 ; this is the difference of bhoje and cote ; deduct this from

‘ .16 . ;
*“ their sum 23; 23 — 7 == 16, its half 5 = 8 18 the bhoje; 23 4 7 = 30, its
“half, s the cote 15.”

The next is, v

“* Where the sum of bhoje, cote, ‘carna is 56, and their product 4200, what
“are the bhoje, ‘cote, carna ?

“Jay, ja, Uha 1. The sum of bhaje, cote, carna,

“Carrajal; »l, 1, 100 56; these three multiplied, 4¢00.

roo 4200

“ The rectangle of blioje and cote — 5 P, equal to sum of Siuares of bhoje

¢ and cote is ja bha 1, sum of blioje and cote ja .l, 100 56 ; the square ja bha 1,

"j.:: 112, 109 8136 ; the differenice between thém is equal tow :

al !
“ therefore Ja 112  roo 3186

i e 5

s
Ja 0 roo 8400
Ja
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« divide both by 112; reduce both sides, and it will be
Ja1 roo 28
m 100 .75
' Ja 1

Reduce the fractions.

«Jabhal, ja28 100 0
np Ja bha 0, ja O, 16075

« Multiply by 4, and add the square of 28.
¢ Jabha4, Ja1le, roo 300 (skould be ’784)

“Jabhao, ~Ja0 - roo 43¢ & »
) ‘- . { ﬁ. '
“ The square root == L w, then add s divide by b = 25, “\vhich
Ja 0 roo 22
“ the jabut, and therefore carna g

« Then for the bhoje cote. T he three multiplied are 49.()0 Dwule by carna
u‘}_?_;E = 168 = bhoje X by cote. 'The sum of bhoje and cote =56—25=31,

¢ and 168 X4==672. The square of 31=961," (the difference) © £89, its square
« oot is the difference of bhoje and cote = 17 ; deduct this, 81— 17 = 14 its
¢ half 7, which is the bhoje; and 31 + 17 = 48 its half 24 is the cote,”

The lines above have been carelcssly drawn. The true Hindoo method of
writing the tquation — v 4 28 = L I undcrstand to be this, ja l‘ roo %8, and
M
Ja 0 Roo 7§

e Ja 7!
b f 3)
that of = 2* 4 28 # = 75 this, Ja bha 1 \ ja g8 | roo O ' '
Jabhao |ja 0 | roo7s
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"NOTES.

g - Books 3, 4, and 5.

'.“' % ."I\'i
2908 @007 S ; R 'é“’:{‘l"i e
) i \
: !
X rizp amorig Mr. Davis's notes a small part only of the beginning of the
3d book, which consists of rules for the application of . the !"Sontu?j-to questions
where there are more uuknown quantities than conditions. I find also some

notes which evidently relate to the first example of this book, but nething
distinct can be made out. '

There are no notes relating to the 4th book.
Of the 5th book ouly this ;

“ When there are two or more quantities multiplied, the 15t quantity must be v
“ discarded—then” .., There is also an abstract of the first example, the same «s
that in the Persian translation.

R TSR e S —

)

Extracts from Mr. Davie's-Notes, taken from a modern
Hindoo Treatise on Astronomy.

P T
-
“ Br the method of the Jeisht and Canist from two jyas* being fouﬂd, others
“ may be computed by those who understand the nature of the cirele (the bow

e
———y Pretin b add

* Jya of jawy vineesThe modern Europeans scquived (e knowledge of the rine fram the Arabians; and i
in ofyvious that they uged the term sinus onl ¥, because the word foch (%), by which the Arabians called the
ime iy question, bs trausloted s indusii. The radical meanlng of (\padss) is 0 cat, and it desiotes the bosom

of 3 gaument only, becsuse the ghrment is cut there to mauke pocicn accordingly we find thai Srtaze.
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““and arrow), and thus, by the addition of surds, may the sum and the
o dxﬁerence 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 mgmﬁes that part of their dress where the pocket is
usually placed, and in some languages which ahound in Arabic words, as the Persian and the Hindoostanee,
it is the common term, not only for a pocket in the bosom, but for any pocket wherever it muy be. In all
Arabic dictionaries this word is explained as above, and in some, though not in all, (it is not in the Kushfool
Loghat) the line we call sing is given asa second nieaning.

The Arabs call the arc kogs (w J”)’ wlm.h sngm&es a dow ; the cord wutr ( JJ .)) s which is the borstring ;
and the versed sine suhum ( (,vm), wﬁich is the arrow. But the sine they express by a word which has no

connexion whatever with the dow.

The Mathematical history of the Arabiansis not known enough fof us to speaﬁ posxhveb about the first use
of sines among them, but there seems to be reason to suspect that they had it from a fomxgn source, probubly
from the Indians.

The Sanscrit woid for the chord is jaw, or more properly jya and ;x‘u. {For @me terms see Mr. Daviss
paper in the second volyme of the Asiatic Researches; the literal explasation of the words has been given me by
Mr. Wilkins,) and the sing is called fya ardki, or half cord 5 but commonly the Hindbos, fur brevity, use jya
for the sines They also apply the word in composition as we do; thus, they qll the cosing eotijya, meaning the
sine, ghe side of a right-angled triangle; the sine {or right sine) bkojjya, meaning the sine, the buse of a right-
angled triangle, and cramajya the sine moved; the versed sine they call ooleramayya, or the sing moved upe
wardsj the radius they eall #ridjya, or the sine of three, (meaning probably ‘three wigns.) Yo their term for the
diameter jyapinda, or whole jya, the wonl is used in its proper aveeptation for chord, and not forjya ardhi,
or sine.

< Tt peems as if LA and jya were originally the same word. My Wilkins (the best authority) assures me

that jya, in the feminiae giva, is undopbicdly pure Sanserit, thnt it ie found in the bcnmd oldest mﬂhqlrks

and that its meaning is a dog-string.
The Arabians in adapling @ term to the klea of chord, bad et ™ the Miing which it resembled,

and called uJJJ ot the dowsstring; but baving so applied this term, they had to seck another for sine;
then they wopld naturally refer to the name of the thing, and call it by some word in their own langunges,
which nearty resembijgd that uider which it was originally known to themn This mode of giving a separate
designation 10 the sine was evidently more canvenient than that of the Hindoos, so I venjecture that Laad,
Yor sine is no other than the Sanserit word jya or jiva
It i remdckable that the Sipscrit tvvms for the hides of AﬂgM-nglvd triungle laye um o 2 bow:

they #em to be named from the angular points which are formed by the end of the bow, the arm which
halds 15, wad thie wot ta which the stping, is drawn | thus the gide i called coli, or end of the bow; the buso
dhoy, of the wims and the hypothesuse earna, or the ger. Some further explanation however is desirable
to shew why Migfya te the termy for (be tine, and not (as It shavld bs by IMIO“) the cosite, and cofijpm the

casine instead of the sine, W

The Hindess bave 3 mr’ for thio weriod gne, sur, which signifies arrow, answering exactly (o the Aribic v

L
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“ Multiply the jaw of one of two arcs by the cotejaw of the other are, divide
“ the product by the tridjaw, add the two quotients and also subtract them ; the
' sum is eqﬁal to the jaw of the two arcs, the other is the jaw of the difference

between the two ares.

“ Again, multiply the two bojejaws together, and likewise the two cotejaws
“together ; divide by the tridjaw. Note the sum and the difference. The sum
*“ is the cotejuw of the sum of the two aics, the difference is the cotejaw of the
¢ difference of the two arcs. o

“ In this mannver Bhascara computed the sines in his Siromony, and others
“ have given other methods of their own for 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 canist, and diagonally multi-
“ plied (ba jera beas), the jeisht and canist being the cotejaw and the bojejaw ;
“ hence }‘12: fbdﬁ(l,,,i;hc sines of the sum and difference of two arcs, the third
* canist being those quantities. He did not use the terms jeisht and canist, but
“m their room bojejaw and cotejaw. I shall therefore explain how they
“ were n@z VWi '

- “ The hojejaw = canist (small).

“ Cotejaw = jeisht (larger).’

¢ (The theorem then is what square multiplied by 8, and 1 added, will produce
“ a square). ' 8

“ Multiply the given, number (8) by the square of the canist, and add the
“ ¢hepuk, the sum must be a square. ,

_“The 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.,

“ The canist square, which is the bojejaw square, being multiplied by a negative
« hecomes a negative product, therefore the quantity is expréssed by 1 roop
“ negative, '

“ Then the bojejaw square mujtiplied by 1 roop negative, and added to the
“ ridjuw, its square is the cotcjaw.

“ Hence the bojejaw and cotejaw in the theorem by Bhascara, represent the
* canist and jeisht, and 1 roop negativg s the multiplicr, and the chepuk is the
“ squaie of the tridjaw, and the equation will stand as follows :

112 NOTES,

¢ Canist lst. jaw 1 : jeisht ist. cotejaw ) 3 chepuk, tridjaw square 1,
“ Canist 9ds jaw 11 jeisht ¢d, eotejaw 1: chupuk, tridjaw square 1.
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“ These multiplied diagonally produce
* Ist jaw 1. 2d cotejaw 1. oy
“od jaw 1. Ist cotejaw 1. '

¢ These added produce the first canist, viz.
“1st jaw + 2 cotejaw. n
“ gd jaw + 1 cotejaw,
¢ which is the sum (or joge) and the difference.

% 15t jaw — 2 cOtejaw.
“ad jaw — 1 cotejaw.

« Thas from the sum and difference are produced two canist;, and the square of
“ the tridjaw squared is the chepuk; but the chepuk wanted beiug only the
«square of the tridjaw, then as the Bija Ganita directs divide by such a number
¢ a5 will quote the given chepuk. A

<« Therefore the tridjaw being the-ist, or assumed, on given quantity, divide
¢¢ the canist by it,, the quotient will be the tridjaw square, and henee the theorem
¢¢ jn Bhascara for the bojejaw. .

« And in like manner the cotejaws are found ; but Bhiascara did not give this
« theorem for the cotejaws, because it was more troublesome. He therefore gave
« g shorter rule.  But since the cotejaw square is equal to the bojejaw square
« deducted from the tridjaw, therefore the same rule may be applied to the
“ cotejaw, by making the cotejaw the canist, and the bojejawjeisht ; then by the
“ foregoing rule the cotejaw of the sum or difference of the arcs may be found™

”n

L5
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. Second Extract.

e BN B e
»
“Sroca. The munis determined the equations of the plane;s centres for the

““ use of mortals, and this can be effected only by computations of the sines of
“ares. I shall explain and demonstrate their construction and use.

‘9. And for this purpose begin with squares and extractions of roots, for the
“satisfaction of intelligent persons of ready comprehension,
ey 'Tﬁg sqﬁ:f&'é 15 explﬁilfcd by the ancients to bé;the product of a number
“ muleiplied by itself. (He goes on to show how squares are found and roots
“ extracted as in the Lilavati).

i “- | ’I

“ 6. Square numbers may be stated infinitely, The roots' may be as above

“ extracted, "but there are numbers whose rootw irrational, , (Surds.)
N ‘F’ L n . Wi

“7. The aucients have shewn how to approximate to the roots of such
“numbers as follows: Tdke a greater number than that whose root is w

anted ;
“ and by its square multiply the given number, when that given numb

er is an
“integer. ~ Extract the root of the product, divide this root by the assumed
“ number, and the quotieat will approximate to the root required. If tle given

“ number be a fraction, multiply and extract as before.
“ neurer the munis assumed a large number, but the approxii
“ by assuming a small number.”

To gpproximate the
nation may be made

And after a blank.

TR f
¢ In like manuer surds are managed i the abckl\ or, symbolical letters,
““ (Algebra) expressing unknown quantities.”

Again, aiter a blank, |
% Some have preténded £o have found the root of a surd, and that this might

L
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“ be effected by the Cutuca Ganita, attend and learn whether or not this could |
“ have been possible. T shall relate what Bhascara and others have anitted o {
‘“ explain, * A root is of two kinds; one a line, the other a numher.  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 numbersad, 4, 9, &c. may be
¢ expressed both ways. 2, 8,6, &c, are surds, and can have their raots expressed
‘“ only by lines. (He goes on to shew the impossibility of finding the rootof a
“surd, though it should be eternally pursued through fractional quantities.)
“ The root of a surd may be shewn geometrically.”

1 Have copied these two extracts exactly as I found them ; there appear to be
one or two errors which it may be as well to mention. In the first ¢xtract the
latter part of the first sentence should, perhaps, run thus: “ By the addition of
“ the jeisht and canist may the sines of the sum and difference of ares be
% cdmputcd," &c. : ‘

I observe that where jeislit and canist first occurred in these notes Mr. Davis
translated it orviginally armetic of surdls,” and afierwands corrected it;
probably from eversight it was not corrected in the second place,

The value of the cosine of the sum of two arcs is given instead of that of the
difference and wice versa. A\

There is an error also in writing the sum and the difference of the cross pro-
ducts. i ' ol ! ,

I know nothing of the autlior of the Marichi. Possibly he might have
observed that the jeisht and canist rule corresponded with the formule for the sines
and cosines, and the latter were not derived from the furmer Ty Bhascars, but
invented at a Tater period, or introduced among the Hindoos tiom foreign
sources. Probably however the application and the formale are botk of Indian
origin, ;

As for the second extract the rule for approximating to.the squave root is the
same as that given by Recorde, in his “ Whetstone of Wig" which was pub-
lished in 1557 ; and by his eontemporary Buckley ; (fov an accamat'of whose
method see Walli€’s ‘Algebra, pe 32. English edition.) I haye before stated, thas

P9
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this rule is also in the Lilavati. I mentioned it generally then only because of
its conndkion with a trigonometrical proposition. The following is a literal
translation of the rule, as given by Fyzee: ¢ Take the squares of the base and
““side, and add them together; then multiply by the denominator and write it
““down. Then assume a large number and take its square, Then multiply it
“ by that which was written down. Take the square root of the result and call
¢¢ it the dividend. Then multiply that demominator 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 be 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
this should hay¢ found its way from Europe to India, and it is very probable that
many things of this sort were to be had from Hindoo sources.

L.
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Explanatnon of « Sanserit Words used in M. Davis's
Notes.

BIJA GANT T A—Algebra—Literally seed counting.

Pati Ganita—Arithmetic—Ganita seems to be used as we use anthmetlc. Thus as we
have arithmetic of integers, arithmetic of surds, decimal arithmetic, &c. "the
Indians have bija ganita, pati ganita, cutuca ganita, &c,

Jabut Tabut—The unknown quantity, as we use x—Literally «s far, so far. Itisnot 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 ; the first letter of

pandu is very like that of jabut, and they might casily be confounded,
Kaluk, neeluk, &c.~Unknown quantities—Literally the colours black, blue, &c,
A be‘kt——Unknowu,
Carni, surd—Hypothenuse-~Literally ear,
Maht: and laghoo—Greater and less.
Roop—Kunown quantity—Literallyform, appearance.
Bhady—Dividend.
Hur—Divisor.
Bhujuk—Divisor.
Sele—Rewmainders \
Dirl—Reduced.
Chepuk or chepe-—Augment.
Bullee—Ghain oy series,
Unte—Last.
Upantea—Last but one.
Lubd—Quotient. b
Goonuk or Goon—Multiplicand. :
Rhin—Mians—Literally decrease,
Coodin-—Awn astronowical period. ) '
Urgaun—Number of days elapsed. : w‘*
Bekullas—Seconds. -
Culius—Minutes.
Ansas—~Degrees. | | ‘ ' {

[
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Bhaganas.—Revolutions. -
Calp—The great period. L
RM:——Lttemlly a heap, a sum total, a consteﬂahon

Cootuk—The gmnclplq_orf which problems of this (Srl_n ‘E—;——i = y are solved.

Sanstist—Ditto of W=y ¢ cand L= oy e

— <

Chacra-bala—Ditto of ax* 4 & = y* —~Literally strength.
Hursua, hurs, hursa—x in the above form — Literally small.
Pracrit—a in Ditto—Literally principal.
Jeist or Jeisht—y in Ditto—Literally greatest,
Canist—m in Ditto—Literally least.
Samans Imbna—-—l X3 4B —y?and Af* + g = g?, then the rule = x'g + yfis ealled.
. samne bnbna—-—l’.xterally conteniplation of equal degrees.
Anter Mbm-—l:n the above form, when +” = xg — 7/f, it is called anter babna—Literally
contemplation of difference.
Badjra beas—Cross multiplication whi /ih prodl}ces the above forms — Literally cross
* diameter. — VapIR =
Cooink gunnit or cutuca gamta.——Coot.uL Calculation
Sodana—Reduce—Literally purify. »
Utepane~Brought out. -
Bhoje—Buze of a right-angled tnln,gl:.—-therally arm.
Cote— Side of Ditte —Literally end of a bow.
Carna—Llypothenuse—Literally ear,
Lumb-—~Perpendicular —Literully length.
Abada~-Given,
Tsi—Avsumed.
Jaw or Jya—Sine or chord-—Lntorally bow-string.
Bajéjaw—-Sine.
Colejan—Cosine,

vy

&

4
Tridjaw—~Radius—Literally sine of three ; perhaps meaning of thiree signs or 90 degree».

Addy—-Intercalary. :
Che-tits (Cshaya mM)-—-Dnﬂ'brem.e of solar and lunar days.
Abum—? For blnuni savan—solar days.

Chandra—Llapar.
AL TR
' N e\
For the literal e ion of theseitctil, as far as they could be made out, I'am obliged
o My, Wilking, t of t.he wordsam n bere according to, their cominon pronun-

ciation in Benbd il

“ Aiﬂn L "ﬁ”’
B L
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Dear STRACHEY, ) \ )

Havine just laid my hands on a parcel of papers of notes, containing abstracts and trans-
lations from the Bija Ganita, made by me, with the assistance of a Pandit, as long ago as
when I was stationed at Bhagulpore®, I sead 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 haying been made carelessly and
never revised ; but their autheﬁticity may be dependedsn; as they were made from the original
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 1 suppose to have been written in Jey Sings time.

.
{

I am very sincerely your's,

o

Brtand Blace, Jan. 10y - 1 bl Se DANVIS

i M'.$. srnbNe
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¥ About the year 1790, i

-

Clendinniing, Printer, Hatton Uarden, Londen,
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