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PREFACE.
' ' ' '

I t is known that there are Sanscrit books on Astronomy and Mathematics,'
Whether the Science they contain is of Hindoo Origin, and at high anti
quity, or is modem and borrowed from foreign sources, is a question which 
has been disputed. Some of the Advocates foi* 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, ignorant, &c« &c.

My object in the following paper is to support the opinion that the Hindoos 
had an original fund of Science not borrowed from foreign sources, i mean to infer 
also, because of the connexion of the sciences and their ordinary cquivi oi ad-* 
vancement, that the Hindoos had Other knowledge besides what is established by 
direct proof to be theirs, and that much o(. what they had* must have existed in 
early times.

But with respect to the antiquity of the specimens which 1 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 iSSth or the beginning of tee i3tli 
Century,

It is not my purpose to inquire here what parts of Indian science have already 
been ascertained to be genuine. I only wish to observe that the doubts which have 
been raised as to the pretensions of the Hindoos are of very recent birth, and that 
no such doubts have been expressed by persons who were perhaps as well able to 
judge of the matter as we are.*

♦ The Edinburgh Review, in criticising Mr. Bentley’s Indian Astronomy, in the 20th number, ably contend, 
ed for the antiquity and originality of f-Iindoci Science. The writer of that article however seems to have left the 
field ; and his successor, in a Review of Delambre’s History of Greek Arithmetic, lias taken the other side of the 
question, with much zeal. This Critic is understood to be Mr. Leslie, who, in his Elements of Geometry, lias again 
al tacked the Hindoos. Mr. Leslie, after explaining the rule for constructing the sines by differences, which was 
given in the 2nd Volume of the Asiatic Researches by Mr. Davis, from the, Surya Siddhanla, adds thefollowmy. 
remarks,

A
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We are told that in early times Pythagoras and Democritus, who taught tire 
Creeks astronomy and mathematics, learnt these sciences in India, The Arabians

- ------------------------- -------------- ------------------------ ---------- ------------- ——•    ---- —---- -------- ---"* —  ---- ---* 

“  Sucli is the detailed explication of that very ingenious mode which, in certain cases, the Hindoo Astro- 
*• noniers employ for constructing -the table ot -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 information from people farther advanced than themselves in science, arid of 

* “ a bolder and more inventive genius. Whatever may be the pretensions of that passive race, their knovr-
“ ledge of trigonometrical, computation has no solid claim to any high antiquity. It was probably, before 
* the revival of letters in Europe, carried to the East, by the tide of victory. The natives' o f ' Hindustan 
“ might receive instruction from the Persian Astronomers, who were themselves taught by the Greeks of 
« Constantinople, and stimulated to.- those scientific pursuits by the skill and liberality, of their Arabian con- 
“ qtierors.”— (Leslie’s Elements, p. 4S5.)

When scientific operations are detailed, and most,of the theorems On which they depend arc given in the 
form of rules, surely it is not to be Inferred because the demonstrations do not always accompany the rules, 
therefore that they were not kuowjt; on the contrary, the presumption in such, a case is that they were 
known So it is here, for the Hindoos urtainly had at least as ranch .trigonometry as is assumed by Mr. 
Leslie to be the foundation of their rule. Mr. Leslie, after inferring that the Hindoos must have derived their 
science from people farther advanced than themselves, proceeds to shew the sources from which they might 
hav;. borrowed, namely, the Persians, the Greeks, and the Arabians. Now as for the Persians as a nation, ftp 
dp-not know of any science of theirs except what was originally Greek or Arabian. This indeed Mr, Leslie 
would seem not to denyj and as for the Greeks and Arabians it is enough to say that the Hindoos could not 
borrow from them w hat they never had. They Could not have borrowed Irons them this slavish routine for 
the sines, which depends on a principle not known even to the modern Europeans till 200 years ago. In short 
the fide cl" victory could not have carried that which did not exist.

It appears from. Mr. Davis's paper that the Hindoos knew the distinctions of sines, cosines, and versed sines.
They knew that the difference of the radius and the cosine is equal to the versed sine; that in a right-angled 
triangle if the bypothenuse be radius the sides are sines awl cosines. They assumed a small arc ot a circle ns 
equal to its sine. They constructed on true principles a table of sines, by adding the first and second 
differences.

'froTi, the Bija Gaiiitn it will appear that they knew the chief properties of right-angled and similar triangles,
III Wym^fi, LiJavali I find ..the following rules:
(The hypothenuse of a right-angled triangle being h, the base b, and the side s.)

Assume any large number p, then .......——- —  s= »•

b =  %/ (It1 — r *) and j s s  V  —• b1).

CM-* ](* .-* )  = h * - b * .  * h ■
b being given to find h and $ in any number of ways5 .let /  be any numbers then p L — z s s ,  and

* b e < a g g » v e n , s, andpt — h = tV .

I I' ,. c.yf ■ ' -T;. . ' '  't .' 1



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 A1 Mamun. (See d’Herbelot). Aben'Asra is said to have compared the 
Indian sphere with the Greek and Persian spheres. (Heilbrotnien Hist. Math. 
0, 456). We know that the Arabians ascribe their numeral figures to the

Let p  and 7 be any numbers} then
2/iy ssst />• — j* as b, »d pz + =~ h.

b* , b-a -  ~ &  +
Given a =  h riz s ; then — -•—  ss  s, and — - —  — h.4 4 ' . ' ... V)

, . a — v’!$ht — <**) ", , a ~ f'1/ ( w z •—  ,-j*)Given a = i  +  j j  then------ ..............— ' s s  ft, and — ----- ------------- • =s s.■4 4
There are also rules for finding the areas of triangles, and four-sided figures; among' others the rule for ,the 

area of a triangle, without finding the perpendicular.
For the circle there are these rules (c being the circumference, # the diameter, ,$ the chord, v the versed sine,, 

u the arch,)
■c : o :: 22 ; 7; and c : a : 3927 s 1250. (Also see Ayeen Akl.-ery, vol.S, p .32.)

— -  V,

2v',(» — ») X o =  c,

' «  c, and |  _... / ( l l l f l  )  „
f c ’ - (  c ~ 4 * }  V  \  4U“+ ,

Also formula: for the "idewof the regular polygons of 3, 4, 5, ff, 7, 8, 9 sides inscribed in a/ircie. Tljcwar* 
also rules for- finding the area of a circle, and the surface and solidity of a sphere. It will be seen also, that 
Bbascara is supposed to have given these two rules, viz— the sine of the sum of two ires is equal to the sum 
of the products of the sine of each multiplied by the cosine of the other, aid divide ! by the radios- and the 
cosine of the sum of two arcs is equal to the difference between the products of their sines and "of their 
cosines divided by radius.

is it to be doubted that the Hindoos applied their rule for the construction of the sines, to ascertain the 
ratio of the diameter of a circle to its circumference f-thus the circumference of a circle being divided into 
3»C degrees, or £1600 minutes, the sine of 90 degrees which is equal to the radius would hr, found by the

nil.. 3438. This would give the ratio of the diameter to the circumference 7 : 21 AH and 1250 : ',9

and assuming,.as the Hindoos commonly do, the nearest integers, the ratio would be 7 : 32 or 12501 gggy
It i« not to be denied that there are some remarkable coincidences between toe Greek and the Hindoo science • 

for example, among many which might be given it may be suggest^ that the contrivances ascribed to Antiphon 
and Lryso, and that.ol Archimedes,-for finding the ratio of the diameter, of a circle to its circumference miaht 
have been the foundation of the Hindoo method; that Diophan.n*’,  speculation, on indeterminate problem 
might be the ongm of the Hindoo Algebra. But there are no truths in the history of science of which v • are 
better assured than that the Surya btddhanta rule for the sines, with the ratio of the diameter or a circle to its 
circumference 1250 t 3927 ; and the Bija Ganita rules for indeterminate problems were not known to the Greeks.
such arc foe stumbling blocks which we always find in oqr way when we attempt to ref- r she fliml.io science'to 
any foreign origin. . 1 1

A S'
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Indians; and Massoudi refers Ptolemy’s astronomy to them. (See BaiHy’s preface 
to his Indian astronomy, where is cited M. de Guignes. Mem. Acad. Ins. T. 36, 
p. 771). Fyzee, who doubtless was conversant witlt Greco-arabian learning, and 
certainly knew the Hindoos well, lias never started any doubt of the originality 
of what he found among them. The preface to the Zee] Mahommed Sltahy, or 
Astronomical Tables, which were published in India in 1728, speaks of the 
European, the Greek, the Arabian, and the Indian systems as all different.
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 proceed. *

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

Jtyzeef, who, in 1587, translated the Lila vat5, a wor k of his on arithmetic, 
mensuration, &c. speaks of an astronomical treatise of Bhasc'ara’s, dated in the 
1105th. year of the Salibahn, which answers to about 1183 of our tent ; but Fyzee 
also says, it was 376 years before ,9.95 Hegira, which would bring i t down to A. D.
1225. So that Bhascara must have written about the end of the 12th century, or 
beginning of the 13th.

A complete translation of the Bija Ganita is a great desideratum ; so it has 
been for more than 20 years, and so it seems likely to remain.

I t  will be seen however that we have already means of learning, with sufficient 
accuracy, thexontents of this work. I have a Persian translation of the Bija Ganita, 
which was made fn India in 1634, by Ata Allah Kushetdee. The Persian does not in 
itself afford a correct idea of its original, as a translation should do; for it is an

_  __ __- _______~ _______ — --------------------------------------------------- — ------ -------- — ..... ............................................ -------------------------------------------

* See Asiatic Ik'seard.esv5tli vot, on th.e Astronomical Labours of jy  Singh, 
f  I wiii !>«e translate a part of Fyzee's preface':—" By order of king Ak.ber, Fyzee translates into Persian,

<4 from the Indian language, the book Lilavati, so famous for the rare and, wonderful arts of calculation and 
mensuration; He (Fy zee) (legs leave to mention that the compiler of this bn. k was Bhascara Acharya. whose 

.« birth place,, and the abode of his ancestors was the city of fiiddur; in" the country of the Deccan. T bough 
“ the date of compiling this work is not mentioned, yet It may he nearly known from' the circumstance, that the 
« author made .another book-on the construction of Almanacks, called Kurtun Kuttohul, in which the date of 
« compiling it is mentioned to be ! 105 years from the date of the Salibahn, an sera famous in India. From 
« that year to this, which is the 32d Ilahi year, corresponding with the lunar year £>95, there have passed 
** :§73 years.'7

M  the ilahi began in the'Hegirs (or lunar) year, S92> (see Aye«< Akbery) the date 32 of ilaht is  of 
course an error. It is likely too that there is an error isi the number 373. ' _ . '

'Mr. Ci'idncoke, in the 9th vot. of Asiatic Rex-arches, give-, on. Bhascara’*' own authority, the date ofhiS birth,
1063 Saca, In 1105 Salibahn'(or Saca) that is, about A.D. J183, be was 42 years old,
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IwS  1 ’ X l  author of turn papers on Indian Astronomy in the

w  t  nratle, m,uy years « *  i» India, ~ * ~ 3 $ £ £
from the original Sanscrit Bija Garuta | , and it is greatly to l c e^ietrtu 

tions troin iuc wi0iu J d,,. whole The papers which contam
that he did not complete a t■anslation <  I -  ^  » J , *  taerr but ver,
!,;» Tinfps had louts since been misL.id and * o - ,,
, , , foubd „ „ / [  gladly avail myself, of Mr Davis's permission to make use ol
there here. ’ The chief part of them is inserted at the end ol my account ol ire 
Persian translation. To prevent misconception about these notes, it «s pmp- r or 
me to observe that in making them Mr. Davis tad no other ph.iect than to inform . 
himself generally of the nature of the Bija Geodes they were not ...tend .I 
probably to be seen by any second person ; certainly they were never propoS r. to 
convey a perfect idea of the work, or to he,exhibited before the publ.c m any 
shape. Many ci them are on loose detached pieces of paper, and it is prpba ).c 
that from die time they were written till they came into my bands, they w&e 
never looked at again. But nevertheless it v ill be seen that they oo,, without 
doubt, describe accurately a considerable portion of the most curious parts of the 
Bija Ganita; and though they may seem to occupy but a secondary 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 Persian translation is taken from

* Thu late Mr. Reuben Burrow in one of bis' papers in the Asiatic Researches says, he made translations 
of the Bija 'Gaiiita and Lilavati. Those 'translations he left to Mr. Dalby. They consist oi fair copies in 
Persian of Ala Allah's and F yW s translations, with the English ol each worn written above the Persian 
The 'words being thus translated separately, without any regard, to the meaning gi complete sentences,. noi <t 
single passage can,he,mane outi it is plain, from many short notes which Mr. Burrow -has written tn Me 
margin of ids Bija GiVnit.i, that ho made his verbal translation by the help of a Moonshee, and truit h<: nad 
tlie original Sanscrit at imiki, With some opportunity of consulting it occtwlonallj. . l am much obliged to Mr.
Dalby for allowing me the use of Mr. BurroWs copy which has enabled me to supply deficiencies m mme; ano 
it is otherwise interesting, because it <hewr. that Mr. Burrow 1ml access b> the original Sanscrit (proha .>ly by 
meads'of a Moonshee and a .Pundit) and compared it with the .Per* an. ,

t  i t  is to be remarked that they, were n m e fiom the Sanscrit only. Mr. Davis never saw the lcraan
translation.
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ihc Sanscrit >vork, arid' that the references to Euclid are ir-terpolatioris of the 
Persian translator they give most of the Hindoo Algebras; notation* which is 
wanting in the Persian, and they shew that the Astronomy of the Hindoos was 
connected wUh their Algebra.

I must however confess, that even before I saw'these notes the thing was to 
my Blind quite conclusive. For I found (as will be seen) in this Persian trans
lation of 1634, said to be from the Sanscrit, a perfoetjy connected, structure of 
•Science, comprehending propositions, which in Europe were invented successively 
by Dachet <ie Mezeriac, Fermat, Euler, and De La Grange f,

* The Hindoos have lio mark for-f-. they only separate (he quantities to be added by a vertkai lme 
tftus I or (I, as they separate (heir slocas or verses. . : ■

g  lseif mark for minus is a dot over the quantity to be subtracted.
Instead of. a mark for multiplication they write the factors together as we do, thus, «b for-a x  t .
Division they mark as we do. by a . horizontal line drawn between .the dividend and divisor, the lower 

quantity being the divisor.
For unknown quantities, they use letters of the alphabet as we do. They use the first letters of the words 

'signifying colours. ■
■The known quantity (which is always a number) has the word roup (form) or the f:m Mter oi the word prefixed,

I ...■ square of the unknown quantity is marked by adding to the expression of the simple quantity the first 
fetter of the word which means square, and in like manner the cube.

The sides ot an equation are written one tbove another; every quantity on one side is expressed again directly 
utMer it on the other side. Where there is m tact no corresponding quantity, the. form is preserved by writing 
that quantity with the. co-efficient 0.

The methods of prefixing a letter to the known number, and using the first letter of the words square and 
• idie are the same as those of Diophaetus. I mention it as a curious coincidence; perhaps some people may 
attach more importance to it than J do,

T The propositions which 1 here particularly allude to are these:— '

t. A general method of solving the problem ~b __- s= y, u, b and e being given numbers and * and y

indeterminate.. 1  he solution is founded on a division like that which is made for finding the greatest common 
•measure of two numbers. The rules'comprehend every sort of .case, and are' in. all respects quite perfect.

■2. The problem » *  +  -.1 so •?*,■ (a being given and m ami » required) with its solution. ■
3. The application of the above to find any number of values, of ax' +  A =  from one known case.

4. To find values of * and y in a»3 - f  /?.*&&• by an application of the problem ' --X— a-: y. ft is un

necessary for tne here to give any detail of the. Hindoo method's;
The first question about this extraordinary matter is, what evidence Iwvc we tbit It is, not all a forgery?

I answer, shortly, that independently of i ts being now found in the .Aimer! 1 books, it is ascertained to have 
been there in 1034 and iattT. 'that is to say, in times when it could notlm .-br .1 forged.

The following extract from a papei «f De La Grange, in the Stth foluim- ol the Memtsrs of the Berlin 
Academy, for the year IT08, contains a summary of that' part of the hisi.01 y of A Igebra which is mnv a Uuiled to.
As for the 4th of the points abovementi.oned, the method in detail (however imperfect in some respects) is., as 
far as 1 know, new to this day. The first application o' the principle iii .Europe is to fce sought in the writings 
f){ De 1a Grange himself. . .'
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To maintain that the Ilya.(lamia rules for the solution of indeterminate pro* 
bleim might have'been had from any Greek or Arabian, or any modern European 
writers betore the Mathematicians jusif named, would be as absurd as to say that 
the Newtonian Astronomy might have existed in the time of Ptolemy, I t  is true 
that Bachct wrote a few years !>efore 1634, but this is no sort of objection to the 
alignment, for that part which might be questioned as a mere copy of -Bar-bet’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 Daiby’s copy 
of 'Fyxee s translation of the Lilavatr, which I have before said was made in -1-587 j 
and Mr. Davis s notes shew that it is in the Sanscrit Bija Ganita, which wait

“ 'ha phi part ties Geometres qui out cuttive 1’iuinlysc de Diopliiote se sonl, a I’excmplc d eed  illustre fnven- 
Jusr, uniquement appliques a eviter les valeurs lrradoneiles; el tout I’artifice tie Jeurs mfitliodes se reduit X 

“ faire en *orte (l,,e les grandeurs inccmtvies puissent se determiner par d a  nombres commensurable*,
Lait de rcsoud.re ces sorter de questions ne deimaude gum*-, d’autres principes qne ceux de ' (’analyse 

ordinaire; maU.ces principes devienoent insuflisant te -q u ’ou ajoute la condition quo fas quantitfe;clief- 
cliaea soieu t non sculament commeesursibies nrais encore egalas a des tiontbres eutiefs. 

in. Bacbet dc Moseriae, auteur <1 an excellent commentarie sur Diophante et d e d i f i t e  suit res onvrag«
*• «**» b- crW**le premier quit ait tanie de smiroettre eette condition att calfiifE Ce savant a trpuvd «ne tn&hode 

gai ionic pour moudre en numb re# entiers tqutes lea equations du premier degrft a deux bu plusieurs incon. 
mips, mais il m  pa roil pas avoir ete plus loin; et ctaix qut.apres lui se s'ont ocospfe du meme abjet, <;«(:

"  aus:,i pre^que tous borne letirs iccherclies aux equations imlftcimmdes) da premier degte j leurs efforts se 
“ soul redu.'ts a vancr Its methods qui peuveut servir a la resolution tie ces sortes 'donations', et aticun, Si 
" jose le dire, n’a-.donn.‘ one methode plus direcle, plus gtoetato, etp h *  ingenious'. que celle de M. Bachet 
“ qui se trouve daps sea n&r&ilions mathdroatiques -intitutiles ’ Problems plaisum et dilutables qui se /ant. par Its 
“ nombres.’ II est a la terite asscz surprenant quo M. tie Fermat’ qui Veioit si long terns et avec taut do 

succes exerc6 sur la tiuone t't-s -nombres■cutler;, Wait pas cherclit: & resoudre ggndralemeat les problems 
mdeternnnes du second degrd, et des degres superkuirs coannif M. Bachet avail ffi t  cmm du premier degre; 
on a dependent lieu de croire qu’ii s’etoit attest applique a cette recherche, par. le 'proWeme qu’,1 propose 

“ comme Ufl? esPece «l« <!«(> sk M. Wallis et a tous lev Geometrcs .Angiois, et qui'consist'dt i  trouver deux 
*’ CMr&: outlets, dont l’un 6tant innltipli6 par un nomt.Xe entier donne nob carr6 & .ensnite retranche de I’autre,,
“ k  rest® fut etre * 0  * runit^'car,-, outre-que c. probkme est tut cas particulfcr des iqdatlons du second 
“ d6s^ : L d<‘i,K !‘lcon,,u& i( est commt' hi clef de to resolution gt-nerafe de c e  Equations. Mats soft" que 
“ ^ ^ n m t . a ’ait pas cotifm«6 ses redierelies sur cette matiere, soit qu'ciie «e -nit par-cue jusnu'turns, 
u g est certain qu’oa tfen t/ouve aucune trace dans sesr ouvryges. e

« U psroit meme que l«  Geometres Anglois q«t ont r£solu'le probleme de M. dc Fermat n’ctnt pas ccr.nu 
‘ t0,,te ' ,mP°>:titnce fon t i l m  pour, to solution gcti4r,ik ties' problemes usd«enuinds du second <J«N. du
„ r r 0nn<?Wit 8yantjl,raai! foit c<: « je nc me trwnpe, le prtmier’qtd nit

fmt vo.r comment t ! aid" dc ce prooleme on petit trouver une infinrk de solutions en nombres entlende 
toute Equation du second dfegrd a deux inconnua, -dont on commit elution

„ “ 11 rt9UHf  fk: t0Ut r  fjne n ,m  y m  ,h  ***’ deiutis I’crttvragc de M, Bachet'- que a pan. en 1619, 
ju^u a present, on du moma jusqt^u memoiu <«e je don net I’anncc passfe sur la -olatioi, dc publems 
M r m w e s  du second degrG -a tbtorle de ces mrtes dc problemc n’avoit pas a proponent PL er «fe 
pmissee au tlela du premier degr6,” e
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written four centuries before BacJiet Though tee are not without direct proofs 
iVom the ‘original, yet, as even the best Sanscrit copies of the Bija Garrta, or any 
number of such copies exactly corresponding, would still be open to the objection 
of interpolations, it is necessary in 'endeavouring to distinguish the possible and 
the probable corruptions of the text, from what is of Indian origin, to recur to 
the .nature of the propositions themselves, and: to the general history of the 
science. Indeed w-e have not data enough to reason 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 mathematical Sanscrit manuscripts are -'exceedingly scarce ; 
and our uncertainty Is greatly increased by a consideration of this fact, that in 
latter times the Greek, -Arabian, and modern European science lias been introduced 
into the Sanscrit books.

Yet, in cases precisely parallel to this of the Hindoos, we are not accustomed 
to withhold our belief as to the authenticity of the reputed works of the ancients, 
and in forming our judgment we advert more to the contents of the book than 
to the state of'the manuscript- When the modern Europeans first bad Euclid,
.they, saw it only through an Arabic translation. Why did they believe that 
pretended translation to be authentict Because they found it contained a well 
connected body of science; and; it would have been equally as improbable -to 
suppose that the Arabian translator could have invented if himself as that he'.could 
have borrowed 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 ; but h  may be asked'why publish 
ipry which cannot be - authenticated? I answer, that though this translation'of 
Ata Avail’s which professes to exhibit the Hindoo algebra in a -Persian dress, does 
indeed contain some things which are nob Hindoo-, yet it has others which are 
certainly Hindoo. By separating the science from the hook we may arrive at 
principles,, which, if .cautiously applied, cannot mislead, which in some cases will 
shew us the truth, arid will-- often bring us to the probability when certainty is. 
not to be hath On this account' I  think the Persian translation at large .interest
ing, notwithstanding it contains some .trilling matters, some which' are not in. 
telligible, and others which are downright nonsense.

I  have said that Mr, Davis’s notes shew a connexion of the algebra of the
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IlhiQoos with their astronomy. Mr. Davis inforras me tnat sn die, astronomical 
treatises.,. ,o.f the Ffmdoos, reference is often, made to the algebra * and }Xfi1.iCu{any 
lie ranembeB'Bpassagc .where Bhascara says “ it would be as absurd tor a person 
« jo-norant of algebra to write about astronomy, as for one ignorant of grammar 

to write poetry.”
Bhascara, who is the only Hindoo writer on algebra whose works vb have 

y e t  .procured, does nor. himself pretend to be the inventor, he assumes no character 
but"that*of a compiler*, Eyzee never speaks of hint but as a person eminently 
skilled in the sciences he taught. He expressly calls.him the compile® of the
Liiavati. * , ’

I  understand from Mr. Davis,'and I have heard the same in India, that the
Blja Ganiti. was not intended by Bhascara as a separate unconnected work, but 
as a component «nrt of one of his treatises on astronomy, another part or -which 
is on the circles of the sphere.

I iulve found among Mr. Davis's papers, some extracts from a Sanscrit book ot 
astronomy, which I think curious, although the treatise they were taken from is 
modern, Mr. Davis believes it to have been written in Jy Sings urne, wheb the. 
European improvements were introduced into the Hindoo books. I wo or these 
extracts 1 have added to the notes on the Bija Ganita. I he first of toe two 
shews that a method has been ascribed by Hindoo Astronomers to Bhascara of 
calculating sines and cosines by an application of rite principles Which *oi', c 
indeterminate problems of the coin! degree* * his suggestion is doubtless ot 
Hindoo origin, for the principles alluded to were hardly known in Europe, ir. 
Jy Sing’s timet- l think it very probable that the second extract is also purely 
Hindoo, and that the writer knew of Hindoo authors who said the squaie root 
might be extracted by the cootuk ; that is to say, the principle which effect* the 
solution of-indeterminate problems of the first degree. From this, and Iran what 
is in the Bi]a Ganita, one cannot but suspect that the Hindoos had continued 
fractions, and .possibly some curious arithmetic of sines, On such matters how
ever, let every one exercise his own judgment. j:

* « Almost any trouble and ex pence would be compensated by the possession .of the three copious treatises 
it „„ algebra from which Bhascara declares he extracted Ms Brja Ganita, and which in this part of India are 
« supposed to be entirely lost.”—-As. lies. vol. til. Mr. Davis “ On the Indian Cycle of 60 years.”

t Jy Sing reigned 1mm UJfH to It 14,
Mr. Reuben Burrow, who, by the bye, it rntci he confessed is very enthusiastic on these subjects, in a-paper

» ■; ^
' '' I ."•?’•*> ■ ■ /
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e nUut not be too fastidious in oar belief, because we In:ve not found the
wdi-lcs of the teachers of Pythagoras • we have.access to the'wreck only of their, 
ancient learning-; but when we see such, traces of a more perfect state of know
ledge, when we see that the Hindoo algebra• 600 years ago Start in the most 
interesting parts some of the most curious modern European discoveries, and 
when we see that it was at that rime applied to astronomy, we cannot reasonably 
doubt the .originality and the antiquity, of mathematical learning among, the 
Hindoos. Science in remote times we expect to find within very narrtfw limits
indeed; its history is all we look to in such researches us these. Considering.ty
this, and comparing the contents, of the Hindoo books with what they might 
have been expected to contain, the result affords matter of the most curious
speculation.

May 1 be excused for griding a few words about myself. If my researches have 
not been so deep as might have been expected from the opportunities.I had in 
India, let it be remembered that our.labours are limited by circumstances. It is 
true I had at one time a copy of the original Bija Ganita, but I do not under
stand .-.Sanscrit, not had I then any means of getting it explained to me. Official 
avocations often prevented me from bestowing attention on these matters, and 
from seizing opportunities when they did occur. Besides, what is to be expected 
in this way from a mere amateur, to whom the simplest and most obvious parts 
only of such-subje.cts are accessible?

E . S.

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

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

I  have 'translated almost all the rules, some of the examples entirely, and

in siifi appendix of the 2d tot of the As. Res. speaks of the Lilavato and Bija Ganita, and of the mathematical 
knowledge oi she Hindoos: He says, he was told by a Pundit., that some time ago there were other treatises of 
algebra, he. (See the paper.)
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others in parr,; in short, whatever I thought deserving of particular attention, for 
the sake of giving a distinct idea of the book.

Perhaps some of the translated parts might as well have been put in an 
abstract; the truth is, that having made them originally in their present form 
I iiave 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,,

*
, . , ’ i ’•
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“ A fter the usual invocations and compliments, the Persian translator begins tuus:
“ By the Grace of God, in the year 1044 Hegira” (or A. D. 1634) “ being the 
« eighth year of the king’s reign, I, Ata AUa Rasheedee, son of Ahmed Nadir,
« }iave translated into the Persian language, from Indian, the book of Indian 
“ Algebra, called Beej Gunuit (Bija Gairita), which was written by Bhasker Adwnj 
*■' (I.lhascara Acharya) the author of the I,celamitt.ee (Lilavati). In the science ot 
« calculation it is a discoverer of wonderful truths and nice subtil ties, and it con- 
tt tajng useful and important problems which are not mentioned in the Leelawbtfee*
« nor in atiy Arabic or Persian book. 7 have dedicated the work to Shah J ehan, an d 
“ I have arranged it according to the original in an introduction and Jive books.

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

“ The introduction contains six chapters, each of which has several sections.

CHAPTER I.
O n  P o s s e s s io n  a n »  I ) r  e r (

“ Know that whatever is treated of in the science of calculation is either 
« affirmative or negative j let that which is affirmative be called mal, and that 

which is negative (kin. This chapter has five sections. ”

Sect. I.

On Addition and Subtraction, that is, to (increase 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 is affirmative suppose it 
« negative, and if negative suppose i t affirmative, and proceed as in addition.

“ The rule of addition is, that if it is required to ackl two affirmative quantities,
....  ... _  ~v~-  *  —      ........*----------C..Jm -y   '

* Most of the technical terms here vised are Arabic.
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“ % l"'"° negative quantities together, die sum is the result or the addition, if  
■“ ■they are affirmative call. the. sum affirmative: if negative call che sum negative. 
“ If the quantities are of different kinds take the excess; if iW affirmative is 
“ greater, tlie remainder k  affirmative; if the negative is greater, the remainder 
"  negative; and so it is in subtraction.” (Mere follow examples).

Sect , II. , •

On MultipUcatifrn *.

ffi If affirmative is multiplied by affirmative, pr negative hy negative, the product 
. ff.is affirmative and to be included in the product If  the factors are contrary 

“ ; the product is negative, and to be taken from the product. For example, let us 
“ multiply two affirmative by three affirmative, or two negative by three negative,
“ the result will be six affirmative; and if we multiply two affirmative by three 
“ negative, or the contrary, the result will be six negative.”

Sect. Ill,

On Division,
J he 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 wiil be affirmative,, and if they are different, negative. For 

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

S e c t . IV.

On Squares f.

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

* In ti e Persian translation the product of numbers is generally called the rectangle, 
f  I had. a Persian treatise on Algebra in which there was this passage—" Any number which is to $e multiplied

**•' by itself is called by arithmetician's root O ^ l  by measurers of surfaces side Q tX u s), and by algc- 

“ braists thing And the product is called by arithmeticians square (  j  <y5csrw>), by measurers

" of surfaces square and by algebraists possession is also used for plus, and

its opposite debt for minus. These terms, all of which are Arabic, are used in the Persian translation

t>f the Bija Ganita, the geometrical more frequently than their corresponding arithmetical or algebraical ones.
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f. square of 4 affirmative we multiply 4 affirmative by 4 affirmative, and by ‘lie .rules 
o of mulliplicatio j, as the motors are of the same kiim, the product must Ik. .'
“ affirmative,, <md the same applies to negative.”

Sect. V.
On the Square Root.

te Xlie square root of .dtinuafive is sometimes idhimative and sonu $ln>cs nega- 
■ tive, according to difference of circumstances. The square of 3 affirmative or 

“ of 3 negative is 9 affirmative; hence the root of 9 affirmative is sometimes 3 
“ affirmative and sometimes 3 negative, according as the process may require.
“ But if any one asks the root*of 9 negative I say the question is nos.’ rd> for there 
“  never can he a negative square as has been shown.'

CHAR II.
On the Ciph er . 

u It is divided into four sections.”

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

“ If cipher is added to a number, or a number is added to cipher, or if cipher 
“ is subtracted from a number, the result is that numbei . and if a number is sub- 
•* tracted from cipher, if  it is affirmative it becomes negative, and if negative it •
“ becomes affirmative. .For example, if 3 affirmative is subtracted from cipho;
“  it will be 3 negative, and if 3 negative is subtracted it will be 3 affirmative.”

S e c t . II. ■ v
On Multiplication,

“ If cipher is multiplied by a number, or number by cipher, or cipher by cipher,
“ the result will be cipher. For example, if we multiply 3 by cipher* or con- 
<« versely, the result will be cipher”
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On Division.

“ I f  tlie .divideait i« cipher and the divisor a number the quotient will, be' cipher, 
u For example, if we divide cipher by 3 the quotient will be cipher, for rmtlti-

plying it by the divisor the product will be the dividend, which is cipher:
* and if a miTobei is the dividend and ciphei the divisor i lu:'division is impossible;
“ for by whatever number tve multiply the divisor, it Will'lot'-arrive at fbedivi- 
w de»d, because it will always k; ciphe..”

On Square#,
H The square, cube, square root, and cube root of cipher, are all cipher; the 

“ reason of which is plain,”

CHAP. III.

O n  C o l o u r s .

“ Whatever is unknown in examples of calculation, if it is one, call it thing,
“ ( ), and unknown ( ;  anc! if ;t is more call the second black,
“ and the third blue, and the fourth yellow, and fifth red. Let these be termed 
“ colours, each according to its proper colour. This chapter has five sections.

On Addition ami Subtraction of Colours.

e( When we Would add one to another., if they are of the same kind add the 
“ numbers* together; if they are of two or more kinds, unite them as they are,
“ and that will be the result of' the addition.” Here follows an example.

“ If we wish to subtract, that is to take one from the other, Jet the subtrahend 
s! be rt'VCfsecL If then two terms of the same kind are alike in this, that they are 
“ both affirmative or both negative, let their sum be taken, otherwise their dif
ference, and whatever of the kind oaimot be gov from the minuend, must be *•

*• Meaning here the o-eftkimits.
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* subtracted from;cipher. Then let it be reversed, and this will be the result
“ exactly.” (Here follows art example). ?’! '" '" V ’

Sect. IT. ■

O/i Multiplication o f Colours.

c* If a colour is multiplied by a number the product will be a number*, * X x  
“ will be x \  whether the number is the same or different, and the product raulti- 
“ Plied hf  will be x \  I f  the colours are different multiply the numbers of both m
“ together, and call the product the rectangle of those two colours.'* The 
following is given as a convenient method of multiplying;

— -  ------------- --------------------------------------------------------------

+  V  +  £

4 -5 .r  4* .1Sx*  ••+• 10 .r

-  1 — ar -  3
_______ ________  ___

-

Product +• Ida* +  7x  — 2
------- ™---------------______------------j

»> - , 4 ^  ' f j ' I * ' v  l |   ̂ I , j- m  |

which shews the product of (5.r - 1 )  X (Sr +  2.)' (Here follow examples).

S ect , III.

On Division o f Colours,

“ Wrilc tllc <livuleiK' alld divisor in one place, find numbers or colours or both,
‘•such, that when they are multiplied by the divisor, the product subtracted from
“ the tUvi<!entl wil1 ieave 110 remainder Those numbers or colours will be the 
“ quotient.”

* In the Persian translation there is no algebraic "halation. I mean tot translate “ the m k m m *  by .v. « the
, by y, and so on And in like manner) have used tho mark, of multiplication, &c. instead of writing 
the words at length as they are lathe Persian. 8

m r mP! c

■ c . . . ;  , ; - K  . ' ‘ ' ; \
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On the square oj Colours :

I  hat is to say, the product arising from any thing multiplied by itself,.'”
Examples. ..v '/ '.,: *

S e c t . V .

■% On the Square 'RootColours,

“  ’r°t km m  ^ !e square root of a colour, find that which when it U multiplied by 
“ *tse^  the product subtracted from the colour whose root is required, will leave no 

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

KxaW>?« Required the square root of W.v*+36..48.r. The roots of 16V and
36 are 4r and 6, and as 43a- is ~  these, two roots must have different sio-us 
Suppose one h and the other multiply them and the product will he _  l r ‘ 
twice this is -  48.* Which was required. The root then is -f 4,*-~6. or + 6 -4 * .

Another Example, Required file juarc root of ftr» + 4 / +z* -f 
4 ^ » .f)>™4j/4-S.s+3. Take the'root of each square ; we have $a>, aij, and i.
Multiply these quantities anti dispose the products in the cells of a square.
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l o  find what son; of quantities these are: The product of s  and |  is then",.
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fore the factors are like, suppose them both,—. The product oi x  and, s is- —, 
therefore -die former having baea supposed -  the latter must be 4 because v= 
factors must-be different. 3.r is the product pi 3x and I ; and x  being . — , ■ 1 
be --K The sorts thus found are to be• placed in the cells. accordingly. I he sum 
of the products is the square whose root was required. If  x  had. been suppose 
•f the sorts would have been, contrary, the reason of which is plain.

CHAP. IV.
O n Sunns.

Containing five sections.

Sect. I.
On Addition and Subtraction.

To find the sum or difference of two surds ; \ /a  and \ 'b  tor instance. ^
Rule. Call a +  b the greater surd; and if a X b. is rational; call %■■■/(& the icsa 

surd. The sum will be and t|e.difference. %/(a-i~b—9,\/ab)„
If  a X b is irrational the addition and subtraction are impossible,

Example. Required the sum of v 'S  and %/S; S 4- 8 ™ |0  the greater surd,
SX8 =  lbV ^ 1 6 = 4 , 4X 2= 8  the less surd. 104-8=:IS and 10—8=:2. v7 *8 
then will be the sum and \/% the difference. If  one of the numbers is rational 
take its square and proceed according to the rule, and this must be attended to in 
multiplication and division, for on a number square with a number not square 
the operation cannot be performed.

Another Rule. Divide a by h and write y ^ J  in two places. In the first 

place add 1, arid m the second subtract 1, then w esp li have s y / ( ( \ /§ ;  +  X

-  y/a  +  s/b  and y /  { y / ~ - 7 | l X b) ~ V «  -  ✓ }. If  |  i  irrational the addition

can only be made by writing the surds as they are, and .the subtraction by •writing 
the greater-number 4 - and the less —.

* Fo r V (a +■ b riz 31/ ab) ss V a dsy/ b,

,- " " ", ^  C *2 -7 ' * . ’ :
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Sect. II. * y

On Multiplication.

Proceed according to Use rules already given; but if one of the factors has 
numbers as dirhems or dinars, take their squares and go on with the operation.

K*tfn k - MultH v v /3+5 fay v ^ + v /a + v /8 '.  As 5 is of-the square sort take 
As square/ and arrange in a table tints :

|  V7& % /3 \ / $
-------- ---- --------------—

S . ~ ----------------- --------
v73 | >/6 x/g v/g4

---“---- ---- ----------------------------J----------- -
%/i:,3 \/3 o  \^75 \ / ‘200

t.. —.— J___ ___ _
* •

Product 3 + %/'54t +  \ / l5 0  -f \/7 5

" summing the terms pf the product, if any squire number is found, lake its 
7 •  f " 0 9 ’S, f° 7  « d its rM  is 3- The rest of the terms being- irrational,
its root should be extracted. ' V '  I f  * «  last were a square number 

Again v /.50+ v '2°0= v '4J0 , No further addition is possible; the complete
product therefore is 3 + /.5 4 + v / 4oO-fv 7̂5. ' 1

.Another rule to be observed w, if any of the terms which compose the factors 
can he added, take their sup, and write it in the table instead of the terms of 
' iich it is formed, 1 1ms in the last example v/ q and */8 may be added, Write 
s / m  winch is then* sum in the table, and we shall have

f i m ’ R O D U C f f Q ff, ■ >
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"} v '3  v/13
I ,

--------------------„---------------*--------------------- -— —•—    
,  .. ;■■;■■.. - . :

v /3 \ /  9 %/ J 4
------- ---------------------------------------------- --------

. . , ■ , j. ,;,&*£ ■ ;4»V„
\ /  25 x/7s

__________________________________

3 + s/75 + .\/54  +  v7 * 50

i#
and the result is the same as before.

Another Example, Multiply v/3-fy/£5 by \ /3 + \ / l2 ,—5. Instead of \ / $  and 
v/12 write their sum \ / ‘27. Take the square of ,3 it is 25, and this is negative 
not withstanding the rule which says that whether the root is negative or affirma
tive the square shall be affirmative. Here the square must be of the same serf as 
the root. Multiply \/-27— t / d  by \ /3 + s /S 5 .

| -fv/£7 ~ v /2 5

+  \/% + v /8 l  ~~V7 5

+  \/Q5 +  v/675 ~ \/6 2 5

~ :6  -j-v/300

1/81=9 and v/625=25, 25 being negative and 9 affirmative their sum is — 16,
arid the sum of +  V ’675 and —• \^75  is 4* v/300. Therefore (v/3 +  v/25) X 
(v/d +  v /1 2 -5 )  =  — lb +  v/300,
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Divide the dividend by the divisor, and if the quotient is found without a ire-- 
.mainder the division is complete. . When this cannot be done-proceed as follows :

When in. the divisor there aye both affirmative and negative terms, if there are 
more of the former make one of them negative ; ff more of the latter make one 
of them affirmative. When all the terms are affirmative make one negative, and 
when all arc 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 required.

Example. Lei- the dividend be that which was the product in the first example 
udder the rule for.•multiplication, viz. 3 +  \/54' -i- s/450 4- \/7S , and the divisor
vMS +  \ /3 .  '

■ | =  S3, ~ ~  ™ 25, S* =  9, |  =  f~  =  3, v/25 =  5, 

the quotient then is 5 +  \/3 .

Another Exempli, Divide s / 9 4- * /54 ~f~ vf450 +  \/75  by 5 +  \ / 3. Make 
\ /3  negative, and multiply 5 (or s/2,5) — \/3  by the divisor */25 +  s / 3.

+  ✓ 2 3  - - v #

7 *  1
+  ✓ :! • + \/7 5  - v /0

_ ______L _____ ______„

+  i / 2 5  ~ ~ \ / 7 $
■ ■ ■ ' ■ . 1

r f ! 1 " §l
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b e c o m i n g  [.vice with opposite signs is desttoysd S M = f S , y 9 = - S ,  
% L S~ » = V i U .  Multiply s/25 -  ✓ #  >’J * e  dividend and «  h> »

■ - ’ \  .. ' ‘t * .:-!"-.V" w- ■
'I ___________ __________ ~____

...— -------------- I
+ \ /9  +V/ ;54 I +  -/450 + \/7 5

_ v/ 3 J - v /2 7  -V H )2  —\/l3 5 0  ~ * /m

+v/25 +  </225 + '/l7-70 +  -/H250 + \ / l875

Here v/225 and v/1350 are rejected. Find the sum of v/S7 and ^1875 in tins

1875 +  27 =  1003, 1875 X 27 =  50625, /  506'£.:.i :r, 235 
22.5 X2=450, 1902 -4 5 0  =  1453, \ / 1452=v ; 187 5 .-v'S?

Next find the sum of s/ 162 and \ / 1 1250.
162+11250=11412, .162X11250 =  1822500,
\ / 1832500 =  1350, 1350X2=2700, 11412-2700 =  8712, 

v"’8712 = v711250— 162. By the multiplication, of the dividend we have found 
v/l452 find ^8712.

Divide these by s/484 which was the result of the multiplication of the 
divisor, and we .shall have * /l8 , and </3 for the quotient required. I f  y /S  is 
retained as. correct, and / 1 8 is considered as incorrect, instead of y  18 other
numbers may be found by the following rule *.

Divide the. incorrect number (meaning the number under the radical sign jy 
any square number which will divide it without a remainder, and note the quotient.
Divide the root of that square number into as many parts as there are numbets 
required. Take the squares of these parts , multiply them by the quotient above •

__ ___̂_ _____ __-__

m To resolve V a into several parts, divide a by any square b\ sad let b be-resolved into as many parts, t, a, t,

&c. as may-be required. T k a f s s  V ( g f >  +  +  V ( § * >  * C> wWdl ^ ved .b y  adding

the quantf&ii

« ■ *»

■ ’ ■ ^ - . .. . .-r ;̂V ■'



■̂■i JNTK O IH iCrjuS-

io'n;<;., and tne foots of the several products Will be the remaining parts of the 
quotient required.

13
~y =  2» v/f) ~  3> 3 ~  1 2* !& =  h 2‘ =: 4, 1 X 2 ~  2, 4 X :2 =  8.

v 's  and v 'S  are the remaining parts of the quotient.

Sect IV. ' .

On the Squares of Surfs.

Multiply the surds by themselves.—(Here follow examples).—The squares are 
found by multiplying' the surds in the common way.

Sect. V.

On finding the Synare .Roots of the Squares of Surds *

“'I f  the square is of one surd or more, and I would find its root; first I take the 
;r square of the numbers that are with it, and subtract these squares from it' 
“ Accordingly after subtraction something may remain. I take the root of what' 
“ ever remains, add it in one place to the original number, and in another sub- 
“ tract it from the same. Halve both the results, and two roots will be obtained. 
“  1 then re-examine the squares of the surds to know whether any square remains

• Let a +  i/c +  1/c +  y/d, &c. be the square of a multinomial surd, a the sum of the squares of the roots, and 
V * +  ✓ « +  V<t +  &C. the product of the roots taken two and two. The number of roots being n, the burn
e r  of terms in the square wilt be ?<*, of which n will be the number of rational terms, and n*~~n  tbe-number of
surd,products. Jf we call the double products single terms, ” will express the number of surd terms,

and considering the sum of the rational terms as one term, the proposed square may be reduced to the form
(x -f „»+.* +  &c.) - f  (Sy/xy + Sy/xz +  &c.) +  'feVS*. +  ?■ c. &c.) 

vhrre y 'x  + y /y  +  y/z  +  &c. is the root of the square, and the surd terms of the square are divided into 
periods of « — i, „ —  2, &c, as directed in tlwBeej G unnit.

Supposing, x + i, +' z -+• See. a  
i  r  ~ 'yft Sec. s= r

Z -P* &C, zzz
Sec. Sec.

. / a + ^ i ' - t i s  )
Y  ---------- y— -------- £= t /so r  t/K

. / R  St V;:(IR* — 4»/s)' .y  ------2“— s— =  Vv 0!’ Vs
, / s  ±  t/(s*  — -P-T }
Y  2 ----- *— ~  V* or &c, and so on.

k ^ / £  . v « . ' ’"■
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" after tae-subtraction or not: if none remains these two are the roots requi: ed,
“ if any remains, that one of these two roots, to which, the folio wings rule cannot 
“ be applied) is correct, and the other is the sum of two roots; from, that root we 
{! obtain the two roots required. The way of the. operation is this, suppose that 
“ root number, and take its square, and subtract ff& it the square which was 
“ not subtracted at first, and take the root of the remainder; let thi? be added in 
“ one place to the original number winds we suppose<1, and subtracted from it iu 
“ -another place, and halve both the results, avo root, will be obtained. I f  then 

these three ate the roots req. s ...... the operation is ended, otherwise go on with
“  it  in the same manner till all the roots are fimud, and if flip first question is 
“ of a number without a square of a urd, u may be soh rd by the operation 
“ which was described at the end of division. And if iu the square there are one 
* | m o r e  surds negative, suppose them aRirpiattye, and proceed to the end with 
“ the operation ; and of the two roots found let one be.negative. ”

Required the root of.5 +  * /  .H; 5* =  25, 25 -  24 =  j, y / j  =  1 ,5  +  1 =  6 ;

5 — i =  T- |  =  3 and |  =  2 J and \ /$  4* v/2 =  y/ (5 +  vAm),

Another Example, Required the root of lO-H/24 +  v'40 +v/60 • ’O'=100,

1 0 0 -(2 4 + 4 0 )  =  36, 1 /3 6  =  6, 10 4 - 6 =  16, 10—6 =  4, =  8, ~ =  % then.

we have v +  and y/% As 60 remains to he subtracted, 6m  of these two numbers 
A one tvim of the root, and the other is the sum of two remaining term#
(should be in - loot of the su-m of the squares of the.remaining terms). The rule 
is not, applicable to 2 , therefore 8 must be the sum of the terms, 8* =  64,

64 — 60 =  4, v/4=r,C, 8 +  0- 10, 8- 2 = 6; f  =  a and |  =  S. Wherefore x /2 qi

\ /3  +  \ / 5 — /  (1 0 +  /S 4 + X /4 0  +  v/6’0).

Another Example. Required the root of 1:6 + 'v'24:'+  x/40 +  4. v/6o
+V/,7S.+ \/l20 ; Hi —256, 256-— (24 +  40+48),:= 144, v / I44— 32, 16+12=''. g 

28 4 ' ’ * ’
.0 — 12—4, -g~ =  14, ~ — 2 ; we have then v/ Matvd %/'L As the rule does not

apply to % 14  must be the sum of tyr.o remaining terms of the root. 14*'+. iq6,

196 (120+72)—4, v/ 4=2, 14 +  2 =  16, 14 -2= 12 , ^  =  8, i?  =  6. One surd

remaining,. aucl the rule not being applicable, to 6,, 9 must, be the -suni o f  tv. >

l  ’ . : .
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terms. SJ=0T, 64 — 0*0=+, l/4 = ~» 8+ 2= 10, 8~ 2=6,~  ~  ̂aml a ~ 3.
.\H the terms of the square having been .brought down, the complete .root is
, / $  4 . / s  +  f 3 +  v/y‘~i ; - + *  ■do ;"

Another Sample, Required-the root of 72 : 72J'=51S4, 0‘=a>, 5184- 0=6 5 84,
/5 = -,2+ 72:: 124, 72- 7:2=0, !£  -  72, <j = », V 72 .hen fc, tl.e root.

If instead* of one term three ten a.- are requiredbn-1 them by the rule 
given in the set tion on divhion ; divide by .3b which is a squaie number,
VI =  2;  v ;- «> ~6,  6 = 3 4  8 +  h  3 * = P , r = 4 ,  r  = h 9 X  j |  -  18» * x  | |  -  87

1 X =  = te i ( Im c fo ie ✓ r* = v 'l» + v '» +  v '*  lf ' t f f 1 W * 1'** b« ”

leijuircil, the root of the tlivitot must h « c  been divide,] otto three «,«al p a ®
Another f  ramjile. It is t updid to find, the difference iff V 3 and v, 7* 1 * 

rufe not being applicable to this case, suppose v/7 affirmative,, and %/ 3 negative, 
die ,quare of these numbers is i 0- vhdk To determine the root of t us, suppose 
84 to be positive: 10 = 100, 100- 84= 16, ss 4, 10+4= 14, 10-4 =  6,
3  - 7 £ -  3. We have then v/7 and v% one of which must be minus because
2 .2 : .. ., M tr
v/84-was »»«*«'• / v , , _

Another Example. Whether+he root is. + v/2+v' 3 ~ or —v' ;““ v ,s~rV *’ 
the square will be the same, viz, .1.0+v/24—v/40—1/ 6O. ■.

Lee the root of this square be determined; 10* «**; W  100 +. t4l> + 60} = 0,
v/0^0, U)+0= 10, 10- 0= 10, -f = 5, ~ * 5. As y'34 remains, 5* = 25,

M - 9(1=1, ,/I = l, 5 + 1='., 5-1=:+; = 3,+f=.*- V 27 + 40 is tub-
1 f  4

traeted from 100 there remains 36, V'36'=6>]0+6=l6,- .10—6=4, — ~ 8, ~ — 2,.
5.0 , 6  rtAs v'b'o remains 8*5=64, 64—60= 4, \/AsA% 8+2--10,8—S--6, ~  — 3, ~ — 3,

If 24 + (So is subtracted from 100 there remains 16. \/ l6~4, 10+4 = 14,
*0—4--6, dd..— 7, .1 =  S, v/40 yet remaining* 7* = 40, v/6* 3>
7- + 3 =  10, 7 ™ s. The" terms of the root are v/3 and
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•i/3 anti v/ a, Xf,8 ami 5, or 3 and ,5 are both negative or both utlimiative the oner- 
««.tion will oe the satire ; the only difference wilt'be in the signs, 
f “ I f th e  J°(M' consists of one tain* only, its square will he of the kind of 

" nun>her; it of two terms; its square will be number and one surd ; if the root 
“ ,ms three teims> the square will have one number and three surds; if it ha, four, 

the square will hare one number and six surds.; if five, one. a umber and ten 
Sun*s * 'trui v‘: six> 01,0 number and fifteen surds. The rule is, add the numbers 

^ ill the nature! scale, from i to the number next below that which expresses 
‘ 7 e mmhcr 0f te*1J*s iu:tlje root, the tunyv. ill shew, the number of surds For 
;; the me ol\ beginners is a nutted a table in winch the first column shews the 
u number of terms of the roots; the second.column shews the number of surd
•‘ terms m the squares; and the third the number of rational terms in the 

squares, from i to g.

’ , .^ !No o f t & n k .
, J ĥ )0L  ..

1 0 ]

2 l l

3 3 l

V; . 4 6 1 |

5 , 1 O r e  1. j

h .. 15 ' I

■ 7 31 ~ T ~

8 28 1 

'  ̂ " I j
* The f t l f e r  of sard trrms in the saua/e beinc- lil  -  ii, 1 8 •5--, i* - ur. fiunr *«, the numbers in the cafunu «afc

trom 1 to the number next bi&w •:
*

■ .. ; ' '  . D 3 : .
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«' l<ji numbers consisting of more terms tinm *> tl e number of surds in the
■ < ..{lyares may be found by the rule which has been given. If in the square there 
« ,,sr three tv m», first subtract two of them from the square ox the numbers 
J and afterwafds subtract the third, if there arc six surds, first subtract :i, then 

■ i#,, aud so 0 9 : if there are ID surds, first subtract? J ; ,f \5, first ,5 ; if 2 1, fust 0 }
«* if 2b, first 7;. if 5.6, . first 8 ; and its general the inv’mber ot surds of the square 
“ wit be found in the table in the column of roots next above the iimuacr 
.< of its root. If they arc not subtracted in the regular order, the remit will be 
<* wr0!;,«. The test of the operation of this t if either of the two numbers found 
>< p ," the rule is multiplied by 4, and the number which was subtracted front the 
d square of the'.fatiotial berm- is divided by the product, the quotient will be the 
*J other number found, without any remainder. ]f  m-iter of those two numbers 
W. -,s a correct term of the roof, nu# the other the si.-n of two roots. hast, or 
« .that which is the correct term, whether hi number it, be more or Jess than the 
“ number of the sunt of two jots, m u s t  be: multiplied by..4} ami every quantity 
« that has been, subtracted must be divided by dm products, the quotient will be 
“ the numbers of the required roots from, the second number, if, after this, dm-
«• siori, there %i any Remainder the operation is wrong. _

“ The squares of all moofrid ndrojbefS1*' are made up either of r&tiopal ntmihets 
“ alone, or of rational numbers and surds, as .has been seen'in toe examines of the
“ section on squatcs. ' _

« If a’-curd occurs there must be a moofrid number with it, otherwise, its root 
• c a n n o t  be found. H a  surd is divided, into two :-F o r  example, i f  x /1 8  is 

a divided into v/3  and \/%  its root will have one term more than it would have 
,s had regularly; ■and id’two surds are united the root will -have one• .teim less.
“ These two opcrations'of separation and union must be attsndw to and applied 

• .‘•'■whenever they are possible/’
Bvampk. Itequireu the root of 10 4- v 32 +  1/ ^  +  1 & ^ ,oni !;!e s<luai<;: 

of 10 which is 100, subtract any two of the irambera under the radical signs, and 
the remainder will he irrational : the. case k, therefore impossible, it v.e proceed 
contrary to the rale, by subtrai ung at once the three, terms, from 100. we shall

have 36 the remainder, then y'Sb'r:#, IO+or:H>, l O— 6=4, ~  “  % | 4 e *•

*• ''Moofintt 'meant simple' «*■ oppojt*?' compound", but iii :tbe fanguagf* of this yfciejjcg it ® genu ally used to
uspiess a mimber having one significant figure*'; ' . '/w  ■■■■'' v ■■ v -v  v-V '
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ffml tlic’ii vf;-S and s /£ , but these arc not the true root*, tor. their square is 1$.
I* 've preceed contrary -to the..rule by hading a surd.' equal to two of the surds, 
as s /7 tr which is. the sum of v 7'dS and y 78, and extracting the root of jOHh 

/ ■*-!-*/L# we .-shall i'. '.vt' lor the two toots s/G  ami \ /4 ,  hut tlicir square is not 
equal to the .quantity whose root was required. The foregoing rules are illustrated 
by four wore examples, which conclude this chapter.

C-’IIA R  V \  g f i | #

lo  fold the value of an unknown number., such that when it: is multiplied bv 
a known number, and the product■■ increased l>y a known: number, and the sum 

‘‘ divided by a known number, nothing remains' Call the number by which the 
“ unknown number is multiplied the dividend, the num ber. which is added the 
•‘■augment, and that by which the mm  is divided the divisor. Find a number 
f ' winch will divide these three n u n  hers w ithout a remainder. Perform the d m - 
'S ion, and w rite the three'quotients, giving each the same desk: nation as the 

number from which it was derived. Divide the dividend by the divisor, and 
" the divisor bY t]n\ remainder of the dividend, and the remainder of the divi

dend by the remainder at the divisor, and sb on till ofte remains Then let fhe 
‘‘ , , ,S,0U , discontinued. Arrange all the quotient* in a line, write the augment 
; Wtbw the .me, and a cipher below the augment. Multiply the number above 

tile cipher; that is to say, the augment, by the number immediately above it 
„ an" |°  t 5C i>rof uct “dtl the ' M ultiply the number thus found by the 
„ m ™ be‘* nCf  tt}r e, f  the hm:- aiiJ t redact add the number above the
„ a  ’ T / c  0,1 f 1 f  thC numbers in the iif,e a i« Exhausted. I f  of the two 

« Ls appIieci to * * * * * thi; a w b e r

„ thV eaSt.VaiUCS;  DiVlde the valuc or>  !jy * and cad the remainder y.
„  V 1 !e Vf UC 0 * by b ami cali the remainder „t>. Multiply a by the valve 
,  add C‘. .DiVkh the smu by b **“* the quotient will be
#< a A iw d M  +'Y * y WHK er’ And jf to tllfr im t remainder we add a again and 
“  of r and v Xettmn?et b as ®*»y times, we shall have new values

“ Ib is  rule is applicable onh when the number of quotients is even; when iris

European Algebraists for ibe soM ra o n i t m l S a t ^ p n " ^  T i '  ^  tf,c
l>roc«s l>y continued fractions."- ‘ ....  ‘ " i l ,  gree. Cwnpan? ti*i; ithqi«
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“ odd proceed as follows. Having perform,eri theoperations directed..above, sub
duct Use value of y  'from a arid that of.t ft on:, k  If a m: soher cannot be found 

“■ to divide a h, and c, without a remaiu<hv. but a uutnbg, can be fount ft to divide 
“ c and r without a remainder, (supposing the reduction of then. ‘ w& i •, ,te;ui of 

that-of the three which Was wi- octal by die foiegoing rule) r will be brought, 
ait right arid y  wrong. To find y  right, multiply its value o w  iimiai by the 

“ divisor o f a and u, and the pro inet will be the true value of y. I f  c nul 0 only 
“ can be ra llie d  by a. common divisor, the value of h roust be .multiplied h) the 
* common, rib.so , end the n f f im t will be the true, value of or When c Is —. sub- 

“ tract the value of r from b, ano that of y  from a."
“ If the Miho-wtun, id possible let it be .done, and the question w afo  ed • if it 

“ Is impossible suppose the excess of the subtrahend above th e  minuend' to be 
“ negative. Multiply the mim« .ul by a. number, so that the product umy be 
‘•greater than foe negative quant! tv,. Front tliis .product, subtract 'the -negative 
*'...quantity,., and the remainder will be the number mjuired.

“ When a b  -  the same ritieqs to be observed', tin t is, subtract the mine-, of.r 
*■ and <} from b .aud n, It-.c is -fi and greater than h reject k  and its multiples frofo 
“  c til! a xsupber less than b remains. Wore the nunbr? of fini.es' that b is rejected 
4< h’om c ; it there will be no remainder after rejection it is unnecessary to reject 
“ Go on with th" operation, add the number of injections to the value o f y and 
u the sum u ill 1m its true value. The ' altie o i\r  will remain as before. If  c is —
“ subtract, the number .of rejeefioutvfrom the", value of y. i f  a and c are greater 
“ than b reject b (or its multiples) from both; call the two remainders a and c 
“ autl proceed ; .»• will come out right and y  wrong. If there is no augment, or 
r  i f f  divided by b leaves tiu fcmaimler, x  will be. sss 0, and y the quotient. If 

‘he numbers me-not reduced, but the quotients are taken from original nura- 
“ bcrs> *’ ai)d V ■'GH always be brought put right. If the numbers arc reduced,
' 'Garni y wi'i be brought out right only when both are reduced, and but one of 
“ diem will be brought out right when both are not reduced,.”

Example, a ~~ Ski, c sss 6'5, b I fib, dividing these numbers by 13 we 
havf . a — / ,  c —  6 ,, b ~  .15. Ifiv ale -17 by 13 (as. above directed)..contitu}- 
Ing the division till tire remainder is l, The quotients arc 1 and T- write}
these in a line with C below them, and 0 below / ,  th u s : — :---------
Multiply 5 by 7 the pioduct is 35, add 0 the stun ,35 M'u|«* ^ $$ j
riph 35 by I * he product is 35, add ,5 the sum is 40, The two 5
last, numbers then are 40 rmd 35. From 40 throw out 37 twice, 0 1

•q: f o y y ' ■  T - ,fo (I .-'fv;!

• ^ ; Sl

' y v. : y ■  ̂ a;- ^ G , o h * >  ̂ •[A m M 0 h \ i  ̂ * 1
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6 remains, front !W  throw out 15 twice, 5 remains; therefore v zz $ andy zz.$,
r̂!I.i5:_:> ± J ^  z - 6. 17 +  6 n  23 is a new value oft/, and 15 +  » =  20 a cones-

J .95 ■“ \ ■ ■ ■_ '
ponding' M ilk of x  3 X 17 4* 6 +  40 is another value of.<j, and -2 X 4  5~-35 
a value of x. h i like manner we shall have 3 x l7+ 6«s47  anti 3^lS^i,50& O  
new values of y and n, and so on without end.

Another Example. ~ . lOo. h~~63, czzQOy c being +  or Although in this 
case 10 is a common divisor of a and, c, yet as the reduction would give a wrong 
value of y. write a, b and c as they are, and proceed. We find the quotients 
1, 1, l, 2, % 1. Arrange them in a line with c below the'last, and d below c, 
in this manner!

k .  . . ■ ’ % ’ ' ■
■ - >v ■ +  ,:;;”'vr  ■ ■ .1 . ’ ..

- ■■ ■■ $ * '

x  £ • ' ’• 1 , 2  t j r ,l  , „ i , ;
: ' ' ■ ' ' ' 1 ' .

 ̂ 90
0

We have then
'  ' i X 90 + 0 ' r: §0 ' ' '  ̂ '

2 X  <)0 4- 90 == 270
3 X  270 + .90 ss 630 . •
1 X <530 +  270 rs  900
i x  9oo +  480*
1 x  1530 +  900 =r 24S0.

The two last numbers are 1530 and .2430. divide the former by 6$ and the 
latter by 100; the remainders are 18 and 30, therefore a? as? i8 and y  s-s 39 
100 x  13 +  90 __ „o 

6:3 " “
By another m e t h o d .  Divide 100 and 9O by 10, then « '=s 13, b =z 63, ef ss Q;

The quotients are;now found 0, 6, 3, write them'in a line with c' and 0 below*; 
we have '

3 X 9  +  o =  27
6 x  27 +  9 5? 171 $
0 X 17-i +  27 =■' 27-

'' ■!>■ v 11 . ' V‘s- r'J ' v, :
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The ‘ v. o last 'numbers are gjt and 171. Fsou? 27 throw out 10 tv/:ce, 7  re* 
mains; from if! blowout f 3 twice, 4.5 rdftuns, The number of quotients 
being odd, subtract 4mfrom 63, the remainder 18 is the value p |> . ’ 7 sub
tracted from 10 gives 3 for py which is not the true value. To find y correct. 
multiply 3 by the common divisor H), the product 30 will be the true value 
of */. ' -S '. •• « .v.4? ■»

Another way of solving cite same question is this, fond a common divisor of 
o and v, for example, <). Dividing b and c by g wediavc a =a iop, U ~  7, cfo- io. 
Perform Mm division and an mge the quotients in a line withe* and'0 below, the 

will be found ] -f ai. 1 3, then
3 X.10 + 0 =£ 30 

14 X  M) -r 10  =  m

From 430.throw out 300 four times, .40 remains, litre we 'have, found a true 
■Value of 7/ and a wrong value of Multiply $ by. the common divisor 9, and 
the product .13 is.tire true value of>. Thu question may .also be solved by first 
taking a comment divisor- of a and t, and afterwards a common divisor of b and e, 
as follows:. ■ f',,., .foyT/ffv'fflf-lfoc;..

Reducing a and c we have <t == 10, t/ zz 9, aud b =r 63. Reducing b and ,c we 
have a r=s 3 00, c' s=s 10, 6' =: 7, Unite the reduced numbers thus ; n zz 10, 
b' ssc 2 ; bijt.c having undergone two reductions’*. take the", differenceef‘ the 
numbers arising from the two operations; then a ~  1 0 . $  r .7 , c‘ =  I, divide 
.aid arrange the quotients with ■/ , -id 0. as above,directed, and we shall have

2 X  1 4- 0  =  2  .,
1 X 2 +  1 ~  3.

3 and 2 are now found for avancly, but they are both wrong, for c was re
duced. both w/th b and a, 2 nv.> »t be multiplied by 9 tlie common divisor of b 
and c, and 3 must be multiplied by i<> tire common divisor of a and c ; the true 
value? will be ;r ~  J 8, if ~  30; and new values of y and m may .be had by adding
hand i> again and again to those already found.

: .. V' ' f W <?£.' , C i : ' , ‘ fo y. '•' v'^bf 0vf, ■:

t M - ' — i - ' t e j ,  tfjyWe«'aaidi by-o, then w i^neefolfo..T .T : #, divide # aadTP i5 p

-x ^ l tp T  ,foM. fv,;.: ,; ; i; 1 ^  _
by £» tbes^f £—.-.Iliss -( „ Taking ^  difas-ics i» owly trueinthi ease, becausepg ss e. and ,1 — 5 .3;  1 ,

}>

' : - ■ * •' * V .  ** ,, 1 V  j ' _  :
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What lias -been .said is applicable only when ctis 4-, ■'When { is •«*», :;s;..-.ntract 
IS, which U the value of a-, from u3, the ten -tinder is 45 subtract 30, which is 
the valueofy from 100, there remains 70. We have in this case .*• vz 4,5, v =  70; 
By addin jgi'h and 5 as above, new vaines of a* and y  may he found.

Another Example. -Suppose"/* =  — BO) i  s? IS, and e =  -8 •" or Without
making any-: reduction,'- divide, and place the quotients: with c soa 0 as- .xdore,
•we have 11 "* I X 9  4- 0 ™“. 3

‘ .-1 x  3 '4  a =  *»• ;i"' ;
1 x  6 +  s  =  9
1 x  9 +  6 =  15-.
4 x  -p 0

-The last numbers are 69 amt 1.5. From 69 throw out 60, 9 remains , from 5 
throw out 13, |  remains. The number of quotients being odd, subtract the 
value of x  from i \  and that of y  from 60, the remainders are 11 and .51. M. 
CO is -™ the "subtraction must be repeated,'-by which means we have- as before 
0- ~  3 and y  s. 9. I f  cin subtract the value of .r frem b and that of y  .from «, 
and we shall have again r =3 11 and y  z. 51.

‘ ': V ; ' i . • .^ V ;v;?£- j\  *
Ankhcr Example, d p. 1:8, bzs  l l ,  cV± — 10, Divide and arrange the quo

tients as before,'we have 1 X 10 4- 0 is  10
■ 1 X 10 4* 10 =  S O 

1 x  SO -f 10 z  SO 
1 X 30 +  HO =  50.

'from .50 reject 18, and from SO, 11; the remainder? are 14am! c being ■— 
subtract 3, from 11 and H  from 5 8.; whence % :r. 3 and y p  4,

.Another Example, o = 5, b ~  3, c ±  p .  Proceeding as before, w, 3ball 
have 1 X S3 4- 0 ' =  '-23

3 X 23 +.,23 =  4(1,
As S can be rejected but 7 times from 23, reject 5, 7 tunes fro*n‘4(i, the re

mainders are 2 and 11. .If c.is -  subtract 2 from 5 there remains 1, and X 
from 5 there remains — - 6 Here twice 5 mu f be added 10 — 6', the sum -»
the value of y : and that the nun doers may C"--re ;|>oud add twice 3 to 1 , tire
7 is the value of ,v, If c is gflsater than b, reject b Pom c ihre *v out t

" • ' f  ; ’" v E  . - ’
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fHii.es irom-iai, there remains 2. Make-tf "a: S and place it trifb 0 under the, lb 
of qutftiea-ts; we fed  , 1 X 'jfre-f 0 .= ' g .» 4 , •'» |  r

1 X -S 4- £ = 4 -
2 is the true ;Vaiue of t , and 4 which' is. found-for the value of y is v -w ,^  Me 

7 the divisor of e to 4, the suns I f  is the true value of y. If <• h — TubirasCt 
from 3,''and 4 from 5, and w: shill have 1 for th r value of r  which is right, and !. 
for the value o f#  v/hicb-fe wrong, Subtract 7 from the valise pf y , the-tltf'crenc# 
is — 6; add 1: v ice 5 to — 6. and we shall have 4 the tiue value of y.

That the number;-: may eWrespond, twice j  must in like manner be- added to \ , 
am! 7 will be the true value of .n

Mother Example, a ~  5, i  r~ $0- c r~ o, ore r= 6$; the quotients are 0, i 
h 1 ; place them in a line wit!) c an i t) below, we shall have

1 X a  ~f 0 ™ 0 ,
X, <; ' 1 x  0 4- 0 U

' V % X  0 +  0 =; 0 
F 'q X 0 +  0 : "  0.

Add 5 -it* 0, which str.mis tor the value of y, and 13 to that which stands fo
the .value of x, wc have then y ~ 5  and x  i  13* In the second cash a~5 b~xL IS.
■azz 6$i M,t> measures c, .r will be fi>uip:f p  0 and y v. To the value of?
add 5, which is the number of times h is rejected- from c, ami this will gives.

5 ){ () j . h  - ' 1
correct value of y, for +-•— s. - Adding'13 to 0 which is the value .eh

$, - we sliall have ,t* ~  1 S> and adding 5 to & which is the' value of y, 7 ™ 10
5 X 13 +  GS ,k  ■10. ■ 

i «J ■; 1

Another method is to suppose e — I, and proceed as above directed. Multiply 
the values of 4 and y, which will be so found by c, ‘•ejecting a from' the value; 
of 3? and b from that of w. the remainders will he the numbers required.

Example, a ~ 221, h =  195, c~-65 ;  divining these numbers by 13. thm  
coiutnon divisor, we have d  47, b* —. L5,"c‘ ~  5. .For 5 Write'owe, and 
finding the quotients as above, arrange them with J and 0 below, then

7 X 1 + 0  i“  7
" j ' " ' ’ , 1 X 7  +  1 -•= a . _ . .....

Multiply 8 and 7 by S, the products are 40 and 55 ; rejecting 17 twice from 40,

»
f>30. : " #£ -



'* dj jin a Known number: add again, if the same Unknown u-imDci is multiplied 
i< another nnirthw, and he product divided by (he fbrtnei divisor, the re- 

ft mainder after division wiU Nt mother uumbe* Cali tire mimt'Crs by wmdh toe 
ft unknown is multiplied the multiplicand, mk! that by which it is d.yidetl the 
ft divisor, and that which is left .vfter divis/m th:; remainder-* Here then are two 
“ muUiplicare'b-, one diyiso»r and two remainders. The method of solution, is as 
“ follows , add the two multiplicands- together and call the sum the dividend, 
■‘ Add the .two remainders and Cad the spin the augment negative; leave the 
‘ divisor as it is j then proceed according' to the rules which have been given: 
< bat the values of x  and y  must be subtracted from b and a, x  till be round 
‘ right, and y  wrong/’

s A.il . MS
I'lkmnpk, a ~  5, t r : 7, a zz. 10, f  r. 14, b ~  od, : j ;  ™ y  -f- oj, 1 -r  

•£ % -f c, Aft- a. r.: 15, c +  e r: 2 ft. we have now a' .rc 15, r  (>St . c' fe

* At this place-Mr, Burrow's copy has "an d  besides this It is of greatpise In dekTio-.oiiig the signs aim 
’ ' rmuun'S arrd sticoo l ” And rathe margin th fta 'h  an t.xutivple by the same coJUMeiitator, apparently tfitis ;
-• laiito at) estnnpte which eomes this wile; a star malyes IH/revointioris of th-. heavens h; aftVUys ami

nights ■ ; how many w i l l  it male in 17 d a y s ? ”  i 'h e n  the v e r i l y  goes on to say the answer is  ■}'! re v  -. "J,

■ 3', aa” A-, which is got I  Suppose by proportion. Now he aitils, (' if. alt this wer- InsW-x mi^ut hem-
rv  , . ' . 6 0  x  — 3

,.ored by the rule, lib then gjycs trie equation — -------- s a y  from which g  is ionnd. ss  ;ZS andy 28",

... 1̂0 V 23 . . ■ 1 ,nett from' -—A Ssy; lie finds*' and _ , sail so on ciil the-whole-1$ tod.

» 2 - ft ■
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4 V 7 -f. o ~  Q,'* ’
~ ‘i f  ■■ fimi 0 atiil 4 ' ' ~ 7 -  5=2. So -  21 =. 7. •> -  2 =  3 =  yU x  29' *f 7  ™ -7"'
\yroiig-: ;2 1 '7 S  14 — .r right; for multiplying l:4 by 5 the product f- 70, 
which being divided by 63 leaves the renmkutei' 7";: and Tmilnpfyii.g 14-b) i<3r
and dividing the product by ti3, the reitiiaiudcr 14 is.obtained. ' ' " '•■ A.

■ •' CITAPw Vf. . • -V'

te On * the opt*'j lion of om|tipiication of the wmarc. aud tlu t relates to- the 
“ knowing of a square, Mich that when i is multiplied by a imniber, and to the 
“ product a number is added, the sum will be,a square.1 .... i

“  hi this question.then there are,,two squares, ode less and the..other greater,
“ and a 'multiplicand and asi augment. From the immiplicawt? ami augment 
“ known, the two unknown s, qua ms are to be found. The. method' of-sdiution 

is this: Assume a number and call it tireless root; uilke its .square and nml- 
“ tiyly it by the multiplicand, and find u munbcr ./tin i? when adficcl to it hr 
“ subtracted from it will bo a square ; then tike its root and call U the greater 
“ root,. 'Write on A horizontal jiue these three, tire less"ami greater roots, .aid the 

.' (i number which was assumed as the augment. And again write such another 
“ line under the former so that every number may he written twice, once 
“ above and below; then multiply crossways the trvo greater roots by.the two 
“ ies,s Urea tii'ke the sum of the two and call, it the less root ; then take the 
' ‘'rectangle of the two less .roots and' -mtlliply it by the'multiplicand, 'add the

* The rules at .the beginning-<4 '.bis chapter for the- general solution ef'AxH-ssw.’ ai*, as they. stand w the 
Persian, to tht- jnirpw t : find a/ *4 #  zsg \  where /  ji, and g tray be any vhicli wifi satisfy the eqmi«
voi>. Make 7  sst'/h +  fg uni t'iSs * '/+  >t am! s' — ?B. t V i  a?* 4  3' « • . '•., and > taking a" =  *?g +  ,y% 

y i =  <' W ) lf .  aani F s f f c  or *" sr x'e—y j  ami n ''= -fg  — hx‘J, W haW A *h:F  ^ s = y A  

if S!'.7 a then | f s a  b, and! fjfr <£ b, iheuA p7™ » bit in the first vase the values of *" a n d / ’mud be

divided, and In the second \ne multiplied hyp. it> thl* w&§,bj: the crtjs*. muHijdii-.atiou of the numbers, new 
solutions are bail for xl  +  «t — f .  When =  1 and d =  « thcruieis M.t- same as Fermat’s propusjtiop, which 
first was applied in this m&mur by Spier for finding new vslues.of x and y  in the equatioi.* •**' +  h ss #*. (See

.. ; .■ • .. :y /‘g  S'. p  : -.Wa ■ . ’yi1 ■

the investigation vf this method in his algebra,) If A**+  t=»|i*, tKraxas ~ i — , r l-.wg i.\y w nber ■„

this expression is true only When * rs: t: In that case a (  ~ £ ~ )  ’ *  : - -  ( ~ - J ~  )* whici. is the same a*

Lord Brouttckt'ir’ai k'okitioo of Fcrn^ t̂’s problem. a v7%' f̂ t ^

■ : ■ ’ ; i \ : % . "■ ■
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*,< paxihict to the. rectangle of the two greater roots,' 1%.. result »vil! be the greater 
“ wot, and the rectangle of the two augments will be:the.augment;.

“ And, lo fod another square in the same condition'write on a diorbsontaPme 
the less >. oot aruJ the greater root, and the augment, which have been found,

“ below the less and greater roots, and the -agument which were asSrmed, Vex- 
“ form the same operations as before, .: and what was required will be. obtained 

o And another method in the operation, is., after multiplying, crossways to take 
the difference of the two greater roots, ..!- will,-be the less .root. And having 

<• multiplied the rectangle of the two less roots by the multiplicand, note the pro;
*• du.-t; then td^t the rectangle of the two greater roots, and the difetence oi 
“ these two will be the greater root.

And know that this augment, that is, the augment of the operation, b it is 
q the stoe as the original augment, is what was required. Otherwise, it it is 
‘‘ greater, divide it by the square of an assumed number, that the original aug*
“ ment may be obtained If it is less multiply it by the square of an assumed 
“ number, that the original augment may be oh'ained. And that fl:i0  may correa*
“ pond in the first case divide :ie greater and less .roots, by that assumed number,
" and ip the second case multiply them by the same number.

“ And a third method is this: A- ume a number am.: divide Us double by. the 
*■ difference of the multiplicand and its square, the less root will be obtained.
“ And if we multiply the square of it by the multiplicand, arid add the augment 
6 to the result, the root of the sum will be the greater mot..

Example*. “ What square.is that which .-being multiplied by 8» and the-.pro- 
“ duct k , tM td  by \, wkli be;vsquare. Here then are two squares, one less and 
« one greater, and 8 is the multiplicand and 1 the augment. Suppose 1 the less 
44 root, its square which is 1 we .multiply by 8 ; it is 8. \V e find l which added 
" to 8 will be a square, that is 9- Let its root which is 3 be the grta-.ee 
“ .root. Write these tVee, that is to say, the less and' greater roots, and the

* To iVi-t * and !. so that S.v’ + :  =  y 1, 9rijrpo“« y s s I , and k/ *  - p S ~  □* Xet 3 ~ t .  tlwn 8/ "-t-iswr-ssri* } 
3X1+3X !■==&==*• 1X 1X 8+3X 2=17 sty, 1X1=1 the augment; I being the original aogmuit there is no
■eccasrbn to carry the operation farther. &x 3(5 +■ 1 s r  2»9 s i  17 1 fo r flew values, 3 x 6 + 1  X 17 as  35 ~  
t X 6 X 8 - * 3 x t 7 = S 9  =  y. 1 X l s= t the augment. 3 X 3 3 * + J =  W l  xti)9K bi'BIte mamwnnore value 
jnaj be Pound.

’ “v '
:i-y, ■ ■: - . ■ «t -1 #  ■ ' .' ■ .

'& . .. ’ ?!* - ' . ' ; . ' 3 '■ ... . 'i ■
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“ 5uir«d k  #>> ii,hich multiplied by 8 is SS8 ; adding I it becomes 2S9 amUhis 
‘ *s a sfiua!r whose root js Id. Again, ro dad a number under the-same coh- 

“ rlitions. Below thedoss anti greater roots and firs! augment, write the Jess and 
"e greater roots m d  augment which have -been obtained by the op,-ration i-hus*

- ....______________ ; ___ _______
Less I Greater j Augment

| 3 | r~ I |§if|f
i “ j j; i ’ J ■ .

■
e\Afu1t»ply roasways the two, greater and the # o  less taels, that is $ b" r ’ 

and 17 by l, it is thus:

- , 4 ^
••:•:> •> . j ;%* ij j [■.fttytek-fj H • • •».-.

f -s j 58 J i ' j Y ' :

i 6 I i f  I I J  ■



_____: _____ •__________ ~  _________ ................ Li;__ _ _ ____

* ! I.t1  ■«+ -liSC-adt’ Siipporrt̂ y’ SB-1 arv* U /^ —^sb Q t Let | a ? ,  It x  1 .-»5asS=sr*9. Vj(- !+■'.:>'tse fifes#. 

Another way. Supposo/as ! and U /M + = =  Q -  Let Ŝ kk a. 11 x  1 +  i6 '~  &\ i x H '  Xl  =  8 =  ».

1X1.X11+'* X !' S3  21 ,J¥?y. 5 X 5 ~2'» UiC <augtn*ift. ~  ~ - ~ '«. i i x  ! -  ) +• 1 as sa (3  )  ,0 3 \  5 /  25 Va /
,, i  ̂ .. ;227 ifU 8. . ©7 534i'Oi ,K:w values, 10 X 7.- 4--* X — =  ss: a\  3 X -  X 51 +  10 x  t“ =s 7-  ^  2/, 1 x  lsr.l, the augment,

ti 7l<$! \S , 2«5 ‘56 / 34’7  „ t , , , ,1 ‘§0 | 07Q * 94 «
u  X I "*T~* ) 4" * ™ 7— =: 1 — ) By the s-w.ojtid irtelkod  ̂ ---------s=: ~ sw ,v. —*---- -* SI x  —*•«: :-:s2 v

\  a /  w  *  /  ’ *> ■ “-"5 3  5 V 5  ^

/ 1 yi jg /(,* * *
} the augment# 1 X \ r  J  +  i 77?'^  \ r  j  *■ hi the way other values may t&sound#vX
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“  Multiply crossways, land add the two greater, i t  is #fo And th is #  the less 
u root. TAfc <. the rectangle of the two less .roots; it is 1. $£iil«)|>ly by 11; it W‘i  J.
“ Add it to ta r  rectangle o f the two greater which is 9; h  k  20, and this" is the 
“ greater root. 'Take the rectangle - of *he augments, it is 4 affirmative* Now 
“ we have found a. number.such that when we divide tin uunibet by the square 
“ .of that, the quotient will be the original augment. W t have''found 2-httV! per- 
“ formed the operation ; 1 is diiamed, And we divide the greater.'root which 
“ is 20 bv 2, 10 is the greater root And we. divide the less root, 3 is the k m  
“ roof For if  the square of 3 whicib is 9 is multiplied by II, it will be 99, and 

■ “ when we-add J it will be 100,. and this is the square of 10 which was the 
“ greater root. ' , 't ' >’iWl <

“ Another method is, supposl I the less root, and multiply' Sts square'.by a ,
“ it isk l.' We* find 5 whieb being added to it,will, beg square,that is lb; its rdot 
“ which is 4 is the greater root*

ton | Greater Augment ,

I | 4 3
~  ...—j-— ---- ——~—

s i 4 I 5
__ .-Jw .__ ___ I__ :........ ;%  **

** 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 i we multiply by i i , 1 i U 
“ 11 ; add d to the rectangle'of the two greater which is 16‘; it h  27, and this is 
“ the greater root, Ami from the rectangle of the augments, 25 augment is 

obtained., Vre have found, an assumed number -5, such that when the.aug- 
“ meat is divided by its square the quotient will be t. Ami .for correspondence 
“ we divide 8 by 5'; 8 fifths-is the less root. And'tve divide 27 by 5 ; 27-fifths 
“ is obtained for the greater root. For multiply big the square of 8-fifths, that is 
“ 64 twenty fifth parts by i l f It is 704. twenty fifth partsj acid J integer that is 
“ 25. It is 72£i of the abovementionetl denomination.- And- to find cither 
“ numbers under the same conditions, write, the two rpots and the other «n gamut 
“ below these two roots and augment, and that is on the supposition of 3 and 10 
“ and i., which were obtained before; thus:



n .  — ---- r------ —  - ------------- ' •
I Less Greater Augajent

' 8 97 1

7 i  10* : -  ■ " S ' /  " I '
. ---------- ------------------------- I

' * !* e W ^  I  IfeDti # | J i  ^  a , #■*,<(- , ’* *  I  ‘i f  v ,  !
<( After multiplying crossways, add ,the two.^etaagles, i$.is ifii-fifthy, and 

“ tliis is the less ro o t Multiply the less rectangle, -which is Si-fifths, by 11, i t  is 
%$$.&, add it to the re' ting le of the two greater, whidi i,s ’27(;*fifth >. it ,,is ,.534,™
“  fifths, and this is the greater root, Take the iv«Us git o ffh e  augment.-,, it is *.
“ Tire operation is finished, for jiu.il.tiplying the square, of lui-iiJths, which is 
“ 2592,1 twenty-fifth parts,: by H , it is 2H5J9>i.twenty-fifth parts ; add &t> that 
“ is l integer, it is 28.5156, and this is. the squire of 53i-fiftb$, •

“ And by the, second method. , After multiplying crossways it is ‘Slyfiffliaraod 
“  80-fifths, the difference is k;fifth, and this f-fifths is the less root, Multipiy/the 
“ rectangle of die two less, which is’24-fifths, by l l ,  it is S(i4-.-fifths j and the reef 

angle of the two greater is 27005.;'tliy. Take the diffeitfenee ; it is 6-fifths j and 
“ this; is the greater root; and 1 integer is the augment. The -square: of 3-fifth.

\v Inch, is 1 twenty-fifth-part, imrkiplied by 11; is 1 1 twenty-fifth purrs.; add 3S,
“ ir is  36 twenty-fifth parts,’ the root of which is 6 fifths; spul in like rpapngr 
“ any number which is wanted may be obtained,

Rmfofilii. “ .Let the first question be solved; by the third method ’• . Suppose 
ft 3-the less, root, and take the difference of its square and the-MmiupHeand which 
“ 'is 85 it. is 1, .I)iyi<i,e twice,,3 by I ; it.isfi; ;,aud this is the less .root,. Forum !- 
“ ti plying .-the square uf. this, which is S6, by 8, it is 288 , add 1, it is m-ny and 
!t this is a square, the root of \t h 5 h is 17, and ’&«. is the greater,ton;A

u Another method is what is railed the operation o f  circulation f, To bring
—   — «i— — » ■ « . - -  - dW-1 5/ ,:5 __'

■y fo solve; the &•' mettiin by the third method. Suppose r s s  «  <; =  3 x  33 +  i 2gy :.~

; £ 5  -yftqr. '5,p; .•
t  t0 n a k t tv £° rpund, from j  &  to gd/round. This rale is, supposing As‘- +  ..» A and n.

hdhg given to find-* and #  by the operation of circa htipn. Find f ,  .S-arni g  ao that s f*  +  3 s s  g*. Suppose
, . ' TV;-' . 'ft.V- '5ft5ftft;ft;'f'-;' F - : ' 5 -  5



(si.
, , . . \;':.fo V:,';. - ., ' . '

iirmosobcnoUf.

.< our tin t which is eqoimr by the n.fc of the * # e >  t  M * *«'■ • A ftf
• uuoposiug i he iess un i g n a t*  .oott a,c< me augment, suppose the h *  root tu t 
lid iv!dend.' anrl (.be augment the divisor, and the greater root, die augment.
“ Then by'the rule of the multiplicand which h passed, bring; out the mukipli-
♦ « Cilpd jnil tiie quotient. Tf that number h> v,hieb the questioner multiped tue 
« square ran be subtracted from the square o f this multiplicand, i f  k m  o.oue;
« otherwise subtract the square of this multiplicand from thut.number of the tvmi- 
“ tiplica.nl. If  a'small Jmmbei remains, well; if not increase the muktpit- 
*« cand thus: add tic divisor again and again to the multiplicand as before 
“ ex p ired , till it is so that you can subtract the number o< the m nU ,4,
“ c.;md from the square of it, or the square of it from the number of the n.ul- 
“ tiolicand. Whatever remains we divide by the augment ot the operation oi 
“  multioVn atiou of the square, and take the quotient which will be tut augment 
“ of the operation of multiplication of the square. If then we shall have sub-

tracted the multiplicand from the square, let the quotient remain as it. is; and 
r. ;f .,Ve .hall have subtracted the square from the nmltiphcand it will be contrary,
« Ihat is if h&afive it wilt become affirmative, and if.ruhrmative negative , and 
" th a t quotient which was obtained by adding the dividend to the quotient, as 
« jjiauy times as the divisor was added to the'muUqdicand, wnt be the less runt ;

/;_■>:£ a ,  v  and from rfo known number* f, g , f», find x and v  by the rules which have been given. If X‘

be b  a take x* —  a . or If not take a — **. «  a small number remains It -  well, otherwise take multiples
o f?  am! add ib-in to thfc found value of x for a value, till we have ,(«P -1* «  4 « -  *>".
divi.le this by & and 'if the m m  has been subtracted ch$H& the sign o. U.e qnotoi.. It .mxad of x M  
; l e  J ?  + X has beer, used acorrespoiidiag value of v .t» /+  w must be taken: by 'uM.Uitior these value, as

fo lio s-  V, or m f+  V «  *> am. ?*-“ * <» * .  0, ' «  have t h e . ' ^ o n  of this equation

_ 1 AJ>>. +  y\  If is neither sr= ?. nor to up* nor to proceed as before. U ‘ a/ *  +  ?’ g* ha a solution

of A ^ '+ tf^ y *  w hem A ffand'^  are known, s  x't proceed as before, and so l-  <m>

-A,;it bad for a!*» +  /l" «= /* , and .a like manner for J *  +  l  =  >  till 1 «  '™m! »  a or Bp* or

The (ruth *)f this is plain, « * « * ■ & £ ?  and F s  wehave ***+» ~  * l . ' - y * ) '  +  ~ i j r  wW‘h ■

(a/»+ i3)x*4 '>*%*. + Xfc*- hl)t hft f!. ajHi a_A sad therefore a*/ + $ 23.iS'.SSS — -*•--* ■  ‘ “ |p,r.{ h/r* . -v ' . .'•■ fovAfoiV'' y.-v’-■■'"■; yiV-yf''' a;:T '* „■ ■'
/ a t 5 + 3 a/£X t.*S-W hich is -  (fo2:kj^;V v/ 3  Tl.ii risk*, though <a some respects imperfect, is 1>0~ v ,8 J
principle the same -is that for selvinsr the problem m integers by the application A? continued frallions, which 
was first given in Europe by Dc La Grange.

'  ' i at ' 1 r ' * > i M ’ .  u lfiJ*



* I suppose it should h e ,^ n rj ;, ,  I think i likely tn,t fbts d e c  ncl form a part «t Ihc « * .M  ml, «Wch • 

xems to i' fo'.e * '• mtegrr vafoies only . ... e.  , . .. .f ̂ + 1 :==-,r’ suppaw(=s * 7 * ;rr  ̂ -Tzi zzzi
Tin- is o, write under U -  am! « /  J f in d  ,  * 2  W d r  «  0,. The number
tract the value of .< C... a =x i =: x, J  - 0  =- I * v .
g , adds to th. value of v. 1 +9* J s y  v  have now - as » and v s s -i. As "e s?turr'c; °7 U  1 »
and as a greater munber wilt remain if w~ obttaev t> ftm» C:. **» twice tUo x for a new . J e o l ,  * Xji -  
l im it s  Xr iud fet * ^oi-'SjMini.iiig value ol Y^add tvvî e flox*^  2 ^  l t   ̂ j

A  anti/ »  90  ̂ not being as ■ nwsi proceed as abJe«-" Let a/" s +  w h ^ y '^ l  L f s s  — i ,

and y>‘ ... 90. Make *—1-~ - - t i — V”, reject 7 twe've times from 90, 90 — 84 ss 6, we foaildad x "rr Ig, add

y —. is, - Subtract / "  from the -value of v* and S' from tlut of x", 18 — I i ss  * , l-1 — J .& zs x', 
t Iw-m.;ni«r of rjTOlfonis in the■ tHvWou of H*by7 being odd, subtract,the value of if*-from /"and that of x"
fTOW ff! j j _,  __ 4 L  Y\  7 — .7 ’ss 2 sex*. As we cAnupt take <57 tV.«m 2*, and as a greater number remains,
if Wc subtract 2- from 67.,aod <8" once to x" for a new value of .».% 7 +  2 «  x ; x ' o v ‘ —’67 ss i4.

. I t .  — _a es i?v. .As »" was rejected 12 times from^', 12 must b« adqedxo t’-.c v?meot 7% 4 4- <■• iss !«=='»'•

F £



■■ -V-t ■ , A , ■
4 4  / k .x i io )j y c  i / o  '<*

> -
et siply it by i>7, it is 67. Find 3 the cumber of the augment, winch sn6- 
u jn.ct ii from (>? will ici.vc a square, that, is (it, the root oh which i.-> 8; and this 
•* i.» the greater n ,;t. l then is the ’.css root, and 8 the greater root, and 3 the 

in;-;,,; t\ If we. wish to hi c.2 k  out bv tiie operation tif cirerjlotioj'i, let
“ vs boiii.'i -e 5 the dividend, and S .the augment, and t» the divisor Ah section 
“ of t ” hi visor firm the,| augment is possible, reject it twice, 2 remains. Sup* 
i! this the augun tit, take the raunb o.- of the line, cipher !•> obtained. Write 
■ under it tJ the augment and. ei&ei> Perform the opera rAu, the multiplicand is 
“ found ‘2 and the quotient cipher. The number oi the line bring odd, subtract 
“ the multiplicand and the quotient; from' the divisor ami the: dividend, l and 1 
"are obtained. As we rejected the cijvisor which is 8 from the augment which is

“  carnot subtract, G7 vouch is jthe mulUplieaucl .A' the operation of uiubipiioation 
“ of the square, from the .square of this' muUipl;--and, and if we subtract he 

o.uare oi. this from f>7 *a greater number remains; from necessity \ve add the 
oivjsor, which is i, tv'tcc to the in.ultiphcaiid 1, it is 7 , add ;.nt mvidend to 

quotient it is Subtract be square of 7, which, is 4;), Iron: (57, 18 re* 
mains. Divide by the augment of the operation of multiplication of the 

“ square, -which if ■ negative, 6 negative is the quotient- .As trie square has 
kbeen subtracted ft on) • lire multiplicand^the. n.egkivs . becomes contrary ; it is 

t* Aho, atmc, and this is ;he -augment: .-.ml 5, wludi was the nun'her of 
*• the quotient, is the less root. Then bring on. flic greater roof, from tin less
•“ root and the augment, and the nttritmlic; id 67. it is 4t« Write them in order.

•  ̂ 4 ,

'■ ns 6 is the augment of the operation and $ is the original augment, perform the 
41 no -ration again to find the oiiginal augment t that is to say, suppose 5 the 
*1 nivideotl, and 6 the;divisor, tuui 41 the :-<uig-lip6nt, «iad pci1-'>rni the operation of 
5 tlte i.ndupiicaad, the multiplicand is found 41 and the quotient ab;o 42. Sub- 

“ trac t.... vhc dividend, 6 times from 41, the quotient, l i  remains: ami subtract 
“ (\ the same number of times from 4X, the .multiplicand, ,•> remains; take its

Ai.<* 1 was a tided vr.ee tc thf. value of .v" add j '  that of v", it  4-16 -™ U1 ■■ •' yf tap Now , \ f " ’ .4 &‘r
because *weftS7; mU'- r  =k--S», therefore v’" z:- 221, Let -1/ " 8 *f ~ g ' ,n> w.herr-/'" A  2! _ ( r - - - _ 2> 

and gf" as 2SI. Having now found (S*, which, multiplied by itself will he the augment of the a -iane, (nieani.ig,
1 soppo' • , »/A) ; rip'y itc  tirsr ruleoif this chapter. jT s s IJT^ sz  11934-, y" 'sz .i" i 4- •a/'''s== dtlgd.4, S'1"1 ~s 1 ,

*> 'hid p  as' 2 such that -  — a»= i , Dividing a/"* -f- W  by f ,  we have ( a 4 - 1  s s  ) ’,

: ■. • . • ; ■ • ... '■

• ' '  "  ;; . ' ’  ;
/’ • V r . . .  '■?* r . v * *r./t -,v ;

a A- 4 . ' ' • : ;

•if; . . . . ’ . > * • ■ ■ ■  i ■■■, .; •



7 is*tlic 'quotient, ami this is the hugrrent. ^As we subtractecl' thc sq.ua. m!
“  n m ltip Iic^U *  from  6;7, i t  is r „ t m r y  ; 7 th e n  is th e  m gw en t  d f g a t  , e ;  am i 11 
"  w h ic h  ss t no q u o t ie n t ,  th e  less m o t-; b r in g in g  o t t t t V  g te a r e i  to o t, i t  is 90.
“ tn this case too tn<? originalamgment ,s not obtained. Again, pWf rm the oper- 
“ ation of the multiplicand; i : is the ch miend, ()0 the augment, and 7 the d,

tinges - T tom ^ie augment,- m eet a ; o

Subtract l i ,  the ■*?!’ 12 ; 7 ■ flmi. °
avc obtained i\)c epioth p aiul ttvc niultipUcaoi .* A* f.ho iHnijbt ’’ or^the **nt?

” pi "• ‘ ' ' ' > til-* M) >t •

’ ’ whit-li is "t i too dividend; it  i s *  Subhaot 6? rtom its *q \ which ■ X - 
*' ]•!■ remain?. JUiiidi- by 7 the .augment lie,-; dive, 2 negative is the quotient 5 
“ a fid this is the aug1 f i t .  Again, as we.' rejected 7 twelve limes from’ the 
“ augment, add !7 to' the quotient which is 4 ; it is U>. And as we added 7 to 
ic 2 the multiplicand, add i 1 to '6 the quotient 5 it if u7, and this is the less foot,
*' Find the g. cater root; it is 221. As an augment is ohtaiu 1 « hi -h, after being 
“ multiplied into itself, will be the augment of the -(pure, we' write this line 
“ lieion tint, and imdttpK crossways in both' places. From on0 cross muiripiicu- 

tion it is 5967, add titests UvO; 11934 is obtain -«l the less rdot. And the 
“ g-ehtcr r o t  is ,97’'>84, and the augment is \ affirm ujve "We have foun«:l:‘2. an 
■“ assumed number, by the square of which, ‘'if' we divide this augment of.the 
u .operation,' the: quotient will be 1, which is tlie original augment, In like



p̂lka"d’ ^ ^   ̂  ̂ ' '' ̂ l
« Reject the divisor twice from the augment, % mn'ains; and after the operation 
« 2- the r-tulfteKcand, an«.i cipher the quotient are obtained. A* tire line h  odd 
“ we subtract cipher ■from the dividend anti 2 Iron) the divisor. It l and I,

• ««. j xs vvre j-ej; cted the divisor twice from the augment, we add 2 to the quotient. 
i! :1>£ quotient is 3 a?id tin multiplicand l. If we subtract the square of the 
“ multiplicand which is 1 from 61. a greater ,;un;ber remains.. We there fore, add 
« twice the dividem! and the <iiv«sor to the quotient and the multiplicand. The

■* CJ **+J :*/,*• Let w here/rsi, fi.7S3,£ta»:. Mal i c— ~  t that is - • *-~ w . v ,  rejot 3 “

..,,, fr C ( a a _.^i v 3a--.2, we shall find r ts f i  and r=s6. The oumbet of tjun'Ienls in ih <M vision of I by 3 
o^fig jkJ-i, subtractthis value of y  front/; aud that of s  from (5, I—>0 ~~ lasts.. \:~-t as’lssU'. As 3 wail rejected 
»>««•« from g  -mM 2 t<>- the •/. tee of v . ». *h 2 •=* r , If we lake a — :»* a greater number retrains; sdd twice f  
to the nine ol v , and twice S to that of *. 3 •>■ 2 x  J 3 i=  y . i ~i- x  i = " : : x ,  Take a 31 —

■js — |j.. Divide by 9, — 4, sfbicli becc-jnes ~r •) •atf# aud 5 » v  a s / .  N-'w a*'-’ -f. 3* =•-. ■ whence

Z ~  3.9 U't + 0  :xg*  where/ ’ 4,  / a s  33, As S’is not** b, we find a number p .^S, ttiCh

,i J*.. zz — I, .Divide -v an  ̂y  by p, and we have — -  as .r szy , awl -  =» -77 —£ » aD“ Is?
*  . ? t  ,0

3-». / s  3 - -  1 , apply the first ruin of this chapter, I? X. »" U ~ i  '•»•+•; s= ». =  « X - X - j  ■'=

,.v, / is .s /5  V* 3046 3i>tt 19$ 3046 >323 , . fI95\* ,H£*» » * * » • + (T )-V6!x (j ) -  T  =  Jf, ^  ~  V* ~T ~  T  ‘f"U( X +
■ : ’V, If A*s -»- a s s  y*, wheoBB as.-- J, o rS i  s*— i <hen ' — j, ’ - ;m! —  J s ;  S.

J 9> . . . ,
^-•Uiply /*a -j' fj ^ ~  -̂rpny* Hi' f?T aJ' *"f wIk t c ss  — ;;ikJ ~f* t* 'that we jinay

„  I The.-. - sr 3805, a n d y ss  30713, ahS e ..-= - - I;  61 x  (3805)?— > s s  (TS7t8)£. for new 
values, where b sc q - 1, mtiitiply </* -T 6, ™ g v ctosswji/ s with the values of s  a ml /, tvhic h ive trass just fourifJ,
SI x  226l53930a.4- 1 as 17663190WV ff s is — <akt '.he product oif.two augiaentr which have ttnlike signs, 
and if b is 4- that of two which have ITe signs.

‘ S V

*



<• augment negative, And besides Shis, if we would obtain another case, let this.
“ be multiplied crossways with that in-which 1.95 second parts is the less root ;
<>.for multiplying affirmative, .by negative, negative is obtained. The less .root 
« then is 3805, and the greater did 18, and the augment 1 negative; and this is 
'* the answer to the question. „

“ To find another case with the augment affirmative - write this below it end 
“ multiply crossways, £26153,980 is the less root, and 1 i 66.8J9.04-9- the greater 
“ roots and 1 the augment affirmative. And in like manner wherever the ausr- 
“ meat is required negative, we must multiply cro-.-vvays two augments Of ciif- 
“ ferent sorts; and if affirmative two of the same son.

Ride. “ If the multiplicand of the question is the sum of two squares, and 
•'the .rugment 1 negative; it may be solved by the foregoing rules *, and ,if 
“ flushed for, it may be done in another way, viz. Tak* die root of those two

1 i .(.I . ,
* fn ***-£ «»>•*, u a sko* U ,»*, and »'ss:— 1, * s s — an.lrss— i -l-j*) X / -  1 - ~ l  ss  jr p q * \ pJ  \y / • •

and <**'+? *)x ( T  .
* '• -" - ’• vfflPWewwi r*SI m  f'./- . ■ •' VT>: ',-Wyid^§i ■
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^  ai>c:ii’uif hy ^ ^  w ° ****** ^  <0 ^ 1
:.;L- 00dl bc ti:' K'Si’ m ot’ *hat rea red  :n„> be , mine., fur , , Ui u. ......

» * s* ^ V . sf  Ulf ’•' that which-being multiplied by is , when ) is sub-
‘ d<"%,M w m  tht P*»duct, a s?>.w, will.remain *. 1 3 then is th- sum of 4 - 1U>

“ 9’ 'md 1 the au* mwit *'c‘ ■ Take the root* of 4 and 9, they arc q ami

‘ D ' TT tbtni.ffu.en. by ibe>c two, the <, »m .cote an K « , ]  A, both th.se arc

, the, less roots. VFh,t is require.! maybe had from either! For pmi U plin e

‘‘■the square of ~ rvhici; is *■ by .13, i t .  dl-fourtbs; and subtracting iron, \t T

“ ' vh,cb ,s 4> 9-(oart\', will remain ; ami this is the squam of ?T. ’ Multiplying

“ «!•<:.square of- which is ■ by <3, it is 13-ninths; and subtracting 1 integer

“  which is o, |  mi-irons; and tli> n  r, apninf* -

Hl'r‘* follow solutions of tbc same,question by the lonnci nu.'lmds: T o-nit 
{'.Item because they contain nothing new, and arc full o f errors in the calculation.

A w lh r  s'v . ;/c. v.q,f;c q y  „  j ~ „• is snhcd ;.y thc ]ast ruie> ia om,Mcd .
oecause it is luimatorial.

a '*v0t,*er “ What *«rmre is that which being multiplied'by '6', and
S aided to t!u piod mt, will he a square, And what , -qc'.er is that r bich 
being multiplied by G and IS added to the ptoduct will b. a square f . The 

“ opotflfiotriii-the first case- is thus, .Suppose 1 the less.rods, and multiply by G,
. 1t KS ' add 3, o is d , and this is it square. And for the second case thus;.
“  Multiply 1 by 6, it is 6 ; and find a dumber which added to it will be a square;

■' J3*5 ■ ,,r  a s  13 *  .9 +• 4 =. p* +. X, f, a  2, ys= 3 , , =  1 and , «  L  for-13 X ( q )2.~
J ™ f'411 J and 13 x ‘ £-■ 1 -  t  0 . y

'f 6x2 f  1 ~ 'A a,u! 6jt + i2 ==y* '-st suppose * s= I and xt ,= 3,. then 8 x ! t- 3 ss £> =,3» — -
Second, l i x i s  4 laid r sad, that 0 +  ;t -  y  Lrt ( 3 o, « + , «  g s  3*, s bem, ,ot a  b, ' k„ i«s
lliail T h‘Ki ? 3l,th th*‘ ^  *  P -  k, 3 x S* =  13 =  Now if ff 3, *'* i, awiy =  3, mtiiU«!yW 
aW-SR X p*, wehiiK W  +  ̂ >s = y jP8.- a«4 makittg x as *>, y «=.//», ami ii =  wt> have * p
jis/ian d is: IS. 6X2' +  IS.pa &,'<"■ V '



. “  J f  the, multiplicand is such that you can divide it by a square with-* 
“ out a remainder, divide it; and divide the less and theater roots by the root of 

that square, another number will be found And if you multiply it by a square 
“• and multiply the less and greatei by its root, the numbers required will also be 
1,1 found.

Example, “ VI hat square, is M- it which being multiplied by o ,̂ and i added to

* ffe -h 300 jsfc. i/„ Let x css ip, llu-d (i x !0;? -~f ?!0\> •— 9(>© xs 30* 
f V\ heu d is a greater nninher find ? 0'\ &rc, iess by the rule of osculation. Solutions of these* problems without 

live uile oi circulation^ art; to be bad only l>y tn^b- judicious!) madf?.
hen one case Or \ / A i cst^8 is known any number of cases maybe found by cross inuhtplicatiou \ for 

X * L . '.id cli/feient vj-uncs ot x and t/ will be found at every new vtep,
-f  ̂ suspect that tins is incorrectly translated; Uk’ example* does not illustrate ibe rule. Perhaps it should hi. 

if in a*2 q- s> a as Ik'jft, ifei A'.x»-f . If a as ;q, fieri A 'Lf- »/)••* S£ (jf)*.
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i j
“  th e  p ro d u c t,  w ill be a  sq u a re* . T in ; less r o o t  t | c n  is -■■ th e  s q u a r e o f  w h ic h  ~

•
“  m u ltip lied  b y  32 w ill be 8 : a d d  J, it is 9 i and this is a sq u are . I t  we su p p o se
*' Q U n le s s  ro o t  ancl divide 32 ih e  m u lt ip l ic a n d  by  4, 8 w ill be d ie ;rn a lf . ip i ie a n t l ;

** and dividing th e  less root, by the ro o t  of 4, which is 2, 1 is the less mot ■ For
“  ra u jt ip ly ii ig  by  8 a n d  adding 1., i t  is ■<), v  h x h  is a  square, th e  ro o t  of v rin ch

** is a  ■ v  1 1 ’ •• $$

Rule. 11 If the multiplicand is a square j;, divide tbe augment by an ass timed 
u niultber, : and write, the qood'ent/in two pikers ; .md in one place add to, it, and 
fi in tin other subtract from  it the assu m ed  number,.and halve thru) both; the 

greater niuriber will be 'the greater fo o t, Divide the less by the root o f  the 
' multiplicand, th-* quotient vri! 1 be tin, less root.

Example. “  W h a t  sq u a re  is t h a t  w h ic h  u  h e n  m u lt ip l ie d  by y , a n d  5 2  a d d e d
"  to  th e  p ro d u c t,  is r-sq u a re  j:. , W h a t o th e r  sq u a re  is t h a t  w h ic h  w h en  m u ltip l ie d
“  b y '4 , and 33 added ro  the product, is a, square- In.the first case divide 52 by 2,
“ 26 is the quotient; write it in two places and add am! subtract tf, Jt is 28 and 
■* ;2f : the halves are 1|* ami 12 ; 14 then is th e  greater root, 'And divide the less 
•' number which is 12-.'by the root of tl nmltipbc'ir*. which is 3, 4h tU e  quo- 
“ tieut, and this is the less root, fo r  wlr*t the square of 4 which is iff is multiplied 

by £>, it is 144; add 52, i t  is 19G, which is the .square of 14 ; and in the

— ,++|l— ----- ------------- + —  '■

* 32 X ** +  i s  0  C et*’=s v  38 x  (4 )* " +  1*S 9«3*«  1/ *• =  2. ~  ‘ f  s= S, i . jksI;2 '■ x.■/ px ' 4 , p
for8 x l +  las3*.

B , B Bi- n  — ~~ n ---- n
* Jf a*8 + s asy* and t s p .  taken any number; and we have — —sr. «, • and — ~— = ,v; tor 'l~~—

~P :‘t. " ■ P

~ ” i j r  a iu l -W ^  M f p  . X .' +  * *  ( ^ - )  ; whence-the rale.

•«d b op. 94, ■ ■
t &r* + 52 asy8 amt <*■*» 4- 33 =.y*„ first -~*5 20, 26+2=28,. 28—.̂ .sS/24, §  =  14 ; <+=; 12, - .-a.-

■* «*
i ') 39 ' . |4

14, ^ 5 = 4  =  *. &x 4* +  S2 =  156= 14*. Second,- 11, 11 +.,3= if, 11— 3 a s p , . t a t  ? ~ .y ,
g 4 , . v. • - -

as 4, 2 *, 4 X 2i + 33 '= 43ss ?5 Values oi jt afgly wight have been found by taking n as 4 in the
find case, and n s  1 ini the second.' ' : " ' M ■
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“ 's e c o n d  ca se  d iv id e  33  by  3, 1! is th e  q u o t i e n t :  a f te r  a d d in g  a n d  s u b t ia c t in g  3 i t  
“  is ! 4 a n d  8 r a l te r  h a lv in g , th e  g r e a te r  ro o t  is l h v .d e  4 b y  2, 2. is; • th e  _q«o- 
“  t i e n t ;  a n d  th is  is th e  less r o o t : ,  fo r  m u l t ip ly in g  4 by 4  a n d  a d d in g  33 to  th e  

product, i t  i s '49, a n d  this is the squirt?, of 7. A n d  if a t  first we divide by 4, 
“ a n d  33 by-1, what is required, will he o b ta in e d

£< Another Krample, when, the multiplicand is equal to the augment, What 
. “ square is that which being multiplied by 15 and 13 subtracted from the product, 

“ and in  another case added to it, will be a square *. I n  the first .case suppose 
1 the less root. Its square which is also 1, we multiply by 13, it is 13; subtract 

“ 13, their reluains cipher, the root ol' which is cipher. And in the second case 
“ suppose 3 the less root, take its square, .it .is g ; take the difference I vet ween s,t 
<g and the augment, 4 is the augment. Divide by it the assumed root which is

i“ G, it is' d-fourths, that is !-*, and this is the lest root. The square of tins

which is 9-fbdj ths v/c multiply,by 13; it is 117-fcmrths. We sec that adding 
1 integer, that is 4-fourths to this, it is 121 -fourths ; ami tlik is ,t square, the 

‘ root of which is > i-second y o b :  the least mot then is 3-second parts, and the 
“ greater root is 11.-second parts; and the augment is .1 affirmative. . As. the 
“ original augment, is 13 affirmative, perform the operation of cross multi-* 

. “ plication with the former which was 13 negative,’ thus : First multiply J-secoud
“ parts by .cipher, it is cipher; and l.t,-second parts, by. 1, it D the same.

* (" , ‘ ll! s c y'L, :in*l U*l +  !J r.ei •; := t, I3 x  I -• IS » 0  For 13t*+I3x-tF, let a'-rU, *•*==&.

(Here are two or three in the l  tr.i.m • 'A '.cw: .of ak' j + 3 =  g* is found, by,the mi,. _Vk. ~  *}; . , A'-̂ r r '*
£ “ :]  — J •< ( . ; )  *- 1 ( V )  - ■*' =  y  ass andS’ ==X As' r, .=s 13. multiply cross-

ways with the garner case.-d sere 13 /  l JS Sts ~ x  0 q. ’I *  t- =: * iA  #" . s  y *» 0_.

V  “  i"-  13><—- l — •- 1C'~|S', but b sss 4-51. Suppose ibeu ~  I  and(i ‘ , 13 x  1 jx~

=  ( ' ; ' / •  +  Aml T=y, and 13 s s : B.

(Tr by (herule h f f '  ..- §g' =  */, n n d / ’g  ~ ~ fs ' «  #, — y  U2 -  112 ~  !2 ~ {, k)x [ t Y  +  j;;

-oii' ; ' . ■ " '
- a 2
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‘i a f i d  th e m  to g e th e r ,  i t  is 11-se c o n d  p a r t s ; a n d  th is  u  t h e  less lo o t .  Multiply 
“ ,ti-H .com ! u r t s f b y l ,  it. is  th e  s a m e : m u l t ip ly  i t  b y  13, the- multiplicand,' i t  is
• :<9 -cuond p a r t s ;  a d d  if to  th e  n  C tao g ie  o f  th e  t i r o  g r e a te r  ro o ts  w h ic h  is c ip h e r , 

it is th e  s a m e ; a m i th is  is th e  g r e a te r  r o o t ; a n d  13 is th e  a u g m e n t  n e g a tiv e  ; 
as i t  is n o t tire  o r ig in a l a u g m e n t ,  fo r  l b  a ff irm a tiv e  is r e q u ire d  ; a g a in ,  su p p o se

I \ 1
“  th e  less ro o t-  , r.fcd th e  a u g m e n t  1 n e g a t iv e  a n d  m u ltip ly  w h ic h  is th e  sq u a re ,

• * ' \  H! . • h A'.';1. '•»'>; *>i \

“ by 1 3 ; i t  n 1,3-fo u rth s . S u b tr a c t  1, t h a t  is ^ f o u r t h s ,  th e  a u g m e n t  n e g a tiv e ,  t h e r e  .

" remains ^-fourths, the r,-ot of which is l-h By tills 'we multiply crossways.

, “ t h u s : ;  it , . ,  Y  ' . ,K ,

V  v, 3.9 _ . i
9 2 ' U

■1 -  *  j2 2 .
— ____ _______ _______________________________________ !

“  t h e  less ro o t  is  '72- fo u r th s ,  w h ich  is IS  i n t e g e r ,  a n d  th e  g re a te r  r o o t  is  2 0 0 -  
"  fo u r th s ,  w h ic h  is  6.5 in te g e rs , a n d  th e  a u g m e n t  is 13 a ffirm a tiv e .

“  I f  r e  w o n  id  p erfo rm  th e  o p e ra t io n  o f  c ro ss  m u l t ip l ic a t io n  fa k e  th e  d i f 
f e r e n c e  o f  t l te  t-. o, w h ic h  a rc  3 9 - io a r th s ,  a n d  3 3 -fo u rth s , dial- is 6 -fo u r th s  ;

' ] ; ' * ' 0-- 1 ■ ■.ji !
u l~  is th e  less r o o t ; . t a k e  th e  d iffe re n c e  o f  th e  tw o  less, a f te r  m u l t ip ly in g  b y  

- u  t h e  m u ltip l ic a n d , and th e  r e c ta n g le  oi th e  tw o  g re a te r ,  i t  is G fi-tuu rth s , tlutfc 

(l is 6~; and . t in s  -.is th e  g r e a te r  ro o t  a n d  13 is th e  a u g m e n t  a ffirm a tiv e .

Another Example. “ What square is that- 'which . being .multiplied hy 5 nega-;,- 
*'tive, and the product increased by 21 w ill.he a square *. .Suppose I the less 

root, and multiply its square by 5 negative, «  is 5. negative : add 21 affiima- 
five, it is l ( ) ; 4 then'will be.the greater root In another way, Suppose a the

* ~  5 X *' Hr S'i'asy*. Suppose * =~ IS •—:» X 1 +  2 1 — 1S; / ,=  4. Or, suppose * =  % —- 5 x 3*+
3S as 1, yss= By multiplying or- saways when B e l ,  new values may be found.
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“ Jess root and multiply its square by 5 negative, it is 20 negative; scut gl 
« affirmative, 1 affirmative is obtained, the root of which is 1 ; die loss root thou 
“ is Q, and the greater 1, and the augment s i .  1 vu’ it in the place on the miilti- 

plicand there, is 5, and the augment is 1 affirmative, multiply Crossways and 
!i numbers without end will be obtained.

« And this which has been written is the introduction to the Indian Algcbfa, 
« Now by the help and favour of God we will begin our object.1''

END. 0 V THE IN TRO DUCTIO N.

•y- -njRt ' J ■ , «. KfWjjj f f i f r  ' ’ s: '.s • s
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' V. ■ , 1 l  *», * |g p  1 '*■ I t  u ^ 1 1  p H  { %>'  p f§ p | , *

, ■; “ ' : \ }t  ' j *

S >tl 4 if \ n jjL f  J''' ‘ 1 ,!v | ' |||§  ‘ , ,,p :
ON THE J2Q.UALITk OF UNKNOWN WITH NUMBER,

Y  ■■ . • . i l ' f

K n o w  that whatever is not known in the question, and it is required to bring 
“ it out i>v am-thod of eajkuldkm, suppose the required number to be one 
“ or two unknown, arid with it whatever the conditions of the question nv  
“ volvo, and proceed by mul'iplication and division, and four proportionals and
“ iivt proportionals, and 'he series of natural nmnbers, and the. kuo.wie.dge o f  the 
“ »ifh from the diameter, a'utl the diameter from the side, that is' the'"figure o f the 
“ bl-idf.:f, and the knowledge of the perpcndietilar from the side of the triangle,
“ and conversely, and the like, so that at: last the two may be brought to -qua*
‘Mitv. If after the operation they are not equal the question not being alroul 
M’ the equality -of the two sides, make them equal by rejection and. perfection and 
*l make them equal Aud that is so, that the unknown, and the square o f the 
“ unknown of one side is,to be subtracted from the other .side, if. there, is an un- 
“  known in it; if not subtract it from cipher: and subtract the numbers hud 
’* Mi)ds of fhe other ids from the hist side,'1 so that the unknown may remain 

on onc side, afld number on the other; the number then, and whatever else is 
“ fotmd, is to be divided by the unknown, the quotient will, he the quantity of 
“  the uhknownf

“ 1>* the question' involves 'mote, imk , .wn quamitic<» than one* call the first 
“ one unknown, the second two unk .mv ,, the third three'unknown, aud io  on.
“ ^ ntl tl)e tnetbov) is this. Suppose the quantity of the. lower species less than

‘ that oi the higheq and sometimes suppose -4 , find *■ and •• of the unknown

fnere au; many parts of tbc rules given <» (be re*i of UMf Work -which we <ttinleliig)bh> to i.h'j they 
are obscured probably by the errors of trarwnbens i n i  of 1 he Persian (i.n.sbtor.^t: trarmlate them as exactly 
a*! can from the Persian. ., ■ 3

t  I he Arabs cal! the 47th prpposlu-tft'sdf tire first" book of Eudid, “ the. figure of the bvule,* I do'not 
know why. , • ;
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“ ami the like : and sometimes suppose the unknown to be a certain number, and 
*■ sometimes suppose 1 unknown :mt! the rest certain numbers.-'’ Tire shortest 
method of solving the question.is directed to be ob: rved, and the whole at
tention to be given to what is'required.

Tib first example ,-., “ A person has 300 rupees and 6’ horses; and another 
<! person .has 10 horses and 1.00 rupees debt; and the property of the two is 
“ equal; and the price of the horses is the same,'; what then is the value of each? 
“ Or, the first, person has two rupees triô re than -the property of the first person 

. “ iu the first question that is 3 horses and 1,53 rupees; and the second has the'
same .as he had before, and .the property of both is- equal; what then. /» the 

“  price of one of l!m horses ? Or, in the first question, the property of tire first 
f‘ person is three times the value of that of Urn second, what..then is the value uf one 
“ horse r 'I he-operation in, the first question is fins * t suppose the price of a horse 
“ hp the unknown; 6 horses are six iniknow m The first person's property then 

is 300 rupees affirmative ami o uqkuown : and the property of the eeood is 10 
■* unknown and 100 rupees negative. As by tire qu-stiwiboth ,these sides are 
“ equal there is no occasion for the. operation.;pf rejection anti .perfection, 1‘ 
“ make them equal in this manner:

, " -f~ 300 Rupees j 6> j '

— 100 Rupees . i cu* j

Hist 1 viHvC them both, above n.nc! liiplow, und X take 100 rupees from
300 iupo.es nflli motive, it is 400 rupees 3binu&t,iv€  ̂ stnci X tskc 4? iip.ktio.wii from 
J() unknown, theio rcuuuns 4 unknown* 400 rupees to 4 unknown. X
divide the first by the second, 100 rupees is the quotient, and this V the price 

of a h o r s e . T h e  other questions produce also simple equations, in which nothing 
remarkable occurs. - *

I he second example lias three unknown quantities with only one equation; it 
js solved first bv assuming the unknown quantities in the proportion of 3, 2, and 
J.; and secondly by Assuming them as 1, 5," and 4.
^  In the third example the Mussulman names, Zeici and Omar are introduced. 
Hie fourth .and fifth examples contain nothing worthy of notice."

I he sixth js as follows: “ A person lent money to another on condition that he
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shoiikl i(:ci:is'e .5 percent. a month. After  some mouths he" took from him the 
praicip.il am.; interest, and luving Subtracted the square of the interest from 

“ principal gave the remainder to another person, ou condition that: he should 
“ receive 10 per cent ami after the same* time had passed, as in the former case, 
ir he tool: back the principal anc interest, and this interest was equal to the "fifjfib 

interest; what min did he laid to each person, and what was the. time for 
« which- the money was lent* ?” - ., * > -

I lie first principal is supposed unknown, and the number of months during 
which it. Was lent is .supposed '> I he question.is solved by the redes of proper* 
tio° ami a .simple_eqmu.jon. Another way is given for working this question, viz..

a i!.«e interest of die second by that of the first, call, the quotient the 
“ ninitiplkanil, and suppose a number the interest for the whole fane -id tak-its 

square, and from the multiplicand subtract J, and divide the square by the 
remainder; the quotient will be the amount of the second .sum, and the second 
sum multiplied by the nmiuplicau l, or added to the, square of the interest of 

“ the whole, will be equal to the first surra”
i  ne next question is like the-p:oceding, and is solved by means of the rale.

I PhJ* over several other ex am ok • which contain nothing n< y or remarkable 
A question in mensuration comes next.

“ a new is a triangle, one side of cinch is 13 surd, and another side 5 surd, 
“  ai:d its ar a P Jirehs . how much is the third side ■ X suppose the third side 

unknown ; 'he siCre. 13 is the base, it is known that when the perpendicular 
u  is muUipiihd by half -the base, or the.base by half the perpendicular, the pro- 
“ duct will he the area of the triangle. Here the base and the area are known,
“ and the perpendicular is unknowns I divide 4 which is the whole area by half 
-  of 13 surd; the quotient is the perpendicular, I perform the operation thus: 

As 4 is a number I take its square 16, for the division of -a number by a surd 
” <a impossible. J take half of 13 surd thus: I squat <1 2, which is- the denomi-

“ nator of it is 4. I divide 13 by it. Ti e quotient is 13 parts o f,4 parts. 1

* P,.pt be trie- principal, r, ., the interest; k, r, its  rate, and s r i, the number of the months. If

, <» y .. i t ,< ,R i )  .a.r, . i . . t  ut i is I., .y.<:u to  ̂ , ana ? — r &

*, >, - r ’
which .is the first part of the rule; the rest 3s evitfeut, ; ; fbf



u divide 16 by 10 parts of 4 parts ; it is 64 parts of 13 Sunt) and this is ti»e 
“ perpendicular. I then require the ext ess of the s-mafe of 3 surd above m  parts 
14 of 13 surd ; First l take the square of 5‘ stjrri; • js 5 •tumiber * take its square, 
-f jc is g5 surd ; the root of which is 5. I then take the square of 64 parts of 13 

surd, as above. I take the excess thus ; I make 5 . of the same sort; it is 65 < 
“ l take the excess' of 65 above"64 : it is' one part of IS surd * and this is from 

the place of the .perpendicular to the angle formed by the ode 5 and the base." 
The other segment of the base is found by subtracting this from die whole, by 
rule which was given hi t!:e 4th chapter of the introduction. for fading the

difference of two surds, viz.; y a —s/bzz y '  {%/(■% — • )* X P) Tire square root

of the sum of the squares of this segment and the perpendicular git - a the-quantity 
of the unknown side of the mangle.

fit the next question, die sides of a triangle being given, its area is required. 
One of the segments of the hast made by a perpendicular, '-is stqjposed iwiknou o. 
From two values of the perpendicular, in terras' of the hypothenusos of the two 
sight-angled mangles., and their bases, an equation is 'formed ; from which the 
unknown quantity is brought out. The equati<ytov i u Vcdved:hiany sui'clf, and they 
are reduced by the rules laid down in the introduction. The perp ndicuhr is then 
found by taking the square root of the difference of the squares ' f a  segment of 
the base, and of the adjacent sides of the triangle, The operation is here' con-' 
eluded. In a marginal nob? are directions to Irtwl the area, m In. the.'foregoing 
case, ; ,

The next is, T 'What: four fractions are those whose denominators are equal, and 
• <> whose sum is .equal to"'the sum of their squares. Also' What Tour fractions are 
“ those, the,sum of whose sqTaavcs is equal to the sum of their cubes.” For the 
first part of .he question : Suppose the first fraction on'e.unk 'own, the second
“ two unknown, thro third three unknown, and tiv fourth four unknown, anti 
“ melon each wife i for the denominator. The sum of ,hc fear is 10 unknown,
‘ Their squares are l and 4 and'9 and 16, whose sum is 30 square of unknown,
*■; and' these two quantities arc |nil. Divide both' by one unknown; the quotients 
“.art; 10 v,umber atui 30■ Unknown. Divide 10 by 30. unknown, the quotient ip

“ y of unknown. The first fraction then is tltd second the third ando 5 ’J ■■ i>*
4? ■ 1 A  A  1 /v

the four .Hi and the squares o.f these fractions a r e - a u d  and -and
■ ' ' J  1 2? . 9  9

• OP E Q U A T IO N S .  v$V

i i
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n the cu' i of tel we foil*' is -■■. and this is equal to In the same manner the
&  J

, - 3  £> 9  j lH
the other fractions are found to be™, -yj» alK jo'

T ’oe n e x t  is to  find a r i g h t - a n g le d  t r ia n g le ,  t h e  a re a  of w h ic h  is e q u a l  t o  i ts  
■ liypotheViUSfc am: t o  lintl a  r i g h t - a n g l e d  t r ia n g le ,  “ th e  a r e a  ot w h ic h  is e q u a '
« t0 the rectangle of its three sides.” For the first part of the problem, one- side 
>f the triangle 'is assumed equal to 4 unknown, and tire other s> ie equal to j> un

known: the liypordemise is found equal to o r., and the.area equal to Gr j the 
equation 5x — 6.v* being reduced, mve* the value of .r. For the second part, the 
sides are assumed as above, and the value of ,:r is deduced from the equation i)Q.r 
~  Gd;*,

The next problem is, to find two numbers of which the. suin.aml the d dhrened 
sliall ire squsre.>, and the product a cube. 'The mimuers are- supposed $a,,x and 
4, r ,  and the cube to which their product must b e  e q u a l  JOOOr, w h e n c e  ,v is
found. *

The n e x t  is to find t w o  number? s u c h  t h a t  llv s u m  of th.eir cu b e s  sh a l l  be  a 
square, and the sntn of -h e ir  squares a c u b e .  O n e  n u m b e r  is su p p o s e d  .rf a n d  
th e  other o r ,  a n d  th e  cube M -V F* In  th e  s o lu t io n  o f  Urn th e  fo l lo w in g  
p assag e  occur:-.: ** The cun.- 6t the square of unknown, which in P e r s i a n  a lg e b r a  
«■ j„ termed square of cube.” In the m a r g i n  >s th is  n o te  : “ H e re  ns evidently a  
‘ m is ta k e  ; for iu Persian a lg e b r a  th e  u n k n o w n  ( is ca l le d  t h i n g

“ anti its m;-. .i.i Qtuyd,' square (qJU,), f literally possession;) am! its cube
“ cube ( L ^ r ) j  a .ul when the cube is multiplied by thing, the _
“.product is called square of square JL-0 ; a.nd When the square ot
“  square is multiplied by thing, the. product is ea ed -jquareot cube <JLc)>
*< a;id when the. square of cube is multiplied by thing,, the product is called cube 
-  of cube (m-,*/ u a /)< not square of cube. For example, suppose 2 thing 
<* 4 is its. square, ?. its cube, lb  its square of square, 39 its square of cube.. 6*4 its 
“ CUbe of cube, not its square of cube, although it is the cube of the square 
“ (fUyt  or'the square of the cube (u o t^ sw

In  the next example the three sides of a. triangle are given,, and the perpen-

* Sum o f the cubes 'ias( +  8W ~r i>a* (a sqev*); and the sum of squares =  r4 -p 4*-> =  5*', assume tl.ite
or 5*» =  125**, whence 5* i s  K j, anti * sis 2 5 ; therefore 625 and 1250 are the numbers:

Z w ' ’ /  it ', :‘;f



A „ U r is tp'iuirecl. It b  ft» » l i > *< »•-» **y »  <■?, W * " " " *  "'”  * * f  
i „  o n e  o f  t h e - f o r m e r  q u e s t io n s ,  w h e n  t h e  s ides  b u n g  g iv e n  V *  -  >-»

tr The X v i ^  me dhVcrent cases of right-ngied tHangl^ m vhl. n ‘in- 
are found by the principle of the squire of the h y p o th e c  bung 

niual to the sum of the squares of. the two sides, an* simple crjuations. In tm 
fn the base and the sum of the hypotenuse and the other side are given, in  Use 
second the base and the difference of the hyptoheuusc and the other m  a.f 
o':yen'; a n d  hi the third the base, part of one side, and the sum 01 the hypotlit-
tiuse and the other part of that side, are given. '

The first hook ends with the following example : “ Two sticks stand npng.it 
“ in tbit w round, one is i0 cinch* in height and the other 15 dhchs, and. the 
k: distance between the two is 20 direlts. If two diameters arc drawn between 
t« then; what will be the distance frpni the place where they meet to toegrm m d*r 
“ Sim -’xsc the perpendicular unknown ; it is known that, ns 15 to <20, so is the. 
u unknown to the quantity of the distance from the side 10 -to the place where the 
« unknown stands. We find then by 4 proportionals. 4 tifn ris of unkno ,v n is the sa id 
<e quantity. In  like manner we find the second quantity 30.parts of 10, that is,
« q unknown. Take the sum of the two, it is 10-thirds, and this is equal to 20»

’ “ Divide °0 by ill-thirds, the quotient is 6’ ; and thi» | |  the quantity oS the tin*
« known, that is o f the perpendicular. From the pi ace where the perpendicular 
«. stands on the ground, to the bottom of the side *o, is 1 i for i t  is.2 unknown.
« The second quantity is 8 direhs; for it is 1 unknown awd a thud of unknotv in 
.“ And know" that whatever the distance is between the two sticks, the quantity 
“ of the perpendicular will be the same ; and so it is in every case. We can also

* Let .aa =r. 10, DC .15, bb  = '20. / ' ' I 0
By similar t,-jangle* an ; ** dc : to , A ....  ̂ / '

s»  : uj :: ba : ro,
w h e n c e  b p  : tU. : s  b a  ; p c , •

then fore b p  is divided in r in the ratio o p je  to b a . b " I? ....... j>
By composition »r •+■ en : bp s b* +  pc ; ba; but, bp 4  vp —  bp, theref. : ba V p c  and ba are ift 

the ratio of bd to bp ; aheuct, by the fit's*' proportion, ba q> pc  j b a * , at, s pc , dial is, i s  is i  fourift 
proportional to b a .+. d C,-' ba, ami pc , whatever be the length of b p .

Lucas de 'Surge has this proposition, (sec Ms Geometry, p. 56.) where the lengths are 4 , S, awl 8 ; or page SO, * 
where they are Ip, ij, and ft ‘Tffesumo is in Fyzle'l Lihvati, where the rules are

cp as — - — , rp  s= ---- r-— > a,,(l 0 ' —r r ; -AB + C U  AB +  OD A t r  OS

. ' • ; H 2 . '%



6<) 1 OF 7'Q.UATJOXS,

' ascertain these two quantities by ■mother method, and that is the ratio of 25,
“ (tlmt r& the sum of the two sides) to 20, is lik'fe the ratio of IJ to the unknown;
“ that is tl'ic quantity towards the side id. Multiply .15 by 20, it is,;300. Divide 
4‘'500 by 25, it is 12.' The ratio of 25 to .20, is like the ratio of 10 to the unknown ;
“ the result is % and this is the quantity towards the side 10. By another.
“ metbotif by four proportionals,_ we find that the ratio of. 20 to 2.5, ?? like the 

**tio of S to the unknown-;. 6 is the result. In like manner' the ratio of 20 to 
10,-is like,that Af-12 to unknown; again |  is the result., Another method is,

" divide the rectangle of the-two sticks by the sum of the two, the result is the 
,l quantity of the perpendicular/ and-the quantity of the ground we multiply by 
" each side separately, mid. divide both by the sum of the sides.' The two quotients 
“  wifi be the quantities from the place o f the perpendictdir to the .bottom- of tire 
*.*■ sticks; accordingly divide 150, which is the rectangle ;.of the two sticks, by 

25, the quotient is 6, .Multiply 20 dbehs* which is-the quantity of .the ground 
“  by both racks, the products are 300 and 200. Divide 'both by 25, the quotients 
“ are !£ and 8. In this manner .the. figure may.be found by calculation as 
<l correctly as if it were measured,:” .. ... ..././a.' - A / / '

A A AA'Ap..1 - A :ir, ;A ■. 'A A/p  -:.y A ‘‘'/'A .A A /y : AAA. ' . ■■' ' A.( i ;A ■ ' i ‘A A : ,,

h m  QF TE'E- FIE ST  BOOK, ^ 0 ^  a '



BOOK 2.

*\ O n  thy interposition o f the unknow n : where the square of unknown is 
u: equal to u urn her. ami tha t is rejected with, the uu know n.” (Or divided In; 
the unknown {J OsX&stty Lil)* ("/ do not know, what he. tm m  fore* 
perhaps there is some error.)

11 ■.■it is jutitied, ‘ Interposition of U n k n o w n / because
“  that .vliich*is required is brought oui by means (Jawd^) o f fife unknown, i t  Is 
“ called Interposition flxy*. ^ j ) ; ■ -and Murlhum U hrtm  (unknown means) in 
“  Hihdee is to be so underst .sod. It* method is this r T he square o f unknow n 
“  Bring equal to number, m ultiply both, or divide both by ah assumed'nu'tnhcry 
u  and add a number to the two results, or subtract it from them th a t both may 

• u  be squares. For if  one side is a square the' other also will 0 : a square; for they 
u  are equal, and by the equal increase’of - dim inution o f tw o  equals, two .equals 
“ will be obtained. 'la k e  the roots, o f both, and after equating divide the uum - 
“ her by the root" o f  the 'square of unknown, that is by unknow n ; the result will. 
“ lie what was required, And if there is equality in the cube o f the unknown, 
“  or the square of the square, tha t is after the opera turn in t h e ‘th in g  and cube, 
“  and square o f square, if the root cannot be found, nor be brought out by rule, 
“ in that case it can only be obtained by perfect m editation and acuteness *. 
“  And, after equating, if  the two sides are not squares, the method o f m aking 
“ them squares is this. Assume the tjumber/A, and m ultiply it by .the num ber o f 
“ the square of the first side, anti multiply. both sides by  the product. Anti in the

* From this place to the end of the rgie M?. Bun V ,  copy U is follows i « And if in tl-e side which has the 
*' unknown there is a number greater than the'unkwm., if Hi n. nfu- i< alfljmntivc n.ako ,t negative, and jf 
“  negative, two numbers will be found in the conditions requiriid, au.lplip way to find* the an ,.raed number by 
"which the two sides should Be multiplied,, and .the number to he added, is extrenmp easy; for multiply the 
‘' multiplicand of the number of the square of the unknown by 4, and let the ssntare of.the numbers of the tut 
“ ksmta, of tht. side in which there is the- square of. the unknown, he tl>e sidmber added.’?
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11 p lace  o f  m m iL fi  h k .ii j ->c b o th  aides by t h e s q u a r e  of m e  t u i q g  oi t h e  u n k n o w n ,  
a (s (H! ii'V't siiin * fi oiit  si-Jcs vt u , Os squares. i. ws. c t h lo u t s  o i  b-.>ih a n d

*f e q u a te  th e m ,  itnd th e  q u a n t i t y  o f  t h e  u n k n o w n  will be  fo u n d .

E  raw phi Soil! a  bees w ere  s i t t i n g  on  a  tree  ; a t  o n ce  t h e  s q u a re  r o o t  o f  h a l f
«  t h a t  i iu m b e r  ii.t.w aw ov. Aga*>. ' e i g h t - n i n t h s  o i  t h e  w ho le  flew a w a y • t h e  
•* . .eeoiul t im e  , t wo boos r e m f u te d .  I r o w  m a n y  w rit ,  t!u io - "The in. i h o d  
V , f  b u n g i n g  i t  o u t  s t h i s :  F ro m  . t h e  q u e s t io n  i t  a p p e a rs  th a t  b a i l '  t h e  sum  h as  

<< a.roo,f.:; t t h e r e f o r e  suppose  3 s q u a r e  ,>f u n k n o w n ,  a n d  I t a k e  I u n k n o w n ,  t h a t  
« is th e  ro o t  o f  h a l f .  A m i a s  t h e  q u e s t io n e r  m e n t io n s  t h a t  ta ro  bees re m a in ,  l

O ] () ■
“ u n k n o w n  a n d  o f  C sq u are  o f  u n k n o w n , . t h a t  is ~~ o f  1 s q u a re  o f  u n k n o w n ,

“ a n d  S u n i ts ,  is eq u a l  to  3 sq u a re  o f  u n i  n o w n .  I  p e r f o r m  t h e  o p e r a t io n  o f  
1 e q u a t in g - the f r a c t io n s  in  th is  m a u n  ! m u l t ip ly  b o th  s id es  by  9, ..which is th e  
“  denominator o f  a  n in th  : 10 s q u a r e  o f  u n k n o w n  a n d  o u n k n o w n ,  a n d  IS  u n i t s ,  

y i - h  e q u a l  to  | !  s q u a r e  o f  u n k n o w n .  I . e q u a t e  t h e m  t h u s  : 1 s u b t r a c t  i d  squu «.* o f  
«  u n k n o w n . o f  t h e  f i rs t  s ide f ro m  18 s q u a re  o f  u n k n o w n  o f  t h e  s e c o n d  s ide  : i t  is 
a c sq u a re  o f  u n k n o w n  af f i rm a tiv e  .; a n d  in  l i k e  m a n n e r  I  s u b t r a c t  0 u n k n o w n  o f  
*■*.t h e  first s ide  f r o m  c ip h e r  u n k n o w n  o f  th e  s e c o n d  s h le  ; >» u n k n o w n  n e g a t iv e  
n r n n a in s ,  T h e n  I  's u b t r a c t  c ip h e r  th e  n u m b e rs  of th e  sec o n d  s ide  f r o m  18 u n i t s  o f  
o tlj,. first s ide  ; i t  ns t h e  same, T im  f irs t  s ide  t h e n  is  2 sq u a re  o f  u n k n o w n  a f tirnw - 
ct f iv e  a n d  9 u n k n o w n  n e g a t iv e ,  a n d  th e  se c o n d  s ide  is 18 u n i t s ^ t f f in u a l iv e .  I n  Una 
«  e x a m p le  Tifre. is  e q u a l i ty  o f  s q u a re  o f  u n k n o w n ,  m d  u n k n o w n  to  m a n  h e r ;  t h a t  
“  is e q u a l i ty  o f  s q u a r e  a n d  t h i n g - t o  n u m b e r .  A s  th e  ro o ts  o f  th e se  tw o  s ides can*
<t n o t  b e  fo u n d ,  su p p o s e  th e  n u m b e r  4 , -and. m u lt ip ly  i t  b y  3, w h ic h  is t h e  n u m b e r  
•* o f  t h e  s q u a re  o f  t h e .u n k n o w n ,  i t  is 8. I  m u l t i p l y  b o th  s ides  by  8 ; t h e  f irs t  s ide  is 

A'-jfi s q u a r e  o f  t i l in g ,  a n d  72  u n k n o w n  n e g a t i v e ?  a n d  t h e  s e c o n d  s id e  is 144  
« u n i t s  I  th e n  a d d  t h e  s q u a re  o f  t h e  n u m b e r  o f  t h e  u n k n o w n ,  w h ich  .is 81, to  t h e  
“ re s u l t  o f  b o th  s id e s ;  t h e  f irs t  s ide  is 1 6  sq u a re  o f  u n k n o w n ,  a n d  7 3  u n k n o w n  
‘1 n e g a t iv e ,  a n d  81 u n i t s  , a n d  lh e  seco n d  s ide  i s p „ 5 'units.. I  a k e  the. ro o ts  o f  
“ b o t h  s id e s ;  th e  l o o t  • f  t h e  first <d<! is 4 u n k n o w n  a n d  9 u n i t s  n e g a t iv e  ; a n d  
‘ t h e  r o o t  o f  T ie s e c o n d  s id e  h  15 u n i ts  a f f i rm a tiv e ,  I  e q u a te  t h e m  in  th is  

et m a n n e r  ; I  s u b t r a c t  c ip h e r  u n k n o w n  o f  th e  se c o n d  s ide  f r o m  4  u n k n o w n  o f  t h e  
“  f irs t  s i d e ;  a n d  9 u n i t s  n e g a t iv e  o f  t h e  f i r s t  s id e  f ro m  15 u n i ts  n f t in rm .lve  o f  
<f th e  s e c o n d  side ; t h e  f irst is 4  t h i n g ,  a n d  th e  s e c o n d  s id e  • Is 2 4  u n i f s  a f im n a -  
“ live, X d iv ide ,  0  is  t h e  re su lt ,  a n d  th is  i s  t h e  q u a n t i t y  o f  t h e  u n k n o w n , ;  age!



OF .EQUATIONS. t)3

: ■? • c supposed 2 square of unknown, wo double 36; the whole number of bees 
“ then was 72- ” < ■■ "

' . , . . ,.l‘Z ' ..
fa die next example arises the equation ~~ +4.t’+  10 =:.<■*; then — o.v~::20,

4.d — 3±i' + 64 4 X <20 +  64' =  144, 2.r — 8 =  12; .r.=  10*.
The next example is, “ A person gave charity several days, increasing.. itlie 

“ gift, equally every day. From the sum of the days l .being subtracted ■and 
“ the remainder halved, the result is the number of - dirhems which he gave’tin 
“ first day; he' increased always by half of that number: and the sum of the 
“ dirhems is equal to the product of these three; that is to say, the number of 
“ days, tiie number oi‘ dirhems the first day, am: the number of the increase,

<e added to ~r of the product.55 L e t. the number of days be 4r -f’ 1, is the

“ number of dirhems given the first day, and x  Is the number of the increase;
jj l -i— 6 4  ?’*

(4.r +■ 1 ) x  X — S‘t’s • 8aJ,- add -  of this — the surft of the
7 7

(inherits. Then by a rule of the Leelamittee, ((4a- +  l) — 1) a -f-S,r :r  the 
number' given the last day ; half the sum of what was given the first and 
last days =  what was given the middle day, Multiply this by the number of

days : it is 8.*” ~F 10 r  +  -&a , winch is ~  --— ~— te* — 54 £ 1,4, Mul

tiply by the’ ass’tiiftxl number 8, for in this case as the co-efficient of ,v Is" overt, 
assume the co-efficient itself of and add the square of half tlx* co-efficient of

on - f  0 7
d \ 64,v l -  4 32.c +  7 2 9  ~  841 ; 8,r -  .2 ? »  2.9,. v  =  — 7 .

f Z'Z V  \
The next is to find-4 hi the equation F-- 4- x- Q-ri 90, The solution is,

'* I suppose, M’liat is required to be thing, I divide it by cipher; As the .quotient 
“ is impossible, thing is obtained, whose denominator is cipliei. Its square, which., 
“ is the square of thing, whose denominator,is cipher, i add to thing, w hich is. the 
“ root It is the square of thing and thing, whose denominator■ is;cipher. X 
“■ multiply by cipher; it is the square of thing and thing. Cipher is'ihrowri out 
“ by a rule of t he Leeiawut-tee, « Inch says, that wheif the~multiplicand is cipher,'

. “ and the multiplier a number whose denomiuator is cipher,- the product will be

* Part of tliis example, and most of the rest in this boob, are Wanting in Mr. Burrow’>; copy,

. ■ ' " ,  :p ( t * ’ '
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:(( Hi at mwibeiy Mid cipher <vs1t bt rejected.,; 'Whence the equation $* - f t  \r ~  5)0 
which is solved■ in the common way. ‘ v '•'•■<* ,

Tlie rt ext is* a value of w is required in,the esse ((.v-ft ~) X 0)* -ft 2 (a‘ 4- ) x

0 rfoij It is brought out in a manner similar to that of the foregoing*.
The next ex-ample is of a cubic i qua? ion, viz, -\vx -p lg,v — (u1 -ft S3. The 

terms involving the unknown quantity being brought all on the same side, 8 Is
added to complete the cul.*e. “ J lake the cube tool of the second side 8, and l 
u write the terms m  the fust side in -the-arithmeticalmanner, thus: 8 mitts nega- 
dtive. and 12 unknown affirmative,? an d -6 square of unknown negative, and 1 
,:i cube oP unknown, First, I fake, the cube root of the last term, it is I uu- 
“ known. X square it and multiply if by 3, and I divide ’.he term which is last 
*•* but’ one by the product; 2 Units negative is the quotient. Its square, which is 4 
“■ affinn&uve, I multiply by the term first found, viz. 1 thing; it is 4 thing, I 
“ multiply it by S, it is 12 unknown, i subtract it from (he third term u ltich is 
u aftel- the first, nothing' remains. After that I subtract the term 2 negative from 
ft the first, term., .nothin gjvuuuns. Tim cube root then of'the first side is found i 

thing affirmative and £ units negatived’ Whence cr 2 3, which is re-
d u ^ d s p i - t h t f -• ■ r f T ’p.-Tv T' 1 T 

In the next a. biquadratic h  ..found, ,j?4 — 400.? - £., * =: S999- To solve this 
400./.' -ft I is directed <o <»t added .to each''sides;' the equation is then v* • - 2.*-* ’ft
1 ™ 10,00.0 -ft.400,r. . The root of the first foie )s .ft ~ 1, bWt the unit of the 
second side cannot be found-. Find number which being added, thy roots of 
both sides may be found; that is 4ft -ft 40(kr -ft 1, This will give f t  -f- 2ft -ft l 
;r  10,000 -ft 4ft -ft 400,r ; ami extracting fhe square ifi'rtt, r* •+* t .v 100 -ft « r, 
which is reduced by the rules given in. this chapter, At vhe conclusion bf the ex
ample are these words.* <f The solution of such questions as these depeuds on 
“ correct judgment, aided by the assistance of God,

In the two. next examples notice is oaken of a quadratic equation uavfo. two 
roots,, “  When on one , Me is thing, and- -lit numbers are negative, and on the 
Sl other side-the numbers are less than the negative numbers on the first side,
“ there are two method's. The first is, to equate them without alteration. The 
4‘ second is, if the numbers of <' secood side a're affirmative, to make them nega- 
u five, ..arid i f  negative to make them nfiirorative. ’ Equate them : 2 numbers.will 
**’be obtained, both of which wd! probably answer." ■>'

The next example is, “ Hie style of a dial 12 fingers long stands p*rpendU
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“ cuiar on the ground. If* from its shadow, « third of the hypotenuse .of these 
« two sides, viz. the st\ le and the shadow, is suofracted, 14 Jiiigcis v. 5. 1 etna in.
« What then are the shadow and the hypotenuse ?” in the right-angled
l iflf'Pr' • • V. ' w r} ' . V.'. ,. > • ..-'k-M. • . 'lit, ■ /, , ,, d-i T • . ■
trin.ilarte 'L. I'*, a being “  12, and b — ~  — 14 j’ c as.u $ are icqclie*. . I : c ’ha‘l

tion (36 -  42)* =  ^  4* 1 M arises, and is reduced to W -  53 r id r . The two

\ allies -r ‘27 ate no,;ce of, First, -f; 27 giv,es /g ™ which i?

dedareef to be right. From -*■ 27, ■/■. is found ■= 9 i “ bat here,” it is observed,
*' <J is rot..correct; for, aftei -mhtracdng a third of the hypothenuse, i * does 
“ not remain.” In opposition to this, some one speak mg in the -first person (the 
Persian translator, { .suppose), says, “ f think that this also is right,” and goes oti 
“ to prove that m tins case the hypothenuse will be — ™ 15.”

The i.ext problem is to find'four numbers such that it to each of them S be 
added, the sums shall be fmr square numbers whose .tools shall be in arithinerifcal 
progression ; and if to the' product of the first and second, and to the product of 
the second and third, and to the product of the third am! fourth, 18 h< addedj 
these three mv- shall he■-'quart:'numbers ; and it’ to the aura of the roots o-f -all 
the square numbers l l  be added, the sum shall be a -square tmmber, m . the 
square of .13.

It is here observed, by way of lenlirta*, they in questi mis him this, the ‘‘ aug- 
'■ merit of the prod yets” must be equal to the square of the difference of the roots, 
multiplied by lh augments of the num bersotherw ise the ense will be im
possible.

, The following is on abstract--of the solution : (Let «>, a\ y, z be the tfoui num
bers required, and r, s, t, v the four roots which must be in arithmetical pi6-

, * L’) ’ i , "i »* » ■ . 18
gression).' By .'the lemma :we find the ••miraou difference \ / - g  =?, .3. The prst

root being r, the secc.id will be ■-=£ r  the third r r + S ,  and. the fourth ±
r  4* 9-

hiow 2sy '(m t'-i-i $), anti is), and tv—%zz V.(ya4->B)..

* *n a u,av8“’1‘i vu l"!' I suppose to bp wr itten by the .,Persian translator, live .application 3i tlx* 1-enjlRn 
to the problem is illustrated thus* I.M »;&, c be three numbers; (<* — p f  X it + (cd — t, ,< ( p  --<.)='( ab:~ t ) K  
y this case we have a —  b ~ .  3, t —  9, and b and a two successive roots; and as w ~~= r 1 ~  2 , und ,t atJ* — C, See.

,.ie reason o f the rule js plum,
l

' T̂-' 'Ty dvlT -dc. .;.d,:-v ..--T ( d y i y  ■„>. • y . .;  , ' ■'b d" y ' - . ' y d d ' .  '7 '-r: d 4  ' ’■



• We have now w f-2rrr1, ,r 4-g--{?•-■]■ 3)a; ; /+ 2 r ( r f  oV • z+2z=(.r+&)',
A d wo-f. [S- rr,y- «)‘ ;•• jy  + 1 8  =  ( * / - 2)% and y s + im - ( r  ; -«)*,
Making r u-f (r.»-~2 )-t-(.vf--y)~f ( t v — 2  ) 4-} 1 — 1 3* • a quadratic equa

tion arises; which being reduced /♦ >s fount! ±; 2, whence h* .= % ,r — 2 ,, yzr.6% 
and js .r |J&. ! '

S’r>!l:; questions about right-angled triangles occur ne:;t; the first is, .‘‘-Given 
•the sides of a right-angled. triangle 15 and 20; required the hypothonusr.
“ Although by the figure of the bride the hyputhcuu&e ■ is the root of she sum of 
“ squares of the two sides, t he method of soiqtioy by Algebra .is this j In this ■ 
f! triangle suppose the hy|.u>tl ten-use unknown, and then divide the triangle into 
” Wo right-angled triangles, thus : bu.pp.qse the unknown hypothemise the base 
“ °f >he triangle, and from the i ight-auglf diau a pi ipendienlai ; then 15 is the.
“ hypchhenuse of the small triangle, and 20 that o f  the large one. By.four pro- 
'* pnrtionaU I find, when the least side about ihe right angle, whose hypothe- 
“ is 1 unknown, is 15 how much will be the least side about the right 
'* angle whose hypothesise is la .” (n like manner the other segm ent’ is to be 
brought out, whence ,■ ;  C5, ' “ I f  I  would lino the . q u a n t i t y  of the perpen- 
y dicular, and the segments of the hypothenu.se at 1 ha place nf the perpendicular, 

it limy be .done in various ways'; 'fin-'; by four proportionils,” &e They.are 
found on the same principle as above, “ And arm; her way which is written 

the Let lafniifce is this; The difference of the. two .containing^ sides, that is 
'flu  say 5 . I rnuifq h  by 35, wh* 1 is the sum of she two sides; it is 175,
111 ’ divide by 2J that is the base; the quotient i 7. 1 add thw to the base, it 

is 32. I halve it, id is obtained; when I subtract 7 from the base, l%
*8 remains, I halve, Q 1. the smaller segment from the place.;’/o f the perpon.
“ dicular. /, by.;’ ■ ■ ,

Rul:\ “ The square of the liypd then use of every right-angled triangle is .pial 
“ to twice the .rectangle of the two sides .containing the right angle, with. the.
“ square, of the difference cf those, sides. As the joining o f the'four triangles 
“ abovemention ed is in buch a manner that from the hypotisenuse of each, the 
“ sides of a square will be formed, and in the middle of it there will be a square,
“ the quantity of whose ..sides'is equal to the difference Of the two siJBs a bifid the 
' right-,! >gle of the triangle; and the area of every right-angled triangle is half 
“ the rectangle of the kies about the right triangle. Now twice the rectangle 
** of the two sides containing that is 600. is equal to all the four triangles ; and

6 $  O*' EQ U A T I OKS.
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“ vviieit i add 2.->, the small square, it' wiii he equal to the whole square o ' the 
■« hvpothetiuse, that is 625, which is equal to the square of thing ; and in many 
“ eases an e liable root -cannot be found, then it will he a surd-.; and if weAlo 
s‘ not suppose thing,• ad<l twice the rectangle of one side into the other, to the 
“ square of the difference of the sides, and take the root bi: the 3uny it )vdl be 
“ the quantity of the hypotheuuse. And from this it is known that if twice the 
“ rectangle of two numbers is added to the square of their dilererree, five; result 
* will wfet|h’a't'tiD'*tlx}sutn of--the .squares of those two. mini hors..''

-  , , /X-' ^ , ■
The next h in a right-angled tilaugh' i "XN » G iveit\/(a " ..- ’5) t rr >.c —

bc, required the sides. “ First, I perforin the operation of contrariety and op* 
position ; let vc — bc be supposed :,i. To this add l, it is take its'square,

“  its is <); add 3. it is 12. This is the quantity of die less side ; ‘s square which 
“ is 341 is ™ ao1 — :bC5; here then the diffennc.es of the two original numbers,
“ aud af t tie two squares are both known ; and the difference -ff the squares of twp 
“ numbers is equal to the rectangle of the sum of the two numbers, n;o then- 
“ difference. Therefore when we divide tire difference of the squares by the 
“ difference of the two nurnbeis, the shin of the two numbers will be the quoth ut J
“ and if we divide by the sum, tlse difference will be the quotient; because the .
“ squire of a line Lias reference to a four-sided.. equiaagu!ar figure whose four 
“ sides arc equal to that line; for example, the square of 7 direhs is 49. If  |
“ subtract. thet square of .> from it, .24 remains; and the cliffeiouct of 7 and 5 is 
9 and their sum l i  and the recta ugl: of these two is 24, which is the number 
“ remaining. Then it is known that the rectangle of die sum os' < he two numbers 

into their difference, that is 12. multiplied.by 2. is equal to - be difference of the 
squares of the two that is 24,” . &c. On this principle the sum am! difference 

being- found, the numbers -themselves are nad “ by a rule of the Leelawuttee.” viz. 
a + b , a -4 d , ,, ,w a +  k a — b ,
........ ...1....... .... ..-  ' H ,/ “  ~  ......... —  “ /A

By supposing other numbers besides 2 for the difference, and proceeding, in, the 
above manner, triangles without end may be found.

As objection is here made (1 suppose by the Persian tnmslutoq) that the 
above is not algebraical It, is then staled that tiie.translator, has found, obt an 
easy  way of solving the question by Algebra. Tie directs t h a t  the difference 
a c  — EG may be assumed. =r 2, as before ; arid making b c  :;z a c  will, be 

f  ' i 2

75 .



Jttfk “ The differeuce.of. the sum. of the squares of rwo numbers and the 

the inam, of 3 and 5 a, > . >. -  . . < *

the copy whkh l now have, the figures are omitWtl. I«» Mr. Bunoub copy it. #

-Ben foliovvs corner wile: \ah -  % ~b W  «  (*-'*)%  which may be easily 
understood by this % t-e. There is ho fupri: in Me. Burrow's copy, nor in my 
nresv-o> copy but I had one it: which there was a figure-for the demotislration of
the stn proposition ox the second ooqk oj

Next come two exasiiplts : The fu ,t of'them is. .vimt right-angled triangle is 
that. “ the sum of whose 2 sides is 40, and 'he rectaogle p< la© two aides about
“ the right angle I to? • . .

‘'The method of solution is this: By the first Title take twice ISO, it is 240,
■ < .-r r h i s  is equal to the difference ot the sum pi tae squmes of the sides uhom 
“ the ri«h tangle, and the square of their sum that is the hypothenuse. Then 
“ the diffferer.ee of the squares of the two numbers, one of which is the sum of foe 
« two sides and the other the hypothenuse. is 240; and the sum of both is 4% 

In the method -of finding ou: the triangle, it Ivas before known that the dif- 
« ference of the squares of two numbers is equal to the rectangle of their sum and 
** difference; when the difference ot the two squates is ab ided by toe ditfti * 
« eiice ot the two members. the quotient js the sum of the numbers; arid if it is 
« divided by the mm, the quotient' is the difference, Let then 240 be divided 
•* by the two numbers, which together .make 40 by the question, tfe quotient

. 1 t v - : ; ' , <: ,.
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“ is 6', and this is the difference of the hypotk. uuse and the sum of the two sides 
« about the-right angle; then add 6 to it), anjtl take its half, it is 3.3 * this.is the 
“ sum of the suies; subtract 6 from 4(>; and take its half, it is 17, and this js the 
“ hypotjicnuse, for the sum of the two sides is always gimeer than the hypothe- 
« uu.se by the asses proposition'’, h  wto stated in the second rule that the 
“  difference of tin; square of the sum of two- numbers, and 4 times their rectangle,
** is equal to tire square of their difference. Take then the squares of 23, it: is 
“ ,52y, and 4 i;mes the rectangle of the two sob s, it is ;80; iheif difference is 
«< 4u, which is equtd-to the .square of the difference of the sides, that then
“ .--dil 7 to 23,. and suhtract.lt from the.sai.ifvmul the ludvesj, art id and .8 the 
“ two sides.”

The next example is, required .r, y, a, such that ,r y  u- * =r $(>,
' q'; 1 t. <f ' ' 1

and ays ~  4-200. • i suppose the diann ter {thf ivpothcniry. ) unktunvn take its
“ square it is ar : This i-- equal to the sum ol the . qua re of tl.i two sides about *
“  the right angle, by tltc xigure of the bride , an . as +200 is the product of the 
“ rectangle of the two sides multiplied by the hyffot lien use, 1 dh ide 4 200 by the

‘ ‘.unknmrnj the quotient ~ ~  is the rectangle - o f the two si-tics. And ft-was

Ci stated that tire excess of the square of the sum of the .nti+nhe:;siabove the shm
“ of their -squares is equal to twice the rectangle of the tv o roi.inby - TW sum
“ of the two -ifirs is on -  I take its square, it i« a* — l i 2a - j- 'jl :>(S , and the
“ sum of the squires of the two aides is j , for fb: r is the squire'of the. liypqthcnnse..
“ which is the.xame, 1 take die difference of’ the two — 1 ] 2,v -f 3136', and this

‘ . 8$0Q':
“ is'equal to t wipe the rectangle oi the two ...sides, that k  &c.

: yghhy.: dp;' • '£*
The equation; is red uced in the com mop. way ; the' square iu tin- quadmtfo, 

which arises, being completed by adding 'die Square of 14, which is half-the co- 
eiftcicut 'of-.it In this v/ay the hypMheh'use.. and thence the other sides are 
brought out.

* Meaning by tiro asseypropmitk.n the ..Oth o f Hie first book of Euclid, which we are'told was ridiculed by 
tiii E mu; cam as d.-ac even to asses, These passages are only iaterpoiatior.s of the I’eretaii a aris'tator.

B N D 0 F TUB SBCO'NU BOOK,
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« EXPLAINING THAT MANV COLOURS ALU BE KQX'AL TO EACH OTHER./'

9Tm  rale -in this case is to  subtract the unknown o f . tie side fsom the u'iy 
« lainvVn or cipher of’ the; other side, «uu1 H the other'colours' and the numbers o f 
«.* s Ec second side from the-first side, from which the unknowti was subtraCtpl, 
“ and divide those colours by the. unknown1. If, as nay happen, the deuoroi'
« nuU!rr. are, one quantity, perform the operation of the und.qdiennd ; and if  the 

• u clenhniinatpis are different unknown quantities let them be unknown. Suppose 
* <i t]je quantity of every .one o f these unknown tin denoinuufor, and out: it below 

“ the colours of the dividend, and reduce the Tactions and r je c t the denomina- 
«  to ,.8 . then, the unknow n will no t remain on any side, After that-subtract the 
“ blade ' t o n e  side from ih other side, and subtract the rest o f the colours and 
•«V t]ie numbers from the side from which the black was subtracted, and perform 
« t]-,e same operations, as were directed, for the unknown, stud the quantity  o f the 
u  black will be obta ined; and in Hike luannei tb rest o f tlie colours, and all 
tt tj,c quantities of the multiplicand will ns obtained. Then perform with it the opera**
« tiou of the multiplicand ; and tire mul tiplicand and quotient will be obtained. T he 
t> multiplicand will be the quantity o f the dividend., and die quotient the quantity of 
u the .divisor. And if .in the dividend of the operation o f the multiplicand, tw o 
u colours rem ain ; as for example, black , and blue, suppose tbs second in order, 
i< w hich is, blue, the dividend, and suppose black a  number, and add that to the 
“ augment, and perform' the  operation ; "and when the quantity o f the two last 
« colours is obtained, we shall known by the method winch has been explained 
“  and illustrated in the examples, w hat are the quantities of the other colours 
». which arc below it, Aud when the quantity  is known, reject the ranie of 
“  colour, ab.l if the quantity o f the colour is no t obtained in whole numbers, 
b ,o am  perform the operation o f the multiplicand till it  comes out w hole; and by 
>< the quantity o f the last colour we know the quantities o f the other colours, so 
5 ‘ th a t the quantity  of the unknow n will be’ found. I f  then any one propose a  
** question' in which there are many th ings unknown, suppose them  different

$ n % n %  C n  T



« coiouvs. Accordingly, suppose the first unknown, and the second black, and 
“ the third blue, and the fourth yellow, and the fifth red, and the sixth #<• n and 
«. the seventh parti-coloured, and so on, giving whatever names you please to 
“ unknown quantities which yon wish to discover. And if instead of these 
U CQiyurs otliL'i names are supposed, such as letters, and the like it may be done.
“ For what is required is to find out the unknown quantities, and the object m 
“ living names is that you may distinguish the things required.”

From’the first question in this book arises the equation 5* +  % 4- 7z 4* 90 -
. — v +  x - f  £?* ' - y + . s + S S y ,  ^

7%v +  9y  +  6z +  62. From this is derived----— -g j -------  or — a.

Now ,5 is assu m ed : r  I, and from — the multiplicand and the quotum

arc found by the rules of the fifth chapter of the introduction as follows: The 
augment being greater'than the divisor, tire former A '.’divided by the latter. I he 
quotient is re tallied, and the remainder is written instead of the augment; the 
quotient is found ~  0 atid the multiplicand =  1. As the number of the quotients 
arising from the division of the dividend by the divisor is m t'fis.case odd, and 
as the dividend is negative ; and each of these circumstances requiring t)u mul
tiplicand lo be subtracted from the divisor, and the quotient from the dividend, 
the quantities remain as they were. viz. 0 and L Now adding 14, the. quotient 
of 29 divided by 2, to 0; the true quotient is 14 and the .multiplicand =  l 
TiiereforeA; := 14,' and y  1, arid s *w 1 ; am’ new. values may he found by the 

. rules of five .,5th chapter of the introduction.
The next question is the same as the third of the 1st book..
In the next we,have .tiredour quantities $:i +  %y 4- 8* +  7w, and %v +  7y +  

<2z +  1 w, and (he +  •% 4- Fa +  QzV) and Bx -) +  3* +  lw> all equal to each
other ; and the values of .r, y, z, and to are required. From the first and second 
U found 2,r =r 5?/ — 6z -• 6®; from the second and third 3.r 3y +  z — tv; and 
from the third and fourth 2u- =: 3y — Qx +  to.

From the two first, of these three equations 9 y ~  20z  + l6+, and, from the two
\ rv.:,;.v. ,/>' ' 41® 4 -0  ,, ,

last' % =  8s — .&»; whence 12s r ;  Q‘iw ; and dividing =  z ; * and
m *

“ above, where the rule p f the multiplicand was given, it wa? said.that when .the 
“ augment is cipher, the multiplicand will be cipher, and'the quotient the quotient 
“ of the augment'divided by the divisor ; here theft he multiplicand and quotient 
“ are both cipher.” Thai adding 31 for a new value, of z, and 4* for a new
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value of w, 31 sr .=■ aud 4 ~  »•, anti the other quantities are brought out in the
usuahflwbfwJrb •. v •• *• •' - ''V. '■■' ■' "l*5̂  >

The rse’j.t example gives Vr + 7i/. 4* #V443iL V HK\ and 3L 4- 4- 7x f
iliv ~j.UO. , From these conies 4y .r: —• :B.,s — 36V 4--200,-and for the operation of

_dv* _,. «&, <>oo . ■
the multiplicand —--------~  y. Suppose <r =  ,i, then — 8* will be

the dividend, and.4* 50’ vbe augment, ■and'4 the tlivLow * /fo: 4 measures SG, 14 
tini.es without a remainder, the multiplicand will be ~ 0 ,  and the quotient V 14; 
adding 8 to 14, and" 4 to 0, y —0 aud z zz 4, the other quaniities are found 
in tlie 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 gi cal (Kill of rite .next example is not Intelligible to me. What I can make
^ I,fob ^ % ««• -3 ,T & i"

o u t  is uus. To thjd ,r so that y,. •- : — , ~ ~  1 , -~-rq- 4:

whole numbers. Taking'values-of Via these equation * 'he iVlow ing arc found
ffo as 513 ~~n 1, 54 .£s 4©I— 1, and 4t> =  IV -  1 from this last: u? =. 3 and t r  2,

W
hi:it these numbers giving ~ a fractional value of c, new vahms nutst .be sought

for w and#', Then all r some part- which i cannot understand, the author makes 
re r~ 3 4- fw, aud says u is found sr 4 ; then ze :z. i$. r 2 -f Jfl, v ■- 14, After

more, which I cannot make out. he finds — 1 s»T.i =i s. by mtfans of t  which

he acids to v and finds; is  15. After more, which I e& make nothing of, he buds 
t/ sssfr and jp =: 59- ' V ' ( 1

The. nest example is, .what: three numbers are those which when the first is 
multiplied by, 5 and divided by-20, the Remainder and quotient will be equal; 
and when tire second is multiplied by 7 .and divided by 20, the remainder and the 
quotient will be equal, with an increase of S, to the remainder and quotient of the 
first; and when the third is multiplied by 9 and divided by 20, in like manner, the 
remainder and quotient will be equal with an increase o f J to tire remainder and 
quotient of the second? The first remainder is called x, the second x  4* L and the 
third, a 4- % and these are also the quotients. Let the first number be y. 'Ey the

* From tbit pine*1 there i» a great omission in my copy as far- as tiie question. l x “ + 8y* == □, and I f*  — 8y*
— I ss  Q , in the next book, Mr. Burrows’s copy, however, being complete .in this part, I shall proceed tp 
supply the omission in mine from his. .

' * , -v̂.Tvlh V-> y ; , v V;  K-,' . 4 ' " ' ’*



question g  =  *% ]& , * 1 ^  •  =  J £  ,hc ***** ^

~t-  - A- 1 +  — whence * -  Let die third number be v, then
9\) ' 2U “
9» __ . o . t i l  uherice * r: — r—• F«ra? the first and Second values ~  -  x i- 2 ~r — 0 -> iUluia a j

* , , , . , 9v -  '21 , P
oi” x is found and from the second am. third — j ---- =  z. l‘»om

this last is found by the operation of the multiplicand z =  6. and v — 7, a«u 9 
is called ilie augment of s,'*and 7 the augment of v; as this value of a does not 
give y integer, other values.must be sought. 1 he augment of z is directed to he 
called Zi), and the value of a is to be sought; W.ls found — 3, and its augment 
.); 33 is found by multiplying 3 by y and. adding 6 ; at last the required ntunbeis 
are found 42, S3, and 28. Most of this example after that pwt where z h  
found =  6, is unintelligible to me. It. appears only that new values of z are 
found from 6 +  9n>, arid that w and its values are found w zz 3 am! 3 +  &k am" 
from uizz 3 the numbers are found. I suppose the question, is solved much in the 
same nay as such question.' are now commonly done.

X T U —■ 2: _ X r~ 3  •---- - 1 —-.. —2 —-a- — 3
* — 1 A’ ~  2 a- — $ 2 3 d

The nest question gives ------•> —  ' ’ .....»

to find x so that all these numbers shall He integers.
Let the number required be *; let the.first quotient be 2y +  1, this multiplied 

by the divisor 2 will produce for the dividend % -4 2, ami i being added for 
the remainder x ~  4y -f 3, I a like manner the second quotient being assumed 
3Z -p % y,z +  5 =  4y ; from this last, by the operation of the multiplicand, find 
z -- 3 and y  =ss 3, and t he augment of .= is. 4v, and that of y  is §v ; then a =  4y+ 
3 -  3 4 . a x  (8-H>n) 35 +  SGv. Ad, the value of y, 8 will not answer for ,v in
the third condition, proceed thus; Let the thin! quotient be Su +  S. - Multiply 
by 5 and add 3, 25 « +  18 =  x„ this is =■ 35 -f 36v, hence 25 u ~  1.7 =  36v, then 
by the operation of the multiplicand u 5 and v ~  3, 3th> IdS, 25 X 5— 17 +  
35 — 143 x, and as u ~  5 +  3dzv and v ~  3 +  25 w, the augment of .v is yoo 
because 25 X 36'. =yoo.

'j* —* | ■ if
The next question is to find two numbers r and s such.that —

i f h Z i LyX-.tL.ZlJi.} and ILZzJL are integers. To find other numbers 
■3 y 7

K .
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besides 6 arid B. Let the first number be o.r +  1, ami the second 6m +  2, the 
difTc-ewe i- .v +  i Divide by \i * suppose the quotient v and the vemau.oer 2 ;
then ,  +  1 =;> * ]- 2, and * 3J/ +  L »ml ,5,; +  1 the first number =  1% +  b>

,>;u} T
and h  -f £ the «,ccoud number — •* ; tijcu- sum is ,V +  i4" • ,jCi ..... §

5 > .i ~~ P y —- -?-•---- - ; from this is fotuid y ~r 3 and * — it
— 3 ~r g'd 'UCU J 11

I _ * i n ....  lienee ‘5*4-1 ='45«>+-6‘, and 6*4-2=.d4«*+8.ox v — 0 +  3w atnl .z -- t 4- l , m.uov u<f r  «— * • » , . , , , . .
•• l  the iL to h  r f t t a *  t .k « .  m-.-o'tliiis to.Ue
, * V ,  lo L  viirk,” ™ pou 45® . 8 - 5 )  and let the •*«.«■ «  .» «
„ , , ,  throw out 7 fro™ >‘<uh. the remainders are « and 59. +  I; take then 
product, it is lb tr+ 2 . Oivide hy 7 , suppose the punt,tint and o the le-

.naiadc: = „ 4- % f  ' - 7 -  +  *  ^  =  »» *

toroid W=« orfi +  7-c. The seeotul number being d«r +  8. ■'
and i ts. ugtncnt is 5,1 X : v =  !>JSv.As the to t  number *  -,.5» +  <>, am. »a..
sni'.iK.sf'd — h i, its augment h 45 X  To.

r m, M vt is, syhat number is that whi«h being multiplied by 9 and 7 and the
two products divided by 30; the sum of the two remainders and two quottu. a
will be 2d. “ Suppose the number xy multiply it by 1(», it lb  ̂ j,
^multiplied s e p i y  by 7 and 9, by A» *« t figure of the second booh, it would
>f also be 16p'\ Let the quotient of K>a divided by 30 be y, •>* - J

mainder, add the qu ) sent y ; l 6x  -  39* = 2<h and * .* ’■ The augment

beino , ,  , than,' the divisor, subtract 16 from 2b, It is 10. Hy the ope, at ion of :
themnUiphcaml, die quotient found 90 am tne mu t,
subtract the S.9'’, and fi;om SO, the io , ^ ami. -  a m .  , ■ n t ,u]d
ft,,,,, c« and 14 remain. As Hi was once rejected trim, the .tug,n e t, add

s6 :  -  07. W  the quotient is 14 and, the remainder 12, H orn*  values
can he had in this case by the augment, tin then the quotient ami lemroneu

would be greater than 27. I , . ,, „ « n , »
The next is, what number is that which multiplied by 3, 7, and J, «md th

products divided hy SO, and the remain,lets added together and again erndet. ,y 
SO, the remainder w,„ he U . Suppose t i t t e r
30, and let the quotient oe y, then.... ,* •> / •, riWided' hv 30 wofild
« separately, and divided each number by 30, the sum agam d m 6u i  by 3c

7 R I  ̂  ̂ ' '



* also have been equal to l U  but (his would have been a Ion-opemfcon.
“ of the rule for such numbers is plain ; for example, if 8 be multiplied-V *ad 
« 4 it will be 16, 24, and 32, and dividing; each by 15* > eve will rem ain , U,
«. t».ct 9 The sum of these, that is 12, divide by 14; there remains 12* 1 8 . ,
“ multiplied by the sunt of these that is .9, it will be 72 ; divide Hus by fo, •'

« reiliains. * From S S S L tH  -  x by the operation of the multiplicand u  found « =

w S  W tta . *Ucl- being multiplied b? 93, m«l .livblcd
bj. CO, and (.gain by 80, tlv mm  of the .emaiimcrs is iOO ? bet the Lumber be 

Suppose the first remainder 40, 011(1 tile second b'O, and let -gjjf V-'t' £̂ t11

60y +  40 +  then , a  —  — . Hence »te +  SOX zz * .'tgam, 1U gQ ■ Bo ~3
=  coy, from which are found y =  3 ami i =  2 ; these values do not make r  to-

' tegei. V =  3 + 4 m , * = «  +  3m - L a  .V =  7 a,ul * =  *  ‘ ien * “  3°', by s“l>,
posime tlio remainders 30 .0,1 70, « wM bo=9», and the question may be w • ■tod 
without supposing the remainders given numbers, and by subjecting tlm quun- 
tities separately to the operation of the multiplicand.

I„ the next example y being the quotient of %  » +  » = !* . “ Hotethere can

u be no multiplicand for no line (of quotients) is found, nor can it be.brought 
“ out by interposition” (meaning quadratic equations). Proceed then by anothei. 
method and the question is solved by position , the number is supposed 13, and

brought out truly g 1 ~ ; afterwards is added, f< I say this too may be done by

“ Algebra thus:” Call the number .v,
+  X  -Sr =» 30, l&r =  3.90, x "  2)~. 

i 3 18 J
The next example is, It is said in ancient books -that there weic tnice people,

of whom the first bad 6 dirhems, the second 8, amt the thud 100 1 hey all
went trading ami bought pawn leaves at one price, and sold them at one rate,
and to each person something remained. '! hey then went to anothei place-, where
the price of each leaf was 5 dirhems ; tb.-v sold the remainder and the property of
the three was equal. At what price did they buy first, and at what rate did they
sell, and what were the remainders ?

k 2
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1st .be number of leaves bought for 1 dirhem be *, and suppose the price they
sold for to. be a certain number. For example; Suppose 110 leaves sold tor l 
dirhem then the leaves of the first person were fa ; let ti.e quotient ot fa, 
divided by (10 fay, which is the number of dirhems hrst had; •• >* -  5>> ,he
number of leaves mnaming. M duply by 5. SO* -  5S0j, *  Utvir pnee; add 
the forme; result y, 30.r~.549y is the amount of the first person property. 11* »> /  
four proportionals is found what theproduvcol fa  and lOfawiHfa, thatoj 6abeing

;a; the second person is found to have y  -4-1  and the thud 1% +  f -  After

working as above, according to the terms of the question, the amount of the

v «vmv-tvh-found and in Like manner the thirdsecond person s property is tovu-.n .j

( ,.s. nv ^b0.i -  ••b'4.50ŷ prt>,u $QX = 549?/, x  is found ™ 0, and its augment

54y tj,;s js .~ X) and y  ~  30*. I t is added that unless a number is assumed the .
nueition cannot be solved without the greatest difficulty. . m<i
^ th S h o o k  doses with some general remark about the attention and acuteness
requisite for solving questions tike these.

.  Soino of three numbers a-e evidently brought out -  ,ng. for * should be divisible by 5 ,u<l by Si. Taking 
525/ in ,-ad of MB) for*, and purling *, b. < (or .be leaves add at 110 per dirhem; we get * .  100 +  and. 
r «  51700 + « ;  where tf. may be 110, or th« multiples of 110 up to 7.0.

t m  of the t4 * wd kook*

■ : , J ' // ' * /:i , -y:



BOOK 4.
« ON TUI'- LNTERFOSITION ^ L ^ j o )  aF  MANY COLOURS."

“ \ n D  tha t relates to  m aking the squares of many colours equal to  number.
" I t s  operation is th u s : When two sides in the said condition are equal m luc 
“  manner that has been given above for die interposition at one colour, suppose 
« Sl number and m ultiply or divide both sides by it, and add or sumrruN an oner 
« number, s i tha t one of the two sides may be a  square. 1 hen t m o iliu  u< c 
o mvAt necessarily have a root, for the tw o sides are equal, and by the uic- ca, o oi

■!
“ d e c r e e  of equal quantities, equals resu lt; then  take the root of tna t w aiclw s 
“  easiest found. And if  in the second there is the square of a colour sinti a  
« number, suppose the square th e  multiplicand and the num ber the augm ent 
“ and find the root by the operation of the square which was given above, and 
» tlli9 certainly will be number. M ake the first root o f colours equal in these 
“ two, and know tha t you must equate so th a t the square, or the cube, os the 
« square o f the square, of the unknow n may remain. And after j.he operation or 
«• fjie multiplication -of the square, the less root is the quantity  ot the scot of the 
“ square of the colour of th a t side which was worked upon ; and the greater root 
« -1S Toot o f all that side which was equal to  the root o f th e  first side. Equate 
“  then in these two sides. And if in the second side there is tin unknown, or 
“ the square of the unknown., the operation o f the multiplicand canned be done.

“ Then assuming the square of another colour perform the operation, lh u s .i t  is. 
u  ff there is the unknown with numbers, or the unknown alone, whose root riot’s 
“  not come out by the multiplication of the square, unless by assuming tile square 
“ of another colour; when the root of this is obtained, equate in both and. find 
“ the quantity of the unknown. Thy result of this is, tha t you must apply yopr 
« mind with steadiness and sagacity, and perform the operation of m ultiplication 
a p f  th e square in any way tha t you can.*' Here follow a few lines o t general 
observations not worth translating.

\\ !*■<$' s ^  .
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Example. What Dumber is that, v.jfcfich being doubled,- aud 6 times its square 
added to it, wilt be a square ?

Let the number be .r, and let 2* +  6x* ~ y \  Multiply by 24, which is G mul
tiplied by. 4, and acid 4; then divide by 4, it is I2.t: 4  3<>V +  1 =  % ‘ +  J 
%/(l%v 4- Sfu-iff 1) “  6> -f 1. ■ As the root of the other s i#  6 / .  +  1 cannot be 
found, perform the operation of the nmUij.h. ition of the square, Suppose the

less root, or y -  ‘l ; thou ( i f  +  1 =  5*; .5 =  fo !- 1, .v =  By the rule of

cross' nudftplication for ncv. values y  =  2 X 10 ~f 2 X H) =  40 and 6x ■+• 1 =4y,
whence x  ™ 8, ;

The nex tis; What numbers are .those two, the square of rim sum of which, 
aud the rube of their sum, is equal to twice the: sum of their cubes* ••

Let tim thst number be x  — y; and the second .v 4- y, their sum will be Qx: 
then +  8.x' =  2 t / r  — y)5 -f- O  -j-,»/) ) ~  4jt* 4  ii'xtp; Ur + 4x' S£ 1 2 /;
4 / ;  +. 4* +  J =ss 12/ 4- I ; whence 24 1 =  4(1 2 /  4- 1). Then by the mul
tiplication of the square, making fo the less root, 7 is the greater, 2* 4* 1 ='7,
$ —3, y - 2 ;  x^—y zz l ,  >v~hy=5. By .cross multiplication new v /u es  may be,found.

The next is : What number is t hat which, 'when the square of its fqa; re is 
multiplied by 5, and 100 tunes its square, subtracted from im  product, the re
mainder is a square r ,

. r  ff: ,r
Let the number be4, and let “4r4~~ l-OOo?* = y ‘; 5x~ — 100 _  =  □- Sup

pose JO the lew rooty then 5 X 10* — 100 =  4 0 0 =  2 0 /  whence y =  200 and
a- =  to. - - :  \

The next is: What arc those two whole numbers whose difference is a square,
and the sum of whose squares is,a cube ? ;

Let the two numbers be x and y  , let y -  4 '=  /  then ,ff =  /  — Syz +  x \
and as ,4 t /  =  let 3 /  -  2/ff •+ '*♦ - '4 s. Then 2 /  -  8y** =  .t* — *+> 
and 4?d ~ Ayz% =  2 /  — 2*4, arid 4 /  — 4ys* 4- ’s4 =  2 /  — 4  ; whence 2y —,«*
— v /s T 1 / )  =  .a" \/(7z*  —- 3); Now by the multiplication of the square 
making .5 the less root, 2 X /  — I = 49, and 7 is the greater root Then
v4  — £■•) =  475 :r. % -..if ;  Gy — 25 =  175. y =  .100, x  = y  — ff =  75.
Or if ,s =  29 new values' of .r and y will be found as above.

Here follows a 'Rule. 4< Know (hat when both sides are equal and the root of 
orsc side is found, and on the other side.there is a colon; and its square, make 

“ this side equal to the square of the next colour, that is to say not to x, and let
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« its square he to that of y, raid if y heats square, make it equal to the square of s, 
“ and multiply or divide Loth sides by a number, am! adu or subtract something 
H so that the L.ot of the side may be found. Were then Miave found two roots ; 
“ oue the first, which is the root of the first of 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 ot the square with that other 
if side whose root is not found. Let the less foot be equal to the first loot, and 
“ the greater root be equal, to the second root, and the quantify of these colour* 
“ will be found.”

Example- A person gave to a poor mail in one day three units, and gave every 
day with an increase of two. Om day the poor man counted all the money, 
and asked an accountant when lie should receive three times the sum, at the rate 
paid. Let the number of days passed when lie counted his money be :c, and the 
number of days when the sum would be tripled //. First find the amount received 
m th.' time x, thus : “  By a rule in the I.ilavati.” (x -  1} X 2 4- 3 =  Qx 4- 1.

the gift of the last day; — L i J l i .  =  .r +  2 =  the gift of the middle day.
0

Multiply'this by the mini her of days, xf 4- 2, v is the sum. In like manner the 
sum for the time y  is y x + 2y> which by the question is ^  3x* 4- 6x ; whence 
gy- q- 18.r 4- 9 ~  ->yl +  6y + 9, and 3x +  3 =; ■c/ (3y‘ +  6y 4- 9). Let +  
6y +  9 — .5*, then will be found 2y 4- 3 x= \ /($ z  — IS). By the multiplication 
of the square, making Q the less root, 3zl — !8 - . Id*, therefore 3y 4- 3 15 and
y — 4 ; and because 3y' +  6y +  9 ~  s* =  81, anti 3x +  3 9> x  ™- 2. Thus,
on. the first day, he got 3, .and the second 5, and the sum is 8 ; and- on the'fourth 
day lie had 24, which is three times 8. hi like manner, by making the loss root. 
33, the greater root will be 57, and y  zz 18 and x  aa= 10, and other values may be 
found by assuming other numbers for the less root.

Then follows a Rule, which is so mutilated that I do not know how to translate 
it. As far I can judge, its meaning appears to be this : If  ax* 4- by ~z z \  the- 
quantities are to he found thus: Either find r  such that ar* + b~ Q ~ p \  and then 
x  will be rx ry and zzzpy, or apply the-rale given at the end of the 6th chapter 
of the introduction for the case, when u rx. Q.

Required* x and y, such that 7> 4- 8y' ~  Q, and 7xl — $y% 4- I xx: Q

* At this place my copy comes in again,
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7' f  +  8-^? h ‘“P P ^  =  — _ Th(- operation of multiplication of the square is 
directed to be performed, ?.ii being the multiplicand, aud 8; /  the augm ent; *« l 
“ s‘W ° se 2 tb t‘ ,ess roofc> ;i,lti multiply its square which is four by 7 the multi- 
•‘ plicaml; h h  28 5 ;ul(!'b the square is 3 6 ; 6' then is found the greater ro o t;
“ 6 black then i, the quantity of blue, arid 2 black the quantity of the unknown.'’ 
Ihus k> is found zztiy and x  ~  %tj. The .secaml condition .is 7xs — St/ -f 1 rr ri 
whence by .substituting Qy for x; 2®y* -  Hi/1 +  I . or Q0//-+ l ±, Q =  ^  N ~J
s>y die operation of multiplication of the square, supposing the less root, "and 
20 x  2 4 - 1 ~ S i _ w  ;• whence »>:::; o. 1 hereforc .r ~  4 and ,y ::~ 2 , supposing 36' 
the less root, ,r will be .— 72 andy ™ 36', ' &

In the next Example x  and y  are required such that x* + if  ~  q , aiu{
:i\ +  '< -  □ • The multiplicand being a square let the augment be divided by y.

Then by a rule o f the 6th chapter of the introduction ~  T M f  ~H>Q «<•— it * • .X̂v.v . .

®*» theii f  T* V — qter- Multiply by 4 and add 1, 4^  -f 4y +  j ~~Sw* +  j 
The root of the first side of the equation is ty  +  3. find the root of the second* 
side 1)) the operation ol multiplication ot the square, supposing 6 the less root 
17 will be the greater; now 2y  -+■ i =  17; whence y  8 %\xd x =. 2S Other 
values of jr and x  are 49 =  y, and ] 176 ™ x.

'Another method of solving this question is given. Supposing one of the 
numbers 2*1 and the other 7*‘ j the sum is $x\ which is the square of ; x. The 
square of the first added to the cube of the second, is 8.r6 +  . iet tj,;s !)e
divide by »\ the quotient is 8a- +  49. Perform the operation of muhipheatiou 
of the square, supposing 2 the Jess root, 8 X 4 -f 49 =  81 =  9*. Therefore 
x s» am'i tlie i!rst number 2x* isrr; 8, and the second 7x* is=2,8 ; and supposin')'
7 the less root, SI will be the greater ro o t; then x  =  7) and the first number will 
be 98 and the second 8*3.

Rule. “ If a square is equalf, the root of wInch' cannot be f o u n d  and m

2 4- h ' £ -  *
* Vi -a If ± m p *  (supposing a** - f  » ssy*), then '■i-;r ~ s s  M; w,d ~

t  -Here seeing to be .an omission. ^

r _ i ■ ‘ Sh" nomber C8ttsbe f d‘,ced 10 (*> +  »W)* +  r * \ h  becomes rational by making +  my_

..~ h  (,n t,‘en t r y * }  == ( " y - iy ) .  in Mr. Barrow's copy this rule begins, “ If then  ere two
" side', the root,’* & c.

.#■  .

s%.
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« ,iia;  f . ; ra ; t .  v,r,T 1 '" :e, ^ an<! ' ,ml ,r™  * •  .»u a t noio th«. two .squares that rectangle may be thrown out
„ j j ,?1' eKf nPle: ln the ^cmul side h square pf unkaosv u, and 3(3 square of 
„ 1 ’ iUHl f  reCta,,g |e of ““kncvvru and Made. Take the root of 3tL r„ 0 r

" lfbhZ'\ti'T'Z'' ‘ m d * ° *  X•**“"* ,,rWa‘:k' take ,he o fo  •nmrr„ , ! . V ,.ia1ck; *' ben v e take tv ice she reefengie os these two mots 
ict ang e which is also 3(i will he thrown out ; and from the squares iIT s w  re

■■S r;:;ilr  si ^ »
T tnicted one halve the ,f nUi'n u  of t,,e colour of the quotient, having side 
« ^ ic h  h ^ W m r f  VVhat is «J«uita that, root
“ r!« iint colour will be obtained!''' ^  SeC‘°n' f !>X ^  ^  ,hl of

^  +  •<*) x t - T  y) +  r i  r ' ^ r j L f  1Ula£ '■ + f - 4" ‘TJ/ =  a,,d
“ T> gives 5(,V +  3&ar +  k e y  -  - TI * ef atmtt F!uItiP ^ d V  
“ second Mjuare, the rectangle iuvin '°0t0* ° 'u‘ s<ll,:Ue ;md Pa* of the
“ 3 black ; there remain- o-/ „ ‘ ** ' T,0WV out’ ;ue fcm,u{ 6 unknown, and 

J  ‘ 1Ui W SqUam ° f **<*." W V « g  the rule, -a*' Is
found =  wlienre ■

3 ~  I T ’ am! ■*’ + y  + ~  +. ?/. f  ^  ,1_9£

, .. d V S . - ! e l

« d  „y ,hC „ , , ltion
r w 4 6 x . *  +  9 = ^ ; - ; - ;
tile less root, j, =  180 and ,e -  3p0. ' ' ' ~~ ’

^T!u. n,jxt ijuatiorl is: IO,,u M  ,  an<1,  Sllc)l «1M S  ± J  =  ^  + y  .

. . f , f  ‘ +  - =  ° '  “ <' * -  >/ +  a =  n , and , f  -  r  +  * -  .,, , .,

• . " v < "' + T  +  ' / o + y . + s )  +  v ' ( . f - s, 4 - 2 ) +  d t e - i, - + ^

and fiat! ttvo^th” J ^ I t  iTrci,.,!"” '*!" *<K'™ TO*4i,i<* *  ' ‘as8 tl,cm
qumitirj only, Supoobc the (i-- i” *' ' b> ■nv~'m 01 one nnliiuiwn

( / _  ,V v T +  o, »*<«■.'*«• / ' ■ ! .  and the «co,„l 2». Than

52 • . * '' " 2~“ P(‘ A0d. +  rr := /r  .....
I.

' twlfc fv/m t X s 'ik&4 .& ? *' v ; 1 ’ ■

• : -’̂ XYtX'; - Tri nriiiiiiiiiiiiii •««.
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4 , , .*»,« =  ^  +  l)*. And .r +  y  +  .2 =  ( /  ~  0  +  2̂ +S
2;,  , , +  * •  =  | \  h ■ ,+  - J v; _ ; ,  +  „ =  (/, _  ,).. And w -  ,* +  » =
a y -  +  * +  t - f r  e„ .+ 9 = { « --S ) - ;  and the sum of the roots »  « !»>  «®

^ _ S p * . + . l - 4 j >  +  W  ~ bf  + ;};  J  .  f)1 __ t V  +  3p  „  g .  A s  use l o o t  ot

• p  +  (//’,+  5 \  4 f l/j4V \ , y j h  equal to r : then %? + '3p =  9* +  $• Mu5tl?ly 
this cannot ou found, n>! v  i _  ,,,. flm l the root irf the first side
* * »  ••<««*> * r  +  ? 'S s  ^ r  L  , 1  of the second side perform the 
S W .  +  7  Suppose f t .  i »  .5, rbe greater
operation of n nltq i * __ 1 & =  ty# Make the root of tins equal to
root will be \!> i for 3**. 1 ~ * i.v ‘iris case v rr, 8 and*/ =: 6 ;
U a to fe h e lW ts k le V  +  d ^ l J ,  whence? = . h  I.. • » « -  -

„,aWjl» tile less root 30, the greater will he 8.5, f  will tbo . 1* Vf **• ' ~  4

ir>1„ = . , , .  or making the less root ,75, the greeter will be W , P_ -

■•• = h lE 8 , reed ,  =  « •  «  J * *  M

«* W* -  - •.... «..°r r  besf
the above. , ... ■ Nation, correctness is the chtfef^oitn ;

U«e follows an (jn„ ~, |  remove the veil from the object, bet
that a wise and fpnsulua.tt ;. .. «erv dear explication is necessary.
tkt,  where the help of « » M -  -  tUi> What two numbers are those,
“ ■And so if is ivLeu mu  ̂ ■: n diff-veuce of the squares of
“ the sum or difference of wlneu, or *  J  munbc„ c:i})ed the augment,
“ which he ■ .1 lacrpascd or lessened % ^  ^  ^  to .fee solved by one
“ whl be a squn.e. it examples o .. * ^  ffeem; but first suppose
“ colour only, it is wot emery two'number.- one unknown, and another
“ the root ot the cilimncc o . ftivide the augment ol tile
•‘ .writer with it eithe, M m * m  or «  a tv  . i  ^  ^  and
“ difference of the two. situm es, JJT ,«  ‘ . a difference abm-emen-

a(W the root of the qmfoeot to >£ root or m m  ^

■‘ square of the roo. a  th - ^ , sepfirate’f. Afterwards, by the way
“ of ,he M”i’ °' t l ' U" , r ‘. l h . f i  the augnicnt of the difference, and the sum of 
“ of opposition atlo ..im! mi » - _ ■ , £ J(] prom the squares of

:  %  ^ » / » b U » w i U  be known, and from font the two numbers

. : i:.".', a*, M 5 P  $|
... ' - ' \ ■ , ' ■■ ;"  ̂ ' i .' ' t ' ''■ .; •'

^ ™ ' '  " "  . " % •  < S L
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i -i Cv +  v") "4" iff — y~) __ j
;« “ may Be found in this manner, viz. by the rule =  x, ana

u O  4- y) -  O’— y ) — y ”
■

The next is to find x  and y  such that x  +  y  +  3 =  □ , and.r — y  +  3 — D,

and ■’ 4 -y  — 4 =  Q, and .** -  /  + 1 2  =  Q , and +  y  = .  g ,  and the

sum of the roots +  2 =  □  • Exclude 6 and 7, which it is plain will answer.
... y) is supposed =  p -* l, then x  is made equal to p% -  2 andp =  $p, 

wherefore ,r +  y +  3 =  (p4~S) +Up +  3 -  (/» +  D\ and .i • .y +  3 =  (P‘- v )
_ cy>+3”  (p—l)*, and 4 =  (p4-—4/> +4) q~4/)' ~ 4 ~  (/f')N and .r ~ j/ +

12 =  (j0+—"i/d+4) —4p*+12 =  (p4—4)*, and — +  p zz ” +  2p~p , aiiu

the sum of the roots + 2  =  ( p+l )  +  ( p -  0  +/>’"+ ( / " “ *) + * + * ^  +  ̂ - 8  J 
make this =  f i  *p '+ 3p-2~ f>  and 2p* +  3 p = r/+ 2 . Multiply by 8 and add 9.
Wj>'l-[-24/V+9=Sf/*+S5. The root of the first side is 4p +  3. Find the root of 
the second side by the operation of ..multiplication of the square ; making the 
less root 175, the greater root will be 49.5. Therefore 4p+3=4$)o, ami p =  123, 
and x=  15127, and p=246\

The next is : Required x  and y  such that «fl—ws +1 ~  and x* +  ?+ +  ! =  ‘••h 
Let #*=5p*— 1 and y = 4 /P , fo--.?/+l and **+p*+1 rr(3p)a. The root of 
4p* is 2p. Find the root of fop1—I by the operation of multiplication of the. 
square. Supposing the less root 1, the greater wid be 2. Supposing 17 the less 
root, the greater will be 38. Or it x* +  y *-.— 1 =  O, and +  — y ' ■■■■■ 1 =  Q, let 
x1 5p* +  l and y ' =  4p*j anil so on as in' tire -first case.

link. «« When the root of one side is found, and on the second side there is 
“ a colour, whether with or without a number, equate'that, side with the square 
“ oif the colour which is after it and one unit. And bring out the quantity of 
« the colour of tire second side which is first in the equation; and bring out'what 
“ is required in the proper manner.'’

Example. To find x  andy  such that 3x +  1 =  n  , and 5x +  1 =  0 . Let 
3y +  I =  (3;:; +  !)•*, then x  ~  3.3s +  S.s, let 5(3** +• S;s) +  1 == w , whence 
153*+ I d s ; multiply by 1,5 and add 25 ; i£ps* +  1.50s +  £5 =  l+fo+lO.
The ro o t of the first side is 153 +  5. Find the rb, t of the second side by the

r. 2 '

a
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operation of nmltipV cation of the .square ; making- the less root 9, the greater wi if 
L>e S5; 15x 4*5 =  35; therefore 7  =  £ and ,r =  16'. ' By another wav; Let

z*_ j ,->£* ___ q
,r — ; multiply by 5 and add 1, , make this :r® ‘; o,:2 :r. 3w* Jr£.

f Multiply by 5 ; 25V r  15 ad +  10';.. the root of the first side as Ss, Find the
the root of the second as .before, making the less root 9, the greater will be 65 ; 
whence % and x. In the above .example other values of j  are mentioned besides 
those which I have taken notice of V

'I lie next example is : Required ? such that fir +  1 and 2(-*.r 4 i f

+  1 =  □  • Let 3-r+1v /  ; then 3x =  i f  -  l, and x  =  t f r l  . multipfy this

by 3 anti add ], the result i sy\  the cube cube root of-which is y. Let Sr/1’ -j- j 
s ' ; making the less root % the greater' will he 7, whence x  ~ - <11.

'Idle, next is : To find x  and y  such that %v -  if) +  ■} rr rj, and '>( i"../ J  + 3 - 0 -
• Know that in bringing out .what os required, yob tmist sometimes suppose the 

V^piour in that number which the question involves, and sometimes begin from 
“ the middle,' and'. sometimes from the end, whichever is easiest, Here then 
“ suppose the difference of the squares unknown/* &e.

Let .r*~y* — p ; mnke Qp 3~  j then -/>; multiply this by 3, and add 3,
. , 3(f‘ — 3 , "
it is . let this be =  ra ; therefore 3<f- - 3  — £r- ; 'multiply .by 3 and

transpose ; gr/szGr7 f  (); tire root of'the first side is Sif  Find that of the second. 
f,de by the operation of multiplication. of the sqmuc; Making the less roof: 6, the 
greater will he 15. Or making-the less 6’0, the greater will be 147, Tfpy~l 5,
(j—5; if ■h/zz\47, ?~4y. In the first ease p =  fl and ht the second p rr 1 iyg,

Suppose a- -  y =  1, ,r* -  /  being =  11, =  , f  y =  y  =  H ;  and ,  +  y

and ,r — y  being given, x  and y  may be found, In the first case ,v •= 6 and y r t  5, 
lu the sbeond :r rr. ( 00 and y  --599.

Jiule. f‘ If  the square, of a colour is divided fay a number and the quotient is 
a colour. If Ter the reduction of the equation its root is not found, make it

''equal to the square of a colour, that The quantity of the black may come '
■ “ out.”
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f The nest example whid. concludes this book is-: Kcqnircd .r sud, t t a t  - y  ‘

-  .  w h o le  n u m b e r .  M a k e  ^  < ¥ *  •* = V  +  * ‘ « *  " * *  r f  * *  ^
, - i  • i, n«nnnf he fbuntl. “ Then byt.be above rale ’ 

side is a*; that o ft »« Sl om 4 ~  ly  +  4 ; nhence +  +* =7 ^
u-t 7 « + e  =  v/ ( ; f  +  ,; ; , r  • " J  the Uric, and ♦ b lue , and «  7 blue and
<* As thequantity the ol bn y  - I  . , t he unknown, In take
.. s  mfits were supposed c q » « » # * » '  *  ’ | . of u ,„ „ „h nCT™. I sup-
n it equal «u the unknown. lum ber."  L  A . ; » + * «  » « = » •

“  * * * •  ‘T ' - V V - W  •'= !«• o th e r  values o f*  may be found m the

same manner. ■ . . ...  t m ultiplv the first side by

• A 1“ * mul k e y in g  the second ’side as rt v as. » . & ! »  * e
s l d ^ t h c i u n t b e r  which the first was murtrphed by,

« au(i make it equal to the square q£ a  coiom.

E x a m p l e .  What number is that whose square being multiplied by ^  J 

added, and divided by id , nothing remains ? Let the number be ,r. Let ~

1  a whole num ber; then W = l ^ - 3 ,  b . ’ X 5 = iw > ,  = J * -

Thc„ there seems to be assumed J X S n f -  1. and afterwards from -  *

'VhtmuwTrule is! ‘b f  the cube of a colour is divided by a number, and the 
.. S  is a colour, make it equal to the cube of a coUmr. Tire way to find 
.. that is th is : Assume tire cube o f a number and divide it by the d.v isor; there 
.. should be no rem ainder; and arid the number with it again and agam to 
<< divisor, or subtract it  from i t ;  or let the cube be a cube of a number, •. u h 
« join with it i or again multiply tha t number by the fixed number a, and the 
“ result multiply into the qnotrent, and divide it by the d radend ; also there

* fn Mr. Burrow’d copy the fourth book -rod* m ih  two rules and two examples, which, as far as 1 can make 

* them out, are as above.

\ { |   ̂ f  i 3  •; P f ! : ' " f •/;'



“ Will be no remainder. I f  a number can be found with these conditions equate

.Example. "’Tiafc number is that from whose cube 6 being taken and the re- 

.inamder divided by 5 nothing' remains ? Let the number be ,v and' ~  6 — y

a whole number, Hence ,r< ^  %  -f d, 'Then the cube root.of this, which is zzx  - 
is assumed ;= 5z +  nnuy is found =  -f 15z’‘ -f 3* i.

« ' . rhhd> , :v H N'' , , , ‘ T? , *’ , I' ■'*' ‘ ^ " *': ' ‘̂;'v -hi 'h. 'W'P'"■'" , :l' e;:' 1’̂ - f'' •
. < *■ f, 1 frWw 1 H H p i  n  1 * j 't#  * *, n l f  fc \

* j T “rwMis si W  >) J ,i |  i ,, , r, Hp
•■’' ;■' ,. ’: 'r‘l., ,'

« ' . 1v MtaLJl: * 1 " llJ ;\*,*.. . ■'■ ■' ■

E N P  OP THE FOUKT'I BOOK,
- 1 '. . . (



' . : BOOK 5. ; ..
« ON THE EQUATION OF RECTANGLES."

“ AlsTD that relates to the method of solving questions which involve the 
« rectangles of colour ■' know that when the question is of one number multi* 
“ plied by another, if the two numbers are supposed colours, it necessarily conies 
« under rectangle of* colours. The solution of that being very intricate and 
“ exceedingly difficult, if one number is required suppose it unknown ; and if 
<t two or three, suppose one unknown and the others certain, numbers, such that 
“ when they are multiplied together according to the question, no colour will be 
« obtained except the unknown, and it will not come under rectangle of colours. 
U ^nd besides multiplication,. if the increase or diminution of a number is rc- 
“ quired, perform the operation according to the question, then it will, be exactly 
l< a question of the same sort as those in the first book, which treats of the 
« equality of unknown and number. By the rules which were given there, what 
“ is required nil found.”

The first question is to find x  and y  such that 4x + 3y +• C xy. Supposing 
V  ~  5, then i s  +  17 -  5x, wherefore |  - 1 7  and y  ~  5. Supposing ygst 0, 
then =  10. In like manner any number whatever being put for y  the value of 
x will be found.

The next is to find a, x, y, z, such that (w-f-x+ y+  z) 20 =  wxyz: Suppose 
the first w, the second 5, the third 4, and the fourth 2 j then 2(ha+220=:d0a), 
and w is  13. Other .values of xi\ x, y} z, are taken notice of.

The next is to find x  and y  in integers such that \ / ( x  + y  4~ xy +  x* 4 -y ‘) +• 
x +  v - 13, or =  53. In the first case, suppose the first number x, and the
second 2, then V {x ' 4- 3.r 4- 6) 4- x  +  2 — 23, and V  ‘(.v* 4- 3x‘ + 6) =  21..x,

29
and x1 4- 3x 4- 6' =  x* — 4SU’ -j- 441 p whence x  wit! be found ~  ™ ; this not 

being an integer, let the operation be repeated. Suppose y  zz 3 then x  will be
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ibiiml r= y~ ; this too being a, fraction, suppose ?; 5 ; t l i enxwiNi  r  /, In

tbe second cpse a number' is put for y, and a .■fractional value ot x isiound.
-Am! if we soopwe the second number, II, , the quantity of the unknown mil 
« be J7j am) this is contrary ; for if the second number is supposed 17, the quail-- 
tt tp ,r of riuf uukn nvn will be 1.1 ; and if one is .suppled a colour and the other a 
« cevtaiti number, it is provable d at the unknown will be brought out a traction^
'‘ and if a whole- number is required, it may bt t muni 0y much.search, And d 
“ both are suppt sed colours, and the question solved .-by this ule, a whole
“ number will tasily l»c found/’ ‘

Jlule.*. “ When two mdcs arc equal, the method of equating them is thus :
“ subtract the rectangle of one side from the other side, and besides that what- 
u ever 5S on the second side is,to be subtracted .from the first; then let botu soles 
« be divided bv the rectangle f  l td  on the side where there are colours let those 
“ colours be multiplied together. And let a umber be supposed, and let the 
“ numbers which are on that side b ’ added to i t ; and let the result be divined 
“ bv the supposed number; and let the quotient and the nuuibci ot the divisor 
“ be separately increased or lessened by the number of the colours u Inch were 
« before multiplication, whichever may be possible, Wbercrci the unknown is 
« added or subtracted there will be the .quantity of the black : surd wherever v ie 
« black is added or subtracted there will be the quantity ol the unknown. And 
« in like manner if there is another number, and if both addition and subtraction 
« are possible, let both be done, and two different numbers will be found. 1 so 
« if the number of the colours is greater, and cannot be subtracted subauu e 
“ quotient and the number of the divisor from the colour it possible, what was 
11 required will be obtained.

Example, x  and y  are required such that 4r +  Sy +  2 =  44 Multiply 3 by

» Thisrute is very .if expressed; it must mean-The equation being reduced to «  +  by +  « =  -V> * +  

d + i  Wiil be s» jj and b == Because A* f  =  *» - * * - &  add ab to both side, thr* ob+e

szxy— ax —  by +  « i »  {x-~b) (t /~-  «). and making *>«* a will be * .  tueidoK. -....... +

pt and> _  a +  ~ .  More formal* may be had by resolving «6 +  ?|gto dicferent factorSl
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OF IN DET f iR MI YAT E PROBLEMS. ' Sp

: 4, and-add 2 to the product 3X4 +  2 =  14. Suppose!. Divide 14 by t, Add 4
§ 'W!<mSsms ■+z ■ 1 * 1  ]4

to the number 1, and add 3 to the quotient 4+l=5=ri/> and A 4. -j =  17 =  a-.

Or 4 4  ~  =  id zzy, and 3 +  1 4*. “ And no other case is possible.” Di

viding by 2, the quotient will be 7 , y ~  U and x  sr 5, And by another 
method y  will be found ~zz (5 and x zz 10 #.

To find x  and y  so that lOx 4- My — 58 =  2xy. After reducing the equation 
to 5x +  7y  — 2.9 =  xy. ,lly the rule above given, assume divisors of 5X7—§9 i 
1 being the divisor, 6’ is the quotient.

5 4 - 1 =  6 ss y  and 7-4- b zz 13 zz r,
or 5 +  6 — 11 — y  7 4  j : «  S — x,
or 5 — 1 =  4 =  y 7 — i =' 6 5= #,

2 being the divisor, 3 is the quotient.
y  -  8, y =  7, j/ =■ s,
X zz 9, x  zz 10, X zz 4;

and no others are possible. 3 being the divisor 2 is the quotient, and the quan
tities are as above It is added that these two examples may be proved by 
geometiieal figures as well as numbers.

* In Mr. Burrow’s ciipy there is another example which is wanting in mine. It is as above.

T H E  E S I ) .

M
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Mr. Davis’s Notes.

I  HERE put together ail I have been able to make out of Mr. Davis’s notes of 
the Bija Ganita, What 1 have extracted literally is marked bv inverted commas ; 
the rest is either abstract, or my own remarks or explanations. I have preserved 
the divisions of the Persian translation for the convenience of arrangement and for 
easy reference. Mr. Davis’s fetter to me, authenticating these notes, is annexed.

Chapter 1st of Introduction.

T h e  manner in which the negative sign is expressed, is illustrated in the notes 
by the addition and subtraction of simple quantities, thus : “  Addition.— When 
“ both affirmative or both negative. &c. When .aontrary signs, the difference 
“ is the sum.

3 3 3 3
« *
4 4 4 4

7 7 i 1 -y.. y
u Subtraction.

3 3 3 3
Q 2 2 2

1 f 5 5

" 9B  : „ W".
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“  M u lt ip l ic a tio n ,
“ When both arc affirmative or both negative the produ- t  is affirmative.

2 X 3 =  6', ‘i  X 3 =  6, 2 X 3 =  6, 2 X' 3 =  6’.'
« Why is the product of two affirmative or two negative quantities always 

“ affirmarive? The first is evident. With regard to the second it may be ex- 
“ plained thus: Whether one quantity be multiplied by the other entire, or in 
« parts, the product .viil always bb tire same, thus:

■>: N “ 135 X 13 -  1620

“ 135 X 8. =  i' S(.)

“ 135 X 4 =  540 *

I ()■'.’0 %

‘•■ 'Then, let 135 be X by 4, but 12—4 =  16 and 135 X 4* =  540;; 135 X 16 
*' -Sl6(>, and 540 +  2160 =  2700, which is absurd: bub540 +  2l60 =  1620.”

Mr. Davis remarks to me that there are here evidently some errors and some 
omissions, and he thinks that the meaning of the last part of the passage must 
have been to this' effect: ,12 may be composed of l6 added to 4* Let 135 be 
multiplied by 12, so composed

135 X 16 =  2160 135 X 16 =  2160
135 X 4 =  540 15 X 4 =  340

• \ 35~X To”— 2700 This is absurd : bid 135 X 12 =  1620' which is
right. Thus too 4 may betaken as formed by 12 T H> ±z 4, and if

135 X 16 =  2160 135 X 16 =  216*0
U  X 12 =  1620 133 X !2 .=  in20

135 X 4 =  3780 which is absurd: but 135 X 4 =  340 which is right.

Perhaps something like the following might have been intended :

—135X —12= 1620either4-or —; ^  =  l 620either+ or~ ; aow4 — 12 =

— 8;and8—12 =  -  4> therefore the sum of_^ 8— 12)5 ^ 5al“ i i5 *
m 2
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— 135 X (4 “- ] 2) =  — 5 4 0 + o r-1 6 2 0  ,;
— 135- X. ( 8 — 12 )sr -'— 1080 +  or — 1620

product -■ ?.$*? —3240=-4860 if —■>£.— gives — j but
—1620+3240= + 16 20  if —X —-gives + ;  therefore —133X —12=;+ 1620,

Chapter 3.
* OF QUANTITIES UNKNOWN, BUT EXPRESSED BY LETTERS.”

te Jabuttabut . . . . . .  1st . .

“ Kaluk ; ..................... 2d . . rjjj

, " N e e lu k ......................3d . . »f|'

“ Peet . . . . . . . . . .  4th „ tff

f- Loheet . ,, 5th , ^
See,

“ Commentary adds Hnnetaka.. . , 'i  
“ Chinaka . . . , Q 

&e.
"‘ Ihese are styled abekt or unknown.

“ These may be added  ̂to themselves, subtracted, &c. but cannot be added 
• to, ike. known quantities in the manner explained, or to unlike quantities of

“ all*v knu3' The s<iuare o f3rr cannot be added to 3j-f, but the addition may be
“ eKPre8sed thus 1 add to m  w  ; the reason is, because to add 5 signs

to 2 degrees we cannot say 5 added to 2 is equal to seven,, for this would be
„ a mmh 7 . taeret0re w ite t!le »“*  5‘ 2°. But when the unknown quantity is 

uncovered it may then be added to *he known, into one simple quantity. I

I f» Q ; , }:■ " ■. 1 , r
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„ -n,. known quantities are usually written first, and the highest powers of 
« them before the lower..
« 3J1 j 3JT3 J 3. Tins is %r +  $x 4- 3. '• y

Also
« The multiplication of unknown quantities.

“ To multiply 3?T2 | into a | WO have Sfl4.

^  by ^  gi™  i» square o r * ! *  « *  this b> * "  *  *

Also this example o 1 rnultiplihatiott.
<‘ 3fT3 j qfTs w t i  J r r ^ r 'o  | «rr*

- t i e s  ; u rn  # i  T i'Q  j

5T T o  I srr/ | # *1 . v‘, ‘ -i ..■ , ,■ ,v y:. _ 4:̂, ,,4 w' . * p
■ which is the product of (Ar — 1) X ($x 4- S).

—«»*B9CWJS®«—--- -

Chapter 4.
« OF THE GARNI Oil SURD QUANTITIES,”

“ Example of two numbers, 3 and 8.
“ 2 4- S ~  10, the mahti carni.
“ 2 X 8 — 16; its root is 4, and 4 X 2 — S the laghoo carni.

“ The rnahti carni . . . . .  10 
“ Laghoo carni added . 8

18, the sum of these carnk This 18 is the square of
“ the sum of their roots.”
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And there is another example with the number* 4 rad 9, and the following
'2 S

theorem, “ 2)8(4,-it« root h a, +  1 — 1

' ' - '• 3 '■ 1

"l 3 X. 3 . , 9  9 -X 2 18 sura.
 ̂  ̂ A * =-  1 1 X 2 zz 9, difference.**

■( Aho this : “  The canu 18 is found ; its root; ij, the sum of .the .roots of the two 
“ grt/ei; numbers; but if theie be. two roots there must be two squares the 
‘ . diiierencc is the square of the difference between these sqm,res.”
„ AJ *  Uie samples in multiplication : « To multiply the squra • roots

<>12, 8, and 3, by tire square root of 3and the integral mini her 3.
“ 1 heM:: are stmls> therefore take the square of the .sum of the square roots of 2 

and 8, and; multiply by the 'square.of ,5.
*' hquai'e of sum of square roots of 2 and 8 is' 18,

18 j 25, 3 j 480, 54 j .
-P-1 g5 ,; 3 j ...75, ,9 | wot of 9 ;s 3 loop.

Sqrs. Stirs.' Sm. *
480 84 .75 — loop '3.

<t Example second.
ftoop. Carni.

“ Multipliers 5 , ;}, fg,

$■■■' g5 25, 3 6*25, 75 25 roop 25 roop t>75
“ l ^ g7 35, 3 6*75,- 81 f) roop 9 roop 75

If) ' . 300
“ The-product therefore is lfc roop, 300 carnh”
I  he square of a negative quantity being made negative-is here taken notice of 

ns in the Persian Translation : I11 division the following rule is mentioned,
“ * he carm divisor : reverse of each term, its sign* and multiply both divisor 

“ and dividend, •’
Carni which here means surd, means also the hvpolhenuse of a right-ano-fed 

triangle. - 0

.. x S t - T E i s  * » * , ' » <  ‘ '  W »  • M "  , * V *  , j W t  1 W B iiIiI i i i hi iTiM iiW Irfim I I  « > h m w u «  ,
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Chapter 5. ;

ft ■ft

( “ W hat is that ntunfeerby which when 921 >< multiplied and 6.5 added to the 
« prod act, and that product divided by 195, nothing will remain,

“ The dividend hhatiy, divisor bur or bhujuk, the number added or subtracted 
“ is called chepuk. The bhady is here 221, the bhujuk 1,95 ; where divided the 
« quotient is 1, this is disregarded { the seke'ot remainder is 26; by which t<)5 
“ divided the quotient is 7 disregarded, the remainder is 13, by which divide 
“ 221, the quotient rs 17, the- remainder is 0. The quotient 17 if* the true or 
“ dirl-bhadi),

“ Then 195 divided by 13, the quotient is i5 ; the remainder 0. This quotient 
“ is named dirl-bhujuk.

“ Then divide 65 by 13, the quotient, is 5 the remainder 0 ; the quotient is 
“  the di.rl-ckepuk.

“ They are now reduced to the smallest numbers.
“ 17 d-iil- iilrady.
“ 15 dirl-bhujuk.
“  5 dir I- chepuk.

The quotients are found and arranged as in the rule with 5 and 0 below,
“ 1 \  '

thus: 7

5 ■■ -

0 this is called bullet; the cipher is called unte or the latter ; the next (5)
“ is called wpmtea. Multiply this by its next number (7) and add the next below 
“  5, this being 0, the product will be 35. M ultiply this by the uppermost number 
" (1) and add the next below (5) the amount is 40.”
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Then 40 and 35 are directed to be divided by the diri-bhady and bhujwfc
. 17) 40 (2

U
\  --- . ■;'/ i>;;; JlV; :• ' - , it

6 tills is called luhd.
1.5) 35 {£

30 ■

5 this is called' goormfr, * and it is the number sought.
S91 X 5 +  65 „ . .. . . . ,
........1^3------- =  6> and directions are given for finding new values of .rand y,

. ( I J p  ( '  , ; '"d; ■l-,":.vih  >■' ' , .■•hll-h-i-'IV' yil'd ■) |  I l k I  .-I ',, \ /  J: ■ •''"vl. ' .. ; • '

(s ‘pposijig - --—  r;:y) by adding a (in its reduced state) and its multiples to
the value oft/ ; and b 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 cannot be all .reduced to lower proportionals*
“ 100 divided by 63, the quotient is 1, the' remainder 37; by this remainder 

4< divide 61% the quotient is 1, the. remainder is 26.; by this divide .37, the quotient 
is I, the remainder H. Divide again ; quotient 2 , remainder 4. Divide 

J . ag ;ii“ 1 quotient % remainder 3. Divide again * quotient 1, remainder 1; this re-

“ S'lainder 1 is disregarded:: The several quotientsvwrite down t h u s 1

j& k  ^  I  'i O'&f
a.-tW,

1

• SO .the Chepuk.

O



« and add from the bottom as in the former example, 90X H  0= 9'),
«90X S+9»=*70. «.'>X2 +S0= t;w , 680X1+470=900, 900X 1+ 630=WHO,
“ 1530X1+900=2430.

“ T '6 ftvo Iasi; are the numbers sought ; then 
« 100)8430(84 this is disregarded,

200

- 430
400

30 Seke or remainder is the iubci 
il 6.9) 1534(24 

186

270
252

IB this is the goonuk.”
100 X 18 +  I?Q  
~ fpr ~ ' '

The method of reducing the hhady and chepuk is noticed, and the values of 
t — 171 and y — 37, being first, found the true values are found, rhus;

63)171(2 and 10)27(2 
126 20

4 5  7
63 -  45 =  x and (10 -  7) X 10=  y.

The several methods of proceeding : first, by reducing the hhady and chepdk ; 
second, hv 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 reductions is given 1
“ The hhady 27, bhujuk 15 ; 
u these are divided each by 3 . . .  . ,9 and 5.
“ Write 27 in two divisions . . . . . 9 and 18 
“ these again divided by 3 . . . . .  3 and 6 

“ these two add 3 +  6 = 9 ; thus the parts added, how many so ever arc, always 
u eqUal to the whole, thus therefore they are reduced to save trouble, and there- 
« fore all these numbers are so reduced; but the goonuk is as yet unknown. Let 

,, .... - ' y . :
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“ it be suppos’d to he .5, by which' multiply the parts of the bbadyDaikl 1 8 ;
“ <) X 5 “  45, 18 X 5 ™ <)0, which added .ire 135, am! the hhady 27 X 5 ’ =z 
“ the same 135,; this (Indued in two parts, 60 and 75,, and added again, are 135.
“ Tiie lowest temis of 27 and 15 above, are § and 5 ; the common measure 3,
“ multiplied by 5, 3 X 5 ~  15. and }) x  15 =  135, . .

“ Thus too the ehepuk must he reduced, and when they are all reduced to the 
“ lowest, the lubd and goonuk will be true; am! iC their numbers are not reduced 

to .their lowest terms, the work will be the greater.” '
The principle on w-'hich the ehepuk is ?educed is explained thus:

i l  OF TUB CHEI'CK,”
“ The. hhady. 22.1,, bhujuk 1.95, cliepuk 65; the goonuk was found 5, luhd 6.

291X5. =  110 5 
' j<)5)1!05(5 lubd.

130 seke, which deduct from the bhujuk 1,95 — 130 := 6.5 equal 
“ to the ehepuk, which divide by the bhujuk 195)495(1. The iubd is 5, to 
“ which add 1; 6 •= the origin,al lubd

In .another example the hhady =  60, bhujuk ' =  13, and ehepuk =  If) o r ! 6 ‘.
By the.bullee are found tire numbers 80 and 368 : then 36‘8~ 6 0 x d  =  8 the lubd,
and 80 — 13 X 6 =  2 the goonuk ; 00 — 8 52, the. lubd corrected, and

, , , . . 60 X j i +16 60x2— 1613 — 2 =  11 the goon.uk .corrected. ---- — ^—  =52, and—-i..... ..._,s'S,l 3 t3
“ •Note iu the text:.'The product by the two uppermost terms, of .the bailee 

“ when divided by the hhady and bhujuk respectively, have hitherto always 
.« quoted the .-same'-number, as in the last example f> the quotient, and tlie like 
o also in the foregoing examples, but. wh.en it happens otherwise, as in the lob 
“ lowing: When the hhady is 5, the bhujuk 3, the ehepuk 23 affirmative or 
“ negative, what, will be found the goonuk'?

3)5(1 1 h

1 (
"2)3(1 — /Bailee,

.2 • .v ,. , 23: r -

1 seke disregarded ,0 /
23 X 1 =  23, +  0 =  23 "3 ) 46 ( 9 3 ) 33 ( 7
£ 3 X1  =  23, +  23 =  46 45 21

* . "v.-? . ' \  '.kw h '-'y' ■'by.'y'.X -'5 5,ye':v-;: ;  ̂■ • ;i.:5- ’ 'V  ■ ■

l 2 goonuk

'
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« The two quotients hung (liferent numbers they must be taken the same ;
“ thus instead of 9> take the quotient 7.

5)46(7
35  , ; | | | j o

11
5 V 2 + 2 3  *

“ therefore the goon is % the iubd 11. -

'“ Next, when the chepuk is negative, or to be deducted, the ame directs to 
“ subtract the lubd from the bhady, but here it cannot be done: the rule a  
“  reversed, thus 1 1 -5 = 6 , which is the lubd for the negative chepuk ; next for 
“ the goon of the thin chepuk 3—2 =  1 > (here tore the goon and lubd for the 
“ rhin chepuk are 1 and 2 ; 5X 1=5 ; but from this the rhim chepuk cannot be 

taken : therefore take it from the chepuk 23-- 5 =  18.

“ 3)18(6' the lubd.’
' 18

0

Other cases are mentioned for the negative chepuk, and for the chepuk re
duced, and for new values of the goon and lubd.

The examples — i ~ -  and which are in the Persian translation, are
1 13 15

also stated here, but no abstract of the work is given, only the lubd is said to be 
5 and the goonuk 0, which applies to the last of the two only.

“ The soke in hekulias is termed sood, meaning that it is the chepuk ;■ the 
« bhady, let it be 60. The coodiu or urguu is the bhyjuk, from which the lubd 
“  will be found in bead las, and the goon will he the seke of the cud las. which 
“ must be taken as the chepuk ; making the bhady again 60, the bliuju'k will be 
“ the urgun, the lubd of this will be in cullas, the seke is the seke of the aims, 
“ winch seke must be taken as the chepuk; the bhady being taken 30, the 
“ bhujuk is still the urgun, the lubd is in ansas, the seke is the seke of the signs,

N' 2
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“ which seke take as die chepuk ; making the bhatly J % the blmjuk wild he still 
** the coodin, the lubd here will be .signs, the seke is the seke of bhaganas,
“ revolutions, which seke must he taken, as the. « hepuk ; the lubd will iitue be 
“ in bhaganasj the seke the urgum”

Example. Let the calp coodin or urgun be 19, the bhaganas 9, the 
“ urgun 13.” . ■ , . „• .

Then. by proportion if 1.9 gives 9, what will 5 3 give?” This is found to be ,

6 rev. 1 sign, gS0, 50", ;ll". with a fraction of * I ;; then from — y

x  andy are-found :/ —. }(), y:~31 ; then from y  y'.zz-SO and. x" ™. j6,

from  ----^ =  y '\  y"  —. /  as 17s 'fioui;—• ■ — -ty", '»"yrz3

_3
from -— ——  =  y"", y //'"~.6 and a/" =  13, which is the urgun.

In another Example. Seke bekuHas. ”= i i ", bhaganas =s 49, calp coodin or 
urgun r;; 149, J els-,: urgun zz97 The quantity is found by the rule to be™.
23 rev. if) signs, 18", 23', 3 i f  the remaiadei tl* •

ft The addy month l, is the bhady : the coodin. 1:9 .5, the blinjuk;. the seke of 
,l- the addy month 95, is the chepuk. ,y  . . . .

<i 195) 1(0 . 0

1'seke disregarded 95'bullec.
0 ' .v

O '
*t: 0 x  95 "I- 0 r; 0 Raas -rs[)9
“ 1)0(0 195)95(0

0 lubd 95 goonuk.
" $5 X l -  95 =  0 195)0(0

0 " •
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“ eviepak.
n .. Haas 6H0

,f 2$5)26(0 h ------
’"o 5720

26)925(8
208 1 26)6’60(2J

17)26(1 jo sCke the iubd,
17

»—  m  #7*0(25.

~ )p(1 95 seke the gcouuk.
*'8 0

l disregaraiil. _

. > * " • 225 ' ”
Hence the chahdra days are 95.”

The last rule of this chapter is taken notice of as follows a

“  OF THE SANSSTIST COOTUK,

By what number may 5 be »,«ltiPlM  p *  ^  «■
“ he 7;  aiicUhiit number so found, when multiplied by W and divided .. .

“ the remainder will be U, ... ,he w  . the two « k «  « e
“ The two gootmks are 5 and iO, the sum 1* -me otu«.> ,

« 7 and 14, the sura is the chqrak ; the bhujuk in both is toe same or >3.

The question is solved as before; it ends < Tims however numerous be 
« the foonuks given, let them all be added for the bhuriy ; and the same with 
% respect to the given sekes for the chepuk j  the bhujttk win be always t ae
f< same.’*
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' T i n -  multiplication o f the square is a cliacra bala. There are six cases;
“ The first quantity assumed is .called hursuct (the smaller) ; its'square must be 
“ multiplied by the preterit, and then m ust be added the ehepuk; that, is such a 
“ ehepuk as will by addition produce a square, and this ehepuk may require to he 
“  affirmative or negative., which must be ascertained. T he root of this square is 
“ the je ist:  these three, the. earm t or hursua, -jeist, and ehepuk m ust-'be. noted 

down and again written d o w n /’ To,
The distinctions of rnmans babna and onter bahna are given as follows ;

“ OF THE SAMANS HABNa ”

“  W hen the je is t ami canist are multiplied into each other (budjra beas)
"  the sum is. the hnrsa or carsist. It is called" butijra beas from it$ being a tri- 
<{ angular multiplication ; the upper, or jeist, or greater, being m ultiplied by the 
“ lower, smaller, the  ca n is t} and the 'canist m ultiplied by the greater or je is t■;
“  the. two-'products added is the hurs.

‘'T h e  two canists multiplied together, and -multiplied again, by the pracrit,
“  then the product o f the two jo ists—added altogether, produces the root o f the 
««jeist;; the product Of the  two" chepuks" then becomes the ehepuk.”

The an ter babna is described th u s : “ T he difference -between the tw o products 
“  or budjra beas, produces h u m  or canist. The product o f the canists m ultiply 

by the pracrit, and the difference between (this and) the product o f the two 
« jeists is the root of the jeist,; and the product o f the- two chepuks is the 
“  ehepuk.” ;i;li

B
The rest of this is very imperfect, but the -cases o f 0/i r r  Bp* and 0/3 = ~p> arid

the rule a (  are plainly alluded to. (See notes on the Persian■■r — a



. . . . s]at5on.) “ Thus” (it is added) “ the root of the canist and jeist may be in a 
“ variety of casts found.’

After'this there are examples the same as in the Persian translation, and worked, 
the same way as far as the “ Operation of Circulation ami, after the examples. 
« j jence how various soever the 1st, from the somans tabu a artel an ter babnu may 
U he produced canist, jeist, and chepe; and hence if is called the chaera baia.”

I find no a b s tr a c t  of the rule for the “ operation of circulation,'* but there is 
the first example, vis. 67x' +• 1 =  □ . as follows ; “ Roop 1 is the r.auist, 3 is 
« the chepe; then the pracrit 67, canist i, joist 3. Hurs I is the bhady, chepe k 
“ the bhujuk, feist 8 is the chepuk ; then by the cootuk gcnnit

“ Iiha. l, oV
“ H«r 3 ; henrcthcgoon.uk J. . .  ..

I  then the square of 1 is 1, f  -  1 =  66, but. this is not the. sm allestthen 
“ t>+ 1 —7 , its square 49, deduct from pracrit 6? ~  W =  18; 3)18(6;
“ hut the negative uvtis't be made affirmative 6'; and 5 x 3  — 95,.and y , i f - ~  
“ 1675, a n d 'W o + f e  1681 its root 41 : then by the cootuk gunhit

“ Bha .5, die M ,
“ Hurt );

O thcu ,5X5™35 aid 6( — 5252-42, 6)42(7 ; the lubd is the canist }} ; U X |§ — 
“ 121, 121 X 67—8107; chepe u, 7. 81074*7 =  8100 its root is 90, which is the 
“ jeist; then by the cootuk

“ Canist is bhady IT the <)(»,
“ Hur 7 .

“ Here, the goon is 2, che7 ; 7 + 2 —.9 the second gpotiuk.? its square \s Si 
“ Bl —6 7 rJ4  ; 7)14(2 the other chape?5 

“ The canist 27- This is made joist 221.
, “ Ca. 27,i. 221-: jeist, dhe 2. ••

“ Ca. <27, 221 jeist, die 2.
“ Ca. 11034, jeist .97684, die 4,
“ Ca. 5<j67, jeist 48842, che I.

The square <$. 35003089, which multiply by 67, and 1 added, the sum will 
“ be 2385540964, and its root is 48842."

r > ’ " . , “  r :  » ,  •
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“ T he unknown quantities. &c. must be clearly stilted, and then the equation 
“ mm.i be. reduced in the manner hereafter shewn by’ x ,  by 4-, by the rule of 
“ proportion, by progression, -ados, by f»<j • si,II maintaining tlu equality.
■‘ When they are otherwise, add the .difference; then sodium the quantities; the 
'vsarne with respect to roots. In the other side of the equation the roup must, be 
“ aodanaJ with the 'mop. When there are surds they must be sodanad with 
“ ranis.; then by the remainder of the unknown' quantities division, the rooj>
“■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.’' by ,f"f € T .-.f ;

It will be: remarked that the Persian' translation has “ the. figure of the h ide"  
for that expression which, is represented by in. the above abstract. Mr.
Davis, tells me, that the original had nothing like a reference to Euclid, and that 
this part related simply to the proportions of right-angled triangles.

There follow abstracts cf the seven first q'uestionsf of this book, with their 
solutions, which are the same as those in the ’Persiaii translation.

The first part of die first example is ; “ One. man had 6 horses and 300 pieces of 
“ silver, and the other-had 10'horses, and owed 100 pieces of silver; their pro- 
“ perty was'equal. Quaere, the value of each horse, and the amount of the pro- 
“ 'petty of each person. Here the ifchknown quantity is the price of one horse,

“ Ja 6, voo 300
“ Ja 6; roo 100 .these are equal.
* ' Ja b, roo 300
“ Ja 10, roo 100. Spdan, that is transpose.

“ 'Ja  0 +- 300 =  Ja  10 «- 100 * * ‘ ®
“ .Tad = 4 0 0  
“ ■Ja =  100
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1 be third example, where the Pm.sian translator has introduced the names 
Zciil and Omar* is in Mr, Davis’s notes thus :

« One man said to another, if you give me 100 pieces of silver I shall-have 
“ twice as many as you ; the other said give me 10 pieces and 1 shall have six 
£‘ times as many as you, Qvare, the number each had,

“ Ja 2- r oo 100 
Ja 1 roo (00

“ Ja 12 roo GGO 
“ Ja 1 roo 110\  - + ith J - * -s 1 v 1 wWfft , i' ' ,* •

Diff Ja 11 roo 770 
i X . ' ‘ . “ Ja  roo TO

B O O K  2.

T h.E square root of the sum of the squares of the blioje and cote is the cams*.
“ Explain the reason of this truth,

“■The earns is ka ja ; the %ure thus, < 3 L -  Divide this by a perpen-
wrw~“

“  dicular «{/ >* ; these are equal triangles. The ohoje. is aback or given.
V~mT7r^

“ The lumb or perpendicular is the cote, X  . In the latter the cote
M  / m V '

** is a carna, the lumb perpendicular is, the bhoje, the cote is the carna; they are 
“  similar triangles, When the bhoje, now carna, gives the lumb for the cote,
“ then cote for carna how much? Thus by proportion the cote is found'd?
Also

“ As bhoje 15 is to carna, then from this carna 15 what bhoje ?
o

' 4  ! '■

%**
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‘' Therefore 15  X 15, and divide by J a  i, and the small bhoje is fou,*d -
225 . . ~■s— -. Azam. -Jd  i

“ As cote 20, to the earns, so is the carua 20- W hat cote?'*

I his is found ~  j^-y, and this added to |™  ~ -j-~L is the earna ; whence
25 rr. Ja  1.

“ Then from the bhoje to find the jmi;j>ee<iieular.
■ t'he bhoje 15, its square 225,} bhuje ubuda 9, its square 8 1 ; the differ

ence is If-*: its root is the lumb iy.
So, the cote 20, its square 400 ; cote abatla l6‘, its square 2 5 6 ; difference 

“ p f  squares 14 ' ; its root the lamif is 12 /' Again,
A nother way. *<" !tl * ,

t *’■!,a i a I ; f-hec. bad the rectangle of the bbqjie and cote is equal to . the 
‘‘ area =  150} therefore the area of the square funned upon the earna in this 

manner avill he equal to four times the above added to the contained square, 
which square is equal to the rectangle o f  the difference between the bhoje and 
cote, which is 5 X 5 ™  25, 'I he rectangle o f the bhoje and cote is 15 x  20.

300; and 3oo X 2—()00 (or x  4);  606 -f~ g,> zz 625, which is equal to

(< the  aiea oJ the whole square drawn upon the earna, and therefore the square 
root o f this is equal to  ihe carua =  25, I f  this' comes n o t ou t an integral 

* 1,1 timber, then the earna is imperfect or a surd.,, foot,
 ̂ I  he sum of' the square's of the bhoje ami cote, andj.be square o f the  sura of 

the bhoje and cote, the difference oi these is equal to . twice their rectangles;
• heotfoie ttheorem), the. -square.root ot the squares of <?>e bhoje aqdqote, is,equal 

* to  the earna. T o  illustrate "tins, view the figure.” 
l i me  a %vue. is given.w hiqh requires e m a n a tio n .to  make it intelligible, 

la  that figure where $ deducted from the bhoje, and. the square,root made of.
Uve remainder, and one deducted from the square root, and where the remainder 
is equal to  the difference between the cote and earna. j^equired the bhoje, cote,

‘■'and carrut.

** OPEHAtiaMdh '

'' Let the assumed number be 2, to which add I, its- square is made™ <j ; to this 
add. 3, whence the bhoje is 12; its square is 144, and this by the foregoing is
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“ ^  to t1le ‘̂ ffereuee between .‘be squares of the cote ,.«<! can,a; ami the sum 
“ °* tl>e cote am,t caimk multiplied by their difference, is equal to this.” -

Then follows somethin- which [ cannot make qv , but it appears to be art 
illustration <b the rule, that thodifterence. of ttvo squares is equal .to a rectangle 
under the sum and difference of their sides, probably the same as that in ' the 
Persian translation. The end of it is,

Jbus the square of 5 is do, and the difference between 5 ami 7, sides of the
“ square, is fi; the sum of those sides is IS, which multiplied together is fU ;
“ tliCwfovc e<ll*a* to this «  tlie remainder, when from the square of 7 is deducted 
‘ the square of .$.
l “ lh e  <•’:ik reuce between the squares of these is known, and thence the 
wteaudearna are discovered thus: This difference of squares divide by the
^difference of the cote and carna> of difference of roots, as in the Path Gattita,

I T  ~  /2'  an<! tJm IS the sum of tiie f*"> quantities sought, as is taught hi the

:  m l  f ? * * '  £ Ut thf [  df r nce b e ; tW b r e  ^ d u c t 3 from the sum, the 
„ 7? : ;  er iS/  ’ 'an!i f 0i tlu'3 1H thc fir:>i e n t i t y  Sdnght Again, add 3 to
“ the 0 ^ 3 7  { ltS mH 18 37 ih€ ° lherqUa”dt->’5 thei'Ofqre the cote is 35,

numbers arc ^  ^  *5 * m m ~' '  ! -se l>f 4> the numbers will be a 8, gfj) hjO.

t °r lhC “W! !,m' r“ w  «  « * »™ of t te s t ju f*  of
’ * ■ 8 lU3,L °* their sum, is equal to twice the rectangle o f the

two number,, and this example as in the Persian t r a c t io n ,  ' %

« 8 T v i a,u] 5 ■ i * mm  °f  9 + ^  34 * ^  sum8, * square 64, the difference is <>4-34=30 5 then 5 X S i t  is  l'5 '*«~qo
equal to the above. But when the «vu  h  ’ ‘ A y-“ 30>

“ their sau-rcf iff 0 , , , not knmm> hut, the difference of
#< jS“ “ "Urel’ 16 »** <h™h  V  *, r«fc. % «fe # « „  0/  the „ W , „  )

B ~ 8 * r 18 8*K “ ‘Suiri’ deduct their difference 8 — 2 — }lalf ;s

“ one number, and 84-2 — m *{> _  - A ,, « O f — . 10, aiKl ~  s, the other number.”

o 2

f i r  ŝ v
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The next is,
“ In the figure where the sum of bhoje, cote, earns, is 40, and the product of
bhoje and co-Ve 120. What is the bhoje, cote, carna?
« Multiply the product i-O'by 2:=a40, this will be equal to the difference between 

“ the square of the sum of the bhoje and cote and the canus square. The sum 
“ of the squares of the bhoje and cote equal to square of the carua; therefore the 
«< product or "the bhoje and. cotfc X by 2 is equal to the difference between the 
« rectangle and cote (the square) of the sum of the bhoje, and the square of the 
u carna.

240
« Divide this number 240 by the sum of the bhoje, cote, and carna 40, =ff,

« which is equal to the difference between the carna and the sum of 'bhoje and

^  cote. Hence — — zz 17 the' carna s' 23 sum of bhoje and cote, squared is

« 529. Multiply the rectangle of bln je and c >te DO by 4 =  480, the remainder 
'* 49, ancl Its root 7 s this is the difference of bhoje and cote 5. deduct this from

<< their sum 23; 23 7 zz 16, its half ~jg —- 8 i® ihe bhoje , 23 -f* 1 «*«» 30, its.

“ half, is the cole i 5*”

The next is,
“ Where the sum of bhoje., cote,, carna is 5.6; altd their product 4200, what

0 are the bhoje, cote, carna ?
« Ja i t ja,' bha 1. The sum of bhoje, cote, carna.

Carna ja 1 ; ja *1, roo 66 ; these three multiplied, 4200.

« The-rectangle of bhoje and cote—^  ~  equal to sum of. squares of bhoje 

** and cote is ja' bha 1, sum of bhoje and cote ja 1, roo 5 6 - the square ja bha 1,

“ r ai l s ,  roo 3136 ; the difference between them is equal

“ therefore Ja i 12 mo 3136 
Ja 0 roo 8400 

ja 1
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“ divide both by 1 1 2 ; reduce both sides, and it will be
Ja 1 roo €8 

Ja 0 roo 75

Reduce the fractions,

“ J abha l ,  ja  28, roo 0 

** Ja bha U, ja 0, roo 75

« Multiply by 4, and add the square of 28.
“  Ja bha 4, Ja 1 12, roo 300 (should be 784)
** Ja bha 0, Ja 0 roo 484

"T he square root4!-? then a,Id, j f | .  divide by 2 ” 2 ,5, which isn ja 0 roo 22 ja *
“ the jabut, and therefore earn a.

« Then for the bhoje cote. The three multiplied are 4200, Divide by earn*

«£?22 — 168 ~  bhoje X by cote. The sura of bhoje and cote zz56~  25=31,
25

« and 108X4 =  672. The square of 31 ss®6V* (the difference) « 28.9, its square 
« root is the difference of bhoje and cote zs 17 } deduct this, 31 — 17 14 j its
“  half 7, which is the bhoje ; and 31 +  17 as 48; its half 24 if the cote.”

The lines above have been carelessly drawn. The true Hindoo method of
ej r t

writing the equation — x  +  28 =  — 1 understand to be this, ja 1 roo 28,' and
Ja 0 Roo 75

1 ' ' ' ‘ Ja 1
that of — .vl -i- 28 ̂  =  75 this, Ja  bha I | ja 28 | roo 0

Ja bha 0 j ja  0~| roo 75

p.Vf f  ' I J S  , J< . , r, ‘ 4 , , , ,  < S , 4 , 1 ?. l  , j  > , A , \  51 ‘ V , 1 . 14 '  ‘  , <  ’ ’h  , * , , \ , •• o '' "* ■ • ’ o ' t
. ' *,;o/V7 ,W' J  . :\y > 7 . ,V;; ' V ' 7 . j j T .  . /  <■
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Books 3, 4 , and 5.

I  FIND among Mr. Davis's notes a small part only of the beginning of the'
3d book, which consists of'rules tor the application of the cootuk to questions 
where there are more unknown quantities than conditions. I find also some 
notes which evidently relate to the first example of this hook, but nothing 

, distinct can be made out.
There are no notes relating to the 4th book. ,
Of the 5 tli book only this:
“  When there are two or more quantities multiplied, the 1st quantity must he 
discarded<—then” . •. .There is also an abstract of the first example, the same as 

that in the Persian translation.

Extracts from Mr. Davis’s Notes,, taken from a modern 
Hindoo' Treatise on Astronomy.

** B r  the method of the Jeisht and Canist from two jyas* being found, others 
u may be computed by those who 'understand the nature of the circle (the bow

* Jya or jaw} sin*. —The modern .Europeans acquired theft knowledge of iiw sine from the Arabians; and it 
i* obvious that they used the term sinus only, because the mrord'jeeft ( u a ^ ) ,  by which the Arabians caned the 

line in question, is translated sinus indv.sU, The radica* meaning of ( v- aASu.) is to cut, and it denotes the bosom 

of a garment only, because the garment is cut there to make a pocket* accordingly we find that l-aas*.

'



*c and arrow), and thus, by the addition of surds, may the sum and the
“ difference of the arc and its sine he computed whether that arc be t)0 degrees, 
u more or less,

does not mean bosom, hut that among the Arabians it signifies that part of their dress where the pocket is 
usually placed, and in some languages which abound in Arabic words, as the Persian md the Hindoostanee, 
it is the common term, not only for a pocket hi the bosom, but for any pocket wherever it may be. In all 
Arabic dictionaries this word is explained as above and in some, though not in all, (it is not ill ilie Kushfbol 
Loghat) the line we nail sine k given as a second meaning.

The Arabs call the ai« him  which signifies a b m ; t! cord um ir( y> j)s  which is the hose-string %

and the versed sine snkum which is the arrow. Put tli- sine they express by a word which has no

connexion whatever with the !wt>.
Thu Mathematical history of the Arabians is not known enough torus to speak, positively about, the first use 

of siues among them, but there seems to be reron to suspect that they had it from a foreign source, probably 
from the Indians,

The Sanscrit word for the chord IsjSjwy m  more properly jya  and jiva. (For these terms see Mr, Jfht»Is*s 
pjptpi in the sec >nd volume of the Asiatic iyest .arches 5 the literal explanation of the words has been seven me by 
Mr. Wilkins,) ami the sine is.called jya ardhi, or half cord ; hut commonly the Hindoos, fur brevity, use fya  
for the finer They also apply the* word in composition as we do; thus, they call the cosine r vy.c, meaning the 
sine, the side of a right-angled triangle j . the elite (or right sine) bkujj.ya, moaning tin, amc, the base of 4 right- 
angled triangle, and eramajya the due moved 5 the versed tine they call oofa-untajya,. or the sine moved up
wards; the radius they cull iridjya, a r t he sine of three, (meaning probably thrill. signs.) In their term for the 
diameter jy  apis,da, or wholeyyw, the word is used in its proper acceptation far chon!, and not fa tjya  ardhi, 
or sine.

ft seems as if t^<A5». aod jya  were originally the same word. Mr, Wilkins (the best authority) .assures me
thatyya, in the feminine jh-a, is undoubtedly pure Sautter. \  that it.is found it; the-best and oldest dictionaries}, 
mid that its meaning is a bow-st'hig,

The Arabians in adapting a term to the idea of chord, had reference to the thing which it. resembled, 
and called it JTj, or the k/wmsiring; but having so applied this term, they had ip seek another for sjnef

then they would naturally refer to the panm of the thing, ,and call it by same word in their own language, 
which neariy resembled that under which : was original) known,to' them. This mode of giving a separate 
designation to the sine was evidently more convenient than that of the Hindoos, so I conjecture that i , - 
tor sine is no other than the Sanscrit word j'ya atjfoa.

ft k remarkable that the Sanscrit terms for the sides of a right-angled triangle have referts.ee In a bm*: 
they seem to be named from the angular points which are formed by the end of the bow, the' arm which 
hokh it, and the car to winch the string is drawn; thus the side is caller! caff, or, end of the b m ;  the base 
bhoj, or the arm; and the liy|othermse enrna, or the ear. Some further explanation however is 'desirable 
to shew why bhnjjyd is the tend for life sine, and hot (as it shook! be by analogy) the cosine,, and totijrn the 
cosine instead of the sine. ■

Tim Hindoos have a word for the *etsed wne, sur, which signifies arrow, answering exactly f.a the Arabic

v■-:Vl: M  - . . *■ '
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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 end also subtract them. ; the 
“ sum is equal to the jaw of the two arcs, the other is the jaw of the difference
between the two arcs,

“ Again, multiply the two bojejaws together, and likewise the two cotejaws 
“ together; divide by the tridjaw. Note the sum and the difference. The sum 
“ is the cotejaw. of the sum of the two ai.es, the difference is the cotejaw of the 
“ difference of the two arcs. .

“ In this maimer Bhascara computed the sines in his Sirontony, and others 
•“ have given other methods of their own for computing tire same.

The author of the Marie hi observes, “ that the author of the Siromoni derived 
*'* his method of computing'his sines by the jeisht and canisf, and diagonally multi*
“ plied (bajera beas), the jeisht and canisf being the cotfjaw and the bojejaw;
“ hence he found the 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 
“ in their room bojejaw and cotejaw, I shall therefore explain how they 
“ were used.

“ The bojejaw zz canist (small).
“ Cotejaw zz jeisht (larger).
“  (The theorem then is what square multiplied by 8, and I added, will produce

“ a square).
“ Multiply the given number (8) by the square of the canist, and add the 

“ chepuk, the sum must be a square.
‘■‘.The bojejaw square deducted from the tridjaw square, leaves the cotejaw 

“ square, therefore the bojejaw square is made negative, and the tridjaw square 
t* 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 
« becomes a negative product, therefore the quantity is expressed by 1 roop 
“ negative.

« Then the bojejaw square multiplied by 1 roop negative, and added to the
'* tridjaw, its square is the cotejaw,

« Hence the bojejaw and cotejaw In the theorem by Bhascara, represent the 
**. canist and jeisht, and 1 roop negative is the multiplier, and the chepuk is the 
« square of the tridjaw, and the equation will stand as follows :

« Canist 1st. jaw I : jeisht 1st. cotejaw 1 : chepuk, tridjaw square l,
*• Canist 2d. jaw I : jeisht 2d. cotejaw 1: chepuk, tridjaw square 1.
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“ 'These multiplied diagonally produce
“ ist jaw 1. yd cotejaw 1.
“ 2d jaw 3. 1st coit jaw 1,

“ These added produce the first canist, vhs.
“ 1st jaw 4* 2 cotejaw.
“ 2d jaw +  1 cotejitw,

“ which is the sum (or joge) and the difference.

“ 1st jaw — 2 eotejuff,
“ 2d |fw  -- 1 cotejaw.

“ Thus from the sum and difference are produced two canists, and the square of 
“ the tridjaw 'squared is the chepukj but the che'puk wanted 'being only the 
“ square of the tridjaw, then as the Bjja Gantt a directs'divide by such a number 
“ as will quote the given chepuk.

“ Therefore the tridjaw being the i s t, or assumed, or given quantity, divide 
“ the canist by it, the quotient will be the tridjaw square, and hence the theorem 
“ in Bhascara for the bojejaw.

“ And in like manner tiie corejaws are found.-; but Bhascara, did not give this 
“ theorem for the cotejaws, because it was more troublesome. He- therefore gave 
“ a shorter rule. But since the cotejaw square' is equal to die ixnej&w' square 
“ deducted from the tridjaw, therefore the same rule may be applied to the 
“ •cotejaw, by making the cotejaw the eanist, and the bojejaw jetsht; then by the 

foregoing rule the cotejaw of the sum or-.difference of the-arcs may be found’;

— ----

p
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« Sloca. The munis determined the 'equation! of the planets centres for the
“ use of mortals," and this can be effecte4 only by computations of the sines of 
<< arcs. I shall explain-and demonstrate their construction and use.

“  % And for this purpose begin with squares and extractions of roots, for the 
<< satisfaction of intelligent persons ot ready comprehension.

“ X  The square is explained by the ancients . to be the product of a number 
<f multiplied by itself. (He goes on to show how squares arc found and roots 
“ extracted as in the Lilavati).

“ 6, Square numbers may be stated infinitely. Jlic roots may be as above
-extracted, "hut there are- hu-tivbers whose roots are irrational. . ^Suids.)

“  7, The ancients have shewn■ h o w  do approximate to the roots of such 
“■numbers as follows: Take a w a te r number than that whose root is wanted; 
ci and by its square multiply the given number, when that given number is an 
« integer. Extract the root of the product, divide this root by the 'assumed 
« number, and the quotient will approximate to the root required. If the given 
tt number be a fraction, multiply and extract as before. To approximate the 
k uearer the munis as.-urned a large number, but the approximation may be made 
•« by assuming a small number.”

Ami after a blank. , ,
« In Tike manner surds are managed in the abekt or symboue n letters,

** (Algebra) expressing unknown quantities.

Again, after a blank. . .
“ Some have pretended to have found the root of a surd, and that this might
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“ be effected by the Cutuea Ganita, attend.ami learn whether or not this could 
“ have been possible. I shall relate what Bhaseara and others have omitted to 
“ explain. A root is of two kinds ; one a line, the other a number. And the 
“  root of a-square formed by a litre expressing 5, may be found, though the root 
“ of 5 cannot he numerically expressed: but the numbers 1, 4, 9, See. -may be 
“ expressed both ways. *2, 3,5, &c. are surds, and can have their roots expressed 
“ only by lines, (tie goes on to shew the impossibility of finding the root of a 
‘̂ stufl, though it should be eternally pursued through fractional quantities.)

“ The root of a surd may be shewn geometrically.”

I Have copied these two extracts exactly as I found them *, there appear to be 
one or two errors which it may be as well to mention. In the first extract the 
latter part of the first sentence should, perhaps, run thus : “ 13y the addition of 
“ the jeisht and canist: may the sines of the sum and difference of arcs be 
“ computed,” kc,

I observe that where jeisht and canist first occurred in these notes Mr. Davis 
translated it originally “ arithmetic of surds,” and afterwards corrected it; 
probably from oversight it: was not corrected in the second place,

The value of the cosine of the sun; of two arcs is given instead of that of the 
difference and vice versa.

Ilierfe is an error also in writing the- sum and the difference of the cross pro
ducts.

I know nothing of the author of the Marichi. Possibly he might have 
observed that the jeisht and canist rule corresponded with the formula; for the sines 
and cosines, and the latter were not derived from the former by Bhaseara, but 
invented at a iatei peiiod, or introduced among the Hindoos from foreign 
sources. Probably however the application and the Ibrmuhe are both of Indian 
origin.

As for the second extract the rule for approximating to the square root is the 
same as that given by Record e, in his “ Whetstone of Wit,” which was pub
lished in 1557; and by Ins contemporary Buckley; (for an account of whose 
method see Wallis’s Algebra, p. 32. English edition.) 1 have before stated, that

P 2

) 2
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this rule is also in the JMlavati. I mentioned it generally then only because of 
iu  connexion, with a trigonometrical proposition. The following' is a literal 
translation of the. rule, as given by I’yzee; “  Take the squares of the base and 
'¥ side, and add them toge ther; then multiply by the denominator and write it 
“ down. Then assume a large number anti take its square. Then multiply it 
“ I>v that which was writteu down. Take the square root of the result and call 
« it the dividend. Then multiply that denominator by that assumed number, 
“ and call..it the chvisor. 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 eootuk, 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 have 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. i

i ......* ■. I X. I
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Explanation o f Sanscrit Words used in Mr, Davis’s
Notes.
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J/JJ  GANITJ—AIgfebra—Literally seed counting”.
pa& Ganiia—Arithmetic—Gauita seems to be used as we use arithmetic. Thus as be

have arithmetic of integers, arithmetic of surds, decimal arithmetic, &e. the 
Indians have bija gauita, pati gauita, cutuca ganita, &c.

Jabut Tahiti— The unknown quantity, as we use ff-^iteraUy as far, so far. It is not clear 
how this comes to be so used. It would be. more conformable to the rest of 
Hindoo notation, if the word pandu (white), were applied ; the first letter of 
pandu is very like that of jabut, and they might easily be confo unded,

Kaluk, neeluk, ^c,—Unknown quantities—Literally the colours black, blue, &c.
Jhefct—Unknown, A
Garni, surd—Hypothenuse—Literally ear.
Mahli and laghoo—Greater and less.
Roop—Known quantity—Literally form, appearance.
Bhady—Div idend.
Bur— Divisor.
Bhtijuk—Divisor.
Seke—Remainder.
Dir l— Red uced.
Chepuk or chepe— Augment, 
fiullee—Chain or series.
Unte—Last.
Vpantea— Last but one.
Lubd—Quotient.
Goonuk or Goon—Multiplicand.
Rhin—Minus—Literally decrease.
Goodin—An astronomical period.
Urgan—Number 6f days elapsed.
Uekulfas—Seconds,
Cul/as—M mutes.
Jus as—Degrees.
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Khaganqs.— R evolutions.
Cain—T h e great period
Maas—L itera lly  a heap, a sum  to tal, , a constellation.

Cootuk—T he princip le on w hich problem s o f th is form  —- ~ y are solved.

ctffl dxSanstist— D itto  o f  -g- ~ 'y  +  c and -g- — t  +  *2. • .

Chacra-bala—D itto  o f  ax’ + b =  y l -L i te r a l ly  strength.
Mvrsua, kurs, hurm—x in the above fo rm —Literally  small.
Pracnt—a in D itto —L itera lly  principal.
Jeisl or Jeisht—y in D itto — L itera lly  greatest,
Canisl— a- in D itto — L iterally  le a s t
Samans hahna— If  a i ' 1 +  0 zz y'» and a/ 1 4- <3 =  g% then the rule x" ec'g f  y f  is called 

sanians babna— la te ra lly  contem plation o f  equal degrees.
. Anter hahna - I n  the  above form , when x "  -  xg  —• / / ,  it is called an ter babna—Laterally 

contem plation  of dilferetxe.,
Badjra leas—Cross m ultip lication  w hich  produces the above forms -  L iteracy  cross 

diam eter. I
Cootuk guntiit or cutuca gnnita.— C ootuk C alcu la tion .
Sodana— R educe—L iterally  pu rify .
Utapana—B rought out, ■*
Bhoje— Base o f a right-angled  trian g le—'Literally arm .
Cote- Side of D it to -L i te r a l ly  end o f  a  bow!
Varna-.ilypothenuse— L itera lly  ear.
iMmb— Perpend icu lar—L itera lly  leng th . •
.dbada—Given.
1st— A ssum ed.
Jaw o r .)ya— Sine or chord— Literally  how -string.
Bojcjaw— Sine.
Cotejav- -Cosine.
Tridjaw -  R adius— Literally  s in e  of th r e e ; perhaps m eaning of three signs o r  90 degrees.

Addy— Intercalary . -
Che-tits (Cshaya ttihi)± D iffe re n c e  o f solar and lunar days,
Ahum—} For bhum i savan— solar days.
Chandra—Lunar, /

F o r the lite ral explanation  o f  these terras, as far as they  could  be m ade out, I  am obliged 
to M r. W ilkins. M ost of the  words are w ritten  here according to  th e ir  com m on pronun

ciation in Bengal. «  .
j-AV
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Dear Strachey,

H aving just laid my hands on a parcel o f papers of notes, containing abstracts and trans
lations from the B.'ja Ganita, made by me, with the assistance of a Pandit, as long ago as 
when I was stationed at Bhagutpore*| I send them to you with full liberty to make any use 
of them. Ever since my removal to Burdwan these papers have lain unnoticed, and rrtfgh* 
have continued so had it not occurred to me that you are occupied in such researches. There y 
may be trifling inaccuracies in some places, the translations having been made carelessly and 
never revised ; but their authenticity may be depended on, 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 f rom a modem astronomical 
work in Sanscrit, which I suppose to have been written in Jey Sings time,

I am very sincerely your’s,

Portland Place, Jan, 1 8 X2 . S. D A V IS.

>, ' ' ' i ’ ‘ ' i  '

THE END,

? £ f* ........ 7*1

* About the year 1̂ 90 .

Glendinning, Printer, Uatton Garden, London,
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