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Extract from the Minutes of the Proceedings of the
Literary Society of Bombay,27th June 1815.

Mr. ErskinNe read to the Society a Translation by Dr.
‘Tayror from the Original Sanscrit, of the Lilawati, a Trea-

tise on Hindu Arithmetic and Geometry.

The above being a Work- which has been frequently called
for by the learned in Europe, and it being desirable for the
sake of accuracy, that it should be printed under the eye of
the Translator, 1T 1s REsOLVED that the printing of the Work
shall be immediately undertaken at the expense of the Society

under Dr. TAavLor's superintendance; and that their thanks

be returned to him for his valuable labors.



ERRUUT A.

Introduction page 5, line 7, for Mecleod read Macleod.
page 17, line @ for 6 x 18, read 9 X 10.
Page 7 Line 33 for 317 28 read 17 98.
10 Line 6 for 12 read 20.
) 13 Line 3 Jor By double the sum of this last figure, re«d Ly double this last figure,
do. nole ¢ for 7890 read 7690 and for 861 read G61. .
Page 16 line 27 dele the words "¢ adding the unit if there be one to the preceding quoti«

ent figure.”
Page 27 dele the first line.

The following 'remark, which with many other explanatory rcinarks, was furnished me by
Lieutenants Macleod and Tate, on the rule for summation of tranposcd numbers page 135,
was omilted to be inserted in its proper place. '

‘I'he truth of this rule is evident, for if the whole of the transposed numbers be set down,
and added together, the sum of all the vestical columns of units, tens, &c. will be equnal
to each’ other, and will each amount to the sum of the given digits, multiplied by the num-
ber of transpositions, and divided by the number of these digits; consequent'y, cach column
being thus separately summed up, and set down one place forward, the amount of these sums
will give the sum of the whole of the transposed numbers,




INTRODUCTION.

VRN YR “—

BHASCARA ACHARYA, the author of the following treatise, was born at Rid-
dur, a city in the Deccan, in the year of Salivahana 1036, which corresponds with the
vear 1114 of the Christian era.* He wrote several astronomical ind mathematical
‘works, the most celebrated of which are the Lilawati, Bija Gannita, and -irowmaui,
The two first, which relate to Arithmetic, Geometry, and - Algcebra, appear to.have
superseded entircly the more ancient treatises on these subjects, no other being in
use, or, so far as we know, having even been seen, by astronomers of che prescit
day.

‘The Bija Gannita treats of Algebra. It was translated into Persian in 1634 Iy
Ata Allah Rashidi ;4 and from this version an account of the work has been pui:-
lished lately by Edward-Strachey Esq. of the Bengal cwil service, in what is term-
ed “ partly literal translation and partly abstract,” accompanied with learned notcs
and illustrations. :

_ The Siromaniisa treatise on Astronomy. As it explains the science in a fuller and

‘more perspicuous manner than the ancient and celebrated work called the Sur:a
Siddhanta, it has a high repute among astronomers of the Deccan, and is often
the only work which they peruse. It is divided into two Adya, or parts, named
the Gula Adya, that which regards the globular form of the earth, and the Ganniia
~dya, that which relates to astronomical computations.

® As. Res. vol. 9. p. 351.

t Suachey’s Bija Gaunita, preface p. 4.
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The Lilawati exhibits a regular, well connected, and, considering the period in
which it was written, a profound system of arithmetic; and also contains many
uscful propositions in gcometry and mensuration. It is the first work which is
studied by Ilindu astronomers, or rather astrologers; for in this country these
two professtons are always oonjoined, and in general the former is considered sub-
servient to the latter. The rules are written in verse in a very concise and even
clliptical style, and possess in no slight degree the characteristic obscurity of San-
scrit compositions on science and philosophy.

By directions of the Emperor Achar, whose liberal promotion of literature and
science added glory to his conquests, it was translated into Persian in 1587 by Fyzi,
the brother of Abu Fazil the Emperor’s secretary. I procured a copy of this ver-
sion from Mulla Firoz, a learned Parsi, who has studied with much success the.
astrono.nical system of the Arabians. Fyzi informs us that in making his trans-
lation he had the ¢ assistance of men learned in the science, particularly of as-
trologers in the Deccan”.  His translation possesses that general accuracy which might
be expected from a person of Fyzi's. talents and knowledge, aided by such eminent
mathematicians as_his own situation, or the influence of his Royal Patron, could
obtain. It is, however, often very obscure, and in several places there are consi-
derable omissions, cspecially towards the end of the arithmetic, and in the geome-
trical operations which inmediately precede the chapter on circles. The chapters on
indeterminate problems and on transpositions are altogether omitted. Besides,
the style is not only much more diffuse than what necessarily arises from the dif-
ference of thz Persian and Sanscrit idioms, but the manner also of delivering the rules,
and of detailing the operations, generally varies ina very considerable degree from
that of the original text. This, indeed, is so remarkable as toinduce a suspicion,

that Fyzi coatented himself with writing down the verbal explanation afforded by
his assistants.

In the library of my very learned and estimable friend William Erskine Esq,
there is a translation of the Lilawati into the language of Marwar which I have ex-
amined. Itis of a date so late as 1702, and probably’ was made for the use of
the Jaina pricsts, many of whom profess astrology. In consequence of the close
affinity between the Marwari and Sanscrit languages, the translation is in general
very literal, and also retains all the technical terms employed in the original. In
scveral chapters, however, there are important ontissions; and the indeterminate pro-
blems aud transpositious are left out altogether.
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A curious account of the occasion of writing the Lilawati is given by Fyzi in the
preface to his translation, The story he relates has not been confirmed to me by
any native of this country, nor have I observed it ncntioned by any Hindu author ;
but as it. may amuse the reuder, I shall here transcribe a translation of it made by
Mr. Strachey, and published in Hutton’s mathematical tracts,

¢ It is said that the composing the Lilawati was occasioned by the following cir-
comstance. Lilawati was the name of the author’s ( Bhascara's) daughter, concern-
ing whom it appearcd, from the qualities of the Ascendant at her birth, that she was
destined to pass her life nnmarried, and to remain without children.  The father as-
certained a lucky hour for contracting her in marriage, that she might be firinly con-
nected, and have children, It is said that when that hour approached, he hrought
his daughter and his intended son near him, Ile left the hour cup on the yessel of
water, and kept in attendange a time-knowing astrologer, in order that when the cup
should subside in the water, those two precious jewels should be united. Lwut, 2sthe

_intended arrangement was not according to destiny, it happencd that the girl, from

a curiosity natural to children, looked into the cup, to observe the water coming in at
the hole; when by chance a pearl separated from her bridal dress, fell into the cup,
and, rolling down to the hole, stopped the influx of the water. So the astrologer
waited in expectation of the promised hour. When the operation of the cup had
thus been delayed beyond all moderate time, the father was in consternation, and ex-
amining, he found that a small pearl had stopped the course of the water, and that
the long -espected hour was passed. In short, the father, thus disappointed, said to
his unfortunate daughter, I will writea book of your name, which shall remain to the

latest times—for a good name isa sccond life, and the ground-work of eternal exis-
tence.”

My objeet in the following translation is to furnish an authentic document, which,
by exhibiting not only the actual degree of mathematical knowledge possessed by
the Hindus in the 12th century, but also, by shewing their modes and principles of

~operation, may lead to a fair conculusion regarding their pretensions to originality in

this department of science.  When it is considered that a translation of the pre-
sent work has been long a desideratum, and that an unsuccessful attempt to trapslate
it was made by that excellent mathematician Mr. Burrow, it will readily be suppo-
sed that considerable difficulties must have occurred in the course of this undertak-
ing. It is probable, indeed, thatIshoald have failed entirely, had not most material
assistance been derived from thrce commentarics which I had the good fortune to
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obtain. Two of these were procured for me at Nagpore by the kind exertions of
George otheby Esq.-assistant to the British Resident at that place. It will be seen
that ample use has been made of thest commentaries. The method of operating
in the examples is, 0 alinost every istance, illustrated from themn at full length.
I reckon it also a great advantage to have possessed three different copies of the
~oririnal text. . One of these copies was written in Guzerat in famvut 1720, which
ceorresponds with the Christian year 1673. This being the copy from which T have
translated. it has been scent to Fngland in order to be placed in the Libraiy of the
Hov'ble Rast India Company. The ovher two copies were written in the Peccain
Their dates are not put down, but they are evidently not so old as.the copy from
Guzerat.  The rules and exainples of the Lilawati are also contained in two of the
cotmnentarics ; so that T have had an opportunity of cousulting actuuliy 1ive copics
of the original work s and all these correspond with a degree of accuracy wiich
I have rarely found to exist in different copies of ~ansent books. The chief dit-
fercuce consists in the transposition of a few, of the rules: and in the copy from
Guxerat there are several Ashcpaha, cr mterpolated rules, which are not contained in

the two other copics.

Tho' the oppormnitics now adverted to were favourable to the success of the un-
dertaking, [ om still not so sangume as 1o imagine that this transiction will fully
eatiety the wishes and expectations of trtheinaticiins i Luarepe, “ome will per- -

haps be of opimon, that the examples, bestdes being drawn out at ength irom the
COMIMENIArics, ought alzo to have been put down m the inathematical language of
the western world. It did not, however, appear to ¢ that, in regard to many of
the examples, this was |:e('nl':ml_v rcquisite alter tle illustraton sfforded Ly the
potes from the commentaries.  Tho’ acither Lrief nor clegant, these notes shed
the different steps of cach operation ina manner pretty clear and inteibgibie, 50
it is nnagined, will experience any ditheulty or trouble 1

that no mathematician, ‘
n onuo trouute

conprehending the rules or examples: and therciore they  can 0ceasio
to any person who is disposed to translate them into the mathewatical language
which he bas becen accustomed.  Peing chicily desirous of preses
the views of the Hindu auther, and the train of thought and of opciation 1M tie
original, without any desire of accommiodating themn to the technical phraseoto-
ave led the mnd into

ung o the reauer

gy of luropean science, which i some instances might h
another scries of ideas rendered  familiar to it by long habit; T may perbaps have

apprared sometimes to have carried this conformity to an excess scarecly justiticd
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by the idom of our language. ~ But to any one who lays aside his preconceived ha<
bitsof thinkingon these subjects, and who takes up the work as a Scholar, and
allows his mind to be led by the author’s train of thought, this can occasion no
difficulty. Illustrations, however, of such rules as were considered most curious
and important, will be found in the notes. For most of these illustrations, many of
which will be found extremely ingenious and elegant,Iam indebted to the kind
assistance of my young friends Lieutenants Mecleod, and Tate of the Engineers.
It adds in no small degree to my obligation to these gentlemen, that- their observa-
tions were written during the short intervals of leisure allowed them from the very la-
borious official duties in which they were engaged. I have only cause to regret that
I had not the benefit of their assistance at an earlier period of the undertaking.

A defect of much more importance than what I have just noticed, will be discern-
ed in the want of historical notes, comparing the mathematical knowledge displayed
in the Lilawati with that which existed in Europe at the same period ; and also com.
paring the Hindu rules and modes of operation with those of the Grecian schoot
and of modern Europe. Such a comparison, however, even had the translator’s
qualifications rendered him competent to undertake it, could not have been accom-
plished with much success in this part of the world, where most of the works which
ought to have been consulted cannot be obtained. Besides, any attempt of this
nature, by a person even the best qualified, must be very imperfect until the as-
tronomical and mathematical knowledge of the Hindus be more fully laid open to
our view, by accurate translations of the principal Wworks on these subjects, But
whenever a work of so much curiosity and interest in the history of mathematical
science shall be undertaken, it is perhaps not presuming too farto say, that the pre-
stnt small publication will be found a curious and valuable document.

Tho' I have aimed at rendering this version as literal as possible, still itis consi-
derably more diffuse than the original text. The compact brevity of Sanscrit is in-
«compatible perhaps with the idiom of the English language; but besides this, the

_rules in the Lilawati are delivered in a style so very elliptical and obscure, that often
they would have been quite unintelligible had not the meaning been expanded in
the translation, The two books on the Kutaka, or indeterminate problems, and on
transpositions, being seldom studied, are peculiarlydark and doubtful. Before
the rules could be comprehended, it was necessary, in most of the cases, to go over
the examples, as they are exhibited both in the text and inthe commentaries.

Greater freedom, therefore, has been used in translating these chapters than in any
other part of the work,
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With the exception of the Sanscrit technical terms which have been retained, the
words printed in italics are not in the original. Inthe geometrical operations it
will be observed that by root is always meant the square root.

The statements, positions of the figures, and modes of operation, are given in
the translation of the text precisely as they are exhibited in the original ; and tho'
this exact, or rather servile imitation, may sometimes causca little perplexity to the
reader, it corresponds with the rule which I mentioned to have laid down to myself
in the translation ; and is an evil of less magnitude than that of adopting methods
which might lead to misinterpretation, and to erroncous conclusions.

In the notes taken from the commentaries 1 have also umally given the exact
modes of expression, and of putting down the results. At the same time, in or-
- der toexhibit the operation ina shorter space, I have occasionally employed the
marks used in Europcan treatises. But it should be recollected that all these marks are
forcign to the Hindu system. I shall have occasion to notice immediately, that the
only mark employed by the Hindus, is that of minus.

"The arithmetical operations of the Hindus are performedon a board about 12
inches long and 8 broad. A white ground being first formed withakind of pipe
clay, the board is covered with sand, or_ gulal, which is flourdied ot a purple eo-
lour. The forms of the figures or letters are traced with a wooden style, which
displacing the sand or coloured flour, leaves the white ground exposed. By drawing
the finger over the sand, these forms are easily obliterated, and the board is prepar-
cd for receiving new inpressions. This is a matter of great convenience ; for as the
figures, in order tobe distinct, must Le written large, the board cannot contain the
individual steps of even a short calculation. Hence the practice is to obliterate, in
succession, the intermediate results, so that when the operation is finished, the ge-
neral result only stands on the board. |

The Eindu methods of operating in the four fundamental rules of addition, sub.
traction, multiplication, and division, are detailed at some length in the notes; but
- as these operations are not found in books, and can be learned only by seeing the pro-

cesses gone through, a few more illustrations in this place may not be deemed super-
fluous.

In ApprTION they usually begin at the column on the right hand and proceed "to.
wards the left, in the same manner as is done in Europe. Thereis, however, another
method, named inverse or retrograde, which is performed by beginning at the column
on the left hand, and proceeding towards the right. According to this method the



(7))
Sofumn of fighres on the left hand is fitst added up, and the Fesult put dowi bes
peith, 'The rext column is then added up, and the uhits being put dowi; the tens
are tarried to the preceding result, which is blotted out, end the new result ié seb
@own in its place,  The fellowing example will illustrate this mode of operation:
8527688
9278346
53.6923
8437207
) 4925624
v 29383687
' : 8148578 ' ‘

The tesult of the operation, however, does not stand in this mantier on the board §
but, as eich preceding result is rubbed out, and the new product put down in its
place; the total aimount stands thus;

81485787 .

To prove addition, a line is drawh below the uppermost nuinber, or above thé
lowermost, which is then supposed to be ¢ut off, and the rest of the numbers being
- added up, the uppermost line, or the lowermost, as the case may be, is added to the

sum ; and if the total amount cerrespond with that found by the first eddition, thé
operationis considered correct.

The Hindus seem to be entirely ignorant of the method of proving addition by
rejecting the nines; a fact which is deserving of notice; because as this method 6
familiar to those who follow the Arabian system, it shews how slow the Hindus are
to borrow from their neighbours, even after a long period of free and unresefved coms
munication. ' :

SuBTRACTION is performed either from Fight to left, oF from left to right, the
lest number in both cases, béing placed above the greater: In subiricting from
right to left, when the number in the minvend is less thah the one above it in
the subtrahend, ten is borrowed upoft the nest minuend figure (which reptesents
te1s, hundreds, &, according to its place); and this eperation is denoted by &
perpendicular stroke placed opposite the figure upon which the ten is borrows
ed: the subtrahend figure being then subtracted from the borrowed ten, and the res
mainder added to the figure in the minuend, the result is put down in the line bds
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low; after which, one is added to the preceding figure |in :the subtrahend, and the
same process is repeated as before.*- T
' BXAMPLE,

4 ] .. .
263543

7652452

7355889
The operation is thus expressed in words; 3 cannot be subtracted from 2, thers.
fore borrow 10 upon the next minuend figure 3 ( which here represents tens ) ; then
subtract 3 from 10, and thereremains 7; 7 and 2 are 9, put down 9 Lelow
the minuend, and ~arry oradd 1 to the subtruhend figure 4 ; this makes 5; then
say 5 cannot be subtracted from 3, therefore borrow ten vpon the next . minvend
figure 4, and subtract 5 from 10, there remains 5, which added to 3 makes §;
put this down below the minuend ; and thus procecd thro® all the figures. This me-
thod difters from ours in placing the subtrahend above the minuend, and in sub-
tracting the subtrahend figure from the borrowed 10, and adding the remainder to
‘the minuend figure, instend of adding the borrowed 10 to the minuend figure,

..and subtracting the subtrahend figure fiom:the sam. ’

As the method of subtracting from left to right is explained in the note p. 7. it
will-be sufficient in this place merely to give an example by way of illustration,
~ EYANPLE.
‘ 16747858
. - #2353437 '

265610189
25 0 07

C ey . 25606079 -
. Whichis thus expressed in words: 1 from 4, there remains 3; 6 cannot pe
. subtracted from 4, -therefore take 10 from the preceding iemainder 3 (which re-
presents tens,, hondreds, &c. according to its place) and adding it to the sub.
: tnahend -figuse 2, say § from 12, there remains 6; and thus proceed thro' all §i-
’, "Iu note ® pv“ﬁ iiﬁd";, a'ﬁiSmk§ has occurred in’ stat:ng this mode of subtraction ; But
"3t will be'usily corrected by lookifgat:the operation given above. - '

L}
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Under the head of MuLTIPLICATION, the first thing which probably will.be nPticed.
is the want of a multiplication table. The table given in European treatn.ses, is con-
sidered of high antiquity, being generally ascribed to Pythagoras, who is sup.poa:d
by some to have studied arithmetic in India. The omission of such.a table in the
Lilawati, may have arisen from that work being designed not for children, but for
grown up persons who have received the rudiments of education at school, where
s:veral very extensive maltiplication tables are taught.

No less than five methods of multiplication are given in the text, and the
commentaries add one or two more ; but the most common method is that com-
prehended under the first rule. It is performed in the following manner :

Write down the multiplicand, and below it the multiplier, so that the first figure
on the right of the multiplier shall be immediately below the last figure on the left
of the multiplicand ; and multiply this last figure on the left by all the figures of
the multiplicr; then having put down the products according to their places above
the multiplicand, move the multiplier forward one place, and multiply the second
figure of the multiplicand in the same manner as before ; thus continuing to repeat
the operation until sll the figures in the multiplicand are gone through.

EXAMPLE.
e 151
e 2150
o - 100112
e 196298
v 25508624
-enultiplieand . ... 52436 .... 28000824 product,
muliplier.... 53 |
534
534
534
53
The individual results, however, are not set down in this manner, but the tens in

each succeeding product are carried to the preceeding one, which is then rubbed out,
- and the new result is set down in its place, At theend of the operation, therefore,
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the whole product stands in one line, with the multiplier under it; thus
28000824
53%

The obliterated figures, and the new results, may be presented in the following
manner :

00
138
(1383
8111%
19880
22186
103112
610¢%8
3156258
c85685%¢%

multiplicand .. 52486 ...... 2800082¢ product
multiplier .. 534

The figures that are not crossed out form the product,

Though this method must appear very complicated and confused to an Eura-
pean arithmetician, it is the one which is most generally practised by the Jyo-
tishis, or astronomers; and when we recollect that their manner of writing on
.the board docs not admit of the individual steps being exhibited together, the above
method, notwithstanding its apparent perplexity, may perhaps be considered the
easiest, and most simple, which could be adopted under these circumstances. To per-
ceive this, it is only necessary to attempt the multiplication of the above sum by pro-
ceeding from right to left, according to the European mode ; at the same time blottmg
out each individual product in succession, and bringing the tens from the succeeding
product to.form a new result, in the place of the preceeding one, and thus exhibi-
ting at once the whole product, without the intermediate operations.

It may be considered a coincidence worthy of notice, that the Greeks performed
multiplication from left to right, probably for the same reasons which still influence
Hindu arithmeticians. ‘

The only method which the Hindus have of proving multiplication is by di.vi-

 sion. They secem entirely unacquainted with the method of proving it by ca,stn:ngi
the nines out of the sum of the figures in each of the factors, a method, however,
which is given in Arabian treatises, and is denominated tarazu, or the balance. -
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As the method of performing pivision is pretty fully explained in a note page 11
and 12, the reader isreferred toit for information. ‘The divisor is usually placed

below the dividend ; and the quotient is set down indifferently on any part of the
baard which is considered most convenicnt.

~ Inthe original work of Bhascara Acharya, it will be observed that no marks are
employed to denote addition, multiplication, or division ; neither are there any to
denote the roots or powers of numbers. The only mark employed is that of minus.
Itis asmall circle or dot placed over the figure which is to be subtracted, thus

6 or b. This sign is very generally employed throughout India, and also in other
partsof Asia. In the common beoks of accounts kept by the inhabitants of Gu-
gerat and of the Mahratta country, items which are discharged, or considered
struck out, arc usually denoted by a circle placed opposite to them, or drawn 3.

round the figures; and this serves instead of an erasure, or any other remark.
For instance, to denote that the item

4 yards of cloth

18 discharged or struck out, it would be marked in this manner

.4 yar‘hofclodl ® 00000000000 0 ® 000000000000 LN 3 RS.4O

lyal‘dsot.cloth @00 0000000000000 d60000000000 0 * e RS.@"

This mode of intimating that any thing is struck out or annulled, appears also
to be employed by some Tartar nations. Du Halde, treating of the Tartarian lan-

guage, informs us, that “if a word is redundant or ill placed, instead of blotting
it out, an oval is drawn round it; but should it afterwards on reflection appear to

be a geod word, two ovals or oo are placed at the side of it to signify that it ought
to stand.”# '

In Sanscrit the word shunya signifies a circle, cipher, or vacuity ; and the Arabs,
‘on receiving the numeral notation from India, translated it by the word syfr, which,
in their language, also means emptiness, vacuity, or nothing. The Arabic word
syfF, it is well known, has been adopted into the European languages ; and ciphers,
er cyphering, are terms frequently used to denote arithmetic in general, probably
on account of the important part which the skunya, syfr, or cipher, performs in
that science. :

It is stated by a learned Reviewer of the Bija Gannita, that the Hindus denote
" ® Du Halde vol, 4. p. 205.
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plus or addition by two parallel perpendicular lines. I suspect however, that this
veinark is incorrect. It isindeed an usual practice to place one or two such lines
Letween numbers that are to be added; Lut this seems mercly with a view of se-
parating the numbers ; for the same matk is used in a statement of numbers which
rcquire to be subtracted cr multiplied. The following examples of addition and
inultiplication are taken {rom a copy of the Bija Gannita in my possession,

Required the remainder of two plus subtracted from three plus; of twyo minus
subtracted from three minus; of two minus subtracted from three plus; of two
plus subtracted from three minus?

Statement.—3 |' 2. 3 Il 2. 3 '; 5 Il 2.

What is the product of two plus multiplied by three plus; of two minus multie
plied by three minus ; and of two plus multiplied by three minus?

Statement.—3 |} 2. 3 I 2. 2| 3.

In translating the second rule contained in page 63 of the following treatise,
Fyzi directs thatan alamut, or sign of multiplication, be put down; and on this
authorxty Dr. Hutton supposes that the Hindus had a mark for multiplication. In
this instance, however, as is remarked in the note p. 65, Fyzi has mistaken the sense
of the original. The words in the rule are, ¢ write down multiplier,” which the
cominentators expound by directing to ¢ write down ¢ke word multiplier ;” and ac-
cordingly, in performing the operation, the commentators have written the word
multxpluet, or its initial letter, in the different places where it is required to be set
down.

Mr. Strachey says that the Findus mark division as we do ¢ by a horizontal line
drawn between the dividend and divisor, the lower quantity being the divisor.” In
making this observation he was probably misled either by Hindus who were conver-
sant with the European system of notation, or by the Persian translator Fyzi, who,
instead of adhering to the modes exhibited in the original, generally performs the
operations in the manner practised by the Arabians. On looking at the Hinda
method of performing division, it will be observed that the divisor is placed under
the dividend, but without any horizontal line between them. It will also be remarked
that no line is used, even in fractions, to separate the numerator and denominator;
they are put down simply the one below the other, and the reader has to find out
from the question, or operation, whether the figures, thusset duwn, bea fractionor
two integers.
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As mixed numbers are exhibited in a fractional form in several of the statements,
maller- figures than the whole numbers for the sake of

they have been printed in s
example

distinctriess, tho’ no such difference is observed in the original. Take for
the statement in page 44.

4 16
3 5
100 145
26 2

5 (6]

Here * are the improper fraction of 113 % the infproper fraction of 553 %7, the
improper fraction of 3%; and *3* the improper fraction of 62;. A cipher is
put at the bottom of the right hand column to make the number of terms equal
to that in the other colunn.

The mode of adding the numerator of the fraction to the denominator; and of
‘subtracting it, which occurs in page 26, shews the exact form in which the ope-
ration is done on the board ; but as it differs from our method of putting dowh

the same operation, it may be necessary to notice that

s+1=4 ¥ 5 341=4
1 2 1
§—1=7 = 3§ 8—1=7
. e s 1 1. .
Again, in pages 30 and 34, § — } = 3, is the Eindu method of notation, but
1 I '
we would put itdown 2 ] = 3. .
1 2 1 6
Alsog —1=1 9 —2=17 4§ —1=38 10—6=14,
denote what wé would express thus, '
1 ' 9 ' .1 . 6
2 s ) . Jo.

2—=1=1 9 -2 =17 4 —1=3 10 — 6 = 4.

After this explanation of the manner in which the Hindus perform the rules of
arithmetic, it will not perhaps be considered altogether irrelevant or unimportant to
shew the different modes followed by the Arabians in performing the same rules. A
very brief account of the arithmetical knowledge of the Arabians will also be sub-
joined, as it may afford’ matter for curious comparison, ‘and even lead to interesting
conclusions. o

I"have consilted several afithmetical treatises in the Persian language, but-in
the subsequent remarks, I shall cite only the Risala Hisab, and the Khalasat-ul-
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Hisab, which are the two oldest works I have seen, ‘and are also the best lmown,
-and of the highest authority.

“The Risala Hisab is a short-treatise on arithmetic and ‘geometry, written in Per-
sian by Kazi Zadeh al Rumi, surnamed Ali Kushchi, who was one .of the cele.
brated astronomers employed'in the 14th century by Ulug Beg, to draw out the as-
tronomical tables which bear this Prince’s name.# .

The Khalasat-ul-hisab is in the Arabic language, and was composed by Baha-
ud.din; who was born at Balbecin 1575, and died at Ispahan.in 1653.4 Itis
reckoned a work of great authority, and has been printed lately under the aus-
pices of the College at Calcutta, along with a translation into Persian. An ab-
stract of its contents, furnished by Mr. Edward Strachey, will be found in the se-
cond vol. of Hutton's mathematical tracts. '

Ali Kushchi’s treatise gives one method only of performing AporTion, and it is
the same which is followed in Europe. But, besides the rule for this method, Baha-

ud-din’s work contains a rule for adding and subtracting from left to right, as is prac-
tised by the Hindus. This rule is illustrated by three ex.amples, which are thus put
down :

EXAMPLE

ADDITION.

5‘3 7132 5le 587!
2111719 217191412} .
Ilio 5 I
"]5|_7|9|0|6 7|9|4 719T
i8l|e]1] 810]

EXAMPLE

SUBTRACTION.

® )’ Herbolet. Bib. Orient. Art. Ulug Beg and Zig,
+ Hutton’s Mathematical Tracts, Vol. 2. p. 180.

o©
0 0
Y-

310
g19

@ O
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The lower horizontal line is ealled Khuti Maki, orthe obliterating fine, because it is
supposed to obliterate the result which stands above it. This method corresponds in~
principle with that adopted by the Hindus, who, however, do not exhibit all the results

at once, but efface the preceding result, and put down in its place the one obtained
by adding the tens of the succeeding column.

MULTIPLICATION occupies a long chapter both in Ali Kushchi's work, and that of
Buha-ud-din. The latter author’§ remarkable definitions of multiplication and di-
vision are noticed by Mr. Strachey in Hutton’s tracts. Ali Kushchi does not de-
fine division, but his definition of multiplication is the same which is given by Baha-
ud-din: “ Multiplication is the producing a third number, such as shall bear the same
#¢ ratio to one factor, as the other factor bears to unity.” And on the margin there
is written this example. “ 3 X 4 = 12. 3:12:: 1] :4. Foras1 is the { of
« 4,50 is 3 the  of 12., And-4:12::1:3. Foras 1is the | of 3, so is
4 4 the ; of 12

Ali Kushchi also delivers a rule which Mr. Strachey has translated from the Kha-
lasat-ul-hisab, and which, as he observes, * exhibits an application of something
resembling the indices of Logarithms.” The ruleis this: “ Asto the multiplica-
tion of even tens, hundreds, &c. into one another, multiply the two factors toge-
ther without any regard to their places, (that is, asif they were units) and write
down the product. Then add the numbers of the ranks together, and subtract 1
from the sum ; the remainder is the number .of the rank of the product.—Exam-
ple; if I'wish to multiply 20 by 400, I'multiply the significant figure of 20 by the
significant figure of 400, the product is 8. I then add together the numbers of the
places of the two factors, the sum is 5; from this I subtract 1, the remainder s

4, which is the number of the rank of the product. The product, therefore is
8000. %" 3

T E————————

The first sort.of multiplication mentioned is that of a single figure by a single fi-

* This rule will answer generally when the product of the significant figures does not

exceed an unit ; or, when the product exceeds.an unit, if it be reckoned only as one digit
or place, -
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gure, and is exhibited in the Khalasat-ul-Hisab by the following table:
' 2

v

3’ e
LEL

1612, 8.4
6:-2—5 % E'h—'s

36 30|24 18'1 6

8‘49 4235 98 21' 147

Jit oo o

{81 72|63 54 45l36'27 189

5

7

The Risals Hisab gives the table in this form -

K 9|8|7V| 6{ 5| 41 3] 2| 1]

| 98] 7| 6] 5] 4] 3] 2| 1{1
(181614112 |10| 8| 6] 4| 2| 2
97|24 |21118(15|12]| 9 6] 3|3
36v|32|28|24|20[16|12| 8| 4] 4
45|40 [35]30(25|20|15|10] 5] 5
54|48 (4236|3024 |18|12{ 6| 6
635649 |42|35(28|21| 14| 7| 7
72|64|5é|48]40|32|24|161 81 8!
181]«2]63]54]45[36]27]18] 91 9

* ‘After this there follow several. ingenious. modes of mnltIphcat;on, of whlch tha
following may be taken as a specimen :

1. Multiply one of the factors by ten, and also by the number by which ten
differs from the other factor ; and subtract the one product from the others



Example.—Multiply 8 by 9. RO L

6 X 13— (9 x 10—8)—-72. .
2. Add toge ther the two factora and subtract ten from the sum ; multiply the
~yemainder by’ ten, "4 % the prod cf acfd that -of the two numbers by which ten
«differa from. eachol .ghe Rotars, v 0 o

*s N -
3o . o - 0

ximgle Mulphy 7By, tud o o Lo
§F7—10x 104 (10 —=7x 0—8) =5 " . a

KRR , L o1

Of multiplying units by any number between 10 and 20.

3. Add‘togeMertht two Fictdrd; and subteact ten from the sum; multiply the
sesamticr by tes,;and ﬁ,'gm the produgt sybtract that.of, the two numbers. by -which

gach-of $ha factors differs from. ten. . . . . - o .
Enlnple —Mu]hp‘y‘ s ’by ,)‘t ; ‘:_' ! ) ' : L B } 'L..

of multzplyzno' together factors from. 10 fo 20.

. 4. Add the units of one of the factors to the whole of - the other factor, and

multiply the sum by ten; to the product add t.hat of the two numbers by which
the factors differ from ten. .

Example.—Maultiply 12 by 183.

127473 %10 4 (i2 — 10 x 13 —10) = 156.
Where a whole number is multiplied by 5, or 80, or 500. .

5 Multxply half .of t‘he ﬁmltxphcand by 10, if the maltiplier be 5 ; or by 100 if
“the hultiplier be ‘50 ; gy By ' 1000, if the wtultiplier be 500; and if a fraction re.
sult in halving the Hﬁfhpﬁc:lnd then' on account of this fraction, take half of
‘whatever number was taken to multiply half of the multiplicand ; that is, in the
first case take 5; in the second 50; .and in the thu'd 500. ‘

. Bxabple— Mgy MME- o0 0 o L
16

10
3x =18

i . v - ,
“'. IR a0 '

s . O 4
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Example of 2d case.—Moltiply 17 by se.
17 -' 2 -— 8{0
8 x 100 4 50 = 850.

Qf multiplying numbers from 10 to 20 By numbers from 20 fo 100,

6. Multiply the unit of the less factor by the tens of the greater ; -add the pro.
duct to the greater factor, and multiply the sum byten to the product add that of
the units of the two factors.

Example.—Multiply 12 by 26.

(2 x 2+ 26) x 10 4 (2 x 6) = 3]
Where any whole number is multiplied by 15, or 150, or 1500.

9. To the multiplicand add half ‘of itself, and multiply the sum by 10 in the first
case, by 100 in thesecond, and by 1000 in the third case, If a fraction result,
take on account of it half of whatever may have been taken on account of the
whold number ; that is in the first case take 5, in the .second 50, and in the third
800. ‘

Example.—~Multiply 24 by 15,

e

24+ ¥ x 10 = 360.
Example.—Multiply 25 by 150. 4
95 4 % = 374,
87 x 100 4 50 = 3750.
To multiply together any number between 20 and 100, where the digite
in the place of tens are the same.
8. Add the units of one of the factors to the whole of the other factor ; multiply

the sum by the tens of one of the factors, and havmg multiplied the product by ten,
to this last product add the product of the units in the two ﬁetors.

Example.—Maultiply 23 by 25.
23+ 5 x2x 104 Fxb =575
To multiply any mumber between 20 and 100, where the digits in the place
of tens are different..
9. Multiply the tens of the less factor by the whole of the greater factor ; them
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multiply the units of the less factor by the tens of the greater factor, and add this
latter product to the former one; myltiply the sum by 10; and to this product add

the product of the units of the two factors.
Example.—Multiply 23 by 34.
2 x 3% 4 3% 3x 1043 x &="T82

10. Add together the two factors, and multiply half of the sum into itself; then
taking half of thedifference of thetwo factors, multiply it intoitself; and subtract
this last produet from the former one; the remainder is the product of the two fac-

tors.
Enmple.—_-Multiply 24 by 36.

(% +35) _(X—9)_ g
] 2 -

‘Such modes of multiplication, however, are never adopted in practice, and are
considered merely an ingenious and amusing display of the properties of numbers.

When esch of the factors consists of several figures, multiplication is pu'lbx:ined
b.y the figurate process which'is called Shabakk. In Ali Kushchi’s work the operae
tion prooeeds from left to right, .according to the Hindu mode.

The rule is 3 follows: Draw a square figure, and divide it into a number of
small squares equal to the product of the number of places in the two factors ; then
divide each of these small squares into two triangles, and place the figures of the
-anultiplicand over each square in their proper order, and the figures of the multiplier
«down thedeft side of the square in the same manner. Then, agreeably to the suc-
ceeding example, multiply the thousands in the multiplicand first by the hundreds,
-f.hen.by-the‘tens,.and lastly by the units, in the multiplier, and put down each product
inrthe triangular spaces opposite to the multiplier, the units being placed in the low-
er:triangle, and the tens .in the upper one, After multiplying the thousands in the
multiplicand by .all the figures in the multiplier, proceed to multiply the hundreds,
tens, .&c. satting down the results in the manner above directed. When all the fi-
gures in the multiplicand are multiplied, sum up the diagonal lines of figures.



( 20 )

txllnt;
Multiplicand. ' _
7 0 8 6 ‘ )
bundreds 2|1 T A . "
) E 4 (N r s . ,;2 § .~
“ﬂl‘. ;%5 'd’l Jhady £ 3 s / [ EYH
unitg 4] 2 3 2 : K
8 2 4 )
1 7 9 ® 8 & & podactt . !
The mode of operation is thus; P
. - 2 X 6 q.—o'o.oocao.ooc."nooc'cooao 12 * ,
5X 6 eerernieninniesiiensaiaeeee 50 :
4 x 6 . . . . o 000000 00 '...;.'.“. ” ", )
2 )‘ 8 - ® te600e0cegoevevsoesad oo 16 n
il - 5,)(,8;‘1,&. ehooqe es e e ee qe a® se e 40 ‘ cT -
4% 8 Jiininnn.. eeeeens veeee. 32 e
2 x 7 'uoo-o.—nc.'ow..loc.‘....‘.;... 14 co ’;'V.“ o

8
I79984% 1 . oL ois
The Khalasat-ul ‘Hisab, 'hmvever directs the operationto be pcrformed* from ﬂght

to left, maltiplying the ‘units in the multiplicand first by’ the units;’ ﬂ:enby she

'!tens, and lastly by the hundreds in the multlplner, thus, ... 3
s X G e %% ' AR
BE ‘ - . . & x S ------------ PR TR R 32 T i
I ‘ o 4 X T weuid eeseeseanss s . 8 *
1 2 T s eeeirenens 30
5% B i Cieeeeesens ceeee 40. , ;, . /
. 6x:7 ececassssne s s gecsevboe 35 2 i ' 3
Q% 6 covennns heeeenense eeeescens 12 -
B X 8 tiiiiinitrsrssrroen eceee . 16
'2 x 7 --o '-0..'.~'Q'."“'.l""'. [N J 14

179981¢
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An example of this method is given in Hutton's tracts, and this learned miathe-
matician remarks, that it has some résemblance to the operationr by Napier's benes.

“This figurate made of operation has been communicated to the. Hindus, who

frequently. teach it - in their schoels, butit is neither contained in Sanscrit works, nor
practised by the astronowers who follow only the rules of the shashters. |

Division is exhibited both in the Risala-Hisab and Khalasat-ul-Hisab, in the
following manner : '

Draw such a number of parallel lines as shall form as many compartments as there
.ere places in the dividend ; and then draw a horizontal line which shall 3oin toge-
ther each of thd perpendicular lines: Write the dividend under the horizontal line
at.the top, placing one figure between each two perpendicular lines ; and then set
down the divisor:so that jts. Jast place, reckoning fiom the right, -shall correspand
with the last place of the dividend, at the same time leaving such a space between
-them as will be sufficient to contain the whole operation: Find how often the first
- figure on the left of -the divisor is contsined in the corresponding figure of the divi-
-dend, and afier multiplying this figure in the divisor by the number thus found, sub-
tract the produgt from 'the dividend, and drawing a line beneath, write down the
remainder ; thén:multiply the next figure of the divisor by the quotient obtained,
and put down the’ result one place forward. Having proceeded thus until all the fi-
gures of the divisar are multiplied by the first quotient, find a second quotient, and
then proceed as before. _ .

This is the method rmost .comisonly practised, but there is also .another which
is performed in, the,;follo_wing manner :

Multiply each. figure inthe -divisor by the number of times that the last figure
in-the divisor is contained in :the last figure of the dividend, and subtract the pro-
-ducts from the dividend, on' taking down one of its figures successively: write
-dewn 'the last remainder in a line with the remaining figures of the dividend, and
weémove the whole one place backward -towards the left’; then find how often the
last figure in the divisor is contained ‘in the last figure or figures of the dividend,
anc:h re;;da:t the former process; proceeding in this mauner until the whole dividend
& divided, ‘ S ' '
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-

EXAMPLE Jot METHOD. : . EXAMPLE 2d mETHOD.
Divide .... 680045 Divide .... 680045
by...... 255 by .... 255
: . 2 6 6 6 quotient, . ' 8 66 6 quotiend]
dividend "‘"“: 8]0 0 4 5 dividend 5800743
2 r
130 10
1l's 18l |
10 AEL
70 i 1o,
7 1790 4%
x-s’ 32 ° | 5
: |
3{0 3|0
elo . cio
3o I3 o
170 70
l;’i -—|— -
== 117/ 0 4| 5
b 39 ‘
8|0 =
- 5
2 0 sjo
3 0 ==
1 __L_L_ 24
1] 7| 4 sfoJ
1} 2 B,
= 1] 7] 4
5 —
30 1 7] 4|5
-— 1/ 9
24 -
KK 5
. == sl o
21 i‘ren;indcr st e
-.—-—‘—, l cemaiader 4
g2 5l 5 32
1 2=
‘ 2/ 55 . 215
9| 5| 5 ) ) —=|—=l—~]=
divisor | 8 5/ 5} | divisor sl slsl ) [

After treating of these four fundamental rules, Ali Kuslichi and Buha-ud-din
give the method of extracting the square root. The former authorin the first
place deliversa rule for finding the nearest root of a number whose root isa surd,

The rule is not clearly expressed, but I apprehend that the following is its meaning ;

Subtract from the umber whose root is a surd the nearest square number below
it; and make the remainder the numerator of double the root of the nearest square
plus an unit: Then the rootof the nearest square together with this fraction, is
the nearest root of the number whose root is a surd; that is, if the mixed number
formed by the root of the square and the fraction be multiplied into itself, the
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product will not be the assumed number whose rootis required, but something
less. Example; suppose you require the square root of ten, then from this number
subtract 9, which is the nearest square, there remains one; call this the numerator
of double the root of the nearest square plus one, which is 7; then 3% is the nearest
root of 10; that is, if 3; be multiplied into itself, the product is 97 and } of },
which is less than 10 by 7 of ;.—The Persian translator of the Khalasat-ul-Hisab
adds, that some arithmeticians after subtracting the nearest square from the num.
ber whose root is required, make the remainder the numerator of double the root
of the nearest square without adding an unit. In this case, if the nearest root
obtained he multiplied into itself, the product will be more by a fraction than the
number whose root is required. Accerding to this rule the square root of 10 would
be 3;, which being multiplied into itself, gives 10 and } of 3, which is 4 of &
less than & of :. He states, however, that this rule is not general ; and he in-

stances that it will not answer for the number 3.
In .extracting the square root the mode .of proceeding is as follows ; taking for
example the number 128172, '

. O

5 8 root
P —— ————

28 157

el

ww | ©we

0l ©

c-cv[ ¥
c:c;l_ %

remainder

oo|~1 [« SN

1
0

16

11

Pat a mark over the imits, hundreds, tens of thousands; that is, over each un-
even figure. Find a number greater than an unit, such that when multiplied by it-
self the product may be subtracted from the last period on the left; the number is °

| ﬂ_, 3
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3; write 3 above the left hond mark, andl dlso at the bottom of the - diagram ;
multiply the upper 3 by the lower one, and write the product 9 below the number
whose root is required, so that it shall-be opposite the multiplier, and subtract it from
12, the remainder is 33 weite this below the minuend arid subtrahend, ‘and draw
a horizontal line; then add the upper 3 to the lower 3, and, after drawing a°
horizontal 'line above the 3 at the bottom of the diagram, sét down 6 the result
one place forward to the right, in - the compartment  opposite towhich there is no
aark: Then find a number greater then one in the same manner as before; it is’
5; write this above the mark preceding the last one, and also at the bottom of the
diagram ‘on the right of the figure 6; multiply 5 by 6, the preduct is 30; write'
this helow the number whose root is required, so that the units place shall be oppo- -
site the -multiplicr; subtract 30 from 38 the 0pp081te number, the remainder is’
8; write this below the minuend and subtrahend ; then multiply the upper 3 by
the 5 in thie Jower part of the diagram, .the product is 25 ; write this down, pla- -
cing the units opposite the multiplier, and subtract it from its.opposite number which
is 81, rthe remainder is 56; write this below the minuend and subtrahend, and
draw a horizontal line ; then .add the upper 5. to 65 in the lower line, the result
is 70; and having drawn a horizontal line above 0a, which is in the lower part of
the diagram, carry the said 70 onc place forward on the right, so that the units
place may be in that compartment opposite to which thereis no mark :  Then find
another number greater than one in the same manner as before; 8 is obtained ; write
.this above the first mark on the right, and also at the under part of the figure on
the right of 70; then multiply this 8 by the 7 in the lower line, and having put down
the product 56 below the number whosg root is required, “so that its units place shall
be opposite the subtrahend, subtract it from its oppositc number, which is also 50,
nothing remains ; draw ahorizontal line below, and multiply 8 into the cypher, the
result is cipher ; 'then multiply this 8 by the 8 in the under line, the product is 64 ;
write this below the number whose root is required, so that the units may be opposite
#he multiplier, and subtract it from the opposite number which is 72 ; there remains
8. The root of the number therefore is a surd. In order to find the nearest root,
add the figure which stands above the first mark, thatis 8, and alsoadd aa unit, to
the number in the lower line ; the sum 717 is the denominator, and the remainder
8 is the numerator of this number 717, which is double the root of the near-

est square plus an unit. The ncarest square root, therefore, of 128172 is 358

-n rO
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The extraction of the cube root is not contained in the Risala-Hisab or Khalasate

wl-Hizab.  Nujm-ud-din says that it was omitted on account of its difficulty, and he

+gupplies this defect at the end of a short treatiseon algebra, subjoined to the edition
of the latter work published at Calcutta. His ruleis as follows:

"Draw a judwel, or figure, as in division, and in the extraction of the square roots
dividing it by three horizontal lines, and leaving a sufficient space between them for
the operation. Call the first of these lines makaab, or cube line ; the second mal
or product line, and the third zila, or side line; and write in order, under the firs
horizontal line, the number whose root is sought. “Then mark with a dot thefirst,
fourth, seventh, &c. places, tothe end of the number, passing over two places each
time. Then find a namber greater than units such, that if it be placed above the
last mark, and also below it, opposite thereto at the bottom'in the zila line, andthe
upper figure be multiplied by the lower one, and the product written down in the
mal line, so that its units may be opposité the units.of the number placed in the
zila line, and its tens ‘on itslefc; and after this, if the upper'number bemultnplr‘
ed by the numbers placed ‘in the mal line; and the product put down below the ma.
baablinein the same manner as before—that then the subtraction of this produc,
€rom the number opposite to it in the kaab line, or from that number together with
avhat is on the left, shall be possible : Then when such a number is found, perfornr the
operation in the manner above mentioned ; and after subtracting the last product from
the number in the kaab line, write down the remainder in the same numeral place,
‘belowa horizonatal linex Then in order to the succeeding operation, add the upper
figure to the lower figure situated in the zila line, and write the resvlt beneath the
lower figure, sepatating them by a horizontal line ; then multiply the upper figure
by this result, and add the product to whatever is in the mal line, and set down the
result in the same numeral place below a horizontal line ; after this write the sum
of the products, one place to the right in the same mal line ; and in like manner
add to the upper figure the sum of the upper and lower figures which is written
in the zila line below the horizontal line, and having drawn a horizontal line,
in .order to the succeeding operation, set down the result in that zila line, two
places towards the right. Then seek another greater number such, that if it
-be written above the mark preceding the former one, and also below it, in the
‘zila line opposite to the said mark, and the upper figure be multiplied by what-
ever is in the zila line, and the product increased by whatever is opposite to
it in the mal linc; and after this if the upper figure be multiplied into what-
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ever is in the mal line—that the subtraction of all the products from the remain.
ing numbers opposite to them in the makaab line shall be possible : Then when
such other number is found, perform the operation according as before directed,.
and after subtracting, write the remainders in the makaat line below the horizontaj
line ; and in order to the succeeding operatian write down according to the form
in the mal line and the zila line, in the manner formerly mentioned. And if a
number such as above mentioned is not found, write a cipher in its place above
t.he mark, and also write it below. in the zilq line, and observe the usual form in

tbe mal line and zila lige, without multiplying. Then seek a number such as above
me.moned in order to write it above each mark that there may be, until the ope-

tatnon be finished at the first mark. Whenever you bring the preceding opera-
tion to this place, the work is dope; and if no remainder be left the cube root is a
rational number.

. But if any thing remain the eube root is asurd, and the number above the
Judwel, together with the remainder or fraction, is the nearest cube root. The man-
ner of finding the denominator of the fraction is this: having performed on the
right hand side whatever operation is done in the ma/ line and z2ilu line, add an unit to
the number in the zila line, and add the result to what is in the mal line. This
Jast gesult is the denominator of the fraction. The nearest cube root therefore

of 94818820 is 4505535
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Example.~Required the cube root of 946188262
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These rales for extracting the square and cube roots are mnch more prolix and con-
fused than those contained in the Lilawati ; for though the mode of extracting the
8quare root is expressed with greater conciseness in the eriginal ‘Arabic than in the Per-

sian translation which I have followed, still it is by no means so conecise and clear
that which Bhascara delivers for performing the saine operation. '

In the Khalasat-ul-hisab the extraction of the Square root is succeeded by #long
<hapter on fractions, which, however, does not seem to contain any thing that re-

quires particular notice. The fraction is written below the integer in the manner
_ 1 o .
of the Hindus; thus 2, denotes one and two thirds, When there is no integer,
its place is pointed out by a cipher, which  the Arabians write like a dot, and place
above the numerator of the fraction, thus § two fifths.

Compound fractions are written in three different ways. First, the secondary frac.
tion is written above the primary one ; or, secondly; opposite to it on the right hand,
with the word +,» ‘of, between it and the primary fraction ; or, thirdly, it is sepa-

rated from the primary fraction by a horizontal line ; thus,

1 . R 1
2 5 of 1 2
5 6 2 - 5
6 6

denote one half of five- sixths, Two or mare fractions are joined by the con-
Jjuaction and, or are denoted by a , perpendicular line drawn between them, Thus,

é é ‘]--.‘_ ., . é . = 2’ RO
4 =5 4 5 o
express two fifths and three fourths. Owing to the Arabian practice of writing

from left to right, the positions of the fractions connected by the words o/, or aznd,
are the reverse of what would be given in our treatises.

The third Chapter aof the Khalasat ul-Hisab treats of proportion, or the Rule
of Three. 1In the first place, it is stated that this rule shews the method of finding
an unknown number by the operatidn’of a fourth proportional such, that the ratio
of the first number shall be to the ﬁecond, as the ratio of the third is to the fourth ;
that is, if the first be the half of t§e'ﬁ second, the third also shall be the half of the
fourth ; and the fourth shall be such, that the product of the extremes shall be
equal to the product of the middle terms, The rule.is then given as follows:
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. When one of the two extremes, ' the first and fourth terms, is unknown, divide the
product of ‘the. middle terms by the known extreme. And when one of the two
middle terms, the second and third, is unknown, divide the product of the extremes
by the' known mijddle term. In the first case, the quotient will be  the unknown

extreme required, and in the second, the'quotient will be the unknown middle
term required.

_The Persian translator observes that this is the rule most commonly used ; but

he also gives another, which is thus expressed : .

When one of the extremes is unknown, divide one of the known middle
terms by ithe known extreme, and multiply the quotient by the other middle term;
the product is the unknown extreme required. When one of the middle terms is
unknown, divide one of the known extremes by the known middle term, and mul-

tiply the quotient by the other extreme; the product is the unknown middle term
required. '

. Chaptér fourth shews the manner of finding an unknown quantity by the process
of errars. It is performed thus: Assume any unknown number you please, and
calling it the first assumed number, operate upen it according to the oonditions of
the question. If the result come out agreeably to the question, the said assumed
number is the number demanded. If, on the contrary, the result contain an error,
that is, if it be more or less than the 'required number, call the quantity of excess
or deficiency, the firsterror. After this assume any other number you please, and
calling it the second assumed number, operate upon it according to the conditions

" of the question. If the result come out conformably to the question, the number
demanded is obtained. If on the contrary, it contain an error, that is, come out
more or less than the required number, call the quantity of excess or deficiency,
the second error. Thus four numbers are obtained ; the first assumed number, and
the firsterror ; the second assumed number, and the second error. After this, multi-
ply the first assumed number by the second error, and. call the product the first .
ascertainéd number ; and multiply the second assumed number by the second error,
and " call the preduct the second ascertained number ; if both  the errorsbe alike,
that is, if both be greater than the required number, or less than it, divide the
difference between the two ascertained numbers, by the. difference between the two
errors ; but if the two errors be unlike, that is, if the one be greater, and the
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other l‘eés, than the required number, divide the sum of the ascertained numbers. by
the sum of the errors ; the product in each of the two.cases will be the number
demanded. {

- Chapter fifth treats of what is named either tukli?, resolution, or taakas, invers
sion. It is precisely the same which is given in the Lilawati under the title of In.

version. The following is a literal version of the rule :

* « The process in this case is to operate in a reverse manner to whatever is stated,
in the ‘question.  If the question require doubling, halve; if it require addition,
subtract ; if it require multiplication, divide; and if it require the extraction of
.the,squzire root, multiply the number into itself; or if the question require the re.
verse of all this, then operate in a manner reverse to the conditions of the ques-
tion. Thus begin at the end of the question, and’ prooeedm this reverse manner -

‘until the answer is obtained.”.

Dr. Futton justly observes that the word algebra, which is compounded of al, the
" and jebr, contortion, contumacy, <consolidation, appears to have been derived from
this mode of transposing the terms. The words vyasta and vilom, which are em-
ployed in the Lilawati, also ignify inversion.

"The arithmetical part of the Khalasat-al-Hisab finishes with the rule of inver-
sion. This, however, is considerably more than what is contained in Ali Kuschi’s
work, which does not go farther than the extraction of the square root; but af.
terwards proceeds to explain the sexagesimal numeration. As this system is still
used by Arabians in their astronomical calculations, the following brief account
of it will perhaps not be unacceptable to the reader.

In the sexagesimal system numbers are represented by the letters of the alphabet,
which is divided, the' not regularly according to the order of the letters, into 9

un;tsl\_,z/ ;ouj(/.b,mtogtensd_f Jruu Z/")U"
and into 9 hundreds GJU_/_,._,L ) u.gb, andz/whxch expresses

looo. The compound numbers are formed by uniting the units with. these round a
numbers; asin the following table:- :
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Py ¢ $ 31 { a
-~ 13 - 3 o 32 o4
6.3 - éaa é 33 | & 43,
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— S 25 4 3 4 45

» 16 | o 26 s 36 o 46
> S P P
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boyy L 29 Y39 boa

And so on with the rest, :

Several of the letters, when employed to express numbers, undergo a small altera.
tion in their form, The dal, for instance, is written in a form which resembles the fi-
gure 4 in the decimal notation. The double letteérs also, which express compound
numbers, are, in many cases, so considerably changed, as $o retain little affinity to their
original make.

"The reader may recollect that the Hebrew numerals are expressed by dividing
the letters of the Alphabet into three classes, the first nine letters representing 9
units, the next nine letters 0 tens, and the four last letters the humbers 100, 200,
800, 400. The final kapk, mem, nun, pe, and jaddi, were employed to express
500, 600, 700, 800, g00. Though the Arabian arrangement of the alphabet dif-
fers from the Hebrew, the Arabians express the 9 units, 9 tens, and also 100, 200,
300, 400, by the same letters which' denote these numbers in Hebrew.

The Greeks also expressed numbers by a tripartite division of the alphabet, with
the addition of the figures called episemon, koppa, and sanpi; and it will be observ-
ed, on comparing them, that as far as 80, the letters which correspond with those
of the Hebrew and Arabian alphabets, have the same numeral power. .

When expressed by the letters of the alphabet, numbers are written from right ta
left, whereas the numeral characters are written from left to right, a fact which,
88 has frequently been remarked, would afford a strong presumption that the de-

\
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«<imal notation was received by the Arabians from a foreign people, were not thie
umvey;sally admitted by themselves.

Excepting the figures 1, 5, and perhaps 4, the Arabians have addptéd the nu-
meral 'ﬁgures of the Hindus- with very slight alteration of form. The arabic let-
ter | aleph, which denotes 1 in the alphabetical notation, has cxactly the same form as
the figure 1 in the decimal scale. * In the alphabetical notatfon, also, 5 |smepresented
by the letter ,, which in the numeral figures, undergoes no farther change than' in
being a little more rounded, soas to have the appearance of a circle or cipher. The
form of the'figure 4 differs in avery slight degree from that of the letter dal when
it represents 4. It may be a question, however, whether this mode of writing the
dal has not been adopted since the introduction of the Indian notation.

The examples of addition -and subtractlon are given insigns, degrees, minutes and
seconds.
' - " EXAMPLE.—ADDITION.

sec. min.  deg.  signs |,

20 4 8 5
55 41 20 '8
15 46 28 13

" The process is the following. 20 4 55 = 75, which is one 60 and the Te.
mainder is 15; put down 15, and carry one to the next number 41. 4) + 1
+ 4 = 46, which being less than 60 is .put down; and so also are 20 4 8 —
28; and 8 4 5 = 13. Thesum thenis 13 signs, 28 deg. 46 min.. )5 seconds.

L EXAMPLE.—SUBTRACTION.

L ., 8 5 2 .
: 20 9 1 o -
) 48 55 * '

Say as 20 cannot be subtracted from 8, borrow one time 60 from the preced-
ing number 5 (which represents 5 times ‘60 ); and 20 being subtracted from 68
there remains 48; then say as g cannot be subtracted from 4, one time 60 is
horrowed from 2 ( which represents twice 60 ), and lhere remains 55 then 1 from '
1 and nothing remains. .

Multiplication by the sexagesimal system is performed agreeably to the method ex-
hibited in page 20, exceptmg that in the sexagesimal numeration the intersecting lines
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in the diagram are drawn from left to right, instead of from right to left; and, confor-
mably to this, the products are put down and read from right to left, according to the
manner of writing and reading among the Arabians. Another difference is, thatin
~ the sexagesimal diagram the number of sixties is put down in the upper triangle, and
the remainder in the lower one, which is just the reverse of what is done in the de-
cimal diagram ; and in order to correspond with this mode of multiplication, the

multiplier is put downon the right hand side. The sexagesimal diagram is drawn
in this manner :

Multiplicand.
49 0 11 50
3 0 0 3 1
16 0 44 20
€
3 ) 25 130 2
%0 3
~ 8
7N |a
% 3 10
29 3 12 51 23 46 3

The operation is thus : say 4 times 50 = 200, this contains 3 times 60, and the
remainder is 20; put down 3 in the upper triangle and 20 in the lower one; then
say 4 times 11 = 44; put thisdown in the lower triangle ; then 49 x 4 = 1006
= 3 times 60, and the remainder is 16 ; proceed in this manner thro’ the whole
diagram. After the whole multiplication is gone through, sum up the products, be-
ginning with the list on the left hand, and proceeding towards the right. The ex-

cess of sixties is carried to the succeeding number as the excess of tens is carried in
common Arithmetic,

Division is performed jn the sexagesimal system according to the method adopted
by the Arabians in operating by the decimal scale, with this difference, that as the

numbers are written from right to Jeft, the operatxon is begun at the right, and pro-
ceeds towards the left, '
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Teke the following example:
quotient 22 59 16

dividend [44;31116| 8
44 7

33
S

a9
521528
12 55( |
" 1g.55'e8

sl

712
25/11
ﬁil 10

‘3 H
“yemainder /16/94

Sivieor (331329

The process is. this::

€16 X 29) = 0= 7.'#
(16 x 18). = 60 = .3. 98
«(I6 x 83) = 60 = 8. 32
(59 x 29) = 60 = 28. 3]
~59 X 13) = 60 = 12. 47
-(39 x 82) = 60 = 31. 28
(22 x 29) =60 = 10. 38
(22 x 18) = 60 = 4. 46
(22 x 82) = 60 = 11. #

After ‘treating. of arithmetic. the Risala Hisab and the Khulasat-ul-Hissb pro-
«ceed to geometry.
-An ‘abstract of the - geometncal -part of these works would, however, greatly ex-

~ceed the bounds prescribed to these few cursory remarks; and it is besides render-
-ed unnecessary, in consequence of the very excellent account which has.been alrea-

-dy furnished by Mr. Strachey, and published .in the 2d vol. of Hutton's mathemo-
-tical tracts,
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Both treatises set out with definitions of a point, line, surface, solid, right, a-
¢ute, and obtuse angles, circumference, radius, sector, &c. and both also make
aise of the alphabetical letters in demonstrating problems and propositions. These
¢ircumstances which point out the connection between the Grecian and Arabian
geometry, have no resemblance to the plan of the Lilawati, in which no notice is
taken of angles, but all the geometrical operations seem to be performed by the relati-

ons of the three sides in a right angled triangle.

It has been akeady remarked that the Arabians call the decimal scale of a-
zjthmetic, Hindasi, or Indian arithmetic; a circumstance which clearly indi.
cates the source from which they consiler this manner of notation to have been
derived. This astonishing improvement in arithmetic being thus traced to Indja,
it becomes a matter of curious enquiry, whether the decimal notation was disco.
vered by the Hindus, or.was reccived by them from a people who had made great .
er advances in the science of -calculation. To determine this question with much
degree of certainty we -must wait for information regarding the state of mathema.-
tical -science in those countries which border upon India, and which, from the
near resemblance of their religiousand philosophical tenets, appear to have had a frec
and large communication with it in every department of knowledge. It may be
sufficient .to observe.ere, that if the decimal notation did not originate ia India,
it must.at least have existed there from time immemorial, for no traces whatever:
are to ‘be-found of an alphabetical notation. Several hundred years have elapsed
since the numeral notation was adqpted by the Arabians, and through them intro-
-duced among the nations of Europe ; but neither in Europe nor Arabia has it yet
altogether superseded the use of alphabetical characters to express numbers. Both
Europeans and Arabians still occasionally employ - letters for this purpose; and
among the latter people, and such eastern nations as have adopted their science,
it is.considered -elegant in noticing an event, to employa word whose lit>ral powers
shall point out the date of its occurence; but I never met with any Hindu
avho was aware of this use of letters, except thro’ Musselinan intercourse ; nor did
1 ever observe any thing like it in Sanserit works, or in any books written in the
“colloquial -dialects of this country. Objects indeed are employed to represent num.
bers, but letters never are. Thus, the earth, or moon signifies one; the eyes
signify two ; yug, and Vedas, four, and so forth: and these symbolical words are
almost constantly used throughout the Lilawati, o



( 36 )
Mr. Strachey's abstract of the Bija Gannita and this translation of fhe Lilawati,
are no doubt important documents on the state of mathematics among the Hindus,
but still they exhibit only an imperfect and partial view of the subject. Imperfect,

however, as these specimens are, in no other nation of Asia has any work been
found, which contains nearly the same degree of mathematical knowledge.

The Chinese, it is said, possess treatises on arithmetic and geometry ; but as no
translation, or evenan abstract of the contents, of any work has yet been published
in Europe, we are ignorant how far theif knowledge of these subjects extends.
Al their ordinary arithmetical operations are performed by the mechanical contri-
vance of the swampan. No traces of algebra have been discovered among themws
and although they pretend to high attainments in astronomical science, it is al-
ledged by the best writers on China, that they are unable to calculate an eclipse
with any degree of precision. From these facts it appears, that the Chinese are
far behind the Hindus in point of mathematical knowledge.'

- In reference to the opinion which has been entertained by seversl men of emi-
nence, that the high distinction of priority in mathematical improvement, may be-
long to the nations of upper Asia, it is sufficient to observe, that as none .of the
accounts with which we have been favoured of the extensive regioms of Thibet,
afford the least countenance to such an hypothesis, we may be allowed to maintain,
that until works of superior antiquity to the LiJawati, and Bija Gannita, and -con-
taining a system of arithmetic and algebra equally extensive and complete, be dis-
covered in other eastern countries, it is merely justice to allow that the honour of
~ having invented the decimal notation belongs to the Hindus; and that by means
of this wonderful .improvement, they -had made greater progress in mathematical

science at least 700 years ago, than has yet been attained by any other nation in

‘That the Hindus are unable to.comprehend the.demonstrations of the rules em-
ployed in their present calculations, is an opinion not uncommon amongst the learn.
ed in Europe; and it has consequently been inferred, that they either were not the
original discoverers .of .the rules which they now follow, or that mathematics must
have degenerated amongst them to such a degree, that they are now unable to com-

Prehend the fundamental principles of the science, as demonstrated and handed down
by their ancestors. o ' ' .
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Without entering into any enquiry regarding the foundation on which this opinion
rests, it may be sufficient at present to remark, that I have received information of
several works, some of which were composed in modern times, and which are said to
_ contain demonstrations of the rules given in the Lilawati, Bija Ganita, and Surya
Siddhanta ; and though little confidence can be placed in such accounts, even when
furnished by learned and respectable brahmans, yet, in the present nstance, I am in-
.duced to give them some degree of credit, because the Udakarna, a work in my pos-
session, contains demonstrations of many of the rules in the Lilawati; but unfortun-
ately my copy is so incorrect and matilated that no satisfactory use -could be made of

it.* The eperations contained in this work cosroborate the wverbal information I
Jhave received, that the demonstratiens, both<n arithmetic and geometry are per-
formed by means .of algebra; and that the Hindus never appear to have known ot
jpracticed the Grecian mode of analysis.

Within ithese two hundred years, however, the mathematlcal and .astronomical scien-
«ces appear to have been gradually declining among the Hindus. The Jyotishis of the
/present-day.are.in general profoundly ignorant of every branch of mathematics. In-
" :attentive to astronomy as a science, they devote themselves solely to the study of as-
itrology, and .possess.no ambition to arrive at a higher degree -of knowledge than what
:enables them te cast up a nativity, or to-determine a lucky hour for marriages, and
for performing the numerous ceremonies practised by their countrymen. '

Tn Peona, which may now be regarded ‘the seat and asylum of brahmanism, it is
-said that no'more then 10 or 12 persons understand the Lilawati, or Bija Ganita i
.and tho’ there are many professed Jyotishes in Bombay, 1 have not fqund one indi-
widual who understands almost a single page even of the Lilawati.

Among the brahmans -the appellation of learned secms to be confined to gram-
marians, logicians, and metaphysical theologians ; and those who devote themselves
o any of these studies often exhibit a very fair proportion of ignorance on every
-other subject. Astronomy, in particular, as it relates to gross material objects, is
«considered beneath their notice, except as the means of developing the purposes of
heaven. Those persons even who pursue the study of mathematics and astronomy,
«ere in general very ill informed regarding the opinions of the scientific writers.

* ‘Since wriling this paragraph 1 bave received from Poona several valuable and curious
werks, which I hope will throw much light on this subject, and on the general state of
astranomy and mathematics among the Hindus,
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Few are found who have read the whole of the Lilawati; for which this very cogent
reason is assigned, that whoever actually goes through the whole work, is doomed to
a deprivation of his mental faculties, or at least to perpetual proverty. This ridi-
culous belief proves thata knowledge of the Lilawati is now considered of no easy
attainment. : :
The common people, and even learned brahmans who are unacquainted with ma-
thematical studies, relate many absurd stories relating to the wonderful powers which
are acquired by a knowledge of this work. It is supposed, for instance, that he who
understands it, can, in the twinkling of an eye, tell the number of leaves on a tree,
of blades of grass in a meadow, or the number of grains of sand on the sea shore.
The Lilawati is in fact considered as a sort of magical production, the understanding
of which endows the individual with powers and qualities that command both ad-
miration and fear. '
As the following passages, which are translated from the Siddhanta Siromani, are
both curious in themselves, and shew how much the opinions of men of science differ
from the absurd doctrines of the Puranas, ] am induced to subjoin them, tho' the
are not immediately connected with this work. :
This globe which is formed of earth, sir, water, space, and fire, and which is
surrounded by the planets, stands Srin in the midst of space by its own power,
and has no support.- :
This globular shaped world has no support, but stands firmin space Dby its own

pwer, .
I shall now answer the objections which have been brought from its being affirmed

in the Puranas that the world has a support, y

~If this world hasa material support, then that support must have som,ething
else to support it, and this second support must also be supported, and so on; baut at
last something must be supposed to stand by its own power ; and why shoulrd not
Yhis power be ascribed to this world, which isone of the eight visible forms of the
deity, -

As the sun and fire in their own nature possess heat, the moon coldness, w?t.el'
fluidity, stones hardness, and the air motion, so isthe earth in its own nature e
moveable ; for different bodies possess difterent powers,

. Theearth has an attractive power, by which it draws towards itself any heavy body
in the air, and which body has then the appearance of falling; but where could this

earth fall which is surrounded only by space.
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This attractive power of the earth shews why things situated at the lower part, or
at the sides, do not fal] from its surface. :

The Boudhists observing the motion of the wheel of the constellations, concluded
that the earth could have no sﬁpport ; but having neyer observed any heavy body
stationary in empty space, they suppose that the earth is continually falling down-
wards, tho' this not perceived, as the motion of a ship is not pereeived by the passen-
gers. They imagine that there are two suns, two moons, two zodiacs, and that these
sise at alternate corners. ‘That is, they suppose that two suns, two moons, and 50
«constellations move round Meru, which is four €ornered, these planets rising at al-
lernate corners,

“To this opinion I objeet, that if the earth is continually falling downswards, an
arrow, or any thing thrown into the air, could never reach it again. Should it be
said that the descent of the earth s slow, 1 reply, that this is not the case, for the
«earth being the heaviest bady, .its descent would be more rapid than that of the arrow.

Neither can the .earth he like a mirror, as they suppose. Weere it so, why is not
dhe sun, which is ane hundred thousand ygjan high, seen by men in the same man-
mer.as by the Gods* If the intervention of Meru causes night, why is not Meru
itself seen? Besides, Meru lies .north, whereas the sun rises to the southward . of
«east; instead of which, if it rises when it comes to the side of Mery, it ought to
rise north.of gast. Co |

‘The level appearance which the earth presents to us is owing to its magnitude,
for the 100th part of the eircumference appears level ; therefore as the sight of man
«xtends orily to a short distance, the earth appears to be a plaia.

From Lunka, the commencement of latitude, to Ujein, is the 16th part of the
.earth’s .circumference.

People always suppose that they are uppermost, and that others are below them i
tHat those on the sides stand horizontally, and those below with their heads down-
wards, .as the shadow of a man is seen in water.

The .earth’s circumference is 4967 yojanas (4 coss) ; its diameter is 1581 53
ithe convex superficies 7853034 yojanas.

Y o

#Ihat is, asseen at the north pole, where the Gods are said to reside, »
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SALUTATION to the clephant-headed Being who infuses joy into the minds of
his worshippers, who delivers from every difficulty those that call upon him, and
whose feet are reverenced by the gods. _

The science of calculation which I teach delights the intelligent by its brevity, the
clearness of its demonstrations, and its curious operations.

——-—W—

TABLE OF MONEY. *

20 Varataka B......... . 1 Kakini
4 Kakini ....... eee.. 1 Pana
16 Pana .....:c000nnnn 1 Dramma

16 Dramma .......... 1 Niska

e L S ———

TABLEOF WEIGHTS.

2 Barleycons ........ 1 Gunja €
3 Gunja ....e0nennnn 1 Valla
8 Valla.............. 1 Dharana

A weight equal to 14 valla is called dhataka.

a The titles of the Tables are not contained in the text, but are taken from the Commentary,
in which also it is stated that the weightsand measures of the Magadha country are adopted
as the standard.

» Cowry or small shell which passes for money in several parts of India.—The seed of the
lotus is also called Varataka.

¢ In the common dialects of India called Retti; Abrus precatorius.
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ANOTHER TABLE OF WEIGHTS.

5 Gunja 4 .......... 1 Masha
16 Masha ..... eevv... 1 Karsha
4 Karsha .......... .. 1 DPala
A Karsha of gold is denominated suvarna ( gold ) B

————— N R ———_——r
LAND MEASURE ¢

8 Diametersof a barleycorn ........ 1 Angula D
24 Angula....... ................ 1 Hasta E
4 Hasta ............cc0000eqeee. 1 Danda F

2000 Danda .......... ceeeeeeseeaa.. 1 Kros 6
4 Kros........oveiies veeveiiioee 1 Yojana ”
ALSO

10 Hasta .........0c0veeeevenneee. 1 Vansa H

A ANOTHER TABLE.

8Gunja ......ci000000vne0eees 1 Masha
12 Masha ...............0cu.... 1 Tola

ANOTHER TABLE.

10 Gunja ......cc000v0000ee0ees 1 Masha
8 Masha .......c0cveeeeeeeees. 1 Tola

®* Karsha as to metals in general signifies the weight which passes under this name ;—
but in reference to gold this weight is called either karsha or suvarna, i. e. gold.

c This is the title given' in the commentaries ;—but the mcasures contained in the table are
employed in long and cloth, as well as in square measure,

» Lit.—A finger ;—it corresponds nearly to an inch.

t Lit.—A cubit, or measure extending from the elbow o the tip of the middle finger. One
of the commentators says that either gaz, or kara, i. e. cubit, is used for measuring cloth.
Gaz is a Persian word and is usually translated yard.—The commentator wheo uses this word
lived about 200 years ago. '

» Lit.—A Staff ;—rod, or pole,

e In the vernacular dialects pronounced coss.

n Lit.—A Bamboo,—DBambusa Arundinacea and other specicﬁ.
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NivarTana is a- quadrangular field each of whose sides is bounded by 20
Vansa A

GuaxanasTA, or solid cubit, is that which measures one hasta or cubit in breadth,
in length, and in thickness, and which has twelve angles. 8 The shasters declare
that the measure for grain, &c. called ghanahasta or solid cubit, is the kharika of the
Magadha country.

GRAIN MEASURE.

16th of a Kharika © ...... 1 Drona.
4th of aDrona.......... } Adhaka.
ath of an Adhaka........ I Prastha.
4th of a Prast,ha........ 1 Kudava.

» The Rati Ratna mentions that this measure is by some named vigah, by others nivartana.
The vigahor bigah isameasure of land used in several parts of India, especially in the province
of Bengal. An author named Mishra gives adifferent meaning to this paragraph and the first part
of the following one :—He says :—¢¢ 20 vansa make 1 nivartana. Kshetar, i. e. a quadrangular
figure, or, literally, a field, is that whichis bounded by four sides.”—And here he is followed
by Fyzee in his Persian Translation :—¢ 20 vans make 1 nivartana :—A space which com-
prehends four dast or cubits, so that one dast or cubit may be on each side, is called chetar or
field.”—The original will bear this interpretation, but the one I have given appears more proe
bable and correct, and also agrees with that adopted by three commentators.

s Derived from ghana and hasta :—(hana means cube ;—the literal meaning therefore is
cubic cubit.—In this sense it is frequently employed in subsequent parts of this treatise ;—and
sometimes alsoitis used in the same tense as ghapa phal, which means simply cubic result
ar conten's, ,

Itdoes not at first appear evident what is meant by 12 angles; for according to the defini-
fion ghanahasta is a cube, and consequently has 24 angles.—It must therefore be presumed that
the definition relates only to a hollow cube open on aae side for the purpose of a measure, and
that the angles at the botloin alone are reckoned.

€ ANOTHER TARLE.

72 Tanka .........00000e. 1 Seer, or.
& Mana ................ ] Scer

1
7 or according {o some g
™ of a Mua 1 Kharika
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The Tables of Time, &ec. not here specified, are generally known. A

' A TABLE OF TIME.
60 Pala .............ene.. 1 Ghatika
60 Ghatika .....coceevveens 1 Divasa or day,
30 Days c.oeevinrennneenns 1 Masa or month
12 Months ....coeeeneannes 1 Varasa or year.

TABLE OF DIVISIONS OF THE ZODIAC.

60 Vikala ....vivveennrnns 1 Kala
60 Kala ....vcvvevvnnnenns 1 Ansa
80 Ansa ........... Ceenaee 1 Rasi orsign

32 Rasi ....oovvvevnnens.. 1 Bhugana, or period in which the
sun moves thro’ the 12 signs.
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PART L

CHAP. I.

I { EVERENCE to Ganesa who is beautiful as the pure purple lotos, and around
whose neck the black curling snake winds itself in playful folds.

e ARARRARARRAA S

The places of numbers increasein valuein a tenfold proportion.—Preceding au-
thors, for practical purposes, have given them the following names :
Eka—dasa—shata—sahasra—ayuta—-laksha—pryuta—-kotya—arbuda-—abja—
kharva—-nikharva—.mahapadma—sankha—-jaladhi—-antya—madhya—-parardha ,
Which are thus put down in figures:— 100000000000000000 A

« The Udahai'na, or book of examples, states that the names of these eighteen places are
put down on the authority of the Vedas ; but it also adds thatin some books there are names
for 32 places.—Theeighteen places and names may be thus put down ;

100000000000000000
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O « s o o .9 ¢ o o 4 e o o a
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B iiiiE iiiiiiiiil
< .: 7 I N - B R
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3P=8 1 tZE=Z 1 18l
EgL2 [ agEE [ =g 00
=528 ioEeu g infEy 1
9558900 oggu__o_:'gmr:'s..
SoE5E5E583EESS5E88S
»1:-':’::"':—::’:""::.:"'" . .
a-2352=5-25E8=55285 7
S EEgla S EagTSacs
eldaslceleocSaalaagls
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............... e e
ce i ligeviiiooo ol

- B cLe
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ERPERE LRI -
g >s2cSEeZ2>7253E g
S84 5= Es 0% m‘“aa

- = =

A< ARz <<XA IR DA

Dr. Wilkins in his Shanscrit grammar has given the names of twenty-two places, several
«f whichdiffer from the above, The order also in which some of them occur is different.
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SECTION I

-OF ADDITION AND SUBTRACTION.

Figures are added from right to left, & or from left to rig}it; B and also are sub-
tracted from right to left, or from left to right, according to their places.

Example.—Tell me the sum of two, five, thirty-two, one hundred and ninety-
three, cighteen, ten, and one hundred ?  Also what is the result if this sum be sub- -
tracted from ten thousand ?

Statement.—For Addition.—2, 5, 32, 193, 18, 10, 100.—Added together the
sum is 360. €

Statement —For Subtraction.—2, 5, 32, 193, 18, 10, 100.—The sum of these
being subtracted from ten thousand, the remainder is g640. P

+ Krama.—This word literally signifies forwards or progression. Here it means that the
operation is to be perforined from right to left.

s Utkrama.—The li!eral’signiﬁcalion is backwards or retrogression. 1t means here that
the operation is to be performed from leit to right. This is done by adding up the column of
figures on the le{t hand and putting down the result beneath, then adding the next column and
putting down the wnits, and carrying the tens to the preceding result, which is then blotted out
and the new result wriften down in its place, and so on {o any number of columns, as,

LXAMPLES.
2 3629 : 5735269
5 8134 ‘ 3829683
52 5629 7258264
193 8765 1537636
18 _ —_—
10 24987 16235632
100 : 2615 1832085
240
36
¢ Com.—Place of units, 2,5,2,9,8,0,0 ........ added..c...pevevviaoanes 20
Place of tens 0,0,3,9,1,1,0 ........ added...c....... ceeeees 14
Place of hundreds  0,0,1,1,0,0,0 ........ added..... cerrriessenns 2

Total sum 360

» The lesser number is placed above the greater, unils above units, tensabove tens, &c.
In subtracting from right to left, if the figure in the upper linc is greaer than that below it,
take 10 upon the preceding figure in that line, and mark it by a perpendicular stroke;
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SECTION IL

OF MULTIPLICATION.

Multiply the last figure to the left of the multiplicand by the multiplier ; then on

then subtract the upper figure frem 10, and having added the remainder to the lower figure,
and set down the result below, add one to the preceding upper figure over which the
perpendicular stroke is placed, and subtract it thus incrased from the one below it, pro-
ceeding as before ifthe upper figure is greater than the lower one.  Example.
68387
218675
Thus say, 7 cannot be subtracted from 5, therefore 10 is taken upon 8; mark this f.
. gure by a perpendicular stroke, and subtract the upper figure 7 from 10; there re.
mains 3; this remainder 3 added tu the lower figure 5 makes 8; write down this number be-
low the 5; then add 1 to the precediog upper figure 8 over which the perpendicular
stroke stands ; thus l adde:d to 8 makes 9; as this upper figure 9 cannot be subtracted from
7 the figure below it, take 10 upon the preceding upper figure 3 and proceed as before :
and so on thro’ all the figures. The result of the operation is exhibited, thus;

68387
243675
175288
1In order to subtract from left to right write down the subtrahend above the minuend as
before directed ; and if the subtrahend contains fewer places than the minuend, put ciphers a-
bove the remaining places ot the minuend. Then write down below the minuend line the figures
over which thereare ciphers; and after subtracting the first upper figure on the left from the cor-
responding lower one, set down the remainder below it. If the upper figure is greater
than the lower one, lake ten from the preceding remainder, and adding it to the lower figure,
subtract the upper figure from the lower one thus increased. ‘Then blotting out the preced.
ing remainder from which ten is taken, put down the reduced number in its place; and pro-
ceed in this manner thro’ all the figures. Example.

0068387
3243675

3185898
317 28
3175288

) The former method of subtracting from right to left is considered the easiest, and accord.
togly is (he one most commonly adopted.
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moving forward the multiplier one place, multiply the next figure; A thus repeating
ithe operation until all the figures of the multiplicand are multxplxed B or

Write down the multiplicand in as many different places as the multiplier may
thave been divided into parts, and by these parts multiply the multiplicand, and then
:sum up the products: € or

Multiply the multiplicand by.any figure which divides the multiplier without leay-
ing a remainder, and then multiply the product so obtained by the quotient of the

smultiplier: D or

s The last figure on the left hand is called ante, which signifies last or final; the figure
preceding it is called upantya, or that which is next to the anta or final; all the other
figures are called adi, which signifies finst or antecedent. :

In general however the figures arc classed into anta and adi, i. e. final and antecedent,
excluding the term upan{ya, ot that which is next to the final; and in this arrangenent the
last figure on the left band is comsidered the anta, final, and all the others adi, antecedent,
But these terms being merely rclative, the antccedent next to the final becomes itself the
final when in the course of the operation the first anta or final is thrown out; hence each

of the anteccdent figures may in succession become the final.
» Take the example giveniin the text of 135 multiplied by 12. The operation according

to this method is performed in the following manner

135 135 135-

3R 1R 12

12 36 G0

36
69
1620 '
This is called swarupa gunanam; or multiplication by the mulwplier itself as a factor.

¢ Thus, 133 X 4 ..... .o 540
135 x 8 +enven.. 1080
12 1620

» Thus, 135> x 3 ...... .o 405
400 X 4 ........ teeens 1620

This is called vibhaga gunanam ; or mulliplication by submultiples of the multiplicr.
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Separate the figures of the multiplier into their different places; then multiply
the multiplicand according to the places, and also sum up the products according
to the places: 4 or

Multzp]y by the multiplier either increased or diminished by any number you
choose ; and add to the product or subtract from it, the product which results from
multiplying the multiplicand by the number chosen. B

Example.—If thou art acquainted with the method of multiplying by the multi-
plier itself, or by component parts of the multiplier, or by submultiples of the multipli-
er, or by the places of the multiplier, then tell me my young girl whose tremulous
eyes resemble those of a young fawn, what is the product of one hundred and thirty-
five multiplied by twelve ?

Statement.—Maultiplicand 135 :—Multiplier 12.

According to the rule, multiply the last figure to the left ot' the multiplicand by
the multiplier, andsoon; the resultis 1620: or

Separate the multiplier into the parts, 4, 8; and having put down the multiplicand
in 2wo places, multiply separately by these parts of the multiplier, and add the pro-
ducts ; theresult is the same, 1620: or

Divide the muitiplier by 3; the quotient is 4; then multiply the multiplicand
by 3, .and multiply the product by the quotient 4 this gives the same result, 1620 : or

& Thus, 11%5

o

135
270

1620
This is called S¢,kana gunanam ; or multiplication according to the places.

s If the multiplicand is multiplied by the multiplier increased by an assumed number, then
frem the product obtained subtract the product of the multiplier by the assumed number,
If the multiplicand is muitiplied by the multiplier diminished by an assumed number, then to
the product obtained add the product of the multiplicand by the assuined number ; thus,

Example where the produ is added Example where the prodult is subtraed
135 X 10 ........ 1350 185 x 20 ........ 2700
185 x 2 ....0... 270 135 x 8 ..e0vees 1080

1620 - 1620
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Separate the figures of the multiplier into their places 1, 2; then multiply the mui-
tiplicand by these figures separately according to their places, and also add the products
according to their places ; the result is the same, 1620 : or y

Multiply the multiplicand separately by the multiplier minus two which is 10, and
also by 2, and add the products together; the resultis the same, 1620. Or mul-
tiply the multiplicand by the multiplier plus 8, whichis 12, and from the product
subtract the product of 'the multiplicand multnphed by 8; the same result is
found, 1620. A '

A In the copy from which this translation is made there is also the following :

¢ Or, the multiplier being divided by 4, the quotient is 3; the multiplicand multiplied by
4 is 540 ; this multiplicd by the quotient $ gives the product 1620.”—But this appears to be
‘un interpolation, as it is not contained in the other copies. 1t is also misplaced, for it be.
lengs to the third method.

liesides these diflerent methods of mulliplicaﬁou, another method is adopted when the mul-
tiplier contains three or move figures. In that case, write down the two factors so that the first
figure of the multiplier shall be below the last figure of the multiplicand reckoning from right
to left.  Then multiply the last figure of the multiplicabd by all the figures of the multiplier
beginning. at the last figure to the lett, as directed in the retrograde method of multipli-
cation, After the last figure of tke multiplicand is thus multiplied, throw it out, and on moving
the multiplier forward one place, multiply the next figure in the multiplicand in the same man-
" ner as the former onc, and thus proceed thro® all the figures of the multiplicand. The result of
the different products added together is the whole product.

EXAMPLE.

Multiplicand ...oeveeviennn .. 724635
Multiplier +..ocvvevense... 829

'T'he result is shewn, thus,

7X829 sse000 000 5803 ?)3‘6(&'_‘32 724635

9 X 829 ........ 1658 ERE23 TS 8

4 %X 829 ........ 3316 B8 ;E_-g% 829

: te.Bo

X i Yy EsgiEis %

5% 829 ........ 4145 gg‘g.g“ag g 829
600722415 S3ZE58

ultiplicand figure by each figure

@
g8

The individual products are obtained by multiplying th
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SECTION IIL

OF DIVISION.

In division the quotient is that number by which when the divisor is multiplied and
the product subtracted from the dividend, beginning at the last figure on the left hand,
no remainder is left 4

of the multiplicr separately, beginning with the last on the left hand ; thus,

8 X 7 ceveeees 56
2 X T eiveeees 14
9 x 7 S 0000000 63

D

5803

1t may be proper to remark that the Hindus do not place the results of multiplication be-
low each other as is done in Europe, but above each other in the following manner,

63
14
56

5803
For further illustration see the example in the preface.

a This is rather a definition or statement of the nature of division, than a rule shewing the
manner in which the operation is done. No work indeed that I have consulted contains the
rule of operation ; and 1 suppose that in general the pupil learns it from the oral instructions

of his master.—The following method is that which is commonly exhibited on the abacus or
board :

Having pla‘ced the divisor below the dividend, find how often the divisor is contained in as
many figures of the dividend as are just necessary, and place the number on one side calling

it the quotient. Multiply the divisor by this quotient and set the product above the figures of
the dividend above mentioned. Subtract this product from that part of the dividend above which

it stands ; then throwing out that part of the dividend, put down the remainder before the other
figures of the dividend and repeat the former process on the new dividend thusformed. And



( 12 )
"When it can be done, reduce the divisor and dividend by a common measure, and
thendivide ; this will give the quotient.
Example.—Divide the preduct of the former example given in multiplication, tak-
ing the multiplier as adivisor. -
Statement.—1620: this being divided Ly the former multiplier 12, the quotient

obtained is the former multiplicand 135:4 or

Reduce both the dividend and diwisor by three: We have, dividend 540; divi-
sor 4. Or reduce by four: We have, dividend 405, divisor 3. These dividends be-
ing divided by their respective divisors, the same quotient is obtained, 135.

tproceed in this manner until no dividend remains, -or unél the dividend is less than the divisor.

EXAMPLE.

4614..... .Yemainder which at the end of the ope-
6430 ration stands in the dividend line, and

sion the divisor having been moved forward
9738 one place in each case of division, stands
1os45¢4 below it; thus,
2271S 1614 ...... remainder
286954 3245 ...... divisor
19458
21846054
6430
dividend ...,.. 86¥46954 . quotient
divisor ..,.,... 3245 ‘ 26732
3245
- 3245
3215
3245
# Statement,—1620. In this example the divisor being mulliplied by one, and the pro-

12
«uct subtracted from the dividend, the quetient is 1, and the remainder is 420. Then move

ghe divisor ferward, thus, 420; the diviser being then multipked by three, and the pro-
12

duct subtracted from fhe dividend, the quotient is 3, and the cemainder is 60. Then move

he divisor forward.and repeat the operation. Com.
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‘ SECTION IV.

OF THE SQUARE.

A Savareis the product of any number multiplied by itself. 4 or

Put down the square of the last figure which is on the left hand, and multiply
the preceding figures ® by double the sum of this last figure, writing down the pro-
ducts ‘according to their places; then blot out the last figure, and after moving the
preceding figures B forward one place, repeat the process : € or ‘

4 Literally ;—¢¢ The same number multiplied twice is called a square.”—This is merely a
_definition. 'The different modes of operation are given in the three succeeding paragraphs of
the text.

s Or figure if the number to be squared consists of two figures only. Take for.example
67, and put the products above each other according to their places; thus,

TXT eiviieiinniiesss 49
7 %12 cevevinne. cee. 8%
6 X6 ..ot 36 weoneess 4489 square

¢ This method is shewn according to the Hindu mode of operation .in the following maa-
ner, taking for example the number 297. The products are written down and added together
agreeably to the directions given in the rule of multiplication ; thus,
3}
8
R4
46869  ...ive0e00 88209 square
%830
86%
82

N“mberto‘)e‘quared Cooeesssesnnes R9%
b, 4

7
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A Divide the number into twO parts, and after multiplying the prodvct of these
parts by two, add to t/e last product the sum of the squares of the parts; the result
is the square of the whole number: 8 or

But the operation will perhaps be more clearly understood by shewing the results in the
following mauner :

22 ... 4

97 x4 ...... 388
9%9 ...... 81
7 x 18 L L l%

Tx7 eeeee 49

88209
Gangadhar gives another mehod of performing the operation, viz. Having put down
the square of the last figure, multiply (he preceding figure by double the sum of the last
figure; then square the said preceding figure, and after mulliplying double the sum of the two
last igures on the left hand by this preceding figure, square the next preseding figure ;—thus

2 x 2 s600000000000000 4
9 x 4 eeovpvenesssecse 36

eeos0ceesscennccn 8!

9%x9
9 % 2 ...58x 7 ... 406
Tx 7

2S00 0sB . 000000000 49

88209

But as this method is not conformable {o the rule it is rejected by the other commentators.

a If a line be divided into any two parts the squares of the parts together with twice‘ the
zectanzle contained by the parts are equal to the square of the whole line.
' Euclid. B. 2. Pr. 4.

» Take for example 9; and divide it into the parts 4, 5; Then,

Qx 5 RN RN 20 ? 4 x 4 oo 0 ]6
mx2‘00.00~00.'! 40 a 5x 5 0.-0-025

41 + 40 covovrne 81 sq\lareof9.
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Having diminished the quantity and also increased it by any number you choose,
multiply the results together, and to rke product add the square of the number cho-
sen. The sum is the square of the quantity. A

Example.—What are the squares of 9, 14, 297, 10005 ?

Statement.—Q, 14, 207, 10005. These being multiplied in succession, accord-
ing to the rule, the squares obtained are 81, 190, 88209, 1000100025: or

Take the parts of nine, 4, 5; the product of these multiplied by two is 40; to
this product add the sum of the squares of the parts ; the result is 81, the square
qf 0. Or take the parts of fourteen, 6, 8; the product of these multlphed by two'
is 9 ; to this product add 100 the sum of the squares of the parts; the result is
196, the square of 14. The parts of fourteen, 4, 10, also give the square 196 : or

The namber 297 diminished by three is 294, and increased by three is 300. Then
204 and 300 being multiplied together, and the square of 3 added to the product,
the result is 88209, which is the square of 297.

Dt 20 B4

SECTION V.,

OF THE SauarRe Roor.

~ Subtract from the last uneven period B the greatest square which it contains. Set
down double the square root in a separate line, and after dividing by it the next even
period, subtract the square of the quotient from the next uneven period, and also set
down double this quotient in the line: Then divide the next even period by the
- number in the line, and on subtracting the square of the quotient from the next un-~
even period, set down double this quotient in the line. Thus repeat the operation
thro’ all the figures. The half of the separate or quotient linc is the root,

s If a straight line be bisected, and produced to any point, the rectangle contained by tl:e
whole line thus produced, and the part of it produced, together with the square of balf the
line bisected, is equal to the square of the straight line which is made up of the half and the
part produced. Euclid B. 2. prop. 6.

» The figures in the first, third, fifth, &c. places, reckoning from the right, are called zis-
ama or uncven, and are marked by a perpendicular stroke.  Thosc in the sccond, fourth,
sixth, &c. places, are called sama or even, and are marked by a horizontal stroke. In the ope-
ration the period receives its name from the denomination of the first figure on the right hand.
‘Whea he fist figure on the right is uncven, the period is called uncven ; when this first figue
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‘Example.—What are the square roots -of 4, 9, 81, 196, 88209, 100100025 ?—
They are 2, 3,-0, 14, 297, 1005. A

is even, the period is called even. Thus in the subsequent example of extracting the square

el =la =y

e
root of 88209, the numbers 48, 122, 410, 4Y, are respectively .named even, uneven, even,
uneven.

s+ The details of the operation are -thus given in the commentary, taking for example

85209.

N
¢ Make the marks even and uneven. Tere the last uneven figure is 8- from this subtract
Ry

4 which is the square of 2, and there remains of the square number 45209 : Then multiply the

root of 4 by 2, the product is 4; set this down in a separate ‘line, and by it divide the next
- lmle}
even period 48; the quotientis 9, and there remains.of the square 12209 ; subtract 81 which
‘ Nt
is the squarc of the quotient 9 from the next uneven period 122; there remains of the

-l
square 4109: Then multiply the quoticnt 9 by 2; the product is 18, which being put
down in the separate line below 4, .one place forwaid, the sum is 58: By this number divide

-l -l

the next even period 410; the quoticnt is 7, and there remains of the square 49; from this
uncven period subtract 49 which is the square of 7; no remainder isleft : Then muliiply
thequotient 7 by 2, the product is 14; put this down in the separate line one place forward,
and add together the different products in the separate line ; their sum is 594, and the half of
this is 207, which is the root of the square $8209.”

“The rule for extracting the square root will perhaps be.more intelligible when cxpressed in ~
the following terns:

Subtract from the last uneven period the greatcst square in the said period, and wrile down
double the root of this square in a separate line.

To the remainder bring dewn the next even figure for a dividend, which being divided by
double the root, and the next uneven figure annexed to the remainder, subtract the square
of the quotient from the period thus formed, and also write down double the quotient in the
separate line one place forward, adding the unit if there be one to the preceding quotient fi-
-gure,

To the last remainder bring down the next even figure for a dividend, which b:ing divided
as before by the number contained in the separate line, and the next uneven figure annexed to
the remainder, subtract the square of the last quotient from the period thus formed, and then
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SECTION VL

OF THE CUBE

" A cusE is the product of any number multiplied twice by itself. A or

Put down the cube of the final or las¢ figure whickis on the left hand, and mul.
tiply the square of this final by the antecedent figure and by three, Then having
multiplied the square of the antecedent figure by three and by the final, and also
having cubed this antecedent figure, add up all the results ® each one place forward,

and their sum will be the cube. Then taking the two figures whose cube is found
call them the final, and repeat the operation. ¢

write down double this quotient in the separate line. And thus repeat the process thro' all
the figures.

Example 88209

laf=t
85209 .
4 greatest square Separate Line
- C root 2 x 2 ..... B :
418 even period divided by double the sum of the | quot. 9 x 2 ........ I8
36 root, the quotient is 9 -—
58
12'2 uneven period ‘ quot. 7 X 2 ...v.... 14
81 square of the quotient 9 594

- The half of which i
58 110 even period divided by the number contain- squml:aroot. which is 297 the
406 ed intheseparate line, the quotient is 7

[} .
49  uneven period
49  square of the last quotient 7

4 Literally ;—¢¢ The same number multiplied thriceis called a cube.”

® The cube stands in the first place, and the other results or products follow in succession,
each being put down one place before the other. '

« This rule may be stated in the following manner :

Write down somewhere the cube of the last pumber which is on the left hand, and aftep
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The operation for squaring or cubing any number may also be performed by

beginning at the first figure on the right hand: 4 or
Multiply the number by its two component parts and also by three ; then cube the

two parts, and add the products.

p—

multiplying the square of this last number by the next or preceding number and by three,
put down the product one place forvard from the cube. Then multiply the square of the
said preceding number by three and by the last number, and also cube this preceding num.
ber, setting down each product onc place forward. The products being added together ac-
cording (o their places, their sum is the cube of these two numbers. Then taking the figures
whose cube is found, call them the final number, and the next figure the second number ; and
repeat the operation.

It will be observed that the who'e series of figures is divided successively into two numbers,
the figures whose cube is found being considered one number, and the succeeding figure the
other number. Take for example 125679.  After finding the cube of thesum formed by the fi-
nal number 1 and its preceding number 2, these two figures are talen for one number which
is called the final, an the next figure is the other number. Al:o after finding the cube of
the sum formed by the two numbers 12 and 5, these three figures are then taken for one num-
ber and their preceding figure for the other, and so on thro’ all the figures.

» This senfence seems t? come in as a nofe or remark.

1In order to perform tlie operation of squaring or cubing according to this method, the U-
daharna first directsthe dcnominations of the figures to be changed, calling the fin.l figure on
the left hand the preceding or antecedent, and the preceding or antecedent figures, the final.

‘I'hento produce the squa-e of any number proceed agreeably to the rule in page 13. Take
the example 297 given under that rule; thus,

b3
29
8%
Tx 7 ... Creesiersseenens 49
20 X I ciiiiiiiiiiiiaaae . 400
9 %X 9 tiiiiiiiiiiiinees veeese ' 81
Q% 18 ciiiiiiiiiiiia ceennes . 36
X 2 .i0e0 teseseserensrsasnses 4
88209

In order also to produce the cube of any number, procecd agrecably fo the preceding rule
P y s P g P g
in the text; observing in a“dition to what is there directed, that the producs must he set

down so that in adding up the whole cach product shall be one place before its factor in the
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- ‘Also, the cube of the root of a square being multiplied by itself, the product is
the cube of that square.

Example.—What are the cubes of 9, 27, and 1252 i

Statement.—Q, 27, 125. The cubes of these numbers in succession are 729,
19683, 1953125: 4 ‘

number. Take for examnple the sum 2125 ; thus,

2125
By e iicieritiiiisnereeen vasesesesssne 125
52 % 2 %X 8 iiiiieniiinannn cesscssneces 150
2 b4 3 X 5 ..... teccecsseccnns estecces s 60
20 Cterscssceactecescsinectanns 8
15625
252 X 1 X 8 iiieiricccccncnccncinnascees 1875
I* X 3 X 2D cevecviinnceniacinennnnnennes 75
—_—
1953125
125 % 2 X 8  iiescccecicccscccecccnss 93750
2* x 83 x 125 .......... ceessascesss 1500
9595703125

a According to the first rule the operation may be exhibited in the following manner, taking
for example the sum 125.—Thus
1 cube of last figure on lef band
6 square of last figure multiplied by the precedmg figure, and the product mutiplied
by three
12 square of the said preceding figure multiplied by three, and the preduct muhphed by
one the last figure
8 cube of the preceding figure
1728
Then calling 12 the final number, and 5 the preceding number, repeat the process: Thus
1728 cube of final number 12.
2160  square of the final number mulliplied by the preceding number, and the product
multiplied by three . ’
900 square of the said preceding number multiplied by three, and the product multi-
plied by the final number
125 cabe of the said preceding number

1953125~ cube of 125,
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Or, the namber g being rultiplied by its parts 4, 5, and also by 3, the product
is 540; to this number add 189 which is the sum of the cubes of the parts; the
result is 729, the cubeof 9.4 Or, the number 27 bemg multiplied by its parts 20, 7,
and also by 3, the productis 11340; to this number add 8343 which is the sum of
the cubes of the parts; the result is 19683, the cube of 27. -

" Or take the number 4. The cube of its root is 8, the square of which 64 is the
cube of 4. Alsothe cube of the root of g is 27, the square of which 729 is the

cube of Q.

SECTION VIIL

OF THE CUBE ROOT.

The first place on the right hand is called ghana or cube; the two next places
aghana or not cube. B

Subtract the cube contained in the final period from the said period ; put down
the root of the cule in a separate line, and after multiplying its square by three, di-
vide the antecedent figure by the result, and write down the quotientin the separate
line : Then multiply the square of the quotient by the preceding number in that line
and by three, and after subtracting the product from the next antecedent figure cube
the said quotient, and subtract the: result from the next antecedent figure. Thus re<
peat the process thro’ all the figures. The separate line contains the Cube Root.

The operation according to the remaining two methods will be readily understand by loeking
at the examples in the text.

4 Thus,
9)( 4 LA 36)( 5 eseev e 180)( 3 evee 540
43 llllll *9 80 e DL N ) 64

53 LR N I I A N 'Y 125

189 00000 0c 0Bt 189

o———

729 cubeof 9
» The ghana or cube place is marked by a perpendicular stroke ; the aghana or not cube

place by a liorizontal stroke, as in the extraction of the squareroot; thus 19656.



(21 ) .
Example.;What are the cube roots of 729, 19683, 1953125. The roots are
9, 27, 125.4 B

A The commentaries shew the operation in the following manner, taking for example
loeale=1

1953125 :

¢ Mazk the cube place by a perpendicular stroke, and the not cube place by a horizontal
stroke. In this example the cube contained in the final cube period is 1; subtract this num.
ber from the final, and no remainder is left; put down the root which is 1 in a separate line,

and after multiplying its square by 3, divide the antecedent 9 by the product; the quotient is
2,* and the remainder is 3; put down the quotient in the separate line, thus 1,2; the square
of the quotient 2 is 4; mulliply this by 1 the preceding figure in the separate line, the pro-
duct is 4, which being ‘multiplied by 3, the product is 12; subtract this from the antecedent

'3":’;,1' the remainder is 23; the cube of the quotient 2 is 8 ; subtract this from the antecedent

£33, the remainder is 225. Again the square of theroot 12 is 144, multiply this by 3, and by
- - ‘

the product 432 divide the antecedent 2251 ; the quotient is 5, and the remainder is 91; put

down the quotient in the separate line, thus 1,2,5; the square of the quotient 5 is 25, which

being multiplied by the preceding number 12, the product is 300, and this again mulliplied
' l== . .

by 8, the product is 900; subtract this from the antecedent 912, the remainder is 12: the

cube of the quotient 5 is 125, which being subtracted from the antecedent 125, no remainder is

left.” -
The rule for extracting the cube root may also be expressed in the following terms. )
. Subtract from the last period on the left hand the greatest cube contained in that period, ax’xd

setdown its root in a separate line.

* In this division it is necessary that such a remainder be left as, with the antecedent figure annexed
to it, will be equal to the square of the quotient multiplied by its preceding figure or figures in the
line and by three ; hence 3 is taken twice only in 9, for had it been taken three times, no remainder
would have been left, and 5 the next antecedent figure is less than 2 % 2 X 1 X3..... . 12,

1+ The term antecedent denotes not only the antecedent figure, but also the number or period form.
ed by annexing the antecedent figure to the number which remains after the preceding operation.
Thus the antecedent figure 5 being annexed to 3, the number which remains after dividing ;, makes
;5, which is denominated the antecedent. Tn the same manner the next antecedent ﬁgure 3 being an.
nexed to 23, the number which remains when 12 is sublracted from 35, forms the antecedent number

or period 233 : and 0 on;
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NOTE CONTINURD.,

Annex thenext figure to the remainder, and having divided this number by tripls {he square
of the rodt, set down the quotient in the separate line.

Annex the next figure to the remainder,and from this number subtract (he product of triple
the square of the last quotient multiplied by the preceding figure or figures iu the separate
line. ’

Annet the next figute to the remalnder, gnd from this number subtraot the cube of the last

quotient.
Repeat this operation thro’ all the figures. The number in the separale or quotient line is

the cube root.
Agreeahly to this enunciation of the rulé the operation is exhibited in the following manncr :

fonle=l

Examp‘(’ doeoceetoe 1353125

Cubecbntainedinﬁrstpeﬁod cesvssevenssssssedsion 1

square of cube root multiplied by 308 cevennsssees 3J 92 quotient

6

30
wyuare of the quotient 2 is 4; this multiplied by 3, and 8
the product by 1, the preceding figure in the separate e
line’is “.'l.....'..'l'....'..".."...C"..‘.‘ 12 §
— o

233 £9

c‘luoftbequOﬁenteis '.C""‘0".'.""0‘0..0'. 8 ?
o
square of the root 12 fs 144; this multiplicd by 3, is 432) 2251 5 3
2160 5.

A ——————t

912
square of last quotient 5 is 25; this multiplied by 3, and
the product by 12, the preceding figures inseparate line,is 900
185
125

—
*8

mbeOquu()ﬁent 5 is OOIO'..0..0.00."0.00'.‘00..
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NOTE CONTI{VUED.

The following example is selected merely for further illustration, and is not taken from the
.commentaries. ' '

'
walewlewle=l

122016327232
ad R - .
4 9000000000000 0s000ss 64

B° X 8 tereee eeeeveeeees 48)58619
432

1541
'9' x 3 x 4 -.uouroool.-ovoo.o,noo 972

5695
729

e——

49’ X 3 00evrscscsesecrove 7%3)49663L6
43218

64452
’6" X 3 X 49 ov--oo.u.o-c'tvwoo; 5292

——

591607
216

9’
60000 cessecscsssscnsne

Separate or Cube Root Line
4968

6 :
avo.oooo.'.o'."o'

96" 4 3 .evevseenernesse 738048 501391218
: 590438¢

. 95283
8 X 3 X 496 ceeereienanonons 95232

512

8’ »gvoooa0000000100000000001-; 512

B

5

~—
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CHAP. 1L
SECTION L
OF FRACTIONS
To reduce fractions to a co_n'zmon denoﬁziﬁ;z{or.

. Multiply reciprocally each numerator and its denominator by the other denomi-
nators: This will give fractions kaving a common denominator. or

Reduce the denominators by a common mreasure, and multiply each numerator
and its denominator by the other reduced denominators.

Example.—Required the common denominatorof 3 ! !;A and the sum of these
fractions.

Also required the common denominator of ¢, ,’, ; and the difference of
these fractions.

Statement.—? B [ {.—These fractions reduced to a common denominator are
3

s s .C~ aetions Gs. 33
43 3 ¢ The sum of the fractionsis }}.

Statement for 2d method. ', /',. These being multiplied, according to the first
rule, by the denominators divided by seven, the two /ractions reduced to a com-
mon denominator are ,>s ,26. The difference of the two fractions is ,7 .0

& The Hindus do not distinguish fractions by any mark, butmercly write the numerator

above the denominator. For the sake of distinctness I have employed the common fractional
. figures in the notes.

s '} he whole number is converted into a fraction by placing an unit for its denominator.
¢ Thus, : .
83X 5x 3=145 tx1lx3=17 1 X 1x
Tx5x3=ﬁ‘sx1x3='ﬁ I X1x
® Divide each of the denominatorsby 7; thus

(1;2 : ; = g%new denominators.

| o

5
5

]

L]

Then multiply reciprocally the original numerator and denominator of one fraction by the
geduced denominator of the other;
lx2__ ¢ |
63 X 2 — 126
thea, 9 _ ¢ _ 7
126 140 T 196,

x9__ 9
14 X 9~ 126
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Compouad Fractions.

Multiply the numerators by the numerators, and the denominators by the deno-

minators. This gives the equivalent simple fraction 4 contained in the com-
gpound fractions.

Example.—A person gives toa poor man the } of ,% of } of { of ; of ; ofa
dramma ; how many varatakas does the man receive ?

Statement.—) 3 3 ! ,% i. Simple fraction ,,%,; so that the person gave
one varataka.

Plus and Minus Fractions.

If the fraction of any quantity is plus, add the numerator to the product of the

integer by the -denominator ; if it is minus, subtract the numerator from the said
product.

When .its own fraction is plus or minus, B that is, when it is to be added or sub-

tracted, multiply the upper denominator by the denominator of the lower fraction =

also multiply the upper numerator by the denominator of the lower fraction' plus
.or minus its numerator. ©

» As the original word signifies class or tribe, the term general fraction might perhaps be
adopted. '

» That is, when the fraclion of a fraction is plus or minus.

¢ The first rule under this head teaches how to reduce a mixed quantity to an improper
fraction. '

The second rules gives the method of reducing fractions of a fraction, or compound fractions,
to an equivalent simple one. In the commentaries the rule is thus stated; ¢ Multiply
the denominator of the upper fraction by the denominator of the lower fraction. Then add the
numerator of the lower fraction to its own deneminator, if the fraction is plus, er su btract it, if
it is minus ; and multiply the numerator of the upper fraction by the denominator of the lower
fraction thus augmented or diminished by its own numerator.  Again, multiply the denominatoe
of the upper fraction by the denominator of the lower fraction, and so on; repeating the same

process till you arrive at the upper-most fraction.”
" But the operation will perhaps be more easily understood by stating the rule thus:

Multiply the upper denominator by the denominators of the lower fractions. Also multiply
the upper numerator by the denominators of the lower fractions plus their numerators, if the

fractions are plus, or minus if the fractions are minus, —For illustration take the threc examplog
which are given in the text; viz, o
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Example.—What are the equivalent fractions of two plus one fourth? Also of

three minus one fourth ? 4

2|3 - .
‘Statement.—, l - Equivalent fractions § | %' B
4 T

4
- Example.—What is one fourth plas one third of itself, plus one half of the re:
sult? What are two thirds minus one eight of itself minus three sevenths of the
remainder? What is one half minus one eight of itself plus nine sevenths of the

remainder ?

X
1st Example.—Add } 4 { of itself 4 } of the result; thus, { 4 ; o+ 2 +§
1 X 4 x g = le_ R
2 X3 X2=2¢4"F
1
34+ 1=4
1
‘2d Example.—Subtract from 3} of itself, and from]the remainder } of itself; {hus;
—3 -
3
?X7X4=_56___(
3 X 847=16"3
1
8 —1=17 N
3
7 —3 =4
ad Example;—--viz,,f,—%l+T;T’r
1 x 7T x 16=11
2 X 8x T=1z "
1
8 —1=7
9
7 4+ 9=.16

A In the original the minus fraction is distinguished by a cipher placed above it; but as this
might create some confusion in reading, I have here used a dot instead of the cipher.—It may
be observed that in stating a mixed quantity the fraction is put below the integer ; and further,
that compound fractions are arranged in a line below cach other, the highest fraction of the
series being at the head.

» Examp'le‘ 1.—Plus fraction. ‘Example 2.—Minus fraction.
2
7 2 x 4 4+ 1 = 9 numerator 3 .8 X 4 — 1 = 11 numeralor.
4 9 1 n
4 equival ent fraction, 4 4 .equivalent fraction.
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minus one eighth plus nine sevenths ?

Statement. Equivalent fractions 1 | § | T,

T LE L]
N Amgu®
NONn® g

Addition and Subtraction of Fractions.

The addition of fractions which have a common denominator gives their sum ;
the subtraction’ glves their difference.

When there isa quantity without a demominator, an unit must be assumed as its
denominator. 4

Example.—What is the sum of one fifth, one fourth, one third, one half, and
one sixth added together ?- And their sum being subtracted from three what is the re-
mainder ?

Statement. ; &+ i i & theirsumis ;3. And this subtracted from 3 leaves
the remainder $:.8 °
Multiplication of Fractions.

Divide the product of the numerators by that of the denominators; the quotient
is the product in the multiplication of fractions c

Example. —-What is the product of 2; multiplied by 2} 2 And what is the prodacc
of . multiplied by ;

2 The commentaries in the first place direct comnpound fractions to be reduced to simple
ones, and mixed numbers to improper fractions, according to the rule for plus and minus frac-
tions. The text under one rule comprehends the two common rules for the addition and sub-

traction of fractions; viz. add the numerators tooether in the case of addition, and subtract
them in the case of subtraction.

» Example 1.—Add £ 1 & 2 Z.—These fractions when reduced toa common denominator,

; the sum of the numerators added together is 1oss

are 148 130 240 360 30,
TIO 7YIT TIO TIS ,n;and reduced

by 36 the fraction is 33
Example 2,—Subtract 22 from 3. Assume an unit for the denominator to 3; then

99xl=29|3)(20 60 — 29 — 3%

== ¥y

¢ The mixed nnmbers being first reduCed to improper fracti
plus and minus fractions, T e ons aecording o fhe le o
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? l * 1 Reduced to equivalent fractions, and multiplied, the results

(S

Statement. |
are 15F | A

Division of Fractions.

Invert the denominator and numerator of the fraction which is the divisor, and
perform thie remaining operation according to the rule for the multiplication of frace
tions. "

Example.—What is the result if 5 le divided by 2} ; and what is the result if § be
divided by }.

Statement.—3 ; | 3 i According to the rule, the results

[

T
» * are eb
. . 7
tained. B
Of the Square, &ec. of Fractions.

_+ 'Squarc or cube the denominator and numerator accq:dihg to the square and cube

rules.
The method of finding the roots is also obvious.
Example.—W hat are the square, square root, cube, and cpbe root of 3! ?

Statement.—7. Thesquarcis *? ; its root is J. The cqbe i8¢ itsrootis 1.C

s+ Example 1.—Mubkiply 2! by 2¢,—The two mixed mired numbers being reduced to theit
improper tractions, we have § 4 ; «,.... Then, } X % =42
Lxample. 11.—Multiply by 7.
Ixi=4
» In this case also, the mixed number is first reduced to its improper fraction by the rule of
plus and minus fractions ; and the whole number is converted into a fraction by placing an
unit for its denominator.  Afier this process, the fractions in the first example are 7 §. Then
invert the terms of the dividing fraction, and multiply according tothe rule for the multipli-
cation of fractions ; thus,
Example 1.—Divide 5 by 2
FX i=%=2
Example 2.—Divide } by $
P x i=3=t

< In this example likewise the mixed number is first reduced to its improper fraction.
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" SECTION IL
or ThHE EFrEcT OF Crrueg.

‘When a number is added to cipher the result is that number. The square, &c. of
«<cipher is.cipher. A number divided by cipher has cipher for its divisor.4 When a
number is multiplied by cipher the product is cipher;B but in case any aperation
xemain to be done, cipher is merely conceived to be the multiplier ; for when cipher is
the multiplier, and cipher also becomes the divisor, the number is considered unchang-
.d. ¢ Also a number is cansidered unchanged by the subtraction P ar addition of cipher.

Example 1.—What is the result of 5 added to cipher? What are the square,

.square root, -cube, and cube root.of cipher? What is the quotient if 10 is divided by
«cipher?

a This I understand is a kind of technical phrase denoting that in such case the quotient/ss
dafinite. The following.is the explanation given in the commentaries ; ’

¢ A quanlity divided by cipher is not changed, but obtains the denomination ¢ quantity with:
.cipher for its divisor.” When a quantity acquires cipher for its divisor, the quotient is in-
finite ; for,the quotient is that number by which, when the divisor is multiplied, and the ptoduct'
-subtracted from the dividend, no remainder is left. Henoe in Algebra when ciplier is the
.divisor, the quotient is ccnsidered infinite.”

In the Udaharna it is.observed, that ¢ in proportion as the divisor is small, so.is the quo-
tient great but the divisor when it is cipher being infiaitely small, the quotient is therefore
infinite.”

The original word -ananta swmﬁes infinite or endless. It is an epithet applied to the Deity,
space, &c.

» When a number is multiplied by cipher, the product is cipher, as cipher has no numerical
value. Also when cipher is multiplied by any number, the product is cipher. Com.

< The words ‘in case any operation remain,” meun that if cipher becomes the multiplier,.
-and mere operations remain to be done, cipher is to be considered the multiplier, without how-
.ever performing the actual operation. The reason of this is, that after cipher has beco:ne the
‘multiplicr, should cipherin the subsequent operation also become the divisor, the number is
unchunged and stands as it is; and as both the multiplier and divisor are ciphers, it is merely
-tequired to strike them out, and the work of multiplication and division is done. 1f, however,
“in the succeeding parls of the operation, cipher does not become the divisor, the expeit arith-

metician knows that a number which has cipher for its multiplier, will become cipher. Com.

-» In Algebra, however, a number subtracled from cipber chunges its denomimation. Fur-
ther properties of cipher-will be learned from Algebra. Com.
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Example 2.—Required such.anumber that being multiplied by cipher, and half of
ithe result added o the product, this sum multiplied by three, and this last produce

.divided by cipher, the result shall be 63? ~ ~
Stftement.—For first exzample—O0; its augment 55 square’ of cipher is 0; its

root is 0. The multiplicand 5 mult;phed by cipher becomes 0. The dividend 16

divided by cipher becomes 'J’.
StatemenL——For second example.-—The number is unknown ; the multrpher 8045

the augmentis | ; ‘the multiplier is 3 ; the divisor is cipher; the known number is
63.—Then by the rule for an assumed number, which shall be afterwards given, A the

gnotlcnt obtained is 14, the number required. ®
. “This method of reckoning is of great utility in calculating the motuons of the hea

:venly bodies.

ia:See page 32. ‘ ‘
3 Assume the number 4 ; then conceive* it multiplied by cipher, and add 2 which is one’

half .of the assumed namber ; the result is 6; multiply this by 3, the prodact is 18, wlich
being divided by cipher, the numb-r remains the same, 18. ‘The answer is then obfained hy
the rule fof Three Numbers. Thus, if 18 gives 4, what will 63 give? Having made
this stateinent, multiply 63by 4, and divide the. product by ]8‘; the quotieny is 14. Com, - :

T'hat is (.z:xo+ TX0 C s ,
’ -— -) X 3= = 63. Or putting a = o, a.z:--]-f’;'17 X — = 63; the

solation of which equation gives 2 — 14, ,
The same commentasy also shews the question brought out by the mule of Inversion. Sce
page 31, ¢ First prepare the numbers according to the rule of lmersxon The known quane,
tity is 63. . Conceive this multiplied by cipher, which is the divi isor .changed to wultiplier, and
d’n(kd by 3, which is the multiplier changed to divisor; the quoucnt ol)lamed is 21. Haltj
of this is the augment, which however becomes one third, according to the rule ¢ if there s
aplus fraction, &c.”'t This plus fracfion being changed to minus and subtracted from 21,
the remainder is 11 ; and this being divided by ,ci[}her‘, which is the muliiplier changed to di-;
visor, the nuntber remains the sume, 14 ; for when a cipher’is multiplier, and also divisor, the’

number 1s not changed.”’

Then follows this remark :

“¢ The rules for cipher, inversion, and assumed number, being
«of .great use in caleulating the motions of the planets, ought to be carefully studied.” '

* The process of muliiplicativin must not be actually pecforuied, because in the subscquent operation

<ipher becumes the divisor,

+ See page 32. Yhen according’to that rule T = ‘. and 4 of 21 i.."]‘ the plus v&u:.tiion,'

whigh being changed to minus is subtracted from 21,
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SECTION IIL
OF INVERSION.

Awy quantity being known, in order to find the unknown quantity, make the di-
wisor the muktiplier, and the multiplier the diisor ; the square the square root, and
the square root the square. . Also make the negative affirmative, and the affirmative
negatwe If there is a plus fracuon, add the numerator to the denominator if a minus
fraction, subtract it, for a derominatar. . The numerator remains unchanged. Thea
proceed with the subsequent operation in the inverse manner abave dirccted..

Example.—A quantxty is multiplied by three; to the product there is added the
Tourth of itself multiplied .by three ; and this last product is divided by seven ;.the
quotient minus oue third of itself is squared, and fifty-two being subtracted from the
square, to the square root.of the remainder eight is added ; thesum is then divided -
by ten, and there is obtained the quotient two. What i is the quantity ?

Statement.—Maltiplier 3 ; augrhent }; A .divisor 7 ; decrement } square.0; B

minus 52 ; root O; plus 8; divisor 10 ; known number 2. ¢ Then, according to
the rule, the result obtained is the required quantity 28. P

. This represents one fourth mulijplied by three.

 'T'he square and square roet-rot being known are denoted by 0.

.c In another.copy .the statement is thus: ¢ Quantity unkgown : the multiplier is 3; to be
added of the preduct. ; divisor 7; quantily to be subtracted from the quotient § of itself;
the square of the remainderis 0; quantity to be subtracted from the square is 52 ; quantity
to be added to the square root of .the remainder is & ; the divisor of the result is 10; the
known number is 2. According to the rule the required rumber is found to be 28.”

» The commentaries exhibit <he.operation in the following wanner :

¢ Multiply the known quantity 2 by 10, the product is 20 ; from this subtract 8, the re.
mainder is 12, the square of which is 144 ; this plus 52 is 196, the root of which is 14. The
guestion then directs 1% to be reduced by 3§ of itself ; therefore according to the rule® ¢ if (ke
fraction is minus, &c.” one half, or 7, isadded to 14, and the result 21 being ultiplied

by 7, theproduct is ]47. The condition of the question then requires that 147 be augmented
" by 2 of itself; therefore according to the rule + ¢ if the fraction is plus,” &c. one seventh,

* Rule.~If the fraction is minus, subtract dhe uumerator from the denominator for 8 denominator §
1 1 :
dherefore, s —1 =24
¢t Rule.~If tbe rracuon is plus, add the numerator to the denominator for F denommator ; therefore
s

A Xa= +3—7
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SECTION IV

ASSUMBD NUMBER.

Multigly or divide an assumed number, .and subtract or add the fractions, according
to the conditions of the question: by the result divide the product of the known
number by the assumed. The quotient will be the number required.

Example.—A number is multiplied by 5 ; from the product is subtracted one third
of itself, .and the remainder is divided by 10; to the quotient isadded § ; } of the
.assumed numbee, and the result is 68. What is the number ?

‘ Statehent.—Mnltiplier 5 ; fraction to be subtracted E, divisor 10 ; plus fractions
of assumed numberd % 7% %; known number 68. In this example assume the
number 3, and multiply it by 5, the productis 15, frem which subtract one third of
itself, the remainder is 10; divide this by ten, the quotient is 1 ; to which add the frac-
tions of the assumed number, i 3, after reducing them to a common denomina-

tor ; the result is '] . By this divide 204, which is the preduct of the known num-
ber 68 by the assumed-3 ; the quoticnt obtained is 48. 8 '

wor 21, is multiplicd by 3, and the product 63 being subtracted from 147, there remains 84
wivide this by 3, the quotient is 88. ————Proof, 28 X 3 == 84 ; to-this-add 63 which s
sthree times the § of 84; .the result is 147 ; divide this by 7, the quotient is 21, from which

C =T 48 Tt a4
subtract } of itsel{; the remainder is i4. Then( - w) = '“w+ = ‘%% = 2

4he known number.”

The commentary then proceeds to make this remark-: -¢¢ This example cannot be performed
by the rule for an assumed number, because it contains the root of a square. 'When there
is a square, square root, cube, or cube rcot, the operation cannot be perforined by-an assumed

.number ; but exclusive of square, square rcot. cube, and cube root, all other operations may
Le done by the rule of three quantiiies. 'l'l.xus it is mentioned in the Siddbanta.”

a The first is the assumed nuber represental by an unit, and converted intoa fraction by
plucing anoilier unit below it for a denomiiiator. ' '

» The commentarics exhibit the epcration in this manner: ¢ ‘Multiply an assumed number
B by 5, the productis 15:; from this subtract one third of itself, .the remainder is 10 ; divide
this by 10, the quotient is 1: to tiisquotiont add.one half;, enc-third, and oac fourth of the

assumed humber ; thus ! 3 1 1, which rediced to a common deyominator, are 24 3§ 13

z¢ 13 13 §4, ory
Teduced to their lowegt terms, are § 2 3 2, the sum of which is %7 :.the knvwa number US being
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Thusasto every example where a number is required to. be muitiptied by any
other number, or divided by it, and fractions to be added or subtracted, and a num-
ber is known—in that case operate upon an assumed number according to the condi.

tions of the question, and by the result divide the product of the known number
:multiplied by the assumed. The quotient will be the number required.

Where a certain quantily is known.

Example.—One third of a collection of beautiful water-lilies is offered to Ma.
‘hadev, one fifth to Huri, onesixth to the Sun, one fourth to Devi, and six which re-
main are presented to the spiritual teacher.—Required the whole number of water-
lilies ?

Statement.—] ;

+ ¢ 3 known number 6. Tn this case after assuming a quantity,
the result obtained is 120. 4

Where there are remainders.

Example.—A traveller pays away one half at Pryag ; from the remainder he pays
two ninths at Benares ; from the remainder he pays one fourth for customs, &c.

from the remainder six tenths .are paid at Gaya ; and there remain 63 which he
brings home. What was the original sum ?

Statement.—] § i ,%. Here the rule is, divide the product of the denominaters
minus their numerators by the product of the denominators; and by the quotient

-

muliiptied by 3, the assumed, the product is 204 ; divide this by %, the quotient is 48, which
is the number required.

Proof:—48 x 5 = 240; from thissubtract one third of itsel§,
or 80, the remainder is 160 ; divide thisby 10, the quotient is 16; to this quotientadd a third,
half, and fourth of 48, that is 15, 24, ]12; the result is 68, which is the known quantity,
Com.

A Having assumed one or an unit, reduce it along with the fractions to 2 common denominator,
Thus §  + 3 3, reduced te a common denominator, and reduced to their lowest terms are
$3 33 12 45 43- 'The pum of the four last negative fractions, is §3; subtract these from §3,
which is the assumed number converted into a fraction with the common denominator;  the
remainder is ;% : Then multiply the known number 6 by the assumed number 1, the prodact
is 6, which being divided by the fraction 25, the quotient is 33° — 120, which s the aumber
of water-lilies. Proof:—One third of 120 is 40 ; the fifth is 24, the sixth is 20, the
fourth is 30; the known number is 6: then 40 4~ 24 - 20 + 30 + 6 = 120. Com.
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obtained,” divide the product of the known quantity multiplied by the assumed :

Thus,
The known numberis 63. Let 1 or unit be the number assumed. Then subtract

—each fraction from the prec:ding remainder, according to the rule for minus frac-
tions; the result is ¢ ; and the known number being multiplied by the assumed, and
the product divided by ., the quotient is 540.A The answer may also be obtained

by the Rule of Inversion.
Where there is the difference.

Example.—One fifth of a hive of bees flew to the Kadamba flower ; ene third
flew to the Silandhara ; three times the difference of these two numbers flew to an
arbour ; and one bee continued flying about, attracted on each side by the fragran;
Ketaki and the Malati, What was the number of bees ?

Statement.—! % 3. The number of beesis 15.8

In the same manner other examples may be performed by the rule of an Assumed

Number.

. 4 Subtract the numerators from the denominators; thus,
i .2 1 ]
e—1=1 90 —2=17 «t—1=3 0—6=4%
Then, 1 X 7 X 3 x 4 = 48 product of denominaters minus the numerators
2 X 9 X 4 x 10 = 720 product of original denominators
Reduce ;4% by 12; the fraction obtained is 5 : then multiply the known number 63 by the
assumed number 1, and divide the product by % ; thus 52 x ¢¢ = 37#° == 510, Com.

In the Udakarna the operation is thus exhioited ¢ ¢¢ Assumed number 1; the balf of which
being subtracted, there remains ; two ninths of one half are g subtract this from £, the
remainder is y5; from this subtract § of itself or ,%, the remuinder is 21; from which sub.
tract 3 of itself or }3¢ ; there remains }% = ;3. By this fraction divide the product of the
known quantity muluphed by the assumed ; the quotient which resulls is 540, the number
required. Proof :—Half of 540 is 270; two ninths of 270 is 60, which being sub-
tracted from 270 there remains 210 ; and the fourth of this, or e being subtracted from 210,
there remains ¢1° ; six tenths of this remairder are 322°, or, reduced by 20is *}*; subtrace
shis from ¢3°, there remains 63.”

3 Thus $ £ 3, being reduced to a eommon denominator, and the equivalent fraction sub-
tracted from the assumed number 1, the remainder is ;% = ,% t—Then the known number be.
ing multiplied by the assumed, and the product divided by ,%, the quotient obtained is 15,
Proof :—~Numbor of boes is 15; from which sublract .one fifth of itself or 3, the
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When there are the sum and difference.

'Add the difference to the sum, and also subtract it from the sum; then the re.
sults halved will be the quantities.

Example.—The sum is 101, and the difference is 25. What are the two quan-
tities ?

Statement.—Sum, 101

| When there is the difference of the squares.

Divide the difference of the squares by the difference of the quantities ; the quo-
tient will be their sum. The quantities themselves are then found by the last rule.

Example.~What are those two quantities the difference of which is 8, and the
difference of their squares is 400 ? ‘

Statement.—Difference of quantities 8; difference of squares 400. The two
quantiti¢s are found to be 21, 29.

Concerning Squares.

‘Multiply the square of an assupfed number by eight, and subtract an unit from
the product ; divide half of the remainder by the assnmed number ; and the quoti-
ent will be one of the quantities: Add an unit to half the square of this quantity;

.and the result will be the other quantity : or
Divide an unit by the double of an assumed number, and add the assumed aumber

to the quotient-: the sesult is the first quantity: the second quantity is an unit. &

; difference, 25. The two quantities are 63, 38.

pemainder is 12;; from this subtract 5 which is.one third of 15, the remainderis 7: The
difference ot 8 and 5 is 2; multiply this by 3, the product is 6, which being subtracted

from the last remainder 7, there remains 1. Com.
4 These problems belong to the class called Diophantine. This case may be solved in the

following manner :
::i‘z’: } == }to find the value of x and y in terms of any assumed number a.
8d Rule.—Ify=1thens* 4l —l= orz*=o
and g*— 1 — ] or 8*—2 = o substituting 2a—= for the side of this square wothave
**—2 = 4a*—4ar 43t
4avr = 4e* 4 2

231 ) o
c= ‘2:' or (according to the mlc)=?'.-+a
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The squares of the two quantities being added together, or subtracted from each
other, and an unit subtracted from the result, there will remain a square.

Example.—What two quantities are those the squares of which being subtracted
Jrom e(lch other, or added together, and an unit subtracted from the result, there will

remainaroot ?A  Tell methis if thou art able to perform an operation which i is diffi-
cult even to the Algebraist.

Statement.—In order to find the first quantity, let the number assumed be | ; the

square of whichis } ; this multiplied by eight, the product is ?; an unit bemg sub-

tracted, there remains ! ; the half of which is i ; divide this by the assumed nuin-

ber ;, the quotient is the first quantity ;. To half the square of this number add

an unit ; the result is ], whichis the other quantity, Thus there are produced the

two quantities ! 3.% Thus also, if the assumed number is one, the quantities found
are 7 3: if two is the assumed number, they are 3' 593,

'According to the second mode, let the assumed number be 1; by the double of

which divide an unit, the quotxent is 1 ; and the assumed number being added to this,
the result is the first quantity 3. The second quamtxty is the unit itself,

Thus, also,
if two is the n unber assumed we obtain { ; ;€ if three is the number assumed, we

obtain *2 ! if one thirdis the number assumed we obtain *,' .
Rule. —Mumply by eight the biquadrate and also the cube of an assumed number,
and add an unit to the first product. Theresults will be the two quantities. “The

operation may be performed either by Arithmetic or Algebra.

Let the number assumed be }.; its biquadrate is ,'s, which being multiplied by eight,
the product is ;; add an unit to this, the result is 3, which is the first yuantity,
Again, the cube of the assumed number is §, which being multiplied by eight, the
product is 3, and this is the other quantity ;. Thus there are obtained the two

guantities ; ; Ifoneis the assumed number we obtain g, 8; if two.is the as-

s The original word is moo/, which signifies root: but here it appears tomean a number
whose square root can be extracted, that i 1s, a square number.

) (1)+(2)" =3 )—'(‘)—l
e roimh - (rmind
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sumed number, we obtain 129, 64; if three is the assumed number, we obtaiﬁn
649,.216.2 |
| | SECTION V.

OF MULTIPLIER OF THE ROOT.

D;;/:_The known quantity is what results after multiplying the square root of the
wequired quantity by the multiplier, and subtracting the proéuct from, or adding it to,
sthe required quantity. : ' '

Rule.—To the known quantity add the square of half the multiplier, and then add
#o ‘the square root of the sum thus obtained, or subtract from it, half of the mul-
tiplier: The square of the result will be the ‘number required. 8 '

If the quantity has a negative fraction, subtract the fractien from an unit; if 3
positive fraction, add it to an unit: By the result divide both the known quantity
-and the multiplier of the square root: Then, from the quotients, find the required
-quantity according to the rule.

D When a quantity is observed diminished or augmented by its own sguare root mul-
tiplied by a certain multiplier—to that quantity, so diminished or augmented, add the
square of half the multiplier of the square root of the quantity, and to the sguare
oot of the sum obtained, add half of the multiplier, if the known quantity is the re-
sult of subtracting from the required quantity the product of ‘the.square root of the

4199'4 64" 1 — 20736; and 20736° = 144.

199°— 64°— 1 = 19544; and 125447 = ]le.
3 This is-exaetly our process for the-equation r + 4 % P 8, by completing the square,

~ 2
C Lo anE— 1 _ '
&c. which gives z = (4> +6)* La Hutton’s Tracts, Vol. 2. p.

- T . 1 1
¢ That is, .in our notation, having the equation 2 + ~z +a X&*=b: finstdividingby 14 ml

. a l b
gives, 24+ —xa* =+ +—; then proceeding as before
14m l4m
. ( A\ b\ ¥ Fied
gives r = ] RS L
g I _‘_;) 14 li:;' Eutton’s Tracts, Vol. p .

» The object of this paragraph is to explain the definition and rule. But instead of afford-
ing any elucidation, it bas a tendency rather to darken and confuse what isstated with suffici-
ent clearness and precision in the preceding paragraphs. The ¢ quantity diminished or ang-
.meated by its own square root multiplied by a certain multiplier,” signifies the kuown quantity.
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required quanhty by the multiplier ; but if the known quantity results from adding the
said product to the reguired quantity, then subtract half of the multiplier JSrom the
square root of -the sum. The square of the result is the quantity required.
Of the first part, or definition, there are two examples.
1.—Where the known number is what remains a‘ter multiplying the square roos
of the required quantity ly the mulliplier, and subtracting the product from
the required -quantity.
Example.—Half the square -root of a flock of geese multiplied by seven -was ob-

served to march slowly away, and two were seen fighting playfully in the water.
Say, what was the number of .geese?

Statement. —Mult:pller of root-is 7; known quantity is 2. T hen ‘half of the
mu]tlpher is ], the square of which, %3, bemg added-to the known quantity 2, the
sum is 13, the square root of which .is % ; .this-being added to Z, the half of -the
mult:pher, gives °°, the square of which is the whele number of geese 16.

— Where the -known quantity is the wesubt obiained after multiplying the square
root of the rejuired quantity by the multzplxer, and adding the product to the
required quantity. :

Example.—What is that number to which the product of its square root multxphed
‘by- 9 being added, .shall he 1240?

Statement.—Multiplier of root is 9 ; known quantity is 1240. According to the
-rule the quanuty isfound to be 961.4

Examples -of ,the Rule,

“Example.—Ten: times the. sguare root of a flock of geese secing the clouds collect,
‘flew to the Manus lake; one enghth of - the whele flew from the edge of the water
amongst.a multitude of . ~vater-lilies ; and three couple were observed playing in the
water. Tell me my young girl with beautiful Jocks, what was the whole number of

 geese?

Statement.—Moaltiplier. of the root is 10 the fractxon is §,; the known quantity
3s 6. Then according to the rule « if there is a negative fraction,” &c. the fraction
being subtracted from an unit, there remains - by which the multiplier of the root

.and also, the.known . quantity being divided, the results are, maltiplier of root %

-4 Thus, the square of - which is half of the multlpher is ¢, thisadded to 1240 the knowa
. quartity, the sum is *%**, the root of which is 7! ; from this subtract half of the multiplier, the
semainder is % = 3], the square of which is 961 the quantity required. ———-—-:Pro_of

‘Root 81 x 9 + 31 = 279 + 961 = 1240. . Com.
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known quanﬁty **. Then from these the whole number is found by the rule to
be144. A : :

Example.—The enraged Parthava seized in battle a number of arrows in order to
slay Karna ; one half he expended in defending himself against the arrows of Karna;
four times the square root were discharged against the horses; with six arrows
he transfixed Shalya the chariotteer ; with three arrows he rent the parasol, standard,

and bow ; and with one arrow he pierced the head of Karna. What number of ar-
rows did Arjun take ?

Statement.—Multiplier of root 4; fraction ! ; known quantity 10. Then ac-
cording to the rule ¢ if the fraction is negative or positive,” &c. the number of ar- -
rows is found to be 100. B

Example.—The square root of half of a number of bees, and also eight ninths of
the whole, alighted on the Jasmins; and a female bee buzzed responsive to the hum
of the male inclosed at night in a water-lily. O beautiful damsel, tell me the num-
“ber of bees? , '

In this example eight ninths, and also the square root of haifof the quantity are
subtracted from the quantity ; and these minus fractions, and the known quantity two,

-are halved ; but as a fraction of the half of a quantity is equal to half the fraction of

.that.quantity, the same fractions are put down. ‘The statement then is, fraction, & ;
~multiplier of root, ; ; known number, 1. From these there is found by the rule,

0

.4 In this example,aud the twp which folloy, the fractions are negative.

_In this case subtract the fiaetion § frem an unit, there remains %3 by this divide 10 the
smultiplier of: the root, and 6 the known quantity ; the quotients are 42 48 ; that is, mulli-
~plier of root 42, known quantity 43. Then from.these find the quantity according to the first

partof the rule, by adding to the known quaatity the square of half the multiplier, and so on.
Thus, maultiplier of root is £2, half of it is 4°, the square of which is *$2o .

! $5°; add this to the
known quantity 4f, and reduce the sum by the common measure seven, the result is 13s, the
. square root of which is % ; .add this to §3 which is half of the multiplier, and reduce the re-
. sult by the common measure seven, we obtain 183 = 12; and 12 = 144 the number requi-
.xed.—Com.

-'» In this example subtraetthe fraction. 3 from an unit, there remains £ ; dividing by this the
cknown quantity 10, and also the multiplier of the root 4, we obfain *? §, which are the
: known quautity, and the mulliplier of the root. The required quantity is then found from
: these in the manner already directed. Thus, the squarg of half the multiplier is 16 ; this ad-

ded fo 22 the known quantity, the result is 36, the square root of which is 6 ; this added (o 4
which is half.of § the multiplier, the result js 10, the square of which is 100, the number re-
Proof : —Quantity, 100; and 100 x 4 = 40 ; half of the
. the kpown quantities are 6,3, 1. Then40 + 50 - 6 + 3 + 1=

guired. -

quantity is 50 ;
100. Com.
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the number 36, which being multiplied by 2, the productis the whole number ¢f

bees, 72. A
Example.—A certain number being added to its own square root mult;phed by
eighteen, and to .one third of itself, the result is 1200. What is that number ?
Staternent.—Multiplier of root 18; fraction !; known quantity 1200. Then
the fraction being added to an unit, the result is 4 ; and having divided by this the
multiplier of the root, and the known quantity, ,we obtain by the rule already stated,

the quantity 576. 8

4 In this example the fraction is §, the multiplier of root is £, the known quantity is 2
In order fo reduce the multiplier of the root by one half, the known quantity is halved ; the
fractions however remajn unchanged :* the statement then is, fraction §; multiplier }; knewa

quantity ]. Having subtracted the fraction from an unit, there remains &3 by this divide the

known quan'ity 1, anit also the muliplier %, the queticnts obtained are £ 2. Then from these

find the sought quantity according to the first part of the rule. Thus, muliplier §, knova

quantity ¢; bhalf of the multiplicr is , the square of whic is %3 this added to $ the known

quantity the result is %3, the root of which, ¥, being added to 2, which is half of the

maltiplier, the result is " =6 : the square of this is .36, which is half of the required number ; i
apd 36 x 2 = 72, the number required. Com.

As this explanation does not seem very correct, we shall add the followmg. As it is the
square root of half the quantily, and § of the whole, that areto be subtracted, to leave a
remainder of 2, let us find half the quantity, instead of the whele quantity required. Then
40 preserve the value of 4 of the whole, in terms of the half, we must take it — t°. Butas we
have supposed the required quantity halved, we must halve all the rest, in order to preserve the
conditions of the question ; this gives the multiplier of the root #, the fraction 3, and the known
quantity one; then working according to the rule, we get 36 for the half quantity required,

and multiplying this by 2, the whole quantity required is 72.
1
That is, z— ( :) P ;x = 2 original statement. Butas this involves ( ;)v’, let wus

sublitnte y for ; and the equation then becomes

< 16
Y=y —gy=2

s
3

y
Dividing by © y——— gy =1 new stitement
. I
Thea by salving y = 36 =3
& = T2
@ In this example the fraction added to an unit is 4 ; by this divide the known quantity 1200,
From these the required quantity is

and also the multiplier 18 ; the quoticnts are 900, 5: : ; . '
found, thus ; multiplier 3¢, half of which is 4*; this squared is *§i*, which being added to

# In consegnence of that property of fractions which is mentioned in the text.
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SECTION VL

RULE OF THREE QUANTITIES.

The quantity whose product is given, and the quantnty whose product is demand-
ed, must be of the same denomination, and the first and last terms; the given pro-
duct is of a different denomination and the middle term. 4

Multiply the middle term by the quantity whose product is demanded and divide
the product thus oktained by the first term : the quotient will be the required product.

In inversion operate according to the rule of inversion. B

~ Example.—Two palas and a half of saffron are purchased for three sevenths of #
niska: How many will be purchased tor nine niskas ?

Statement.—} . Palas of saffron obtamed 52 ¢

Example.—Sixty-three palas of fine camphor produce one hundred and four mshs
What will twelve- palas and a quarter produce ?

Statement.—63, 104, *°. Produce, niskas 20, drammas 3, panas 8, kakinis 3,
waratakas 11, and fraction of a warataka ;

Example.—One kharika and an eighth of rice are got for two drammas: How many
will be got for seventy panas. -

In this case the two drammas are reduced to panas, in order that the number whose
product is given may be of the same denomination.

Statement.—32, 3, 70. Quantity obtained, kharikas 2, dronas 7, araka 1, prast,-
has 2.

900 the result is 6557, the root of which is 24¢ ; subtract this from % which is half of the
multiplier, there remains '§* = 24; and 24 — 576 the quantity required. Com.

4 The literal translation is, ¢ the given and demanded are of the same class and first and
last; the product is of a different class and middle,”

s That is, the given product being multiplied by the quantity whose product is given, and
the result divided by the quantity whose product is demanded, the quotient is the required pro.
duct. Com. '

© The thres examples of this rule are {00 simple to require any illustzation from the coms
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RULE OF THREE QUANTITIES INVERSE.

If the quantity whose product is demanded increases while its product diminishes ;
or if the quantity whose product is demanded diminishes, while its product increases ;
that is, if thereis a diminution of its product while the quantity whose product is de-
manded is increased ; orif thereis an augmentation of its product while the quantity
whose product is demanded is diminished—then those who are skilled in the Rule of
Threé¢ Quantities call it Inversion. Thisruleis used in valuing animals according to

their age, in weighing gold of a certain colour, and also when thereis a diminution
of quantities. A

Example.—A girl sixteen years old is purchased for thirty-two niskas: What will
a girl twenty years old cost?

Statement.—10, 32, 20. Product, niskas 25, drammas 9, panas 9, kakinis 2,
waratakas 8. B

Example.—Bullocks which have ploughed four seasons, ¢ cost four niskas: What
will bullocks which have ploughed twelve seasons cost ?

Statement.—?2, 4, 6. Product, niska 1, and fraction }.

Example.—One gadyanaka of gold of ten colour is obtained for one niska: How
many of fifteen colour will be obtained ?

Statement.—10, 1, 15. Product ;.

Example.—-A heap of grain measured by a seven araka measnre gives one hundred
measures : How many measures will it give measured by a five araka measure ?

Statement.—7, 100, 5. Measures obtained 140.

s+ The value of animals whose age is great, is less ; of those whose age is less, is great; In
like manncr the quantity of gol!d is less when the colonr * is grcater, and is more when the
colour is less.  Also the number of measures of a heap of grain measured by a small measure
diminishes when measured by a larger measure ; and the number of measures of a heap mea-
sured by a large measure increases when measured by a smaller measure.  Com.

» [t will be recollected that the operation is directed to be performed by the rule of inver-
sion. In the commentaries it is thus exhibited. Multiply the middle ferm by the quantity
whose product is given, the result is 512; divide this by the quantity whose product is de-
manded, the quotient is niskas 52, &c.

¢ A bullock is put to the plough when six years old, and ploughs for 6 dhu or 12 years, a
dhu being equal to 2 years; so that the question is, if bullocks 10 years old cost four,
what will bullocks 18 years old cost?

-

* That is, in purchasing gold a quantity vf sualler buik is obtained when its purity is great,
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SECTION VIIL
RULE OF FIVE, &C. QUANTITIES. «

When there are five, seven, nine, &c. quantities, let the products and denomina-
tors of one side be mutually carried to the other, and putdown; then divide the

product of the multiplicatian of the greater side, A by that of the lesser; the quo-

tient is the product.
Example.—One montl’s interest of one hundred is five: What will bea year's

interest of sixteen? Also from the principal and interest required the time? And
from the time and interest required the amount of principal ?

1 12 8 9
Statement.—100 16. Quantity, interest 3 Again, in order to find the time:
5 0

a Thatiscalled the greaterside which centains the given product.

1 12+
3 Transposed Statement 100 | 16 The products of the numbers on each side are 100, 960 ;
0 .
The product.of the greater side being divided by that of the lesser, the quotient is 9 § * which
reduced to an improper fraction is 4*. Or reduce 100 and 5 by 5; then the ‘statement is

1 12 ! 12
20 16 Again reduce 20 and 16 by 4, and the statement is 5 1! Then the aumbers
: 0

0 1
of the greater side 12, 4, 1, being multiplied together, and the product divided by 5 the product

of the lesser side, the quotient is, interest 9 3.

In order to find the time, the transposed statementis 1 | 0
. 100 | 16 And the deneminator of
‘ ast] 5
5
the fraction being again carried (o the other side, is 1 0 : '
100 16 The product of the great-
48 5 er side, or that containing

5 the ascertained preduct, is

4800 ; this being divided by 400 the product of the lesser side, the quotient is 12.

In order to fiad the amount of principal, the transposed statement is, 1 12
100 | 5 The pro-
43 6

duct of the greater side is 4800 ; this being divided by 300 the product of the lesser, the
-quolient is 16, the amount of principal. Com.
4 The improper fraction of .

* The year-reduced to mounths,
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1 o
Statement, 100 | 16 Quotient, months 12. In order to find the amount of prin-
48
5* s
. 1 12
cipal, the statement is 100 0 Quotient, amount of principal 16.
5 4
5

Example.—In one month and a third, the interest of one hundred is five and one

fifth ; In three months and one fifth what will be the interest of sixty-two and a half?
4 16 A

3 7®
s 7
Statement.—1 &0 125 Quotient, interest 5
p .
! o

Where there are Seven Quantities.

Example.—Eight pieces of cloth each three cubits in breadth and eight in length,
are purchased for one hundred : What will one piece three cubits and a half in length

and one half in breadth be purchased for ?

Statement.—3 1
8 7 Quotient, drammas 14, panas 9, kakini 1, waratakas 6,
8 ? and fraction of a warataka 3. € '
100 2

4 It will be observed that all the mixed numbers are reduced to improper fractions.
» This example shews the transposition of the denominators. After reducing the mixed

numbers to improget fractions, and transposi(;lgo the denominators, the statementis 4 16
The products of the two sides are 20,000, and 15,6000; and the greaters » 3

15,6000, being divided by the lesser, 20,000, the quotient is 7 ¢, having abbre- 100 | !2%
;iated u;he fraction by 4000. The time, principal, &c. may be found as before :
irected. Com.

¢ Original Statement ‘Iransposed statement

3 1 3 1
| 2 2 1
8 7. The integers are here conver- 8 7
1 2 ted into fractions by placing an 2 1
8 1 unit under them for a denominae 8 1
1 1 tor. 1 1
100 { O 1 100
1 0

The product of the greatet side divided by that of the lesser, the quotient is 14, 9, 1, 6%;
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W here there are Nine Qz_zantz'ties.‘

Example.—Thirty planks each twelve inches thick, sixteen inches broad, and
fourteen cubits long, are purchased for one hundred niskas: What will fourteen planks
each eight inches thick, twelve inches broad, and ten cubits long be purchased for ?

Statement.—12 | 8 _ o
16 12 Quotient, niskas 16, drammas 10, panas 10, kakinig

14 10 2, waratakas 13, and fraction of a warataka ;. A
- 30 14.
’ 100 o

Where there are Eleven Quantities.

Example.—~The first mentioned planks were lying at the distance of one league,
and to bring them the hire demanded was eight drammas: What will be the hire to
bring the second mentioned planks which in length, breadth, and thickness, are less
by four, from the distance of six leagues ?

Statement.—12 8
16 | 12 Quotient, hire, drammas 8, ®

14 10
30 14
1 6
8 0
— -
a Tranposed statement
16 | 22 Toe product of the
. e product of ter side is 1344000, that of th i
14 10 '80640: 'The greater d?:"ie:ed by the less gives 16 nisk:s, 1:) d]?:mlf
:;o 110% mas, 10 panas, £ kakinis, 13 { waratakas. Com, )

® Transposed statement,

12 8
16 12
14 10
Y 14
1 6

0 8
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SECTION VIII

OF BARTER.

Tn Barter after transposing the denominator and vilue, perform the Operauon as
directed in the Rule of Five, &c. Quantities. A

’Exam,plc.——Three hundred mangoes arc purchased for one dramma, and thirty
pomegranites for one pana: How many pomegranates will be got in exchange for

ten mangoes?

Statement.— 16 B 1
300 30 Pomegranates obtained 16. ©
10 0 :

a Another copy states the rule more accurafely thus: ¢ In Barter after transposing the vae
“lue, perferm the opcration as directed in the Rule of Five, &c. Quantities” The transposition
of the deneminater is directed in the Rule of I'ive, &c. Numbers; ‘the only difference there-
fore between that rule and the rule of Barter is, 1hat the latter requires also .the transposition
of the value.

» The dramma reduced to panas.

¢ Transposed statement

3(1)0 ‘ljg The products are 300 4800, and fhe greater being divided by
0 Jo the h:bs, the quoticnt is 16.

A}
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CHAP. IIIL

SECTIO N L
. OF MIiXED QUANTITIES, .

Multiply by the given time the quantity whose product is given, and multiply the
interest by the mixed time: Then multiply by the mixed quantity each of the pro-
ducts put down separately, and divide the result by their sum:. The quotients are the
principal and interest. or

Find the principal by the Rule of an Assumed Number, and subtract it from the
mixed sum ; the remainder is the interest. . .

Example.—If at the monthly interest of five per cent. there is paid in a year the
sum of one thousand principal and interest ; what will be the separate amount of
principal and of interest ?

1 12
" Statement.—100 1000.—The quantity 100 whose product is given, being m;:l-
5 0}

tiplied by 1 month, the given time, the product obtained is 100; and the interest,
5, multiplied by 12 months, the mixed time, the product is 60. The sum of these
products is 160. Then multiply each of the products by 1000, the mixed quan-
tity, and divide the results by the sum of the two products; the quotients are, prin_
cipal 625, interest 375.4 .

Or, by therule of Three Numbers. One hundred of principal produces five of
interest ; then, if an unit is assumed, what will it produce ? It produces ', : Then,

if % is theinterest for one month, what will be the interest of an unit for twelve

months? Interest of one yearis }.

4 Wrile down scparately the products 100 and 60, and mulliply each of them by the

fixed quantify 1000 ; the results are 100,000, and 60,000 ; then divide these by 160 tLe
sum of the two products; thus,

100000 .
— 69 q
55~ = 025 principal.
‘60000 " .
o = 375 intcrest, Com.
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Or, according to the Rule of an Assumed Number. Assume the number 1 : Then
by the rule of an assumed number, the interest of an unit for one year is found to
be !: this added toan unit, the result is §; then the known number 1000 being
multiplied by an unit, and the product divided by ;, the quotient is, principal sum

625 ; subtract this from the mised sum, and there remains interest 375,

A Rule.—By the number whose interest is given multiply its own time, and divide
the product by each rate of interest multiplied by the elapsed time: Then multiply
the quotients by the mixed number, and dmde each product by the sum of the
quotients : The results are the scparate sums.

Example.—Ninety-four niskas were lent out in three sums ; one sum at five per
cent. ; one at three per cent.; and one at four per cent.; and each of these sums
produced an equal amount of interest in seven, ten, and five months respectwely.
What was the principal lent at each rate of interest ?

7 10 5

Statement.— 1 1 1

100 100 100.
5 3 4

The sum of the quotients is *}} : the mixed number is g4. The sums lent at

each rate of interest, arefound to be 24, 28, 42; 8 and by the rule of Five Quan-

A This rule will perhaps be better understand when expressed in the following terms:

By thenumber whose interest is known multiply the time in which this known interest is
produced, and divide the product by each rate of interest multiplied by the time in which, at
the particular rate of interest, there isproduced the equal interest : Then multiply each of the
quotients by the mixed number, and divide the products by the sum of the quotients : The re-
sults are the principal sums lent at each rate of interest.

® In this case, having multiplied 100, the number whose interest is given, by 1, thetime
fn which the interest is produced, the product is 100: Divide this by 35, which is the in-
terest 5 multiplied by the elapsed time 7; and %% reduced by 5 is %°. Again, divide
100 by 80, which is the interest 3 multiplied by the clapsed time 10; and ' reduced by
5is %: Inthe same manner divide 100 by 20, which is the interest 4 multiplied by the
elapsed time; and 42° reduced by 20 is §: The sum of the fractions %? % §, is 47,
reduoced by 2 is ”?r’- Then muliiply %° by 94, the mixed number, the result is *%#°; and
divide this by %3¢ the sum of the tracuons, the quotient is 32482 = 24, the first sum. Thus,
also, 2° and } being multiplicd by 94, the products are *3fo «z°; divide these by %%?,
the quotients are the second and third sums 28, 42; so that the prmcxpal sums lent at each
raic of intcrest are 24, 28, 42. Com.
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tities, we obtain the equal amount of interest *2.'A

Rale.—Multiply each of the shares by the mixed number, and divide the pro-
ducts by the sum of the shares: The quotients will be the amount of each share
at the division. S

Example.—If three shares, fifty-one, sixty-eight, and eighty-five, when increas-
ed by the profits of trade make the stock three hundred; what will be the amouat
of each share at the division 2

s Thus, if in L month 100 gives 5 of interest, in 7 months what will 2% give? Af-
ter making a similar statement with the two other quantities, transpose according to the rule of
five quantilies: Also reduce the numbers when it can be done. Then divide the product of.
the greater side by that of the less ; the quotients are the equal amount of interest: 1hus,

original statement transposed statement
1 7 | 7
100 24 ' 100 21
5 0 0 5
Statement of the numbers reduced.
1 7
. 5 6
0 1
e X S X L nteret
The two other quantities also give the same amount ; thus,
original statement ' transposed statement
1 10 1 10
10Q 28 100 28
3 0 Q 3
Statement of the numbers veduced,
1 1
10 23
0 3
Then}:i?gx.‘} %t:‘; intercst |
Again, original statement : transposed statement
1 5 1 5
100 42 100 49

4 0 0 4
And so on. There is then obtained ¢ interest. - Com. :
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Statement.—351, 68, 85: mixed mumber, 300. The sums obtained az the dii-
«ion are 75, 100, 125. The original sums subtracted from these, exhibit the proe
fit, A

Or, the sum of ‘the original shares being subtracted from the mixed number, the
remainder is the whole amount of profit, 96: Then multiply this by each of the
shares, and divide the products by the sum «f the shares; the results are the se- -
;parate amounts.of profit, 24, 32, 40. 8

‘Of the time in which a Pond is flled.

Divide first the -denominatars by the numerators, .and then divide an unit by the
sum of the denominators, ‘The quoticnt will be the time in which the pond is filled.

Example.—A pond is filled by one stream in one day, by asecond in half a days
by a third in one third of a day, and by a fourth in one sixthof aday: In what

time will it be filled by the four at once?
Statement.—; ; } i. Timein which the pond is filled, fraction .of a day ,*..cC

2 3 6°
Sum of the
R shares
a Thus, 51 % 300 ...... 15300 =+ 204 ...... 75 amount of first-share attbe division.
68 x 300 .... ve 20400 = 20¢ ...... 100 da. deo. .
85 x 300 ...... 25500 =~ 204 .. ... 125 do. do.

Then 75 — 51 ....e. 2% profit of first share,
160 — G8 ...... 32 profit of second share,
125 — 85 ...... 40 profit of third share.
anl 300 — 204 ....... 96 total profit.
» Thus, 500 — 204 = 96 total profit; and
96 % 51 ...... 4896 = 20% ...... 24 profit on first share,
96 X 68 ..... . 6528 = 204 ...... 32 profit on second share.
9% % 83 ...... 8160 = 204 ...... 40 profit on third share.
. Thus, & 2 } $; the denominators divided by the numerators.
1 4+ 2+ 34 6 ....12 sum of denominaters.
“Then by this sum dividean unit; thus, S, time.in which the pond is filled.
The following question frem Diophantus, translated into Latin verse by Bachet, is cited by
Montucla, Ilist. de Mathematiques:
Totum implere lacum, tubulis ¢ quoluor, uno
Est potis iste die, bints hic, at tribus ille,
Quatuor at quartus : dic quo spalio simul omnes *
" & guestion exactly similar is also found in the Khulasut-ul-Hisab.
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SECTION I
OF BUYING AND SELLING,

Muitiply the price of each article by its proportion, and divide the products
respectively by tbe given quantity of each article: Then multiply the quotients ob-
tained, and also the proportions by the mixed sum, and divide the products by the

sum of the quotients: The results will be the required cost and quantity of the grti-
cle.

Example.—Three maunds and a half of rice are obtained for one dramma, and
eight maunds of mug for the samesum; than taking two proportions of rice and
one proportion of mug, how much of each_sort will be got for thirteen kakinis?

1 1

Statement.—7 ¢

2 1

Mixed sum, kakinis 13. Then the propot'ﬁon of each article being multiplied by the
price of that article, and the product divided by the given quantity of the article, the
quotients are 7 33 the sum of which is 2. Then multiply § ;, and also the parts
2, 1, by the mixed sum ;3, 4 and divide the products by 3%, the sum of the quo-
tients ; the results are, price ofthe rice 5, 8 of the mug ,],.8 Also the required
quantity of rice is found to be 1}; of mug .’,. The cost of the rice, therefore,
is kakinis 10, waratakas 13, and fraction of a waraka ;. And the cost of the
mug is kakinis 2, waratakas 6, fraction of a warataka 3. ©

The rule in the Lilawati appears only to hold geod when the original numerators are all
1; nor do I think that the question from Diophantus can be solved by it. The rule mighe
also be expressed, ¢ Invert the fractions, and divide an unit by the sum of the new fraca
tions.” ‘This would serve for the above example, but still it would not be general.

4 One dramma -is equal to 64 kakinis; therefore, by placing 6+ as a denominator te 13,
there is formed the fraction of a dramma.

3 Fractions of .a dramma.
« In the.commentaries the operation is thus exhibited : _
Statement,~-Dramma ] ; quantity of rice {; dramma ] ; quaniity of mug §; mixed sum
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Example.—One palaof fine camphor costs two niskas, one pala of sandal wood
one cighth of adramma, and half a pala of agaru also costs one eighth of a dram-

ma. Then for one niska bring me one part of camphor, sixteen parts of sandal
wood, and eight parts of agaru ?

Statement.—~Drammas 4 32 ; ;
1

palas (D
parts . 1168 4
Mized sum, drammas 16.8 The camphor, &c. cost respectively 14 0 o
' 2 8 8
9 99

and the quantity of the different articles in palasis & 6+ *2.¢

Rule,—-—‘VIulnply the gift by the number of persons; and after subtracting the,

product from each number of gems, divide an assumed number by the remainders.
‘Che quotients are the values. D

The product of the remainders multiplied together being divided by these remain.
ders, will give the values in integers.

Example.—Eight rubies, ten sapphires, one hundred pearls, and five diamonds,
were the respective property of four merchants, each of whom in friendship gave ong

Y

$4; proportion of rice 2; proportion of mug I. The answer is then found, thus;

The price 1 being muluphed by the proportions  §, the products are 3 }; divide thesé
by the given quantities 7 %, the quotients are ¢ §, the sum of which is $2: Then § %, be-
ing multiplied by 13 the mixed sum, the prodnc(s are S ; L% and dividing these by

33, the quoli'nts are, cost of rice § cost of mug 3. Also the propor-tions of the rice and
mug 3 ;1 being wmultiplied by i3, the products are 33 3; and dividing these by 12, the
quotients are, required quantity of rice 44, of mug -, Then divide the numerator of the
fraction ¢ by its denominator, and the rice is found to have cost, kakinis 10, waratakas 13,.
In the same manner afler dividing the numerator of the fraction .7, by its denominator,
the mug is found to have cost, kakinis 2, waratakas 63.

¢ Two niskas reduced to drammas.

2 Onc¢ niska reduced to drammas.

< Having multiplied the prices 3* 3 § respeclively by the parts 1, 16, 8, the products are
» This rule seems (o be very partial,
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of his gems to each of the others, by which means the property became equal. Re-
quired the values of the gems.

Stitement.—Rubies 8 ; sapphires 10; pearls 100; diamonds 5. The gift being
multiplied by the number of persons, the productis 4 ; this subtracted from- each

sumber of gems, the remainders are 4 6 . g0 1. Andam assumed nume
rubies sapphires pearls diamond.

ber being divided by these, the quotients are the values: but as the values might
come out fractions if an indiscriminate number were assumed, the skilful as-
sume such a number as will give them in integers: Thus assume 96 ; the vae

lues then foundare 24 16 1 ¢6.4
rubies rapph. pearl diam,

Or, the remainders being multiplied together, and the product divided by the re-
~mainders separately, the quotients are the values in mtegers, 576, 384, 24, 2304.'
The equal property is drammas 5592.

%* % {; which being divided by the quantities § § I, the quotients are 37 1 1, the sum

of which is the divisor 36. Then multiply the quotients 3* 2 3 by the mixed sum 16, the
products are 512, 32, 32: and divide these by 36 the sum of the quotients, the results are
cost of camphor, &c. 14 2 4, Also mulliply the parts 1, 16, 8, by the mixed sum 16,
and the products are 16, 252, 128 whxch bemw divided by 36, the results are palas of came
phor, &c. § 5} 3. Com.
4 One commentator, and the author of the Udaharna, find the equal property from these
values in the following manner :
Each person haviag given one gem to each of the others, the remainders are, rubies 5, sap«
phires 7, pearls 97, diamonds 2: 'Then,
24 the value of each ruby = x 5 = 120 value of the remaining rubies
16 «iveveevencass sapphire X 7 = 112 ciiceecvceassane oo sapphires
l cioveecoeass.. pearl X 97 = 97 ticevesescescscsses pearls
96 v.o.occesccsso diamond X 2 = 192 ..ctceeceassccce o diamonds
The value of the gem given to each person being added to these numbers respectively, the
wesults are the equal property 233: Thus, :
120 4 16 4+ 1 + 96 = 233 equal property by gift added to the value of the rubies
U2 4 28 4 1 4 96 = 233 .iiviiiiiiernreenenassssesosssense oo sapphires
97 4 24 4 16 4+ 96 == 233 ...ciciureciiicnirissicrsasacsses s penrls
192 4+ 20 4 1 4 16.==2 233 .....iiiiinncnirrenccasssensesansos oo diamonds

& These numbers it -will he observed are jn the same proportion to cach other asthe proced«
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SECTION IV.
OF COMPUTING GOLD.

Multiply each quantity of gold by its colour,A and divide the sum of the products
by the sum of the quantitics of gold; the quotient will be Qle colour of the mixed
quantity of gold.

The sum of the products of tke gold multiplied by the colour being divided by the
quantity of refined gold, gives the colour of the refined gold.

The sam of the products of the gold multiplied by the colour being divided by the
-colour of the refined gold, gives the quantity of the refined gold.

Example.—O0f first rule.—Ten, four, two, and four mashas of gold of thirteen, ®

ing. They are thus found : :
4 x 6 X 96 X 1 = 2304 product of remainders

Then 2304 =~ 4 = 576 value of each ruby
2304 =~ 6 = 384 ............sapphire
204 +- 9= 24 ............pearl
2304 = 1] =230¢ ...... .....diamond
From these values the equal propeity is found as before ; thus
576 value of each ruby x5 = 2880 valuc of the remain’ng rub’es
384 ........... sapplirte X 7 = 2688 .....c..uiiiiane. .. sapphires
2 ciiiiiiann peurl X 97 = 2328 .....icieiiienin .. pearls

2304 ........... diamoud X 2 = 4608 ce..ereeecnesas o diamends
Then add the value of each giit;.

384 + 21 4 2304 4 2880 (value of remaining rubics) = 5592 equal properly by gift
added to value of rubies.

‘The equal property by the gift added to the value of the sapphires, pearls, anl diamonds,
may be found in the same manner.—It will be observed that the equal property may be ang
other number or value whatever, according to the value of the assumed nuawber.

4 The Hindus judge of the purity-of gold by the colour.
s It is stafed in Ayeen Akbery ¢¢ that the highest degree of purify of gold is twelve des

grees, called darah banny, but that formerly the old hun which isa gold coin current in the
Deccan, they reckonped at ten barnees.” Dr. Heyne also, in tris Tracts on India, saysshat
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twelve, eleven, and ten colour, being melted together; what will be the colour of
the mixed quantity ?

Example.—Of second rule.—If during refining, these twenty mashas are reduced
to sixteen, what will be their colour?

Example.—Of third rule.—If the above gold when refined is suxteen colour, how
many mashas will be obtained from the twenty mashas?

Statement.— Of first ezample. 19 ' '' 'O When the quantities are mixed, the
colour is 12. 4

2.—If, in refining, the twenty mashas are reduced to sixteen, the colour is 15. 8

3.—If the gold when refined is sixteen colour, the number of mashas obtained
is 15, ¢

To find the unknown colour.

By the sum of the quantities of the gold, multiply the colour of the mixed gold;
from the product subtract the sum of the products of the several quantities of gold
multiplied by their colour, and divide the remainder by the quantity of gold of un.
known colour. The quotient obtained will be the required colour.

pure gold is denoted by the number 12. The examples given in this section must have refe-
xence toa higber standard, which probably was 16, this being the highest number mentioned.
418 x 10 = 130
12X 4= 48
M X 2 =v 29
10 x 4= 40

g

210 sum of the products of the gold multiplied by the colonr
10 + 4 4 2 + 4 = 20sum of the quantities of gold

’
Then 2%3 = 12 colour of mixed guantily of gold

» Thus, sum of (he products 240 -+ 16 (mashas of refined gold) = 15, colour of refined
gold.

< Thus, sum of the products 240 - 16 (colour of refined gold) = 15, mashas of refined
gold. '
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Example:—Eight tashas of gold of ten colour, and two mashas of eleven eofous,
and six mashas whose colour is unknown, when mixed, produce gold of twelve ca-

lour. Required the unknown colour ?

1011 0 . . -
Statemgnt.—-—s 2 ©. Colour produced ly mixing the quantities is 12. The

colour which was unknown, is 15.4

Rule.—By the sum of the quantities of gold, multiply the colour of the mixed
gold; from the result subtract the sum of the products of the several quantities of
gold multiplied by their colour; then divide the remainder by the difference of the
colour of the unknown quantity of gold, and the colour of the mixed gold. The

quotient is the quantity of gold which was unknown.

Example.—-Three mashas of gold of ten colour, and one masha of fourteen co$
lour, and a certain quantity of sixteen colour, when mixed, produce gold of twelve

colour. Required the number of mashas of gold of sixteen colour?

 statement.—'0 4 16 Golour of the mixed gold is 12. Number of mishas of

sizteen colour is 1.8
Rule.—-Subtract:the colour of the mixed gold from the higher colour, and sub-
tract the lower colour from the colour of the mixed gold ; then multiply the remain-

ders by an assumed number ; the products are the quantities of high and low colour

gold.

aThus, 8 + 2 + 6 = 16sumof the several quantities of gold
12 x 16 = 192 product obtained by multiplying the colour of the mixed gold

by the sum of the quantities
8§ x 10 + 2 x 11 = 102 sum of the products of gold multiplied by the colour

Then 192 — 102 = 90, and 90 - 6 (quantity of gold of unknown colour) = 15, colour

which was unknown.

> Thus, 3 4+ 1 x 12 =48

3x 104 1x M=4
Then 48 — 44 — 4, and4 -~ 4 (difference of colour of unknown and mixed quantity)

= 1 masha of goM of 16 colour.
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- "Example.—One ball of ‘gold of sixteen colour, and another of ten colour, when
mixed, produce gold of twelve colour: Required the quantity of gold in each ball?

Statement.—Colour, 16 10 Colour of mixed gold 12. The required quantities
0 Q0.

are 2, 4: Or multiply by an assumed number two, they are 4, 8: or by an assum-
.ed number one half, they are 1, 2. A

e —

SECTION 1V,
‘OF PERMUTATIONS.

‘Rule.—By the preceding term multiply the subsequent one, and multiply the next
-subsequent .by this subsequent, in the series one, &c. increasing by one, and set

.down in an inverse order, and divide by the same series set down in a direct order,
- “This will give the permutations of .one, two, three, &c, B

“This is a general rule.—To the learned it is vseful in reference to the succession
-of metres; it is usef«l also in ascertaining the permutations in the use of windows,

.the permutations in the parts of a pile, the permutations in artificers work, and in
.medicinal preparations.

.But.these .will \be passed over in a cursory manner in order
:to avoid prolixity. '

Of Permutations in Metres.

“Example.—In writing the Gayatri tell me how many permutations may be made
by the long and short syllables contained in a foot, and how many by those contained

;in a verse ?
The Gayatri foot consists of six syllables. Therefore writing one, two, &c. to

«the last term six, the statement is ? g ; f : é Then agreeable to the rule,

ithe permutations with one long syllable ¢ are found to be 6; with two long syllables, ©
:15; with three long syllables, 20; with four long syllables, 15 ; with five long sylla-

Sn——

- & Thus, 16 (higher calour) — 12 (colour of mixed gold) = 4
12 (colour of mixed gold) — 10 (lower colour) = 2

» Tho'-the manner.of expressing this rule is not very clear, its meaning is made sufficiently
.manifest by the examples which follow.

< That is, when the foot conlains one long syllable and five short syllables, two long syllables
aund four short, -azd so on,



'bles, 6; and with six long syllables, 1: also there is ane pesmutation - with:ail the
+short syllables : #he results then are 1,.6, 15, 20, 15, 6, 1. The sum of all these
is the number of permutatjons in one foot, 64. 4 ' ‘

Thus also the namber of syllables in four feet being put down as.directed, and
‘the permutations with one, &c. long syllables brought out, their sus plus one is
the number of permutations in the Gayatri measare, 16777216. 8

*s One commentator directs the preceding term 1 fobe muliplied by the subsequent (erm
6, and the product to be divided by the unit below: But another commentator -says that the
term G stands as it is, because it has no preceeding term. Both then proceed thus: ¢ Mul.
-tiply the subsequent 6 by the preceding 5, and divide the product by 2 in (he direct serjes
“then multiply the quotient 15, which is the subsequent, by . the preceding term 4, and divide
by 3-in the direct series ;then moultiply the quoiient 20, which is the subsequent, by the pre-

-ceding term 3, and divide the product by 4 in the direct series; then multiply the« quotient
15, which is the subsequent, by the preceding term ¢, «and divide - the product by 5 in the
dicect series ; then mulliply the quotient G,. which is the -subsequent, by the preceding tevm 1],
and divide by 6 in the direct series; the guotient is 1. There isalso. one permutation with
all the short syllables. The sum of the permutations in .a foot therefore: is G4.”

6 X 5 15.% 14 20 X 3

_ 15 %X .2
)

8

'=_-15’ —3— =%, — e =15,

. . 6
Jbe. operation then is, 1 =.6, -

1 1
= 6, 9 ?* =’ln
B x 5X4X3$X 2X:
I X2X3X4X3Xyg
Dr. Hulton justly-rcmarks that the .above ¢ rule is soon co.nprehended «t sight, when ex-

. . . 8=l n—2

pressed in our own canvenicat mode and notation ;..as in the present case, ? X x

] 3
‘X "%3 &c, denotes - the combinations. of .any .number:.(7) of things, taken two by two,

And this is the same in principle-with that.given inour hooks ; viz.

.threv by three, four by four, &c, th:e series being continued 4o .as many factors as there are
:1hings{p be combined.”—Huton’s tracts vol. 2 p. 155.

-8 Permutalians of 24 syllables: :

g3 Ter leo 1ol 181170160151 14| Tl olelslolsle lalel
.84'!3!99!!!’_‘90'39 w‘l'71'6|'5l“?|'3|u|”lqpl'gzl |7’¥, | i I

A4 : : - A '
A2 1C 1219131212 - | oH. |
HelSl2 13 (]2 g 3 3 2121513718 3'§ §,e.'
& o o ¢ o, 4 . .
Oimjec |l I© 10 S > g, X A3 E-d QIA' 8 =
IRIElE |8l (Bl |8]a ¥ |a|8]|2 8|82 e
) - ~L » .
elalalsl6laslalogltiotnlielix!ielisla6 s7l|g 19 | g0 exiee ‘esl'u
S H ¢ -
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' In the sanve manner thenumberof permutations may be. asocrtmed as far as the
ut_kmtl measure. :
. Example.—In Mechanics.—A skilful architect constructed eight. windows in the

! king's spacious and beautiful palace : Required -the numberdf permntauons i the
»use of one, two, three, ‘&e. of the windows? :

Also, - reqmre’d 'the _permutations whachmay'be made in 'thé six-flavoured condi-
» ment,-composed of sweet, pungent, astringent, sour, salt, and bitter?

‘8 7 06 5 4 3 21
12345678 Tbemb’“‘”"‘“’

8 28 56 ;70 56 28 8 1
2 8 4 6 6 I 8.

“‘Thus thenumber of permutationsin the use of e:ght windows in theking's: pohms
~255. '

Statement for the - pemmutxonsmthe condiment.—

" Statement.—For the windows.

: tions in the use of one, two, three, &c.mndows, 8,

The
6
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1 4 5
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snumber 6f permutations with.one, &c. in the condiment is 4

"’The sum of whichis 63.

CHAP. 1V,

' OF PROGRESSIONS.

"Maltiply half the -number of terms by ‘ the number of terms : plus one ; thisgives
vthe sum of the series one, &c. which is called the summation. ‘Maultiply the sum-

«mnation by the number of terms plus two, and divide the product by three; this
.-gives. the sum of the summations.



( 6o )
Example.—What are: the separate summations of the terms one, &c. as far as
nine : And what are the sums of ‘the summations ?
. ' Statement.—1, 2, 3, 4, 5, 6, 7, 8, 0. ‘
The summations are 1, 3, 6, 10, 15, 21, 28, 36, 45.
The sums of which are 1, 4, 10, 20, 35, 56. 84, 120, 165.4

Rule.—Having multiplied the number of terms by two, and added one to the. pro-

duct, divide the result by.three, and multiply the quotlent by the summatum : The
product is the sum of the squares.

Former authors have stated that the sum of the cubes .of the terms one, &c is
equal to the square of the summation.

Example.—What is the sum of the squares of the first mentioned series of terms
dn the last example . And also what is the sum of their cubes ?

Statement.—1, 2, 3, 4, 5, 6, 7, 8, 9. The sum of the squares is 285.% The

a These rules are, in short, first to find the sum of any number of terms (#) in the series
of natural numbers 1, 2, 3, 4, 5,.6, &c; and then to fiad a¢he sum of any number of the
terms arising by the conunued additiops of the former, being wl:a,t we call the triangular nup-
‘bers. Thus,

1, 2,3, %, b, &c, the natural nnmbers.

1, 8, 6, 10, 15, &c, the triangular numbers.
Our rule for the former series is }n %X (2 x 1) — s; and for the lauer setiesin X (n 4+ 1)
X (n+2)=8X j(n+ 2), .where the latter forin agrees with that given in (he Indian rule.

Ezam. In thefirstseries; for fourterms, 1 4 2 4 3 + 4 = (I 4 4) X &= 10; forsix
terms, (1 + 6) X $ = 2]; for nine terms, (1 4 9) x 2 =45. In the second se:ics-; for

(3 4 2) X s B4 2 X (1 4+ 2 « 3) 5 X 6

three terms, 3 = —y =—g = 10; for four
:terms, (* f) X ! — ¢+ + 2).3(;—(—'5:+,2 F3+4 = 8 >§ bl = 20; for nipe terms,
. K3 P
(9 +2) X ¢ —_ O+ ? X 45 = 165.—Hutton's tracts vol. 2 p. 156.
3

» The separate summations are {hus given in (he conimentar ies ¢

“The.number of. terms 1 being multiplied by 2, the the product is 2; oue added, is 3; this
divided by 3, the quoticnt is 1; this mu'tiplied Jy 1 the sum of dhe term, the product is
1, which is the sqnare of the number of terms. Again, the number of terms 2 multi-
phed by 2, the product is 4, increased-by 1.is 5; this u-vxdcd by 3 is 3, .which being wpl
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.sum of the cubesis 2025.
Rule.—Multiply the difference by the number of terms minus one, and to the pro.
duct add the first term ; the result is the last term: To the last term add the firs;
term, and halve the result; this gives the mean term: Multiply the mean term by
the number of terms ; this gives the sum, 4
Example.—The first day four drammas were given to a brahman, and this sum was
increased by five each day. How many drammas were given in fifteen days ?
Statement.—First term 4 ; difference B 5 ; number of terms 15. Here the first
‘term is 4, the mean term is 39, the last term'is 74 ; the sum is 585. €
Example.—The first term is seven, the difference is five, and the aumber of terms
iseight. Required the mean term, the last term, and the sum?

" Statement.—First term is 7 ; difference 5; number of terms 8. Here the mean

term is *?; the last term is 42 ; the sum is 196.

tiplied by 3 the sum of the number of terms, the result is ' — 5, the sum of the squares
of the number of terms. 'Thus, also, the number of terms 3 multiplied by 2 is 6, one ad-
ded is 7, this divided by three is }, which being multiplied by 6 the sum of the number of
terms, the product is 4* = 14, which is the sum of the squares of the number of terms. Aad
soon. Thus there are obtained 1, 5, 14, 30, 55, 91, 140, 204, 285. Com.

This rule is for the summation of series of square and cube numbers, applied to the see
ries 1, 4, 9, 16, 25, &c, and 1, 8, 27, 64, 125, &c. The sum_of n terms of the former
2”;'- : %X 8, and the sum of n terms of the lat(er s*, where s denotes the sum of n
terms of the natural series 1, 2, 3, 4, &c.—Hutton’s tracts vol. 2 p. 156.

4 This rule and the two or three following rules are for any arithinetipal progressions, &
being the first term, m the mijddle term, z the last term, dthe common difference, and s the
sum; for which the rules, expressed in our algebraical notation, are these: (# — d
hid -‘; ') =d;

being

t4a . .. d .
4 a = z; =m,mn—h;—(n—l);:a;(%—a)v(

2

2ds — 1d)?) — (@ —1d ) .
A +.(a :d) )—=(6—3d) = n3 where the last form is deduced from the preceding

one, by means of the solution of a compound quadratic equation, of arather complex na-
ture, by the mode of completing the square, and evincing a considerable degree of expert-

ness in the arrangement.—Hutlon's tracts vol. 2 p. 156. 157,
» What are here called difference, number of terms, and term, are in the original demo-
mipated increase, period, and snm,




(62 )
In this example the number of terms is an even number; therefore, in order to

find the mean term, add the first and last terms, and halve the result ; this gives the
mean term. '

Rule.—Divide the sum of the progression by the number of terms,

and from the
quotient subtract the number of terms minus one multiplied by half the difference ;
the remainder is the first term. o

Example.—The sum of the progression is one hundred and five ; the number of
terms is seven ; the difference is three. Required the first term ?

Statement.—First term 0; A difference 3; number of terms 7

; sum of the pro-
gression 105. The first term is 6, B

Rule.—Divide the sum of the progression by the number of terms;
tient subtract the first term, and divide the remainder

one halved : The quotient is the difference,

18 3 from the quo-
by the number of terms minus

Example.—A king marched two yojanas the first day, and in order to seize the
enemy’s elephants he marched eighty yojanas in seyen

days to the enemy’s city. At
what rate of increase did he march ?

Statement.—First term 2; difference 0;: number

gression 80. The difference is found tobe 3*.¢€

of terms 7; sum of the pro-

Rule.—Multiply the sum of the progression by the difference, and the resulting
product by two; to the last product a

dd the square of the difference of half the dif.
ference and first term ; from the s

quare root of the result subtract the first term ; to
the remiander add half the difference, and divide the result by the difference: The
quotient is the number of terms.

4 A cipher denotes that the pumber is unknown.

» The sum of the progression 105 being divided by the number of terms 7, the quotient is
15; the number of terms minus one is 6 ; multiply this by

% half the difference, the product
is 9, this being subtracted fom 15 there remains 6, which is the first term. Com.
¢ The sum of the progression beiug divided by the number of terms,

the result is ¢° ; from
this subtract the first term, and there remains % divide this by 3, the half of the number

. . 80 2, 3
of terms minus one, the quotient is * » Which is the difference. Thus, 7 ;) +1{=
B=2 Com

87
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Esample. Three drammas were given the first day, and each day the difference
was two. Inhow many days were three hundred and sixty drammas given? -

Statement.—First term 3 ; difference 2 ; number of terms 0; sum of the ngres.'
sion 360. The number of days or terms is 18, A

Rule.—Add the number of terms to its own square, and by half the result di-
vide the sum of the progression. B
Example.—The first term and the difference are unknown; the number of terms

is six, and the sum of the progression is also six. Required the first term and the
difference ?

Statement.—First term 0; difference 0; number of terms 6; sum of the pro-
gression 6. The first term is found to be ;, and the difference ;.

Rule.—When the number of terms is uneven, subtract an unit from it, and write
down multiplier; when it is even, halve it, and write down square; and thus re-
peat the operation until the number of terms is exhausted. Then multiply and square
beginning at the bottom with the ratio; from the /as¢ product subtract an unit, and
divide the remainder by the ratio minus one. Then multiply the quotient by
the first term, and the product will be the sum of the geometrical progression.

Example.—Two waratakas are given the first day, and it is agreed to increase the
gift by doubling it each day. Eow many niskas will be givenin a month?

Statement.—First term 2; ratio (or number of increase) 2 ; number of terms 30.
The sum of the geometrical progression is, waratakas 2147483646 ; equal to niskas

a Multiply the sum of the progression by the difference, the product is 720; and t¢his being
multiplied again by 2, the product is 1440. The difference of half the difference and the
first term is 2, the square of which being added to 1440 the result is 1444: from the square
yoot of this, which is 38, subtract the first term, and there remains 35; to this add half the
diffexence ; the result is 36. This being divided by the difference, the quotient is 18, which
is the number of terms. Com.

s This rule, which is not contained in the other copies or in the commentaries, appears to
be misplaced in the original, as it comes after the following rule. It will be observed also
dhatit isnot general, which may be said perhaps of many of the other rules given ; but it an-
swers perfectly in the example, and in all arithmetical progressions, who& first term and dif-

ference are the same. It is deduced from one of the preceding rules, — — (1 = l)— =ay

if a=d, ntbecomes-';-—(n—l)-_a or § --:—i'-— -—aasabove.



( 64 )

104857, drammas 9, panas 2 ; kakinis 2 ; waratakas 6.4 . .
Example.—Two waratakas are given the first day, and each day the gift is tri.
pled. How many waratakas will be given in seven days ?

4 The explanation of the rule, and also the method of operation, are thus given in the

commentaries :

‘When the number of terms is uneven, subfract an unit from it, and write down the word
multiplier®, butdo not write down the figures; when the.number of terms is even, halve it,
and write down the word squaret, but do not write the figures. ~ Repeat this operation till the
number of -terms disappear. Having thus written the words multiplier and square, set down
the assumed ratio at the last multiplier place; then square the ratio at the preceding square
place, and at the multiplier place multiply the product by the ratio; thus continuing the
operation to the first or highest place, where the product is obtained. Subtract an unit from
this product, and divide the remainder by the rafio less one, and mulliply the quotient by the
first term ; the product is the sum of the progression. ,

Example.—First term 2; ratio 2; number of terms 30. In this case the number of

terms is an even number, therefore halve it, the result is 15; write down the word square ,
again as 15 is an uneven number, subtract ene fram it, the remainder is 14 ; write down the
word muliip]ier; half the even number 14 is 7, square; the uneven number 7 less one
#s G, multiplicr; balf the even number 6 is 3, square; the uneven number 3 less one is
2, multiplier; half the even number 2 is 1, square; the uncven number 1 less one, muly

tiplier, Thus, in succession, the statement is,

q: 2K q: T
square ‘multiplier square multiplier

q: 3 d: 3
square multiplier square multiplier

Then set down the ratio at the last multiplier place, and square it at the next square place;
the result is 4; multiply this by the ratio, the product is 8; its square is 64; this multi-
plied by the ratio is 1283 its sqnare is 16384 ; this multiplied by the ratio is 32768 its
square is 1073741824, which is the product of multiplying and squaring to the highest
place. From this product subtract an unit, and divide the remainder by 1 which is the
ratio less one ; the result is 1073741823, which being mulliplied by 2 the first term, the pro.

v - —

* As in the example which follows is one.
1 Asjothe present example,
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Statement.—First term 2 ; ratio 3 ; number of terms ¥. The sum of the pro-
gression is 2180, A

duct is 2147483646 drammas, equal (o niskas 104357, &c. The results are thus exhibited ;

d: square.....,.. 1078741824

T : multiplier .... 32768

d: square........ 16384

2 : muliplier..... 128

d: square........ 6#

% : multiplier .... 8

d: square .....0.0 &

3 : multiplier .... 2  Com.

It will be observed that multiplier means the ratio. In this example the ratio being two, the
sum is always doubled at the place of multiplier; ia the next example, as the ratio is three
¢he sum is tripled at the place of multiplier. ’

The operatiop (then is thus: ratio or multiplier 2; then o= 4,4 x 2 =38, 8'= 64, .
64 x 2 = 128, 128 = 16384, 1638 x 2 = 32768, 52768" — 1073741894, Lorsrdiesi—t

x 2 = 2147483646.

Dr. Hutton rcmarks that this comes to the same thing as our.owa rule, thus expressed,
el a® — |
T X 8=$ or ——

As a mark of multiplication is directed, ip Fyzi’s translation, to be placed above the odd
number, and a mark of a square above the even mumber, Dr. Hutton infers that the
Hindus hada mark to denote multiplication, and another to denote squaring. The San-
scrit original however does not admit of this supposition. It merely directs the words mul-
tiplier and square to be written down to indicale the place for multiplication or squaring. Ac-
cordingly these words are some times written at full length in the commentaries, and some
times the initial letters only are written, as is seen in the preceding example, where the letters
dq and 23 are the initials of warga ( square ) and gunaka ( multiplier. ) I have not observed

a mark for multiplication or squesing in any Hindu work.

X a = s, when the ratio r and the first term a are equal.

4 Thus, as in last example;
7 — 1 =06 .... multiplier ........ 2187
6 ~2=23 ....5quare .......... 729
8 —1=2 .... multiplier ........ 27
2 =-2=1....5uare ..00000000 9
1—1 ..ceeo.. multiplier ..v000ee 3 Com. -

Or thus: Ratio or multiplier 3; then 3’=, 9,9 % 3=21; 27'= 729, 729 X 3 =

2187, 2= x 2 = 2186,
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Rule.—The number of syllables in the foat being the number of ferms, and the
multiplier (or ratio) 2; the product then of multiplying and squaring is the num-
ber of like metres. Square this product, and also square the square ; and from each

sesult subtract its own square root; the remainders are the numbers of half like
metres, and of unitke metres sespectively, 4

Example.—What is the number of like metres ; the number of half like metres :
and the number of unlike metses, in the anashtupa slock or verse 2 B

, Statement.—First term 1, ratio 2, number of terms 8. The number of like metres

4 The rule .is mercly this, that the result of multiplying and squaring gives r=; but here

. . -—1

r=2, therefore " is the.rule here given. Now thesum of the senes‘f + = X = + X
F—, -_—2

" Z ! X = 3 &c. o m terms (which expresses the combinations of one, two, three, &c.

t0 n things,. out of n things) is®" — 1; but I is o be added, for the additional permutation

of all the long or all the short syllables faken together, that is 2 = the number of metres.

‘Ht may not be unnecessary to remark, that I do net know what word correctly expresses the
kind of changes.alluded to here and at pages 57 and 58. It is not exactly combtination, for
we count the changes with one thing, which has no cembination; nor is it permutalion,
for-that would give us a much larger result, as it supposes all things different, instead of
oply:two kinds, long and short. Perhaps, as to this rule, permutations.of melres may serve
4o make some distinetion ; and as the expression combinations of one, {wo &c. things, shews that
the chapges with one thqng are included, it is hoped that no,misconception can well take place.

# The verse here alluded to censists of four feet, each foot containimg eight syliables.
Alsolike metres mean, that all the four feet are like each other; half like metres, that only
the first and.third are alike, and the second and fourth alike: and,unlike metres mean, that
all the four feet are different from each other. I'he pumbers of metres therefore, evidently
.correspond with the permutations of metres, pages 57 and 58, and may be found by the rule
there given; that is, the like matres are the permutations of metres in eight.syllables {one foot)
= 256 : -the half like metres those in.sixteen syHables, (two feet ) minus those in the first eight -
syllables, ( as the (wo_sueceeding feet must not correspond with each other ) viz. 65556 —
256 = 65280: Aad the pumberof unlike metres, is that of the permutatioms.of metres in
thirty two syllables, ( four feet ) minus -the sum of the.numbers of like and half like.metresy

:(28.00 two foet in this metre must be alike) viz., 4294967206 — 65536 = 4294901760,
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is found to be 256 of half like metres 65280 : and of unlike metres 4294901760. &

i
& The resukt of the mukiplying and squaring is 256 ; that is 1 more than the permutations
©f metres in 8 syllables, ( or sum of the combinations of one, two, three &c. out of eight
things ) which corresponds with the additional permutation, te be added, for that produced

by the whole of the loﬁg or short syllables taken together. Again in like manner, 256 — 256 (28

above noticed ) — 65280, the number of half like metres: And 65536 (or256 ) — 65536
= 4294901760, the number of ualike metres. So that this is only a short way of performing
particular cases of the fermer rule page 57. '

In reference to the last section and chapter, Dr. Hutton makes this remark.—¢ It may be
doubted, whether some of the rules in these two chapters were known in Europe till after
the ]6th century. - We know that Peletarius, in his algebra, printed in 1558, gave a ta-
ble of square and cube numbers; and remarked, among other properties of these numbers,

that the sum of any number ‘of cubes, taken from the beginning, always makesa square
@umber, the root of which is the sum of the roots of the cubes; which is the same thing as

ghe Lilawatti rule before-mentioned.” —Hutton’s tracts p. 157-8.

END OF THE ARITHMETIC,






PART IL

CHAP. 1.
OF GEOMETRICAL OPERATIONS.4

ANY line being supposed the base, the other line which is perpendicular to it
is called the side in a triangle or quadrangle. B

The root of the sum' of the squares of the base and side is equal to the hypo-
thenuse.

The root of the difference of the squares of the base and hypothenuse is equal
to the side.

The root of the difference of the squares of the side and hypothenuse is equal
to the base.

The square of the difference of the base and side added to twice their product
gives the sum of their squares, € "

The sum of the base and hypothenuse multiplied by their difference gives the dif-
ference of their squares. The learned understand this in all cases.

Example.—The side is four, and the base three; required the hypothenuse; the
base and hypothenuse being given, required the side ; and the side and hypothenuse
being given, required the base ?

a Literally, ¢ of operations concerning fields”. The word kshetra means a field, or a holy
spot ; alro the body: And in mathematical works it signifies a geometrical figure.

* By the definition right angled triangles alone are supposed. And the rules are deduced
from the known property of such trinngles; viz. that the square of the bypothenuse i;
equal to the sum of the squares of the base and side.—In a quadrangle, the lower side is
termed the base, the side opposite fo it, is called mukha, which literally means mouth, face,

or front; and the two other sides are called the sides.
© A figure is given in Hutton's tracts vol. 2. p. 172 which was on the margin of Mr,

Strachey’s Persian copy, and which beautifully illustrates (bis proposition. That figure
however is not iu any of iy Shanscrit copies, ' ‘



‘Statement.—To find the kypothenuse. See Fig. 1.

The base and side being multiplied together and by two, the product is 24 ; the

-square of their differenceis 1, add this to the.product, the result is 25, the roat
:of which is the hypothenuse, 5.

Statement.—To find the side. See Fig. 2.

The sum of the base and hypothenuse being multiplied by. their. difference,
‘duct is 16, the root of which is the side 4.

Statement.—7o find the Lase. See Fig. 3.
“Thus the base is found to be 3.

Example.—The base is three and one fourth, and the side is the -same ; required
:the hypothenuse ? "

the gro-

Statement.—Base 2 ; side, '} ; the sum of their squares is "3°. As the square
.root cannot be extracted, the surd number (?); is ‘the hypothenuse.
‘The nearest root is found by the following method :

‘Assume a large -number, and having multiplied by its square the produet of the
:numerator and denominator, divide the root of the result by the denominator mul-
‘tiplied by the root of the square of -the assumed number ; the quotient is the nearest

165y ! . . ]
root. ‘Thus, hypothenuse ( “3‘)"; -the numerator being multiplied by the denominator
and by 10,000 A the product is 13320000, the nearest  square root of which is

-3077 ; divide this by the denommmator 8 muiltiplied by 100 the square root of the

4
~multiplier; thus %77, the quotient is the nearest root $27 which is' the hypothe-

oo
-nuse : 8 This is the process in all cases,

Rule.—A base being supposed, multiply it by the double of -an assumed number,'

and divide the product by the square of the assumed number less one; the

quotient
_is the side ;

write down the side in a separate place; then multiply it by the assumed

A That is,. the square of the assumed number 100.

-3 The reason of this rule is evident ; for if the root of ;—: be required; and n be any

Hra,a,2)T
-assumed number, . then (";;V )=; according to the Rule.
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number, and from the product subtract the base ; the remainder is the hypothénuse :
The triangle thus formed is called Jatya Tryasra, or right angled triangle. A

Or suppose any number the base ; square it, and divide by an assumed num-
ber; write down the quotient in two places ; in one place subtract, and in the other
add, the assumed number ; halve each result; the quotients are the side and hypo-'
thenuse. Also by knowing the side, the base and hypothenuse are found ; and these
form a right angled triangle.8

Example.—The base being twelve, then according to these twe methods what
different sides.and hypothenuses will be found, such as make a right angled triangle »

Statement.—Base 12 ; assumed number 2, by the double of which multiply
the base, and the product is 48; square of assumed number is 4, less one is 3;
and 48 being divided by this number, the quotient is 106, which is the side: Then
multiply theside by the assumed .number, .and subtract the base from the product,

2 To prevent any.erroneous inference being drawn, it is necessary to remark here, that ia
the Indian Geometry plane triangles appear to receive their denominations in relation of their
sides only, and not in relation of their angles. T'he-three species are named

Sama Tribhuja—three sides equal—cquilateral triangle.
Dwisama Tribhuja—two sides  equal—isosceles triangle.
‘Wisama Tribhuja—three sides urequal—scalenc triangle.

The words jalya tryasra which 1 have rendered right angled triangle, properly signify ge-
neric triangle, or that species of triangle which comprehends the other sorts, and to which
-tiey may be reduced; for by letting fall a perpendicular from the vertex to the base, each of
the three kinds of triangles is divided into two right angled triangles. '

The Jyotishis or astronomers whom I have had an opportunity of conversing with are igno-
-yant of the terms large or small, acute or obtuse angles. 'I'hese terins are employed perhaps in
‘Hindu astronomical works, tho’ 1 have not observed them in my very limited course of readiag.

» The truth of these rulés .is evident; for if b — base, and n_fi‘.“;

= = side, thea will

. 2 QIm
‘(,,,_,) 42! n’:_:b o X b = hypothenuse aceording to the rule: also

———— £

e p . b*—n? a3, .l * b’+n
qfl: = base, and (; —n)+2= 5 = side; then mll(—zn ) +8&

t(5 + 7 ) + 2 = bypothenuse according to the rule.
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this gives the hypothenuse 20. If three is the assumed number, the side and hypo-
thenuse are g, 15 ; if five is the assumed number, they are 5, 13,

Or according to the second method: The supposed base is 12, the square of
which is 144 ; divide this by an assumed number two, the quotient i8 72 ; the assum.
ed number being subtracted from this in one place, and added to it in another, the
results are 70, 74 ; these halved are the side and hypothenuse 35, 37: Or by an
assumed number four they are 16, 20; or by an assumed number six they are g, 15,

Rule.—Multiply twice the value of the hypothenuse by an assumed number, and
divide the product by the square of the assumed number plus one; the quotient is
theside ; put down the side separately, and multiply it by the assumed number ; the
difference of the product and the hypothenuse will be the base.A

Example.—The hypothenuse is eighty-five ; required such sides and bases as form

a right angled triangle.
Statement.—F-ypothenuse 85 ; this multiplied by two is 170, and this again by -

an assumed number two, is 340; which being divided by the square of the assum-
ed number plus one gives the side 68 ; multiply this by the assumed number, the
product is 136; then subtract the hypothenuse from it, the remainder is the base
51 ; or if the assumed number is four we obtain 40, 75.

Rule.—Divide twice the hypothenuse by the square of an assumed number plus
one ; subtract the quotient from the hypothenuse, the remainder is the side; then
multiply the quotient by the assumed number, the product is the base.B

Example.—The same as the preceding, '

Statement.—Hypothenuse 85, the side and base of which, when the number as-
sumed is two, are 51, 68 ; or by an assumed number four, are 75, 40. '

A That is let & be the hypothenuse; b, the base; and s, the side :
if 2 s; then will 2 h=b according to the rule

1 n‘-l-l nt

~n £

ohn 2| ¥ __ hn3—} 2hn* h=3b
) T amsmpi =

2h . 2k
’Ifh—;T-FT:S,' lhen WI";l"_-i:i X n=2>

' 2h \ilg _ 2lm 2
forh‘—-(ll—-'—’—_'_—l) =’;;—_|Tl-_nq_—l—xn=b
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‘The base and side differ in name only, not in form. !

Rule.—Multiply two assumed numbers together and by two ; this gives the side ;
the difference .of their squares is the base, and the sum of their squares is the hy-
pothenuse, of a right angled triangle. 4

Example.—The side, base, and hypothenuse which form a jatya tryasra or right
angled triangle are unknown ; required these three ? )

Here by the assumed numbers 1, 2, the base, side, and hypothenuse are found
~tobed4, 3, 58; or by the assumed numbers 2, 3, they are 12, 5, 13C; or by the
assumed numbers 2, 4, they are 16, 12, 202, And thus as to any others.

When the sum of the hypothenuse and side is known, and also the base ;
to find the separate values of the kypothenuse and side.

Rule.—By the staff divide the square of the spacé between the bottom of the
staff’ and its top E; in one place add the quotient to the staff, and in another sub-
tract it from the staff ; halve the results; the quotients are respectively the t
.of the staff, or hypothenuse and side. ¥ .

Example.—If a staff thirty-two cubits high,: standing on a level piece of ground,
‘be broken by the violence of the wind, and its top touch the ground sixteen cubits

WO parts

"4 Let m and n be the assumed numbers
then 2mn —=s; m* —n* = b, and m* 4+ n*. =&
for (m* 4 n*)* =/ (m* — n*)* + (2mn)*
3Thus, 1 x 2 X 2 =4 theside

2’— l‘ = 3 the base
: l’+ 9 = 5 the hypothenuse ’
c .2 % 8% 2=12 theside
$—2 =5 thebase
2’+ s = 13 the hypothenuse
» 2 X 4 X 2= 16 theside
4'—~¢ =12 thebase
24+4 =20 the hypothenuse.

_® That is, the point where the top of _the breken staff touches the ground.
» Thatis, if & 4 s = a; and b = the basej; then will

(a+;)+2="F"chamd(a—2") o=t _,

for bt + s* = A2 tilat is, b* +4 (a‘ _b’)’ = (a’ + b’)‘ = h=

2a 2a
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from its base ; at what height from the bottom is the staff broken?

-Statement.—See Fig. 5.

The upper and lower parts are 20. 12, A

B When the sumof the base and hypothenuse is known, and also the side;

to find the separate.values of the base and hypothenuse. ©

Rule.—Square the post, and divide by the distance between the-serpent and its
hole ; from the distance between the serpent and its hole subtract the quotient ; half
the remainder is the distance in cubits from the serpent’s hole ‘where the serpent
and the peacock met.

Example.—At the bottom-of a post isa serpent’s hole ; on the top -of the post is
perched a peacock : the post is nine cubits high, and the peacock descries the ser-
_pent running to its hole when distant from it three times the height of the post ; ‘the
.peacock flies down obliquely and seizes the serpent when both have passed over.an
equal space ; -at what distance from the serpent’s hole did they meet.? D

Statement.—" See Fig. 6.

The place at which they met is distant from the serpent’s ‘hole 13. ¥

4 The example is thus exhibited in the Commentaries :

« Distance between the boitom of the staft and place where the top touches the ground is
16 ; the square of which is 256 ; divide this by the staff, the -quotient is 8, which being ad-
ded to 32, the staff, the result is 40, and subtracted from it there remains 24 ; the results
halved are 20, 12, the upper and lower parts of the - staﬂ' or the side and hypothenuse.
Com. See Fig. 5.

s Two rules with their examples seem to be transposed at this place in the copy from which
I translate. 1 have folloned therefore the arrangement of the other copies and the Com-
-mentaries. ‘

¢ The latter partof lhe enunciation is taken from another copy.

pLeth + b=a; s=-side: then will

(a——— =47 @ —r_ a4

_b anda—-— e T ey ¢
2a 2a 2a =-h

for b* + s* = Ah*; that ls( ) +s’—(" ’)‘=h
z Or, as inano her copy.—¢ Post 9, which is the side ; distance between the serpent and its
* “hole 27, which is the sum of the base and hypothenuse: Then according to the rule there
is found, base 12 cubits; the remainder is the hypothenuse 15.”

v Thus 8] the square of the post being divided by 27, the quotientis 3; subtragt this
‘from the distance 27, the remaibder is 24, the half of which is 12. Com.
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When the difference of ‘the side and hypothenuse is known, and also_ the
base ; to find the separate values of the side and hypothenuse.
Rule.—Divide the square of the base by the diffécrence of the side and hypothe-
nuse ; write down the quotient in two places, and in one place subtract the difference
of the side and hypothenuse, and in the other add the difference ; halve the results;
the quotierits are respectively the side and hypothenuse. The intelligent who un-

derstand this rule apply it in all cases. &

The distance from the water-lily to where it is immersed in the water is the base ;
that part of the water-lily which is seen is the difference of the side and hypothenase ;
‘the stalk is the side, and the water is the same depth as the stalk; all this being
known, required the depth of the water?

Example.—In a lake the bud of a water-lily was observed one span above the wa-
ter, and when ‘moved by the’ gentle breeze it sunk in the water attwo cubits dis-

tance ; required the depth of the water?
Statement.—See Fig. 7. o
Depth of the water *S ; -the:measure of the bud added to this is the hypothenuse,

t7 B .

-fl"he sum of the hypothenuse and part of the side ‘being known, and-also.
‘the remainder of the side,€ and the base; to find the separate values
of the hypothenuse and unknown part of the side.

D Rule.—Multiply the height of the tree by two, and to the product add the dis-

4 The illpstration of this rule is exactly the same with the two former, only putting A —s =4
'® Thus, the base is 2, the squar\e of which being divided by § (that part of the water-lity
which isseen, a span being equal-to half a cubit) the difference of ‘the side and hypothenuse,
the quotient is 8; } subtracted from 8 there remains 1’ ; and £ added to 8 the result is Y.
‘These numbers being divided ‘by 2, the quotients are, sidc % ; bypothenuse %7; aad the
depth of the water is equal to the side. Com.
¢ The words in Roman are not in the original.
© So partial is this rule that it will only hold good, when the given sum of the hypothe-
'nuse and part of theside, is equal to the sum of the remaining part of ‘the side, and the base.
Suppose £ = part of the side 1equired
h 4+ z = a the given sum
- d = part of the side given
b = the base
d 4 2 — s the side
Then A* = 8* + ¢* = b* 4 (d + )t
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tance between the tree and the pool; by the result divide the height of the tree
anultiplied by the distance between ‘the tree and the pool ; the quotient is the ex.
tent of the leap.

Example.—A tree one hundred cubits high is distant from a well two hundred
<ubits; from this tree one monkey descends and goes to the well ; another monkey

takesa leap upwards and then descends by the hypothenuse, and both pass over an
-equal space ; required the height of the leap ?
Statement.—3ee Fig. 8.

The leap is found to be 50.

When the sum of the base and side is known, and also the hypotkenuse ; to
Jind the separate values of the base and side.

Rule.—Multiply the square of the hypothenuse by two, and from the product
subtract the square of the sum of the base and side ; in one place subtract the root
of the remainder from the sum -of the base and side, and in another place add it,
.and halve the results ; the quotients are the measures of the base and side. A

"Example.—The hypothenuse is seventeen, andthe sum of the base and side is

twenty-three ; required the separate values of the base and side ?
Statement.—See Fig. 9.

p—

now h — a — =x; therefore
b + (@ + 2)* = (a — 2)*
LRy LN Y

and r = ?_—Z o +the general expression for &
‘but the rule supposes & + 2 = a = b 4 d; and -substituting -this value-of @, we have
2 __ gt
2a :l———'.)d——
a* —b* — gs b\ . a* —br — g2
we have b =a — Zaf g = (a+d+a—-|:—d) ~2and s=d + s =

( a+d— a—l:-lz—d) <+ 2; whichare the true general values of % .and s, aud correspond with
the rule ¢ by the staff divide,” &c.
4 Let b + s = a, & = hypothenuse ; then will

= 5712.‘:'._3' according to the rule. But following the general expression £ = -
>

a-l-{Qh"—a');':b, dd_t—-{Qh"—a’)}

¥ 1

for (2h* —~a’){"=-(211‘ —b+s ’)"’= b—s=4d A
at+d a—d ’

Z =band 2

and

=
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Hypothenuse 17 ; 'sum of side and base 23 : the base and side found, are 8, 15.4

When the difference of the base and side is known, and also the hypothe-
nuse ; to find the separate values of the base and side.®

Rule.—Subtract the square of the difference of the base and side from twice the
square of the hypothenuse; find the root of the remainder; put it down in two
places, and in one place subtract the difference of the base and side, and in-the other
placeadd it ; halve the results; the quotients are the separate values of the base
and side. . '

Example.—The difference of the base and side is seven, and the hypothenuse is
thirteen ; required the base and side separately ?

Statement.—Hypothenuse 13 ; difference of base and side 7 ; root of difference
of the squares 17. The separate values of the base and side are 5, 12.€ ‘

Rule.—Multiply the two staffs together, and divide the product by the sum of
the staffs ; the quotient is the perpendicular let fall from the place of intersection of
two cords drawn reciprocally from the bottom of one staff to the top of the other ;
multiply each of the two staffs by an assumed base, and divide the products by the
sum of the staffs; the quotients are the segments of the base on each side of the
perpendicular.

Example.—One staff is fifteen cubits high, the other is ten cubits high ; the base
is unknown; required the perpendicular let fall from the intersection of two cords
drawn respectively from the bottom of one staff to the top of the other?

Statement.—I1f the base which is the distance between the staffs is 5, the seg-

a Square of the hypothenuse is 289 ; multiply this by 2, the result is 578, from which sub-
tract 529, the square of the sum of the base and side, the remainder is 49, the root of
om the sum of the base and side, there remains 16; and again

which, 7, being subtracted fr
the result is 30; then 16 and 30 halved, are the base and side

~ being added to the said sum,
8, 15. Com.

» This problem is not g
error both in the statement and in the result of the operation,

¢ Thus, 17 =49
2 w 180 — 75 = 289: and v 289 = 17

”2—’ — 5 the basé

iven in any of the other copies. The original also contains am

‘-7—-';:-1 = 12 the side
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ments of the base are 3, 2; if the base is 10, the segments are 8, 4 ; if the base
ds 20, the segmentsare 12, 8; but in all the perpendicular is the same, 6.4 Thus,
if a base equal to the distance gives sides equal to the staffs respectively, what will
the corresponding segments of the base give ? ® And in this manner the result is

brought out.in each case by the Rule of Three Quantities. The figures are thus re-
presented. See Fig. 10 and 11.

Concerning the form of Figures.

1f a person affirm regarding a figure whose sides are straight lines, that the sum
«of the other sides is less thap one of the sides or equal to it, this must be consi-
dered an impossible figure. For example, if it be affirmed that a quadrilateral fi-
gure has thesides 3, 6, 2, and 12; or that a triangle has thesides 3, 6, 9, such

must be considered impossible figures. This will appear by placing a straight staff
{for.the base.

Of the-area of Figures. .
iRu‘le.f-—’ln a triangular figure multiply the sum «of the two -sides by their differ-

a The product of .the two staffs is 150, which being divided by 25, ‘their sum, the ques
fient is the perpendicular 6. Then assume the base, or distance between the two staffs, to be
.5, and multiply :the two staffs by this assumed number ; the products are 75, 50 ; divide these
by 25 the sum of the staffs, the quotients are the segments 8, 2. If the distance or base is
10, the segments ate 6, 4; if the distance is 15, the segments are 9, G; if .the distance is
‘20, the segments are 12, 8; but in each case the perpendicular is 6. Com.

» The following illustration of this rule is given by Strachey in his translation.of the Bija
Gannita:—Let aB = 10, pc = 15, 85 = 20.

By similar triangles Bp : BP : : DC : PG,
BD : PD.:: BA : PGy
whence BP : PD : : BA : DG,

therefore 3D is divided in p in the ratio of C to Ba.

By composilion BP + PD : BP : : BA-f DC 2 BA; but Be .4- PD =@, therefore B4 4--nc
.and BA arein the ratio of BD to BP; whence, by the first proportion, BA 4 DC : BA : : DC3
PG, that is, g is a fourth proportional (0 BA +4-.DGC, BA, and DG, whatever be the dength
.of Bp.—Sec Plate VI. Tig. 7.

Lucas de_Burgo has this proposition, .(see bis ‘Geometzy, p. 56.) where the lengths are 4,
%6, and 8 ; or page.60, wherehey are 10, 15, and§. Thesame,is.in Fyzi’s Lilawai, where

Ahe rules are
BD X AB

AB .o}~ CD

>

8 X-cp 8D X z: .——PBija Ganuita p. 59.

=4 pp=—"—, aud o=
er = L& Py L3
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nce, sad divide the product by the base ; 4 in-one place add the - ‘quotient to the base,
:and in another subtract it from the base; halve the results; the quotients are the
segments: the root of the difference of the square of each scgment and its side is
the perpendxcular maltiply half the base by the perpendicular ; the product is
'the precise area-of the triangular figure.
Example.—The base-of atriangular figure is fourteen ; one side is thirteen, and

ithe other is fifteen ; .required the perpendicular, the segments, and the number of
vthe equal spaces 8 which is called the area ?

Statcment.—-See Fig. 12.

'The segments are 5, 9, the perpendicular is 12 ; .the area of the figure is 84. €

Example.—In a triangular figure one side is ten, the other is seventeen, and the
‘base is nine ; required the segment, the.perpendicular, and the area ?

Statement.—The two sides are 10, 17 ; the base'is 9.

Here by the rule - multiply the sum of the two sides,” D &c. there is obtained 21,
As this cannot be-subtracted from the base, the base is subtracted from it, leaving
the.remainder 12 ; the half of this is the negative segment. This means that it fails

~sin & -contrary direction. Tte segments then are Ei 15 ; the perpendicular as to
tboth is 8, and the area of the figure is 36, & "The figure s thus shewn.  See Fig. 13,

s ‘lhat is, given a, b, aud c the sides of a tnangle

Wlad el la—c “+c>:a—c = difference of the segments of ‘the base. The rest.is

sthe-same as has-been given before ; and the whole correspends with our own rules.

® The Hindus estimate the area-of a figure by the number of little squares it contains, these
nbeipg cubits, or any-ether measure used, in the same manner as is done in Europe.

< The sum of the sides 13, 13, is 28; multiply this by 2, ¢heir difference, the product is
'56; divide this by the base 14, the quotient is 4 ; in one place subtract this frem the base, and
«in snotheradd it ; the resulis are 10, 18, the halves of which are the-segments. The squares
cof the segmeat 5, and side 13, are 25, 169; the difference-of the squares is 144, the root of
-which is 12: Also the squares ot the segment 9, and side .15, are 81, 225; the difference
«of these squares is 144, the root of which is the perpendicular 12. ‘The perpendicular be<
Ang multiplied by balf the base, or 7, .the product is 84, the area. Com.

» See.page 76. ‘ ‘

« Multiply £7, ‘the sum of ‘the sides, by 7 their difference, the product is 189; divide this
by 9, the base, the quotient is 21, from which subtract thc base, the remajnder is 12; also
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Rule.—Halve the sum of all the sides; put down the result in four places, and
subtract from it the four sides respectively ; then multiply the remainders into each
other ; and the root of the product will be the approximate * area in a quadrangu<
lar figure, ® and the precise € areain a triangular figure. D

Example.—The base is fourteen, the line E opposite to it is nine, one of the sides
is thirteen, the other is twelve, and the perpendicular is also twelve : Requu'ed the
area as given by former authors?

Statement —See Fig. 14.
The area found by the above rule, is + 19800, which has no exact root, the square

root of it being something less than 141 ; this is not the true ¥ area. But by arule
which shall be afterwards given, viz. ¢ By the perpendicular multiply half the sum of
¢ the base and the line opposite to it €”; the true area of the figure is found to be

138.H

add 21 to the base, the result is 30; these two results halved are 6, 15. In the first case
the segment is negative, the base being subtracted from the quotient 21, whereas this quotient

should be subtracted from it. Thus we have the negative and positi"'e segments (c)", 15: Then
by the rule ¢ the root of .the difference of the squares of each segment and it side, &c.”.
~ we obtain the perpendicular 8; multiply this by the base, and divide the product by 2; the
qqotient is 36, which is the area. Lom.
* Asphuta.—Not clear, not evident. Fyzi translates it surhan, wandering, roaming.
» This will give the true area in su.h a trapezium as can be inscribed in a circle—in othex

oases it is very vague.
c Sphuta.—Clear, evident, apparent. Fyzi transla‘es it durust,—just, true, right.

» This rule might be more distinctly expressed thus : Halve the sum of the sides, and from
it subtract the sides respectively; then multiply into each other the four remainders (for
the quadrangle ); and (be three remainders and the half sum (for the triangle ) : the square
root of the result will be fhe approximate area in the quadrangle, and the precise area in
{he triangle. .

3 Mukha.—The face, or what is opposile.

* Wastava.—True, proper.

o Page 81.
:x Thus the sum of all the sides 9, 12, 14, 13, is 48, the half of which is 24: Put this

«down in four places, and subtract the sides, thus 24 24 24 24 the remainders are 15, 12,
9 12 413

30, 11; the product of these mulfiplied together'is 9800, the square root of wluch is some



( .
A O
. .Also, on making two divisions of the figure, the same area is obtained, 138. See-
Exg. 15. -,
+ By thisrule, likewise, we find that the areaof a triangle whose sides are 13, 15,
and the base 14, is 84. ’

Reason of the Approximate® Area.

As the two diagonals of a quadrangle are not determinate, B how can the area of
that figure be determinate ©. Their assumed diagonals which former writers have de-
monstrated, are not applicable to other positions of the quadrangle, because while
the sides remain the same, different diagonals may be obtained, and consequently
different areas. Thus, by extending the opposite angles of a quadrangle, the diago-
nal which joins the twoangles that go inwards is shortened, but the two other an-
gles being drawn outwards increase their diagonal ; therefore it was said that, while
the sides remain the same, different diagonals may be obtained.- If one of the two

what less than 141; This is not the true area. But by a rule which shall be afterwards given
€ by the perpendicular, &c.” the true area is found in this manner: The perpendicalar is
12, the base is 14, and the line opposite to it is 9; these two added make 23, the half of
which, %?, being multiplied by 12 the perpendicular, the product is 138, which is the true
area, . Ce
Again, in regard to a triangle, the area is found by the rule ¢ halve the sum of the sideS;'?-
&c. Here the sum of the sides 13, 1%, 15, is 42, the half of which is 21, which being put
down in four places, and the sides subtracted, thus 21 21 21 2], the remainders are 8, 17,6,
13, 14, 15
21, the product of which is 7056 ; the squareroot of this is 84, the precise area of the triangle
Com.

4 Sthula.—Large.—The words sthula and asphuta are used in subsequent parts of the
work to denote what is inexact, or merely an approximation ; and the words spaskta and suck-
shma, to denote either what is exact and true, or the nearest degree of truth and precision
that has been attained.

» Aniyata—Not unalterable, not unchangeable; formed of the privitive parlicle & and
niyata, what is fixed, destined, unalterable. ‘ .

¢ Niyata.—Fixed, invariable,
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-perpendiculars, or of the two diagonals, be not separately given to people, A the quess
&ien is «of an -indéterminate nature, why then is the determinate -area demanded ?
The person who puts such a question is a demon, and he who pretends to answerit
is an arch demon, and both are ignorant of the indeterminate ( changeable ) position
of quadrangular figures. 8

- Rule.—Having assumed one diagonal in a quadrangle whose sides are equal, sub-
tract its square froun .the square of .the side multiplied-by four ; the root of the re.
mainder is equal to the second diagonal, Multiply the unequal diagonals together,

and divide the product by two ; 5 the quotient is the precise area of a quadrangle w'hose
sides are equal, €

4 The meaning - of this- passaae is not very clear, and the reading also varies a little in the
different copies ; in-ene copy it runs thus, ¢ it one of the two perpendiculars, or of the two
diagonals, be not given, how can the other be obfained ;" &c. One commentator remarks,

that some suppose the reading should be, ¢.if the sum of the two perpendiculars, or the snm
of the two diagonals, be not given.”

» The two diagonals of a quadrangle Leing indeterminate, how can.its area be determinate;
for the area of any figure depends on the diagonal. The diagonals of a quadrangle which
Bramha Gapta and others assamed and found, were properly assumeil, but are not con'ect,
for this reason, that they are not applicaple to other positions of the quadrangle ; because the
-diagonals found on extending the opposite angles, will not correspond with those put down
by these authors, but will ~be greater or less: Thus diagonnls different from those demon-

strated are obtained in the given quadrangle. If the diagonal be determinate, then the arca

of the si 'es will be determinate ; but in consequence of the diagonal being indeterminate, dif-
ferent areas are obtained.  Com.

In a2 quadrangle, while thesides remain the.same, the area may vary, as it daes notdepcnd on
the sides; but in a Gtiwngle the area daes not vary: The:eto e it will not answer to assume
a diagonal, but a determinate diagonal must be found or de -monstrated. 1t may then be asked,
if the diagonals be demonstrated, to what objection are they liable. I reply, that they are not
applicable to other cases, for wlile the sides remain the same, different aieas may be obtained 3
thereforeit is said, thatif the perpendicular or diagonil be given, ‘tie determirate or unchange-
able area will be found. Otherwise, as the measure of the diminution or shortning -is not
known, .the.perpendicular and diazonal cannot be ascertainel.  Uliaharara.

¢ Let any of the siles — «; the assumed diagonil = &, the unhnown diagonal = z;
then as the sides :of the .quadranzle gre equal, the diagoxals ‘isect each -other, and x.—
2 y(a* — 3b*) = ¢/ (4a* —b*) according to the-rule; and b )(2": 5 zf = %f = the
-aFoRk. :
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Ina quadrangle of equal sides, and in a parallelogram, when the two_diagonals
are equal, multiply the side by the base; this will give the area. In other qua-

drangles, if the perpendiculars be equal, then by the perpendicular multiply half the
-sum of the base and side opposite to it ; the product will be the area.

Example.—In a quadrangle whose sides are twenty-five, required the two dia go-
nals ; from the diagonals required the area; also, the diagonals being equal, required
the area of the above quadrangle; and thearea of a.parallelogram six in breadth and
eight in length, its diagonals likewise being equal.

Statement.—To find the area of the first figure when its diagonals are egual. See
‘Fig. 16. :

By the rule ¢ the root of the sum of the squares of the side and base, &c.” the
“two equal diagonals come out an irrational number v 1250; and the ares is 625.4

Or, assume one of the diagonals to be 80, the other diagonal will be 40, The con-
~ struction of the figure then is thus. See Fig. 17.

And the area is 600. 8. .

Or, by assuming fourteen for one of the diagonals, then the other diagonal is found
tobe 48. The construction of the figure .is.thus. See Fig. 18. And here the area
1s330.

——

-4 The diagonal is found by the rule, the ¢ root of the sum of the squares of the base and
tide is the hypothenuse.” In this example the sides are 25,'25, and their squares are 635, 625,
the sum of which is 1230 ; and as the root of thissum cannot be obtained, the irrational numbee
v 1250 stands for each diagonal: then the area is found by the rule “ ina quadrangle of
equal sides, and in a parallelogram, when the diagonals are equal,” &c. thus: The side is

25, the base is 25; these multiplied together produce 625, which is the area in a quadrangle
when the diagonals are equal.  Conm.

® It 30 be assumed as one dingonal, the other will be found by the rule, €¢ having assumed
one diagonal in a quadrangle whose sides are equal,” &c. Thus the square of the side is
€25, which being multiplied by 4, the product is 2500 : The square of the assumed diagonal is
-900; this being subtracted from 2300, the remainder is 1600, the root of which is the second
-dingannl 40 ; then the area is found by the rule, ¢ multiply the unequal diagonals by each

~other ;™ thus, the psoduct of the diagonals 80, 40 is 1200, which being divided 2, the quoticat
43.600, thearea of the quadrangle of equal sides. Com.
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The construction of the parallelogram is thus. See Fig 10. Andxts al;& lis“4_8. A

Example.—The line opposite the base'is eleven; the base is fwehty-tﬁro;_ong' of
the sides is thirteen, and the other is twent ; and the perpendicular is twelve:
What is the area ?

Statement.—By the rule « halve the sum of all the sideé,” &. the appro:gigﬁate ’
area is found to be 250 8; and according to the rule, * by the perpendicular multi-

ply half the sum of the base and of the line opposite to it,” &c. the true area is found
to be 198. €

In order to make this evident, divide the figure into three pérfs, and find the se-
parate area of each part; then add the three areas, and observe their sum. The
figure is thus represented. See Fig. 20.

And the different parts of the figure are thus exhibited. See Flg 21, 2ﬁ, and 23

By the role “multiply half the base by the perpendicular,” the areas of the
right angled triangles are found to be 30, 96 P ; and by the rule ¢ multiply the side
and base together,” there is found the area of the parallelogram, 72 ; the sum of
these areas is 198, which is the true area. '

Example.—The line opposite the base being fifty-one, the base seventy-ﬁve, the
side on the left hand sixty-eight, and the other side forty ; required the area, diago-
nal, and the perpendicular ?

Statement.—See Fig. 24,

4 Here the squares of the sides 6, 8, are 36, 48, and the sum of these squares is 100, the
root of which is J0; then the area of the parallelogram is obtained by mul(iplying the base
and side; thus, 6 x 8 = 48, the arca. Com.

3 The sum of the sides is 66, the half of which being piu down in four places, and thé
sides 11, 13, 22, 20 sibtracted, the remainders are 22, 20, 11, 13; these multiplied toge-
ther produce 62920; the nearest root of which is 250, or the-approximate area. Com.

© The sum of the base and line opposite toit is 33; the half of which being multiplied by
12 the perpendicular, the product is 33 = 198, the precise area. Com.

» Each of the titangles being half a parallelogram, their areas are found by multiplying

the side by the base, and halving the product, thus, 5—);«-3 = 30 area

12 X 16
£

= 96 arca. Com.
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& Concerning the area, diagonal, and perpendicular.

The perpendicular being known, the diagonal will be obtained ; and the diagonal
being known, the perpendicular will be obtained, and there also the determinate area
will be found ; that is, when the diagonal is indeterminate, the perpendicular also is
indeterminate. o '

To find the Perpendicular,

Rule.—1n a triangle inscribed in a quadrangle find the perpendicular as before di-
cected. '

The.two sides form the diagonal and side, and the given base is the base of the
dnscribed triangle.

In order to find the perpendicular, assume a diagonal extending from the top of
the left side to the bottom of the right side to be 77, by which also a triangle is
formed within the quadrangle ; this diagonal is one side of the triangle ; the left side
4s the other side, 68 ; and the base is the same as stated in the example. The per-
_pendicular and segments are then found in the manner already directed. Thus the
_ sum of the sides is 145 ; this multiplied by their difference, the preduct is 1305 ;

this divided by the base 75, the .quotient is *; ; this quotient being subtracted
.from the base in one place, and in ancther added to the base, the results are ste
452 these halved give the segments *$+ *3*; and by a rule already given we ob-
tain the perpendicular *$*.8 The figure is thus represented. See Fig. 25.

- The perpendicular being known, to find the diagonal.

Rule.—The root of the difference of the squares of the perpendicular and the side
-which is supported by -the perpendicular is called the segment; subtract the seg-
.ment from the base, and to the square of the remainder add she square .of the
-perpendicular ; the square-root of the result is the diagonal. ’

2 'The following rules in succession give the methods of finding the perpendiculars, diago.
-nals, and the area-of the preceding example. ‘
® Thus the squares of the segment *44 and of its side 68, reduced to a.common denomi-

- malor, are 2248 113800 the difference of thesc squares is 942%4, the square 3oot of which -
.isthe perpendicular 22!,  Cem. ' o '
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Suppose the perpendicular let fall from the top of the left side of the quadrangle
to be *2*, the segment will be *;¢: & Then by the rule ¢ subtract the segment

from the base, and to the square of the remainder add the square of the perpeu
dicular,” &c. we obtain the dmgonal 77.8

To find the second diagonal.

Rule.—First assume a diagonal, and in the triangles situated on each side of this
diagonal, call the diagonal the base, and the two otker lines the sides ; then find the
perpendiculars and segments. Square the distances between the perpendicular situ-
tuated on one side of the assumed diagonal, and to this square add the square of the
sum_of the perpendiculars; the square root of the result is the second diagonal,
Thus also as to all quadrangular figures, ©

D Let a diagonal extending from the top of the left side to the bottom of the
right side be assumed equal to 77 ; in the figure containing this diagonal line, call

The commentary also shews the area brought out dccarding to the rule ¢ muftiplyl halg
the base by the perpendicular,” &c. thus, half the base 7§ being multiplied by the per-
pendicular 33, the productis *47° = 2310, the area of the figure.

a The squares of the assumed perpendicular 3¢, and the side 68 which is supported by

it, when reduced to a common denominator, are °4%8+ *:§$°°, the diffcrence is *o236, the
root of which is the less segment *44.  Com.

3 Thus, the less segment being subtracted from the base 75, after reducing both to a com-
mon denominator, the remainder is 23¢ the greater segment, the square of which is s328* ;
this added to 94354 the square of the perpendicular, the result is r+33:s, the :quare root of

wluch s = 77 the diagonal. Com.
¢ See Plate V1. Fig. 1. Let a, and b, be the perpendiculars; d, the distance between

the perpendiculars = » 4 z; and kt £ 4 y = the second diagonal.
thenz= vV (@* 4+ 2*) y= (b* 4 2*); and 2* - y* =a* 4 »* 4 b* 4 s*
2ry = 2/ (a5 4 b2 w* 4 a3t + w*s?)
buta:w::5:2; and a* 22 4 b »* = 2abws
therefore 2zy — 24/ (a* b* 4 2vbwz 4 »*s*) = 2ad 4 s
then 2* 4 2zy 4 y* — a* 4 2ab 4 b* + w* & 2wz 4 3

mdz4y= V(a+b'! +o4 g'=) ="/(a +o +d‘)accotdingtothemle.
@ This paragraph is merely intended as an explanation of the rule. ' ’
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the diagonal the base of the triangles situated on each side of the diagonal, and call

the two other lines the sides ; then the perpendiculars and segments will be found
in the manner already shewn.

Representation of the figure. See Fig. 26.

The square of the difference of the two segments formed by the falling of the
perpendiculars is 169; the square of the sum of the perpendiculars is 7056 ; these
two numbers being added together, the result is 7225, the square root of which
is the second diagonal 85.4 Thus in all cases,

Remarks on assuming a Diagonal.

The sum of the two less sides which.fall upon one diagonal being assumed g3
the base, and the remaining two sides as the sides, find the perpendicular. [n thig
case the one diagonal can never be greater than the base of the figure thus form.
ed, nor the other diagonal less than the perpendicular. Knowing this the intelligent
assume a diagonal.

By extending the opposite angles of a quadrangle the sides are drawn inwards, and
atriangular figure is formed ; ¥ then the sum of the two less sides which are aboyt
one angle being assumed as the base, and the two other sides as the sides, the per-
pendicular will be found according to the rule already given. The shortened diagonal
cannot in any case be less than this perpendicular, nor the other diagonal greater
than the two sides assumed as the base. Thus it is in regard to both diagonals,
Tho’ T have not shewn this, it is understood by those versed in the science,

The sum of the areas of the triangles situated on each side of the diagonal, is the
true area of the figure.

* After finding the segments 32, 42 by the process already exhibited, the perpendiculars are
-then obtained thus: The squares of the segment 32 and of the side 68 are 1024, 4624, and
the difference of these squares is 3600 the square root of which is one perpeadicular, 60
Also the squares of the segment 32 and of the side 40 are 1024, 1600, and the difference of
these squares is 576, the square root of which is the other perpendicular, 24, Then the square
of 84, the sum of the perpendiculars, is 7056; to this add 169, the square of the difference
of the segments, the result is 7225, the square root of which is 85, the second diagonal. Com,

» The triangular figure is exhibited on the margin, still taking the last example, in which
the sides of the quadrangle are 75, 68, 51, 40. See Fig 27.
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The areas of the triangles in the figure last mentioned ase 924, 2310 ; the sum
of these two is the area of the quadrangle, 3234.

Rule.—In a quadrangle with equal perpendiculars, -assume the base minus its op<
posite side as the base, and the sides as the sides; then find the segments as.in a
triangle, .and from the segments find the perpendicular ; subtract the segment from
the base of the quadrangle ; the square root of the sum of .the squares of there-

* mainder and of the perpendicular -will be the diagonal.

When the ‘perpendiculars are equal, the sum of the side -opposite the base, and
.the greater of the other two sides, will be less than the sum of the base and the
lesser side.

Example.—The two sides are 52 and 39 ; the side opp051te the base is 25, and
the base is 60. Preceding authors have said that in this figure the perpendiculars
are unequal, and that the two determinate diagonals are fifty-six and sixty-three. I
‘would know two diagonals different from these ; also equal perpendiculars, and the
.diagonal which gives these perpendiculars ?

Statement.—See.Fig. 28,
" Here, if the greater diagonal assumed be 63, the other -diagonal found will. be
56.4

Or, in place of fifty-six, suppose -the diagonal -thirty-two; there will then be
-found, by.the former rule, two surd parts.of the required diagenal ¢621, v 2700,

76 8
«the sum of the square roots of which is the second diagonal, ;3.

.4 Thus, the two sides are 39, 60, their sum is 99; this muitiplied by 2!, their difference,
vthe product. is 2079, which being divided -by 63, -the base, (he quotient is 53; in one place
subtract-this from 63, and in another add it ; the results are 30, 96, thcee halved are 15, 48,
.the segments. The same segmenis are also found in -the other triangle by performing this
-operation on the sides 25, 52. The perpendicular is then found by tle rule ¢-the squares
of the segment and side,” &c. thus, segment 48, side which falls-on it 52, their squares are
2304 2704, the difference of the squares is 400, <the square roet of which is 20, the perpen-
dicular: Again, segment 15, side which falls on-it 89, ‘their squares are 225, 1521; difference

of 'these squares.is 1296, the sgware root of which-is 36, .the second ,perpendxcular, .the sum
of the perpendiculars 20, 36 is 56, the second diagonal. -Com.

» Or, instead of 56, suppose the diagonal 32; the sides 60, 52 will give the segments
30,-2; then the segment 2, and.the side which falls on it 52, squared, are 4, 2704, the dif-



If the figure-have ‘equal perpendiculars, then‘call:the -base minus'its opposite side

.ithre base, and in-orderto find the perpendicular this triangle is assumed. See Fig.

-:ng. Herethe segments found-are § ']*; and the perpendicular is the surd num-

-38

“‘ber ¥ (*%%"*), the nearest square root ‘of which, according tothe rule, is -

This is the common perpendicular of the quadrangle.A The sum of the'squa:e; ’o;'
the base minus the less'segment, and of the perpendicular is 5049 ; this is the square

. ‘forone diagonal : Thus alsothe sum of the squares of the base minus the greater

-ssagment, and of the .perpendicular is 2176, which is the square for the other diago-

71 468

_nal ; and the nearest square roots of these numbers are the diagonals /;

50 30 See

. Fig. -30.

_Thus, in a quadrangle, the sides being still the same, different diagonals are ob,
tained. WNotwithstanding their indeterminateness however, two determinate diago-

ference of these squares is 2700, the square root of which is 5134 one perpendicular : Again,

- the other segment is 50, 1t> side is 39, their squares are 900, 1521 ; the difference of the

squares is 621, the square oot of which is 2433. The two perpendiculars then are 5134,
2423, and their sum i> romething less than 77, the second disgonal. Com,

4 By the rule ¢ in a triangle the sum of the sides,” &c. we obtain the segments .¢ 3i&
=1 '#*. The perpendicular is then found thus; difference of the squares of the side 39,
and of the segment 3, is 3%%'®, the square root of which is the surd perpendicular: The
nearest square root is found in this manner: Multiply 38016 by 25 the denominator, the
product is 950400 ; this multiplied by 625 the square of an assumed number 25, the product is
59400000, the nearest square root of which is 24372; divide this by 625, which is the

pl:oduct of 25, the square root of the square of the assumed number, and of 25 the deno-
minator, the quoiient is 38§32 ; this nearest square root is the common perpendicular.  Com.

® Thaus the segment } being subtracted from the base 60, the remainder is *27, the square
of which is #43°°; this added to 380.6 the square of the perpendicular, the result is t1g12 s
= 5049, which is the sum of the squares, and the square for one diagonal : Thus, also, the
greater segment '}* being subtracted from the base, the remaiader is 3, the square of

which is 16334 ; this added to 38016 the square of the perpendicular, the result is $442° =
2176, the square for the other diagonal ; the nearest square toots of these are the two dia-

gonals, 71;’3, 46{%- Com. .
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nals are found by Bramha Gupta A and others by the following rule.

Let the sum of the rectangles of the sides which fall upon the diagonals be reci-
procally divided, and multiply the quotients by the sum of the rectangles of “the
opposite sides ; the square roots of the results are the diagonals in an irregular figure,

Statement.—3ee Fig. 31,

The rectangles of the sides which fall upon one diagonal are 2340, 1300, their sum
is 3040 ; the rectangles of the sides which fall upon the other diagonal are 975, 3120,
their sum is 4095 ; divide these reciprocally by each other, thus 3949 4293 or
. having reduced them by 455, multiply by 3528, the sum of the rectangles of the
opposite sides ; the results are 3136, 3969, the square roots of which are the diagonals
- 60, 63. Butas this method of finding the diagonals requires great labour, I shall
shew a shorter one. . |

Rule.—Multiply severally the side and the base of two assumed right angled trian<
gles by the hypothenuse of the other; this will give the sides. Suppose these to
form an irregular quadrangle, and then find the diagonals also by the two triangles &
_ Thus, the sum of the rectangles of the bases and of the sides will give one diago-
nal ; and the sum of the rectangles of the side of each triangle multiplied respectively
by the base of the other will give the other diagonal. As this method is shorter I
do not know why the former one was adopted. 8

Assume the two triangles, Fig. 32, 33. Then multiply severally the side and
the base of one triangle by the hypothenuse of the other; and call the greatest

s Bramha ant"l is said to have lived in the 7th century. (As Res. vol. 9. p. 242.) tle
_ s still held in high e-timation as an astronomer ; but 1 have not bad an opportunity of consult
ing any of his worhks. ’ »
_ » T..is problem might perhaps be expressed thus: Given tworight angled triangles, re.
quired a quadrengle, such, that the opposite triangles, formed by the diagonnls in‘ersecting
at right angies, shall be similar to each other, and to the given triangles respectively. This
" is performed by the applicaiion of the bases and sides of the given triangles, in such a man-
ner, as te obtain proportionate sides and diagonals of a quadrangle. The second case srems
merely a varizty of the first ; by transposing two of the adjacent sides, a quadrangle is for-
med consisting ot two right angled triangles, similar to the two assumed, and having a
<ommon hypothenuse, whicl is a new diagonal. _
Bhuscara's object scems to ke, to construct any quadrangle, ja such a manner, that all its

pasts shall be kuown, without further calculation.
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number the base, and the least the side opposite the base. The figure is thus re-
presented. Fig. 34.

In this case where, according to the former method, the diagonals are found with
such labour, multiply respectively the side of one triangle by the base of the other ;
the products are 36, 20, the sum of which is the diagonal 56 : also the rectangle of

the bases is 15, and the rectangle of the sides is 48, the sum of which is the other
diagonal 63. This is an easy process. :

Or, draw the figure with the left side and the side opposite the base, transpos-
ed; A then the rectangle of the hypothenueses 5, 13 of the two right angled triangles
will be the second diagonal 65. .

‘Example.—The base is 300, the side opposite to it is 125 ; the sides are 260 and
195 ; one diagonal is 280, the other diagonal is 315; one perpendicular is 189, and
the other is 224: Required the lower limbs of the perpendiculars from where
the diagonals and perpendiculars intersect ; required the perpendicular and segments
from the place of intersection of the two diagonals ; required the perpendicular, and
the segments of the base of the suchi ¥ formed by the meeting of the two sides pro -
tduced in their own direction ; also required the sides of the sucki? I would know all
these if thou art skilful in calculation.

Representation of the figure. Fig. 36.

€ The square root of the difference of the squares of the perpendicular and of the
side which falls upon it, is called sandhi. P The base minus the sandhi of this per-

4 In one copy the altered figure is thus represented. See Fig. 35.
» Literally, a needle; but in mathematical language it signifies a pyramid or cone.

< The whole of this part is merely an application of the properties of similar triangles,
and scems to require no explanation ; but the terms used may perhaps be more clearly

understood by referring o Plate V1. Fig. 2; where let ancp be a quadrangle. Produce ap
and gc till they meet in £: let fall the perpendiculars br, EG, and cu, and drawci parallel
10 EA : then will the triangle aBe be the suchi; the segments BF and FA, Au and up are

. the pit,h and sandhi respectively, of the perpendiculars pr and cu ; mi is the sama, and
D1 the hara.

» The common signification of this word is union, junction.—A different definition of
the sandhi is given at this place, viz. < the mean of the perpendicular and of the side which
falls upon it is called sandhé.” ‘This, however, is erroncous and incomprehensible; and
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. pendicular 1s calles pit,h. &

Rule.—Having put down in two places the sandhi of the perpendicular whose lower

limb is sought, multiply it by the other perpendicular and its own diagonal, and divide
- the products by the other pit,h; the quotients are the lower limbs from ‘the place of
. intersection of the perpendicular and diagonal.

Thus, perpendicular 189, the side which falls upon it is 195 ; the square root of
the difference of the squares of these numbers is the segment, here called sandhi, 48 ;
the base minus the sandhi is the other segment, which is called pit,h, 252: B Thus,
also, the other perpendicular is 224, the side which falls upon-it.is 260 ; the sandk;
obtained is 132, and the pit,k is 168: €

The lower limb of the first perpendicular 189 is thus found; its sandhi is 48, this
‘being multiplied by the other perpendicular 224, and by the diagonal 280, separate-
ly, and the products divided by the other pit,k 168, the quotients are, lower limb of
“the perpendicular 64, and lower limb of the diagonal 80. P

—

disagrees not only with the other copies, but .also with the definjtion of the same word
‘which follows, apparently out of place, at the end of the succeeding paragraph, and is the
one which is here adopted. .

a Literally, a chair or stool.

= The perpendicular is 189, the side-which falls upon it is 195; the sandhi is then found by
.the rule, ¢ the square root of the difference of the side and hypothenuse is equal to the base,”
thus, the difference of the squares of the numbers 189 and -195, is 2304, the square root of
which is the sandki, 48; this being subtracted from- the base, the remainder is the pit,h

252. Com.
¢ The other sandhi is also found thus: The second perpendicular is 224, the side which falls
‘upon it is 260, ¢ the difference of the squares of these numbers is 17424, the square roat
- of which is the sandhi 132; subtract this from the base 500, the remainder is the pit,k, 168,

Lom.

» The lower limb of the first perpendicular 189, and the lower limb of the diagonal from
where the hypothenuse and perpendicular intersect, are thus found : The sandhi of this per-
pendicular is 48 ; put this down in two places, and multiply it by the other perpendicular
224, and by its diagonal 280, the products are 10752, 13440; divide this by 168 the
Dityh of the other sandhi, the quotients are, lower linb of the perpendicular 64, and lowet

limb of the diagonal 80. Com.
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Thus, also, the second perpendicular is 224 ; its sandhi is 132, which being mul-
tiplied by the other perpendicular 189, and its diagonal 315, separately, and the
products divided by the other pit,h 252, the quotients are, lower limb of the per-
_pendicular 99, and lower limb of the diagonal 165. A ?

To find the lower perpendicular from the place of intersection of the
two diagonals.

Rule.—Multiply both the perpendiculars by the base, and divide each by its own
pit,h; the quotients are the two staffs ; then by these staffs are found the perpen-
dicular and segments of the base from the intersection of the two diagonals, accord-
ing to the rule formerly given.

In this manner we obtain the staffs 225, 400; then, according to the rule ¢ from
the intersection of a cord drawn from the base of the one to the top of the o-
ther,” &c. the lower perpendicular from the place of intersection of the diagonals
is found by these staffs to be 144, and the segments 108, 192. 8

Tofind the perpendicular, segments, and sides of the suchi (triangle form~
ed by two sides of the quadrangle produced.)

Def.—The sandhi of one perpendicular being multiplied by the other perpen-

At this place there is given the follewing definition of the sandhi: ¢ The square root of
the difference of the squares of the side and hypothenuse is the sandhi.” :

a Thus, also, the sandhi of the second perpendicular 224 is 152; this being put down in.
two places and multiplied by the other perpendicular 189, and by its diagonal 315, the pro«
ducts are 24948, 41580 ; these divided by 252 the pit,h of the other sandhi 48, the quotieals
are, lower limb of the perpendicular 99, lower limb of the disgonal 165. Com.

» The perpeadiculars 189, 224, being multiplied by 300 the base, the products are 56700,
67200, divide thee respectively by their own pit,h 2592, 168, the quotients are the two staffs
225, 400 ; multiply these two stafis together, the product is 90000, divide this by 625, the
sum of the twostaffs, the quotient is the perpendicular let fall from the place of intersection
of the diagonals, 144: Also the two segments are found by the rule ¢ multiply the staffs by
the base, &c.” Thus, multiply:the stafts 225, 400 by the base 300, the products are 675000,
120000, divide these by 625 the sum of the two staffs, the quotients are the segments on
each side of the perpendicular, 108, 192, Com.
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dicular, and the product divided by its own perpendioular, the quotient is called
sama A. Thesum of the sama and of the other sandki is called harqg ®.

Rule.—Multiply sepagately the sama and the other sandbi by the base, and divide
the products by the kara; the quotients are the segments of the sucki, The pro-
duct of the other perpendicular multiplied by the base, being divided by the 4qra,
the quotient is the perpendicular of the suchi. Multiply each of the two sides by

the perpendicular of the sucki, and divide the product of each side by the perpen-
dicular of that side ; the quotients are the sides of the suchi.

The skilful perform the whole operation by the rule of Three Quantities.

Here one perpendicular is 2245 its sandlki is 132 ; multiply this by the other per-
pendicular 189, and divide the product by its own perpendicular 224, the quotient
- js *2', which is called the sama ; the sum of this and of the other sandhi 48,is *27%;
this is called the hara. ©  The sama and this other sandhi Leing severally multiplied
by the base 300, and the products divided by the hara, the quotients are the seg-

ments of the base of the suchi, ;3¢ 35%¢ D The other perpendicular 189 being

multiplied by the base, and the product divided by the kara, will give the perpendi-
cular of the suchi, °77°.® Thetwo sides 195, 260 being multiplied by the per-
pendicular of the suchi, and the products divided respectively by their own perpendi.

—

a Literally, equal,
s Diviser,

¢ Thus, multiply the sandhi 132 by 189, the perpendicular let fall from the other angle, the
product is 24948 ; divi:e this by 224, the perpendicular which falls upon the sandhi 132,
the quotient is *434*, or redueed by 28 is %2* ; this is called the sama; add together the other
sandhi 48, and the sama *%*, the reswdt 18 '475 ; this is called the Aara or divisor. Com.

» The sama *2*, and the other sandhi 48, being multiplied by 300 the base, the Producls
are 267300, 14400; divide these by s the hara or divisor, the quotients are *'3822°,
3 _l'(”imo -

775 the first reduced by 8 is 2¢39°, and this again reduced by 75 is *§5¢, which is ope

segment of the suchf: Also *1433° reduced by 75 is *$3%, which is the other segment of
the suchi. Com. '

* ‘The perpendicular of ¢he suchi is found in this manner: Multiply the perpendicular 189
by 200 the base, the product is 56700; divide this by *37$ the hara or divisor, and re-

Muce the quotient by 75, the result is 53¢, which is the perpendicular of the swcki, Com..
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culars 180, 224, the quotients are the two sides of the suchi which is formed by
two sides of the trapezium produced in their own direction, ¢}3° 77°.4 '

L7 sy °
" Thus here, and in every instance, by assuming to any particular sum of divison
or of multiplication, such a quotient or divisor, as may be proper, the intelligent
consider it an operation by the Rule of Three Quantities. 8

a The two sides of the :uc{u' are found thus: Multiply the two sides 195, 260 of the ori-
ginal figure by. ¢34, the perpendicular of the suchi, the products are 1179360 15 12480
divide these by their own perpendiculars 189, 224, the quotients are s34¢ 72te, the sides
of the suchi. Com.
~2In the original the first part of this paragraph is very obscure, and I doubt whether it
be here rightly translated. The meaning however, evidently is, that the preceding opera-
Lions can be performed by the xule of proportion. ' )
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: CHAP. IL

SECTION L

OF CIRCLES,

Rule.—Multiply the diameter by 3927, and divide the product by 1250; thll
gw&s the more precise A circumference :

Or, multiply the diameter by 22, and divide the product by 7 ; this gives the
approximate circumference, which answers for common operations.

Example.—The diameter being 7, what is the circumference ? the cu'cumferenoe
being 22, what is the diameter ?
Statement.—See Fig. 37.

. . 21 . . . .
The more precise circumference is 12503 Or the approximate circumference is 22:
1350

By msking the multiplier the divisor, and the divisor the multiplier, the more pre-

cise diameter is found' to be .7| ; or the approximate diameteris 7.
3937

Rule.—The fourth of the diameter multiplied by the circumference gives the area
of the circle ; this area multiplied by four gives the area of the convex superficies of
the sphere which is like the net work of a ball; the superficial area multiplied by
the diameter, and the product divided by 6, gives the cubic content of the sphere.

Example.—The diameter being 7, whatis the area of the circle; also the dia-
meter of asphere being 7, what is the area of the convex superficies which resem-

s Sukshma.—Literally, small, minute, Innote page 79, it is mentioned that this word
is employed to denote either what is exact or true, or the nearest degree of truth that has been
attained. The original does not contain the words which ave printed in Ifalics in the ex-
ample. The astronomers whom I have consulted, suppose that the number 211348 is the
precise circumfereace ; but it is not probable that such a mathematlician as Bhascara should
Uave censidered these excellent approximations as the exact truth.
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fblea the. net work of a balk; and what is: the qubi¢ oontent of the sphare? A_mvyg;ﬁ
these three questions if thou understandest the Lilawati well,

$op0

. Statement.—The arca of the ciecle is oo ¢ the conwex superfisios of the sphere

. 153
18 33
1350
Rule.—Multiply the square of the diameter by 3927, and divide the product by
5000; this gives the more precise areaof the circle: Or, multiply the square of the
«dismeter by 11, and divide the product by 14; this gives the approximate area, which
3s sufficient for common operations, To half the cube of thediameter add its own

«one and twentieth part ; the result is the cubic content of the sphere,

. | 2
the cubic content of the sphere is .,75;?
2300.

. 38 . . 38 . i
The maore precise area is euss; the approvimate aregis . the approximate cubic
6000

content is 1;9

wRule.—Multiply together the sum and difference of the chord A {of double the
arc) and the diameter, and from the diameter subtract the sgugrs rogt of the product ;
thalf the -remainder is the versed sine. B Subtract the versed sine from the dia-
ameter, and multiply the remsinder by the versed sine ; the square raot of the pro-
«duct multiplied by two is the chord (of double the arc). Divide the square of half
ahe chord (of double the arc) by the versed sine, and add the versed sine to the
.quotient ; the result is the diameter of the circle.

) ‘Example.—The diameter is ten, and the chord (of double the arc) is six ; required
the versed sine ; from the versed sine required the chord (of double the arc); and
grom the.chord (of double the arc) and the versed sine, required the dmmet#‘
‘Statement.—See Fig. 38. | T -
“The versed sine is 1; by knowing the versed sine we obtain the chord {of dou-

s Jya.—~The string of the bow, er the chord of doyble the arc.—In astromomical works
dya niways means ardhe jya, balf the chord of double the arc,or thegine. Ses Phil. Trans,
wol. 4. p. 86. As. Res. yol. 2. p. 245, el seq. ,

s Shara.—An arrow,
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ble thearc) 6; by knowing the chord (of double the arc) and versed sine, we obtain
the diameter 10.

Rule.—Multiply the diameter by 103923, by 84853, Ly 70534, by 60000, by
52055,A by 45922, by 41031 ;A and divide each product by 120000; the quo-
tients will be the sides inscribed in a circle, from a trigon to a nonagon.

Example.—In a circle whose diameter is 2000, required a trigon, tetragon,
pentagon, &c. of equal sides?

The diameter is 2000; the value of the sides of the trigon is l732; of the

. I
tetragon is 14.:“,of the pentagon is :.5; of the hexagon is 1000; of the

6o

heptagon is aﬁ ; of the octagon is 7?. ; of the nonagon is 6.8. : . Also different
6o

6o 6o
chords are obtained by assuming different diameters. These are mentioned in trea-
tises on circles.—See Fig. 39, 40, 41, 42, 43, 44, 45.

Short method of finding the approximate Chord.

Def.—The circumference minus the arc being multiplied by thearc, the product
is called prathama.B

Rule,.—~Multiply by five the fourth part of the square of the circumference, and
having subtracted the product from the prathama, ¢ by the remainder divide the

4 Dr. Hutton, in his mathematical tracts, mentions thatthe number 52035 for the heplagon,
and the number 41031 for the nonagon, are erroneous, and ought to be 52070 and 4042,
and he suggests that the error has probably arisen from miscopyings. But as the text con-
tains the words which are sywmbolical of these numbers, as well as the numbers themselves,
it is probable that there may have been an error in the original calculations. The numbet
for thre trigon which is given wrong in Fyzi’s translation, is here correctly put down.

# This word literally signifies first, but here it seems {o be used in a technical sense.

© Adya isthe word which occurs in the original, but as it has the same signification as

prathama, we shall retain only the laiter, in order to lessen the perplexnry which arises from
the use of foreign terms,
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prathama multiplied by four times the diameter ; the quotient will be the chord.

Example.—The enghteenth part of a circle multiplied separately by one, &c. gwen

stmilar arcs ; required the chord of each arcin a circle the semidiameter of which
is one hundred and twenty ?

R

Statement.—See Fig. 46. , -

The diameter is 240 ; hence the circumference is 754 ; the eighteenth part of

which being multiplied separately by one, &c. similar arcs are obtained, the chords
of which are required to be found. The nearest arcs in integral numbers are 42, 84,
126, 168, 210, 252, 293, 335, 377. The arcs are eighteen, but the tenth, &c.
being the same as the eighth, &c. in an inverse order, nine only are put down.4
The operation is then performed acoording to the rule, thus: circumference 754,
minus the arc, is 712 ; this multiplied by the arc is 29904 the prathama ; square of
the circumference is 568516, the fourth of which, 142129, being multiplied by 5
the product is 710645, this minus the prathama is 680741, the divisor ; the dla-
meter multiplied by 4 is g60; by this multiply the prathama, the product is
28707840, which béing divided by the divisor, we obtain the chord 42 : And in this
manner the followmg chords are obtained, 82, 120, 154, 184, 208, 226, 236G, 240.
In the same manner in regard to all arcs. .

Or, to shorten the operation, reduce the circumference and the arcs by 42, which
is the eighteenth part of the circumference ; the same chords will then be found as
before. Thus reduced, the statement is, circumference 18; arcs 1, 2, 3, 4, 5, 0,
7, 8, 9: The circumference minus the arc 1 is 17, this multiplied by the arc, the
product is 17, which is called the prathama: the square of the circumference is
324, the fourth part of which is 81 ; multiply this by 5, the product is 405; and
this minus 17, the prathama, is 388, which is the divisor. The diameter 240 multi-
plied by 4 is g60, this multiplied by the prathama is 16320, which being di-

- yided by the divisor 388, the quotient is the chord. Thus, by repeating the ope-

a Notwithstanding this remark, 18 arcs are put down increasing in the same ratio ; thus,
€2, 84, 126, 168, 210, 252, 293, 335, 377, 419, 461, 503, 545, 586, 628, 670, 712, 754,
‘I he other copies, however, contain only the first nine.

~

’
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ation in succession, the same chords as before are obtained 42, 83, 130, 154, 184,
208, 220, 236, 240. The same process answers for any diameter.

Rule.—Multiply the square of the circumference by five times one fourth of the
chord, and divide the product by the chord added to four times the diameter;
subtract the quotient from one fourth of the square of the circumference; and
subtract the square root of the remainler from half the diameter; this last re.

mainder is the arc.

Example.—Required the arcs of the chords which have just beea twentioned ?

Statement.—Chords 42, 82, 120, 154, 184, 208, 126, 236, 240. The re-
duced circumference is 18; the diameter multiplied by 4 is g60; add 42 the
chord, the result is 1002 ; the square of the circumferemce is 324, this multiplied
by a fourth of 42 the chord, is 3103, and this multiplied by 5 is 17080; which
being divided by 1002, the quotient is 17; subtract this from 81 the fourth of the
square of the circamference, the remainder is 64, the sgmare root of which is 8;
subtract this from the circumference, the remainder is 1, which is the are. In this
manner there are found the arcs 1, 2 3, 4, 5, 6, 7, 8, 9,; these multiplied bythe
eighteenth part of the circumference give the former arcs, 4

¢ The rules contained in this section are so fully illustrated by Dr. Hutton, that I deem
.. it sufficient to quote his words, without any other commentary.

4 To find the circumference of a circle, multiply the diameter by 3927, and divide the
product by 1250; or multiply the diameter by 22, and divide by 7.

¢ In this precept we findtwo approximations; one of them, 7 fo 22, the same ratio as had
been the result of one of the labours of the prince of the gncient mathemeticions, Archi-
medes ; and the other 1250 to 3927, the very same as ] to 3-1416, mearer ithau these of
any of the Europeans before the labonrs of Vieta.

¢« Among other rules in measuration, they have the following: » being the diametor, and

€ the circomference; then ipc — area of the circle; also pc — surface of the .sphere,
" and §p*c = its solidity.—Other rules are, iZ—f:)n’ = area, which is exactly equivalent to

“our ~7854p2, and shews that it is derived from the ratio abeve-mentioned, 12350 1o 3927.
Amocther rule for the same is, }{p* = area, which is aqolber of our approxim atians, and -
derived from 4he ratio 7 te 22.—Anather fulc given for the salidity of the sphere in ferms
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. .-SECTI O N II,
OF PONDS. A

Rule.—After “measuring the breadth in severa] places, add together the different
breadths, and divide by a figure equal to the number of places measured ; perform the
same operation in regard to the length and depth. Then multiply the area of the
pond by the depth ; the product is the cubic content of the pond.

vy

Example.—In consequence of the sides being unequal, the length in three places

oF the diameter, is > + ®® _-the solidity of the sphere, which must be wrong printed

T
in various respects.* Having endeavoured to restore this form to some probability, I haye
21 ,

imagined it might be intended to. mean the same as '-;— X l:—:, which reduces 0022 X 75
aT

= 21 )3 = -525p?, and is very neaﬂy the same as our own approximation -5236p3.—Again,
D being the diameter, ¢ the chord,t and » the versed sine of an arch a, then ip — I
J(p* —c*) = v, a theorem geometrically correct : from which is derived 24/ (D2 —1*) = ¢,
which is correct also.}—But the two following are only approximations, where ¢ = the

circumference, viz, ;:T“_'f-((ﬂ-c_;-:a%; = ¢, which gives the chord c rather too great, by about

the 58th part in an arc of two degrees, and about the 166th part' in an arc of thirty de«
grees, being true to the 4th place of figures in the former case, and to the 3d plzce in
the latter; but it does not appear how they have got this rule. From this however they

bave derived the following rule, by resolving a compound quadratic equation, viz, _‘;'_ -

c* 4c*c \ . - ’
(T v c) — g.——Hutton’s tracts, vol. 2. p. 158-9.
» The diagrams of the ponds in this section, and of the wall and cut timber in the two

next sections, have been omitted, as they afford no kind of illustration.

p? 22

# The t i iven by Bhascara is 23 1 D %2 3
e true expression g y L +2 Xar=ad = 5238p

shich is much nearer the truth than Dr. Hutton’s conjecture.

4 In these two cases, ¢ must mean the chord of double the arc;

4 Bhascara has also givenp = % +'g
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18 10, 11, 12; in three places the breadthis ‘6, 5, 7 ; and the depth is 2, 8, 43
Required the cubic content of the pond ?

According to the rule for finding the mean measure, the mean breadth in cubitd
is found to be 6, the length 11, the depth 3; and fthe cubic content’is 1g8.

Rule.—Divide by six the sum of the several areas of the tap, of the bottom, and
‘of the bottom added to the top ; the quotient will be the mean area of the figure ;
the mean area maltjplied by the depth gives the exact cubic content. A

The third part of the culic content of the pond is the cubic content of ‘the suchi
( pyramid or cone. ) B

Example.—The topis ten cubits in breadth and twelve in length ; the bottom

is one half -of -these numbers ; and the depth isseven cubits: Required the cubic
content of the pond?

Statement.—Area of the top of the pond .is 120, of the bottom is 30, of the

bottom added to the top is 270 ; the sum of the whole is 420 ; ‘and the culic con-
tent of the pond is 490.

Example.—Each of the four sides of -a pond is 12, ‘and the depth is g ‘Required

———

+ That is, let a* and b2 be the length and‘breadth of the top
and c% d* the length arnd breadth of the bottem
‘then a® : b* : s d2
and a*d* = b’.c’ =uwabcd

. 2ha 22
Now by our rules 22+ c: + abed _ solid content of the pond or frustum of a pyras

.mid; but abed.— “-"’_"21'_“_”’ therefore

a*d® 4 bt ,

a2b*+c*d* 4 2 24%h* 4-2c*d? J-a*d b2 -a*brdecrdr fa4c? X b2 4-d*
K = 6 - 6

solid content of {he pond.according to the rule.

» The suchi here means a pyramid or cone, having the same ahitude or depth, as the
rpond, and. the area of its base equal -to the mean area-of the pond; therefore as a pyramid

«or cone, is one- third of a prizm or cylinder, of equal bas¢.and altitude, the cubic content of
-the.suchi'is one third that of the pond.
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the culic content; also required the cwbic content of a circular pond the diameter

of which is 10, and the depth 5; required likewise the cubic content of the suchi
of these two ponds ?

Statement. For the square pond.—Sides 12, depth 9. The cubic content of the
square pond is 1296 ; the cubic content of the suchi is 432.

‘Statement for the circular pond.—Diameter 10, depth 5. Here the cubic con<

tent is *937; cubic content of the suchiis *33°; approximate caléc content is
2750 . approximate ¢ubic content of the sucki is *73°

321

2 N O ) €

SECTION IIL

6P THE BRICKS OR STONES IN A WALEL.

“"The area of the top (or horizontal section) multiplied by the height gives the
~cubic content. The cubic content .of the wall divided by the cubic content of a
‘brick, gives the number of the bricks. The height of the wall divided by the
‘height of a brick gives the'number of layers of bricks.

The operation s the same’ when the wall is built of ‘stones,

‘Example.—~The bricks are 18 inches long, 12 inches broad, and 3 inches thick ;
‘and the will is 5 cubits broad, 8 cubits long, and 3 cubits high: Required the cadic

content of the wall and of a brick ; also required the namber of bricks it contains,
end the number of layers of ‘bricks ?

The cubic content of a brick is ¢, of the wall is 120; the number of bricks

i82560; the number of layers is 24. 1Inthe same manner if the wall is built of
-stones.

et D CIRSnsea——

SECTION 1IV.
“©OF CUTTING TIMBERS, &C.

Rule.—By the length multiply half the sum (or the mean) of the thickness of the
“apex and .base expressed in inches ; -multiply the product by the number of directions
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in w}uchthe wood is cut, A and divide this last product by 576; this will gwe thg

cubits. 8

Example.—The thickness at the base is 20 inches, at the apex. 16 inches, and the
length is 100 inches : Required in cubits the measure of this wood cut in four di-

. ¥ections ?
Directions 4 ; half the sum (or the mean) of the thickness is 18 ; this multiplied by
the length the product is 1800, and this multiplied by the directions, the product i3

7200, which divided by 576 gives the cubits ,2.

’ .
Rule.—If the wood is cut in a transverse direction, then, according to the pres
ceding rule, the thickness multiplied by the breadth will give the product.

The cost of brick or stone walls, of making ponds, sawing wood, &c. is deters
mined by professional knowledge, and the hardness or softness of the materials.

Example.—If the breadth is 32 inches, and the thickness 16 inches, what will
* be the product in cubits, of the plank cut in nine directions ?

Breadth 32; thxckness 16; directions 9. The product in cubits is 8,

o
CRRUVI»

SECTION V,

OF HEAPS,

Ina heap of large grain the tenth part of the circumference is the depth; in 4
heap of small grain the eleventh part, and in a heap of grain with the husk the
ninth part, of the circumference is the depth, ¢ :

s Here the wood is supposed to be cut longitudinally. . ,

» The division by 576 is merely to reduce the square inches to cubits. The result both of
this and the following rule gives the sum of the areas of the vertical sections of the wood,
and as this sum expresses the spacé thro’ which the saw passes in cutting, the object scems
to be to determine the expence of sawing wood.

< That is, if the diameter and circumference of the base be 1 and 3.1416, the depths will
be .31416, .2856, .349 respectively,
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Rule.—~By the depth multiply the square of ‘the sixth part of the circumfcrcﬁcc;
the product is the number of solid cubit measures, which are the kharya of the

Magadha country. 4

Example.—On an even piece of ground there is a heap of large grain, the cir-
cumnference of which is sixty : Required the number of kharyas in the heap? Also the
number of kharyas in an equal quantity of small grain, and of grain with the husk ?

Statement.—Circumference 60. The depth of the large grainis 6 ; the number
of kharyas obtained is 600. The circumference of the heap of sinall grain also is

60, the depth is ¢°, and the product in kharyas is 5‘:5 - Also the circumference
1 :

of the grain in husk is 60, the depth is *°, and the number of kharyas obtained

2 coo

Rule.—Multiply respectively by two, four, one and one third, the circumference
of a heap of grain lying against a wall, at the inside corner, and at the outside
cortier ; then find the cubic product according to the preceding rule, and divide it
by the sum by which each heap was multiplied ; the quotients will be the cubic

quantity of each heap. B

Example.—The circumference of the quantity lying against the wall is 30 cubits;
of that placed at the inside corner is 15 cubits; and of that at the outside corner
is 45 cubits: Required the cubic content of eachof the quantities 2

Statement.—The product of the circumference of the first heap multiplied by
twois 60; of the second multiplied by four is 60 ; of the third multiplied by one
and one third is 60. We then obtain the common product 600 ; this being divid-
ed by each of the multipliers, we obtain the separate quotients 300, 150, 450.

s That is, if ¢ be the circumference, and d the depth, as above; then will (g). xXd
= .083¢* X '.:be the content ; for which our more accurate rule is .07958 ¢* X ‘;

» These are evidently %, 4, and 1 of the entire heap or cone.

1
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SECTION VL

“OFf SHADOWS,

Rule.—Square the difference of the two shadows and the difference of the twe
‘hypothenuses ; and by the difference of these: two squares divide the nuniber 576 ; A
:add an unit to the quotient,.and find the square .root of the result; then by this
square root multiply the difference of the hypothenuses, and in one place subtract the

difference of the shadows from the product, and in another place add it ; the re-
sults halved are the.two shadows, 8 '

Example.—The difference of the two shadows is 19 and the difference of the two

hypothenuses is 13. Ireckon him who can tell the shadows, a proficient both in
arithmetic and algebrs.

4 The number 576 is the square of twice :the gnomon.(which is always understood in.thes
" xules to be i2); and the shadow is caused by a lamp placed at different distances.

.8 See Plate VI. Fig. 3.
That is given the gnomon — a =12
4a* = 576
2b = difference of the shadows -
".2¢ = difference of the hypothenuse
Let 2o = sum of -the shadews
2y = sum of the hypothcnuses
Then 2 4 b and z — b are the two shadows
and  y 4 cand y — c are the two hxpolbennses
‘We have then a* = @G+ —=(2+8) =(y =) = (z—b)

T2
Jdence ¢y == bz, and 2* =<2

e
llﬁﬂd‘:y‘+¢'—-w'—-_b‘ . 1
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Statement.—Here “the difference of the shadows is 19, the difference of the iay.‘
‘pothenuses “is 13-; and the number 576 being divided by 102, the difference of the
two squares, the quotient is 3, plus oneis 4, the square root of which is 2 ; .by this

~-square root multiply the difference of the hypothenuses, the product is 26 ; from which
the difference of the shadows being subtracted inone place,and added in another,

and the results halved, we obtain the shadows 3 23

1< .
E ] L]

iIn this .example call the gnomon 12 the side, and the shadows thebases; then-
tthe square roots of the sum of their squares will be the hypothenuses 12 25

] 1
L 2

Rule.—Multiply the gnomon by the space hetween the foot of the lamp -and the. ’
‘bottom of the gnomen, -and divide the product by the height of the lamp minus the

I

.or z* = y* -{..c‘_as_bz—c_?.

e
i?:.z_%f:y__ba_ct + a*
—_— b’ _cﬁ -|-a’
y= e X
@’
y~'_ b V;(l + bz_‘vi)
o ‘ "
ibut w..'—i—’:c‘/_(l +b-;—_:c-;3
. ¢-——~
T 4b2—ic? +1x 242 The two shad
(therefore z .5 = cy (1+ oa-—c') +b= 2 ‘Ldows according
e to the rule
A it +1x2—2 ‘
andz-—-b-:g cv(l+0,_c,)-'b— s J.

iby yarying the (ransposmons we might also get ‘ _

—___——

e § s — b fo o mals-of ho trosiadom
< ’ .
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height of the gnomon ; the quotient is the shadow. 4
~ Example.—~The space between the gnomon and the lamp is 3 cubits, and the
height of the lamp is 3; cubits: Required the shadow of a gnomon 12 inches in

height ?
Statement.—Gnomon ! ;8 distance between the foot of the lamp and the bottom
of the gnomon 3 ; this multiplied by the gnomon, the product is { ; this being divided
by 3, the height of the lamp minus the gnomon, the quotient in inches is 12. See
Fig. 49, 50.€
Rule,—Multiply the gnomon by the space between it and the lamp ; divide the pro-
duct by the shadow, and to the quotient add the gnowmon ; the sum is the height of

the lamp.
Example.—The space between the lamp and the gnomon is 3 cubits, and the-

shadow is 16 inches: Required the height of the lamp ; and the height of the lamp
being known, required the distance between the lamp and the gnomon ?

Statement.—Space between the lamp and the gnomon 3 cubits ; gnomon 12 inches

shadow 16 inches. The height of the lamp is found to be cibits .2

4.
Rule.—Multiply the shadow by the height of the lamp minus the gnomon, and
divide the product by the gnomon; the quotientis the space between the lamp

and the gnomon. .
Thus take the numbers from the foregoing example: The height of the Jamp is
? cubits s the shadow in inches is 16 ; the gnomon in inches is 12. The distance be-

L]

# See Plate VI. Fig. 4

Let a be the gnomon
= the space between the foat of the lamp and the botlom of the gnomon

& = the shadow C -
N B ﬁ

then g —c:b: teia= X according to the rule.
a~—C

» This is half & cubit or 12 inches.
< The lamp is placed on the top of a long bras rod, which is represented lrere by a straigh

line.
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tween the gnomon and lamp is found to be cubits 3. A

Rule.—Multiply the two shadows, severally, by the space between the ends of the
shadows, and divide the two products by the diffcrence of the lengths of the
shadows ; .the uotients are the respective spaces letwcen the bottom of the lamp,
and the ends of the shadows; multiply either of these spaces, and the gnomon, to-

gether ; and divide the product, by the corresponding shadow ; the qdotient is the'
height of the lamp.

All these operations may be performed by the Rule of Three Numbers, which
pervades all calculations, as Hari, by his own portions, pervades all thing.

Example.—A gnomon of ‘12 inches was observed to throw a shadow of 8 inches ;
the gnomon being placed two cubits forward opposite the point of this shadow, was
observed to throw a shadow of 12 inches: Required the space between the lamp
and the gnomon, B and also the height of the lamp ? See Fig. 51, 52, 53.

4 See Plate VI. Fig. 5.
Let a = gnomon
b and ¢ = the two shadows
d = the space between the ends of the two shadows
z = the space between the botlom of the lamp and the end of the first shadow
y = the height of the lamp, then
b:a::x2:y
andc:a:: 2 4d:y
therefore b:c::x: vt 4 d

andc—b:d::b: $=-——- I

c—b:d::c: x+d_Cd 'rccordingtotherule

o—b
ar __ax + ad
c

also ¥y =

® All the copies have this reading; but from the subsequent operation, the question ap-
pears (o be, ¢ required the space between the lamp and ends of the shadows.” 1f, however,
the shadows be subtracted from this space, the remainder will be the distance betweea the Jau.p
and gnomon ; aud this perhaps is the object of the question.
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‘Here the space between the ends of the shadows is '} ; A the shadows are PENSTE

‘the first of these § being multiplied by ', and the product divided by the space
between the ends of the :shadows, the quotient is the measure ‘of the space *::
this is the space between the bottom of the lainp and the end of the first shadow.
“Thus, also, the measure of the space between the bottom ef the lamp and the end
of the second shadow is *’. Then either space and the gnomon being multiplied
together, and the product divided by the corresponding -shadow, the height of the

‘lamp s, in both instances, found to be the same, *;}.

Or, the measurement of shadows may be made by the Rule of Three Numbers,
.thus : '

If by the excess of one -shadow above the other, a spaeeis-found equal te the
-distance between the ends of the shadows, what will each shadow give? In this
:manner we obtain - the respective ~distances between the end of each shadow and
: the bottom of the lamp. There is then another statement by the Rule of Three, thus,

If the gnomon is the side, the base being the shadow ; what will be the side cor=
tresponding to a base equal to the space between - the end of the shadow and the bet-
stomn of the lamp ?

Thus the height of the lamp is found to be the same in both cases,

In the same manner all the operations for 5, ‘7, 9, &c. numbers, may be per-
tformed by two, three, &c. statements of the Rule df Three Numbers.
As Vishnu the comforter, the one seed from which all things spring, pervades the

»whole world, mountains, rivers, gods, demons, cities, cc. which are only distinc-
-tions of himself, so.the Rule of Three Numbers runs thro’ all- arithmetical ope-

4 These are fractions of a cubit. In two copies the reading is thus; ¢ The distance in

~inches betweens the ends of the shadeows is 52. inches ; the shadows are 8,:12.”

The distance between the ends of-the shadows is found in - the folowing manner: The
gnomon is carried 2 cubits or 48 inches forward from its first position ; from this number
subtract 8 inches, the length. of the first shadow, ‘there remains 40; to this add 12, the

length of the other sbadow,. the sum. is 52, which is the space between the ends of - the two

shadows,
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.gations. ‘It may then be asked, why has so much been written? The answer 1s,
that tho’ the calculations made in arithmetic and algebra by means of the processes
- of multiplication and division, are merely cases of the Rule -of Three Numbers,
yet this is perceived only by thosewho have.acute minds; but to assist those who,
like me, are of slow .understanding, the skilful in the science have made -easy, by
different modes of operation, the.various ways in which the Rule of Three Num-
-.bers may by performed, A

.a The results in arithmetic, #lgebra, and in calcolating the motions of .the heavenly bodics,
which are usually obtained by the processes of multiplication and division, are produced als®
- by the Rule of Three Quantities; but operations for the square, &c. do not proceed from

-4his rule. Com.

1t is stated in the Bija Gammita, that with the exception of the square and square rcot,
cube and cube root, .all operations may be done by. the Rule of Three Quantities.
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PART IIL

SECTION L

OF THE KUTAKEA.A

PREPARA’DORY to finding the Kutaka ( required multiplier ) redace first by
.some number, if it can be done, the dividend, B divisor, and augment. If the

-number which divides the dividend and divisor, do not divide the augment, the
-question is not solvable. €

The common measure® of thedividend .and divisor is the last divisor which is
ohtained hy their reciprocal division. The dividend and divisor when divided by thgs

4 A known quantity being multiplied by an unknown multiplier, and a given ?u.gmeq.t ad-
ded to the product, or subtracted from it, and the result divided by a given divisor, if no
remainder be leit, the miltiplier in this case bas been named by former authors kutaka. Ku-
taka, therefore, means the particular or individual multiplier. The number multiplied is
ealled dividend. The dividend, divisor, and augment must be reduced by a common divisor
when it can be done; and for this purpose find any common divisor, except an unit ors
fraction.  After this reduction of the dividend and divisor, they are called drada or conden-
sed, as they canuot be farther reduced.  Com.

» Dushta. Literally, ill, bad.
¢ Jpawartanam. Abbreviation.

o 'T'he word skesham which, in (he translation, is rendered dast divisor, usually signifies re-
mainder.  According to this sense, a literal translation of the passage would run thus: ¢ I'he
Jemainder ot ‘the two (dividend and divisor ) reciprocally divided is the abbreviation, by
wiich ubbreviation the dividend and divisor Leing dividled, arc.culled. drada.”. ‘The ambigui-
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common divisor are reduced to their lowest proportionals. A

Divide the reduced dividend and divisor reciprocally till the remainder in the
dividend is an unit. Place the quotients under each other in succession ; below
these set down the augment, and below the augment a cipher. Then having
multiplied by the last figure but one, the figure immediately above it, add the last
figure to the product, and then’ throw out the last figure, 8 Repeating the operation
in this manner two quantities are found. Divide the upper quantity by the reduced
dividend, and call the remainder the quotient; then divide the other, or lower quanti-
ty, by the reduced divisor, and call the remainder the multiplier. If the number of
quotients is an even number, the results of these two divisions, are the quotient and
multiplier. But if the number of quotients is an odd number, then the quotient
and multiplier thus found being subtracted from their respective divisors, G the re-
mainders are the quotient and multiplier. .

Example.—What is that number by which when 221 is multiplicd, and 65 added
‘o the product, and the result divided by 195, there shall no remainder ?

Statement.—Dividend 221 ; augment 65: divisor 195.

The last divisor, after the reciprocal division of the dividend and divisor, is 13.
The dividend, divisor, and augment, when divided by this number, are the reduced di-
vidend 17, divisor 15, augment 5. The quotients which result from the reciprocal
division of the reduced dividend and reduced divisor, being placed under each other, and

ty, however, is removed by the subsequent example, in which it is stated that 13 is the last,
or remainder, after what is {ermed the mutual division of 22] and ]95. Now, if 221 be
divided by 195, and this last number by the remainder, and so on, the last divisor will be 13.

A Drada. Hard, solid, firm, excessjve, Here it signifies what cannot be farther reduced
or divided. . .
» Something seems wanting herc; the insertion of the following paragraph would perhaps

supply the deficiency. ¢¢ And by the result moltiply the number next above in the line, and
to the product add the last remaining number as before.”

< Takshana. The operation of rejecting the quotient and taking the remainder is called
tashta: Thus 56 being.divided by 17, the quotientis 3, and the remainder is 5: This re-
mainder is the number taken. The number or divisor by which the remainder is obtained is
ealled its takshana. Thus 17 is the takshana of 3, because theremainder 5 results from the
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the reduced aygment set down below them, end a cipher below the augment, the
line is 1

7
5

0

“Then according to the rule by the last figure but one multiply the figure im.
mediately above it, &c.” there are found the two quantities 40, 35. Having divie
ded the first quaniity by the reduced dividend 17, and the other quantity by the re-
duced divisor 15, the remainders are the quotient 6, and multiplier 5.

Or, to-each of these add its own divisor multiplied by an assumed number A ; we
then obtain the quotient and multiplier 23, 20: Or 40, 85.8

division of 56 by 17. By divicors, therefore, of the remainders, ( termed quotient and

multiplier ) we are not to understand numbers by which they are divided, but numbers from
which, when used as divisors, these remainders result.

a If the number assumed is one, the quotient and multiplier are 23, 20 : if the assumed
number is two, they are 40, 35.

» In the commentaries the whole operation is thus exhibited. ¢ Divide the dividend by
the divisor, the remainder is 26, by this divide the divisor, the remainder is 13, which is the-
common measure. Divide the dividend, divisor, and augment by this common measure;
the results are, reduced dividend 17, reduced augment 5, reduced divisor 15. Then divide
the reduced dividend by the reduced divisor, the quotient is 1, and there remains 2; by this
remainder divide the divisor, the quotient is 7, and the remainder is 1. Having thus divi-
ded the two gnantilies till an unit is the remainder, place the quotients below eu:h other in
succession, .thus 1

7
and below these set down the reduced augment, and below the augment a cipher. The line
then is

O 1 =

Multiply by the last figure but one the figure immediately above it, the prodact is 35; and
by this number multiply 1 the next upper figure, the product is 35 ; to this add the augment
5, the result is40: Then throwing out the last figure in the line there remain the twe
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Afer reducing the augment and dividend, find the multiplier accovdmg to the pre.
ceding operation :4 Or,
After reducing the augment and divisor, find a multiplier, sad multiply it by their

common divisor ; the product is the multiplier. '
Example.—What is that number by which when 100 is multiplied, and go added

te the product ; or that mumber by which when 100 is multiplied, and g0 subtracted
frem the product—and the result divided by 63, . there shall be no remainder.

Statement.—Dividend 100; augment 90; divisor 63. Then, according to the
preceding operation, we obtain the quotient and multiplier 30, 18.8 Or,

quantitics gg Divide the uppermost quantity 40 by the reduced divilend 17, the remain-

der is 6, which is called the quotient: Also divide the other quantity 85 by the reduced
divisor, the remainder is 5, and is called multiplier. Thus, theu, the quotient is 6, znd ti8
multiplier 15 5.”

221 X 5 4- 65 6
95 =

Yor

& This gives a true multiplier, but a wrorg quotlent.

® Thus, 63 100 L1
63

3763 (1
87
265 8711
20

—

11262
2

4J 118
S

sJ4

d
Ahe guotc:ts are hen put dora belew.cach other in succession, aad bélow .€1:m s set
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Reduce the dividend and augment by ten. The statement then is, dividend 103
angment 9 divisor 63. Divide reciproeally the dividend and divisor, and place the
quotients below each other, the augment below the quotients, and a cipher below
the augment ; thus,

Qcougo

Phen, acearding to the former operation, we obtain the multiplier 45 ; but this
soust not be taken; for the number of guotients beingan odd number, the mul-
tiplier 45 must be subtracted from its own divisor ; the remainder is the multiplier

down the augment, and below the augment a cipher, and the muliiplication is performed
as follows

1 x 1530 4 900 = 2430
. 1% 980 4 630 = 1530
# x 638 4 2¥e = 96¢
g R X ¥4 S e
S Bx 394 8= B8
e
8 .
Divnide the uppermost quantity 2430 by the dividend 1003
100 2430 24
200
430
400

80 remainder, called the quotient
Divide the other quotient 1530 by the divisor 63
63) 1530 | 24
? 358

PEERE——

£70
£62

S—

18 remsinder, called she mulGplier.
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18. Then multiply the dividend by this number, and having added the augment to
the product, divide the result by the divisor ; the quotient is 30. Or,
Reduce the divisor and augment by nine, The statement then is, dividend 1003

augment 10 ; divisor 7. The line is
14

. 3
10
(o]
and the multiplier obtained is 2. This being multiplied by 9, the common measure
of the divisor and augment, the same multiplier is found as before, 18. Maulti-
ly the dividend by this number; add the augment to the product, and divide the

result by the divisor ; the quotient obtained is 30. 4

Thus when the augment 90 is affirmative, the number required is 18. For

100 X 18 <4 90
63 = 30

s One Commentator alsa gives the following method :
¢ First, reduce the dividend and augment by 10, We have dividend 10, augment 9.

Agnin, reduce this reduced augumeat, and also the divisor, by 9. We have augment };

divisor 7. .
Divide the reduced dividend 10 by the reduced divisor 7 ;
7) 101
7
3)7\8
6
l at

The line and the two dnantities then obtained agreeably to the rule, are
1 ¥ 2 4+ 1 = 38 quotient '
% 1 4 0 = 2 maltipliet

Line

2

b

e
stand

These two quanfities being less than the reduced dividend, and the reduced divisor,
as they are, being called quoticat and muliplior.
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Or, Add to the multiplier and quotient their respective divisors multiplied by any
assumed number: if one is the number assumed, the multiplier and quotient obtain-
ed are 81, 130: if two, they are 144, 230 and so on.

Rule.—The multiplier and quotient being subtracted from their respective divisors,
are the multiplier and quotient which result if the augment is negative.

Take the last example. When the augment QO is affirmative, the quotient and mul-
tiplier obtained are 30, 18. These being subtracted from their respective divisors,
or numbers by which they were obtained, viz. 100, 63, the remainders 70, 45,
are equal to the quotient and multiplier which result when the augment 90 is ne-
gative. &

To this multiplier and quotient add their respective divisors multiplied by any
assumed number. Ifone is the’ mumber assumed, the multiplier and quotient ob-
tained are 170, 108: if two, they are 270, 171.

Example.—What number is that by which when 60 is multiplied, and 16 added to
the product ; or that number by which when 60 is multiplied, and 16 subtracted from
the product—and the result divided by 13, there shall be no remainder,

Statement.—Dividend 60 ; augment 16; divisor 13. According to the process
stated before, there are found multiplier and quotient 2, 8. The number of quo-
tients is an odd number ; therefore the multiplier and quotient must be subtracted
from their respective divisors 13, 60 ; the remainders are 11, 52, which are the
multiplier and quotient produced by an affirmative augment 16.8 These being sub-
tracted from their respective divisors 13, 60, the remainders are 2, 8, which are
the multiplier and quotient produced by a negative augment 16. ©

Then multiply the multiplier 2 by 9, the number by which the augment and divisor were

5 veduced ; the product is 18, which is the true multiplier.

‘And multiply the quotient 3 by 10, the number by which the dividend and au ¢ were

7 peduced, the product is 30, which is the true quoticat,

. * 00 5 oom
.'l:‘hm,' - x;; 9c'="m
60 X 11
® Thus, ._.Z(__ls_'}'_w=52

l'l'lmi, mxlzs-l‘ogs
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" Rule.—In dividing the two quantities take the same result, or q’uéhent, as to. bdth
the multiplier and quotient. A : .

- If an affirmative augment be divided by the divisor, then 'by the rqlg_: fqrjngr]j
given, find the multiplier and quotient, and to this quotient, add the quotient ob.
tained by dividing the augment ; the resultis the true quotient. If a negative aug-
Rent be divided by the divisor, then subtract the namber called quotient, from the
quotient obtained by dividing the augment ; and the result will be the ¢rue quotient;

Example,—What number is that by which when 5 is multiplied, and 23 added to
the product ; or that number by which when 5 is multiplied, and 28 subtracted from
the product—and the result divided by 3, there shall be no remainder.

Statenfent.—.Dividend 6; augment 23; divisor 3. The walli or line is

1
23 o
0 ~ ' _ ,
and the two quantities obtained are 46, 23. Then divide these two quantities severally

~ - e =~ - . = v Y

s The commentayics give the following explanation of this part-of the rule: ¢ In diyid-
ing the uppermost quantity by the dividend, and the other quantity by the diviser, with
a view te find the mulliplier and quotient, take the same quotient in the division. of both
quanuues. That is, in dividing the two quantities take the least qyouent obtained, for the

quotient in both cases of division.”

It will be observed that, in the preceding examples, the upper and lower quanhtws, when
divided  respectively by the dividend and divisor, have always given equal quotients. If
however, uncqual quotients result, then instead of multiplying each divisor by its own quo-
tient, one of the two quotients must be taken as a common quotient number. The two di-
visors being maltiplied by this common quetient, and the products subtracted from the two
dividends, the remainders are the required mudtiplier and quotient. Thus, in the following
example, having divided the uppermost quantity 4¢ by the dividend 5, the quofient ls 9;
and baving divided the lower quantity 23 by the divisor 3, the quotientis 7. But 7, which
is the least quotient, is taken in both cases, and 5, which is the divisor of 46, mskegd ,of; be-
ing multiplied by 9, is multiplied by 7, and the product 35 being subtracted from 46, the
yemainder is called the quotient, 11. In the same manner 3 multiplied by7 is 21 ; qu;lym‘
subtracted from 23, the remainder is 2, which is called the multiplier; -
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oy tBe dividend and divisor, ulhng the remainders maltiplier and gdeticnt,:  Thus,
dividing the lower uantity by the divisor 3, the quotient is '7; and dividing
ghe uppermost’ quantity by the dividend 5, the quotient is 9, which however
aost not be taken:; for, agreesbly to the rule, the skilful take the same result, or
auotient, i order to find both the remainders called multiplier and quotient; there-
fore 7 is taken. Thus, then, there are obtained multiplier and quetient 2, 11.4
And the multiplier and quotient produced by an affirmative augment, being sub-
~tracted from their awn divisors, the remainders are the multiplier and quotient pro-

.duced when the sgument is negative; in thiscase they are 1, 6. Tnerease each
.of these by its own divisor multiplied by an assumed number; here, -each diviser
‘being multiplied by twe, and the product added to the_ muitiplier and negative
‘quotient, this quotient becomes affirmative, and the multiplier and quotient then
-.are 7, 4.8 And so onin every case.

If the augment be divided by the divisor, ¥c. the statement for this method
.is, dividend 5; augment 2; diviser 3. When the augment is affirmative, the
~multiplier and quotient obtained according to a former rule, are 2, 4. These be-
-ing ‘subtracted from their own divisors, the remainders 1, 1, are the multiplier and
-quotient which result when the augment is ‘megative. The quotient obtained
iin dividing the augment being added te the quotient 4, the maultiplier and
quotient obtained when -the aagment is affirmative, are 2, 11.8 When the
-augment is negative, subtract the quotient 1 from the quotient obtained in dividing

the augment ; .the multiplier.and quotient then are 1, 6 : In order to obtaina plus
‘quotient, add to the multiplier and quotient the product of their respective divisors
~multiplied by 2.; the multiplier and quotient -then obtained are .7, 4.€

e, X IEB gy

“ Th, $XI g

=« This second method shews how the multiplier and quetient are obtained, after dividin,
~er-teducing the angment by the divisor. The number which remains upon -this division js
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Rule.—IF the sugment be a cipher, or if the augment when divided by the diviso#
Jeave no remainder, then the multiplier shallbe a cipher; and in the latter "case
the quotient which results from dividing the augment by the divisor, is the quotieat.

Example.—What number is that by which when 5 is multiplied, and either a

;ipll\er or 65 added to the product, and the result divided by 13, no remainder shall
e left.

Statement. A—Dividend 5 ; augment 65 s divisor 13. The augment being divided
by the divisor, no remainder is left ; therefore the multiplier is cipher: and the

called the augment ; thus,
sugment -
divisor 3J 237
21 .

—

2 remainder, called augment

The statement then is, dividend 5, augment 2, divisor 3.

Then divide the dividend by the divisor, &c. and place the quotients below—each ather,
and below them the augment, and below the augmeat a cipher; and find two quantities,icv
cording to the former rule : .

' 1x24+2=4%
ix24+0=2
R

e
The two numbers 2, 4, being less than the dividend and divisor, are the multiplier and que-
tient. Whca the augment 23 is affirmative, add this quotient 4 to the quotient 7 -obtained in
dividing the augment ; the result is 11, which is the true quotient.

Again, the two numbers 2, 4 being subtracted from their own divisors (dividend and di.
visor) the remainders 1, 1 are the multiplier and quotient when the augment is negalive. Sub-.
tract this quotient 1 from the quotieat 7 obtained in dividing the augment ; the remainder 6
is the truc quatient, which in this case is minus. To obtain a plus quotient multiply Byl‘fm
agsumed number 2. The multiplier and quotient found are 7, 4.

» The copy from which 1 have translated does not give an example-where a cipheris the
angment. But in another copy it is stated thus: « Dividend 5; divisor 13; augment O.
As the augment is a cipher, the multiplier and quotient ave 0, 5." L LY

S1s o

There is a mistake however in stating the quotient to be 5. “This will appear by the fols

fowing opcratien :
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quotfent which resolts from the division of the augment by the divisor, isthe quo-
tient. Thus the multiplier and quotient obtained are 0, 5:4 or, by an assumed
aumber 1, are 13, 10. And soon.

Having divided the dividend by the divisor, and so on, the quotients which result are
0, 2, 1, 1. Put down these below each other, and below them put the augment which is a
cipher, and below the augment write a cipher: Then beginning with the last figure but ene,
multiply upwards, according to the rule formerly given:

0xXx040=0
2x040=0

ine
w
X
®
+
»
I
®

The two quantities which result from multiplying the figures in the line, being ciphers,
both the multiplier and quotient also are ciphers. When a cipher, therefore, is the augment,
the.number required is 0. For
- 5x040_,
13 -

Or, to the numbers 0, 9, add the product of their own divisors multiplied by aa assumed
aumber 1; thus,

13 x 1+ 0 = 13 multiplier

5 X 14 0= 5 quoticut
For 5 13-}-0_5
T

4 In this example the walli or line is 0, 2, 1, 1, 65, 0. Then maultiplying by tha last -
&ure but one, and so on, the two quantities found are 130, 325; thus,

0 x 325 4 130 = 130

2 x 180 4+ 65 = 395

3 x 65 4 65 = 1%

1 ¢ 684 8= 6%

N

AN

Line.
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To obtain different multipliers and quetients.

Rule.—!ncrease the multiplier and quotient, each by the product of its own
-respective divisor multiplied by any assumed number; the resalt will be dxﬂ"erent

muluPlners and quotients. The method has been already shewn.

SECTION 1L
'OF THE STHIRA OR FIXED KUTUKA,

Rulé.—The multiplier and quetient obtained when an affirmative augment . am

Divide the uppermost quantity 130 by'the dividend 5.
5) 180 26
10

P

. -30
.80

0 the multiplier

Aad divide: the augment by the divisor,
18) 65 | L5 -the quolient

65
[ 1]
Thus when 65 is-the augment, 'the number requiredis also 0. For
' 5 X 04 65
13 =5

Or, sto the numbers 0, 3 add-the product of their-own divisors muluphed by an assumell
«number 1:
13x140=13 mulliplier
5 % 1 4 5 = 10 quotient
The muMiplier and quotient.in this-case are 13, 10. Fer

IXx 134 '13’ +% -
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unit, or when'a negative augment is'an unit, being multiplied respectively by an
assumed affirmative augment, or by an assumed negative augment, and each pro.
duct divided by its own divisor, we obtain the multiplier and quotient of the as-
sumed augment. _

Example.—Take the first example given ofthe reduced dividend, divisor, and
augment.

Statement.—Dividend 17 ; affirmative augment 1 ; divisor 15. In this case the
multiplier and quotient obtained are 7, 8. These being multiplied by an assumed
sugment 5, and the products divided by their own divisors, the remainders aré 5, 6.

Or, when a negative augment is an unit, the —multiplier and quotient found, are
8, 9. These being multiplied by an assumed augment 5, and divided by their ewa
divisors, the remainders are 10, 11. And thus in any case, A

s In this example the walli or line is 1, 7, 1, 0; after multiplying by the Iast figure
but one, &c. the two quantities obtained are 8, 7: thus, (

15) 17 L1 l1%x74+1=28
15 zx1+0=7
— ®
2)15 7 g e

JmL 3
1

,T!,ese 1w‘o_ quantities being !us t.han the dividend and divisor, are not divided s the multi.
plier thea is 7, and the quotientis 8. ‘
Maltiply these by an assumed augment 5

7% 5=35

8x5=40 )
Divide each of thenumbers 35, 40 by its own divisor, calling tho respevtive remainders mal.
Atiplier and quotient :

’ 15) 85 (2
30

o

6 remainder, called multipliex

4
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This operation is of great use in astronomical operations, as I shall now briefly
shcw. . !

Suppose theé remainder or numerator of the fraction of a second to be the negative
augment ; 604 the dividend ; and the kuding B the divisor. The quotient obtained

17) 40 (2
34

6 remainder, called quotient

Or, subtract the multiplier and quotient 7, 8 from theirown divisars ; the remainders are
(e multiplier and quotient when the augmeat is negative ; thus,

»

15 — 7 = 8 multiplier, when the augment is negalive
17 — 8 = 9 quotient, when the augment is negative. .

Multiply these by an assumed number 5:
' 8 x 5 =40
9 x 5=45

Divide each of the numbers 40, 45 by ils own divisor, calling the remainders respectively
multiplier and quolient :
15402
30

10 remainder, called multiplier

17) 45 |2
34

"11 remainder, called guotient.

Thus the multiplier and quoticnt when the augment is aegalive, are 10 i1,
s The number of seconds in a minute.

» The space includel in a day of Bramha ;—a fixed period from which eclipses are cal-
cnlated, as the beginning of a kalpa or yuga. Eclipses are now generally calculated from
the period of the GRana LAGHOWA, which was composed about 100 years ago.
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is seconds, and the multiplier is the numerator of the fraction of a minute, A From
‘this multiplier and quotient, find the minutes and the fraction of a degree. Then,
from the intercalary month, ¥ and from the fraction of lost days, ¢ find in the same
manner the number of solar and lunar days.

. Fxample.—From a fraction of the second of a planet, to find the planet an&
ahargana.® '

Call 60 the dividend; the Audina the divisor; and the numerator of the fraction
of a second the negative augment. Then the quotient number found will be seconds,
and the multiplier will be the numerator of the fraction of a minute. Thus also»
calling the numerator of the fraction of a minute the negative augment; the quo-
tient obtained will be minutes; and the multiplier will be the numerator of the frac-
;ibn ofv a degree. Call this numerator of the fraction of a degree the negative auge
ment ; the kudina the divisor; and 30¥ the dividend. The quotient number ob-
tained will be degrees ; and the multiplier will be the numerator of the fraction of
asign. Then call 12 F the dividend; the kudina the divisor; and the numerator
of the fraction of a degree the negative augment: the quotient number obtained will
be signs ; ¢ and the multiplier will be the numerator of the fraction of a revolution. H
Then call the revolutions in the £alpa the dividend ; the #kudina the divisor ; and the

2 Vikalla.
» Addi.
< Kshya.

» The time or number of days elapsed from the commencement of Bramha's day ;—or from
tlie beginning of a kalpa ;—or from an assumed period.

The definitions of kudina and akargana are given merely upon verbal explanations which I

have reccived ; it is possible, therefore, that they may not be perfectly correct.—See, salso,
Bailly, ‘L'raité de L’ astronomie Indienne, p. 392

s The number of degrees in a sign.
# The number of signs in the zodiac,

. 8 Bhag; also ansa.
= Bhagana.
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humerator of the fraction of a revolution the negative augment. The quotient numsz
ber obtained will be the revolutions passed ; and the multiplier will be the akargana. &
The examples in illustration are contained in the Praskna Adya of the Sizo-

MANI.

S

a The illustration-of the preceding example is thus given in the Commentaries :

& Let the kalpa kudina be 13 ;* the kalpa bhagana 11 ;* the ahargana 2.* Then if kalpa
kudina 13 give kalpa bhagana 11, what will an assumed kudina 2 give 2
‘ 13 « 13 : : 2 2 158

Maultiply the remainder 9, which is the numerator of the fraction of a bhagana er revolus
tion, by 12 the number of signs in a revolution, and divide the product by 13 the denorsi_
nator ; the quotieat is signs 8 4. Multiply the remainder or numerator of the fraction 4
by 390, the number of degrees in a sign, and divide the product by 19; the quotient is dee
grees 9 4. Multiply the semainder or numerator of the fraction 8 by 60, the aumber of
minutes in a degree, and divide the product by 13; the quotient is minutes 13 }§. Mullie
ply the remainder or numerator of the traction 11 by 60, the number of seconds in a minute,
and divide the product by 13; the quotient is seconds 50 §3. The result then is, 1 rey. 8

signs, 9° 13 50" 13. ,
‘I'hen from this numerator of the fraction of a second }0, to find the planet and the ahar,

gana:
The dividendis 60 ;+ the mumerator of the fraction of a second is the nagative angment

10 ; the kudina is the divisor 13.
In this case, according to the rule for dividing the dividend by the divisor, and fhe di«

visor by the remainder, &c. the line obtained, and the two quantities which result from mtls
tipliying the numbers in the line, are ’

4 x 50 3 30 — 230
© b ) x.30+8‘= b1 )
A 3 g0 8e =1

ie

]

The quotient obtdined from these two quantities 230, 50, is 50, and the multiplier is 11. But
as the number of quotients in the line is odd, the multiplier and quotient must besubtracted
from their respective divisors 60, 13; the results are multiplier 10, quotient 2. Thée,

. Setegbating e

* These small assumed numbers are taken to shorten the calculations.
t The mumber of scconds in a mimute.
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‘Tn the same manner, call the adi or intercalary months in the kalpa, the dividend,

the solar days ‘the divisor ; and the numerator of the fraction of an intercalary month,

- the megative augiacnt. ‘The quotient obtained in tais case is the number of interca-
lary months expired ; and the inultiplier is the number of solar days expired.

In the same manner cill the thrown out days in the kalpa the dividend ; the lunar

days the divisor ; and the numerator of the fraction of thrown out days, the negative

however, are the maltiplier and quotient when the angment is positive; but here the aug-

ment being nerative, they must be subteacted from their respective divisors 60, 13 ; there-
sults are, guotient 50, multiplier 11: the quotient number 50 is seconds; the multiplier 11

js the numerator of the fraction of a minute.

Call the namerator of the fraction of a minute the negative augment 11 ; the dividend 60 ;*
Ahe divisor 13. :
. r

By dividing the dividend by the divisors, &c. the line obtained, and the two quantities

which result from multiplying the numbers ia the line, are

4 % 55 4 33 = 253

1. % 83 + 22 = 55

o } x R 4 11 = \)

E 3 x 3 4 3t = 2R

= d b4 BR= 3
11
8

The quotient obtained from these two quanti‘ies is 13, and the multiplier is 3. But as the
pumber of quetients in the line is o1d, the multiplier and quot'ent must be subtracted from
their respective divisors 60, 155 the remainders are, quotient 47, multiplier 10, when the
auament isaffirmative.  But here the augment is negative : therefore these must again be sub-
tracted from their respeciive divisors 60, 13; the remainders are, quotient 13, multiplier 3»
when the augment is nesative.  The quotieat 13 is minutes, and the multiplier 3 is the nu-

meraterof the fracti.m of a degree.

Call-the dividen! 30t ; the numerator of the fraction of a degree the negative augment 3 ;
and the diviror 13, )

# the number of minutes in a degree,

¢ The number of degrees in asigu.
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angnent. The quotient then obtained will be the: number of thrown cut daysex~
pired, and the maltiplier will be the number of lunar days expired.

The line and the two quantities which result, are

2% 9438=2]
S x340= 9
3
)2

Line

As the two quantities 2], 9, cannot be reduced by their respestive divisors 30, 13, they are
<alled quotient 21, and multiplier 9. These being subtracted from their own: divisors 30,
13, tke remainders are quotient 9, multiplier 4, when the augment is negative, The quotieng
9 is degrees, the multipker 4 is the numerator of the fraction of a sign.

t Call 12# the dividend; this numerator of the fraction of a sign the negative augment4 ;
and the divisor 13. ’

Here the line and the two quantities are
Ox44+4=14¢
2 1 x44+0=4é
P .
<
These two quantilies being less than their disivors, are the quotient and multiplier: And
subtracting them from their respective divisors 12, 13, ithe remainders are, quotient 8, multi,
plier 9, when the augment isnegative, The quotient 8 is signs; the multiplier is the nume=~
rator of the fraction of a bhagana or revolution.

Call the dividend 114 ; the numerator.of the frastion of & revolulion the negative augment
©;. and the divisor 13.

The line and the two quantities are

0 x 54 4 45 — 45
X 45 4+ 9 = 54
X 3 4 018

A

5

RV N7

The nrmbers 45, 54 being divided by their respective divisors 11, J9, We dblain the ros
mainder 1, 2, which are called quotient and multiplier. But as the number of quotients im
the line is odd, the quotient and multiplier must be subtracted from their respective divisors

® The number of signs in the zodize:
4 The number of kalpa bhagana assumed ia the ezample.
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SECTION III
OF THE SANSLISTA KUTAKA,

Rule.—If there be one divisor, and several multiplicands, call the sum-of the mul.
tiplicands the dividend ; and call the sum of the remainders the negative augment.
“This manner of performing the kutaka iswalled sanslista kutaka,

Example.—What is the number by which when 5 is multiplied, and the pro-
duct divided by 63, leaves the remainder 7; and by which when 10 is multnphed,'
:and the product divided by .63, leaves .the remainder 14.

In this example call the sum of the ‘multiplicands the dividend; and the sum of
the remainders the negative augment. The statement then is, dividend 15, aug.
-ment 21, divisor .63. According to the former rule, the anultiplier obtained is 14.4

d1, 13; the remainders are, quotient 10, multiplier 1], when the augment is positive: And
these being again subtracted from their divisors 11, 13, the remainders are, quotient J,

.amultiplier 2, when tbe augment is negative. The. guotient ] .is the number of revolutionss
and the multiplier 2 is the Ahargana.

Thps, then, there are-obtsised 1.rov. 8 sigus, 9°, 13, 50”. And.the Ahargana are 2

» Thus, dividend 15; divisor 63; augment 21. Reduce .the dividend, divisor, and xag.
dment by 3. The statement then is : Reduced dividend 5.; xeduced divisor 21; reduced aug-
suent 7. The line and the two quantities obtained age

0OX B4T=7
] :X 7 4+0=28

|
8

‘Divide the uppermost quantily7 by - the reduced dividend 5; the remainderis 2, which is
«alled quotient

5JT\1
5

2 remainder, called quotien$
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NOTE CONTINUED.
And divide the lower quantity 28 by the reduced divisor 2}; the remainder is 7, which ia
Caicd multiplier -
2128 Ll
21

—

7 remainder, called multiplier

Thus, when the augment is allirmut‘ive, the quotient is 2, and the multiplieris 7. = Sube
tract these from their own divisors, 5, 21 ; the remainders are, quotient 3, multiplier 14,
woen the augment is negative,  Reject the quotient; and the multiplier 14 is the required

_ mawmber. lor .
5 10
14 14
63) 70 1 63) 110 | 2
63 126
7 remainder 14  remainder

The whole of the kutaka corresponds with our metlod for the solution of indeterminate
problems of the first degree. the same rules are given in Strachey’s Bija Ganita, pages 29

The process will alio be fonnl in Euler's Algebra, vol. 2. p. 17 &e.

and following.
it may not, however, be uniutcresting 1o solve

with which Bhascar\’s mhy be conpared.
one of the examples according to our methol, to shew how the rules of the kutaka core

respond with o1+,
37x 4 90

l_o_n;:_o-;l-_i():y y=2 + 63 — =2+ P
e= Ly + PP g
p=3—7q’.}2=‘1+ﬂjﬂ)=9+'
q‘=9("’:0—0=2r+4—’%’)—0=2r+t

s 00 _ g Bk o,
4

4 — 00 t — 90
= -3'——=t+ g.=¢+.b

= 3u 4 90
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NOTE CONTINUED.

then pulting # = 0, we have -

“ = 0 = 0 =0

¢t = Su 49 =3x0 +4+9 =9
t +u - _

'=‘§ 4u + 90 =1x9 +0 =9

— 2% +t
r= 1!u+270§

2x9 49 =g¢0
7=} 26w 5 650 § =X 0 +90 =60
P=237Zi-5002

¢=§ 63{"\1’{530;;1:(900 +636=1530'

1 x 630 4 270 = 900

[

y= 2100:1'-'2’430; =1 x 1530 4 900 = 2430

Comparing these columns with note » p. 114, we can evidentlytrace Bhascara's rule. Agd these
aue true values of z and y; but as we have not rejected all the whole numbers in the course
of the above operation, they will admit of being reduced (o lower terms; Iepeating theroe
fore the solution, and rejecting all the whole numbers we have,

= 0 =0
g =8u+1 =1
t=t +n =1
r=9%+¢ =3
g =2r 43 =17

y==z +‘q’ + 1= gg}accordingto Bhascara

or by reducing X320+ %0 _ g9

100 X 1 0
we have 192 X 18 + 90

03
thatis & = 18, and y = 30

=30

8t alio appears, that in our solution, we bave one equation more than Bhascara gives quoe
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NOTRE CONTINURD.

tients; and it is evilent, that while the augment is posi ive, an odd number of. equations
(corresponding with an even number of quoticnts) will give a positive sign to-the augment
in the last equation, and an even number of equations (or an odd number of quofients)a
negative sign; which has exactly the same effect as a negative or positive augment at first ;
s0 that an even number of quotients answers to a positive augment, and an odd number,
to a negative auzment: aind therefore in the negative case, we subtract the remainders, that
is the new quotient and multiplier, from their respective divisors, in order (o obtain positive

values in their lowest terms, thus
1

100r — 90 . x ='-— 1580 or — 1]
03 _yglvesy=—24300r——~30

to make these positive put # = 1, and we have

= 63 — 18 = 45
y = 100« — 30 = 70 ,
or according to Bhascara (calling the remainders positive) subtract them from their respec.
tive divisors, # = 63 — 18 = 45 ¥ = 00 — 30 = 70
The Sthira Kutaka appears to be mercly an app’hcairon of the foregoing Rules; for ine
stance, suppose that ia a certain period of years, (Kalpa Kudina, 13) a planet pcrforml
a certain number of revolntions, (Kalpa Bhagara, 11). Now in a certain period of years un-

known, this planet has pcltorme(l a certain unknown number of revolutions, signs, degrees,
minutes, seconds and $2 of asecond ; then from this fraction }3, to find the required pe-

riod, and anumber of revolutions &c. which is done as follows:

10 .
B= fraction of a second

— 53— =4 = whole number of seconds passed over

¥ = 50" passedover: # — 1], -:—;— = fraclion of a minute

6Ox’ — 11 , i
—— . —— = ¥ = whele number of mirutes passed over

13
— fractien-of adegree

@l

Yy = 13 passed over: &' — 3,

3 "o .
-(-\r-—--ﬁ = y" = whole aumber of degrees passed over
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NOTE CONTINUED.
&” — 9° passed over : 2" — 4, & — fraction of asign.

122 — & _ " — whol ber of signs passed over
-——l—s——-_y' = whole number of signs p ove

y" = 8 signs passed over : &’ = 9, % — fraction of a;‘evoluﬁol
1'—’43;3 = ¥ = whole number of revolutions passed over
Yy = 1 Revolution passed over: # = 2, period or Ahargana required; and col-.
fecting all the results we have 1 Rev. 8 signs, 9°, 13, 50" 13 as before given.
The Sanslista Kutaka may be_solved as follows.

7
—_w+6—3-

10z

14
“d%_s"‘y"'i?

.15 21
by addihon*-a-; =v4+y+g
hence B2 -2 = » + y = a whole number, fiom which the solutionfollows

63
as before,

END OF THE KUTAXA,
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PART IV.

OF TRANSPOSITIONS.
Where particular figures are given.

THE series of figures one, &c. increasing by one, being multiplied to the last
place, the product is the number of transpositions.s When particular figures are given,
multiply this product by the sum of the valees of the figures; and having divided
this last product by the number of the figures, set down the quotient as many times
as there are figures, advancing i¢ one place forward each time, and then add up
the whole ; the result is the sum of the values of the figures ses doun according te
the number of transpositions.®

Example—What number of transpositions may be made by 3, 8; by 3, 9, 8;
and by a continued series from 2 to 9: Also, what is the sum of ke values of the
figures set down according te the number of transpositions.

Statement.—Fer first example.—2, 8. Here the number of places is 2. Mul-
tiply one, &c. increasing by one, to the last place, the productis 2. Thus the
number of transpositions is 2. Muitiply this product by 10 the sum of the fi-
gures ; the product is 20, which being divided by 2, the number of figures, the
quotient is 10. This quotient being set down as many times as there are figures, ad-
vancing it forward one place each time, and the whole added up, the result is 110,

o That is, the nafural series of figures being multiplied continually together up to the
given number of places, the product is the number of transpositions.

® This method of finding the sum of the figures set down according to the number of transe
positions, does not appear to be contained in any of our arithmetical books.
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the sum of the transposed figures, A

Statement.—For second example—3, 9, 8. Multiply the figures one, &c. in-
creasing by one, to the last place; the product is 6, the number of transpositions.
Multiply this product by 20, which is the sum of the figures; the product is 120,
which being divided by 3, the number of places, the quotient is 40. This quotient
being set down as many tines as there are figures, advancing it forward one place
each time, and the whole added up, the resnlt s 4440, thesum of the transposed
figures. 8

Statement.—For third example—2, 3, 4, 5, 6, 7, 8, 9. In this example the
number of transpositians is' 40320. The sum .of .the transposed figures is
2463909975360. ©

Example.—The net, hook, serpent drum, cranium, trident, bedstead foot,
spear, arrow, and bow, which are held in the ten hands of Mahadev, being chang-
ed successively from one hand to another, how many changes will take place in the

[ TN v e - me———— -~ o~ eyt rE P OEEE. T T

2 0

q"mwnt t, dm ap mmany times as Ahere ave ﬁxlms, ad- ulvw;cd ferwm PRe -
lO place each time " n
——’ !

110 sum of the transposed figures. F. or

g gg number of*transpositions

110 sum of the transposed figures.

140 quotient sét down as many times as there are figures, and advanced forward one
40 place each time

4440 sum of the transposed figures. For

1.889
. 839

g'gg ~'>n\1mber, of transposilions
,_sajJ

#40 sym of the trapsposed figuzes.

< The number of places is 8: and 1 ¥ 2 X 3 %X 4 %X 5 X6 X T X 8 = 50320.
Then the number of trauspositions, 40320, being multipliedby 2 + 3 4 4 4 6 » 6 4
#- 8 4 9 = 44, the product is 1774080, which being divided by 8, the nwmher of figusss,
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appearance of the image.; also how many-changes are produced by . the clu.h, _disone,
lotos, and shell of Vishnu? _

‘, Statement.—Far [first example—The places are 10. The number. of changes .
produced in the appearance of the image of Mahadev is 3628800. Statement for
second example.—The places are 4. “The number of changes produced.in the image .
of Vishnu is 24.

" Rule.—Divide the number of transpositions which result from all the figures, by -
ti;e sum of the transpositions which result from the like figures;. the quoticat is
the number .of transpositions which can be made by the mixed figures. * Then-Gad -
the sum of the transposed figures accarding to the former rule.

Example.—Required themumber of transpositions which result from two, two, one,
one; and the sum of these figures when transposed ? Also, required the number
of trangpositions which result from four, eight, five, five, five; and the sum of these
figures when transposed:?

and the quotient put down as many .times are there are figures, advancing it forward one
place each time, and the whole added up, the result.is the sum of the transposed figures;
thus, '

221760
221760
221760 . .
221760 quotient set down esmany times as these are figures in the exame
221760 £ple, and advanced one place forward each time,

221760
221760

221760

2465999975360  sum of the transpesed figures
o Any Number of Things being given; of which theve are scveral given Things of ene
Sgrt ; and several of another, &c; o find how many Changes can be made out of them all.
.Rule,—Take the series 1 X 2 x 8 x 4, &c, up o the number of things given, and
£ind the product of all the terms.

Take the series 1 X £ X 8 X 4, &c, up to the number of given things of the first
sort, and the sedes 1 X 2 X .3 X 4, &c, up to the number of given things of the second
sort, &c.

Divide the product of -all the terms of the first series by the joint preduct of all the terms
Pf the rémaining ones, and the quotient will be the answer required.
Hutton’s Mathematics, -vel. 1. p 128.°
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Statement.—For first evample—2211. The number of transpositions of four £.
gwes is 24. Then the ruleis, “divide the number of tranpositions which result from
all the figures, by the sum of the transpositions which result from the like figures.”
Thus the number of transpositions of the two first like figures is 2 ; again, the
number of transpositions of the two other like figures is 2. Then the number
of transpositions, 24, being divided by 4, the sum of the transpositions of the like
figures, the quotient is 6, the number of transpositions which can be made by the
mised figures: viz. 2211, 2113, 1221, 1212, 1122, 2121, According to the
former rule the sum of these figures, thus transposed, is found to be gggg.

Statement.—For second example.—48555. The number of transpositions which re-
sult from the number of figures is 120. The number of transpositions of three places
is§. The former number, 120, being divided by this, the quotient is 20, the number of
tx%nspos‘ntions of the mized figures: A thus, 48555, 84 555, 58455, 55485, 55845,
55548, 55584, 45855, 54855, 85455, 54585, 59545, 55458, 55854, 45585, 85545,
54558, 58554, 45558, 85554, The sum of the figures, thus ‘transposed, is 11999
88.8 '

Where the particular figures are not given, and where they are also uniike.

The natural series of figures decreasing from the last place by one, to the num-

4 The whole number of figures 1s 5: Then 1 X2x 3x4x5=12.

180

The number of like figures is 3; Then T x % % 3 = 20 number of transpositions
of the mixed figures.

svm of numbder of numbey
. . figures transposi ions of figures
'Thus,l+8+5+5+5=27x3)=540-;— 5 = 108 9 quotient put down

108 as many times as

108 )there are figures,

108 | and one place tor-
108 ) ward, &c.

1199988 sum of transposed
figures. For

48555 <+ 84555 4 58155 4 55485 4 55845 4 55548 4 55584 - 45855 4 54855
85455 4 54585 + 58545 4 55158 < 5585¢ + 45385 4 85545 + 54558 < 58354 -

“5584.8555&:11999“
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ber of figures taken, being multiplied together, the product is the number of changes
of unlike figures. 4

Example.—What number of changeo can be made by six places of ﬁgurec, the
same figure not being put down twice ?

The last figureis 9. And the figures when put down in six places, decreasing
by one, are 9, 8, 7, 6, 5, 4. These being multiplied into each other, the pro-
duct is the number of changes, 60480.

Rule.—Subtract an unit from the sum of the figures, and having set down the
remainder, decreasing by oRme, in as many places less one as the example contains

places, divide by one, &c. and multiply the quot:ents together ; the product will
be the number of transpositions.

This rule is applicable only when the number of places does not exceed nine.

To avoid prolixity this is treated in a brief ‘manner ; for the science of calcula-
tion is an ocean without bounds.

Example.—By figures the sum of wlnch is 13, placed in five places, what number
of changes will result? B

In this case an unit being subtracted from the sum of the figures, the remain--
der is 12. Set this down decreasing by one in as many places less one, as there are

places given, and divide by one, &c. thus l?” “2: lg: 2. The product of the fi.

gures in the upper lige being divided by that of the figures in the lower line, the
quotient is the number of transpositions, 495.

Though neither multnpher, divisor, square, nor cube, has been demanded, yet
this specimen of anka pasha (transpositions,) will suffice to humble the most proud.

s Any Némber of different 1 hings being given ; to find how many Changes can be made
out of them, 6y taking a Given Number of Quaniities.

Rule.—Take a series of numbers, beginming at the number of things given, and decreas-
ing by 1 tothe numberof quantities to be taken at a time, and the product of all the terms
will be the answer required.” Hutton’s mathematics, vol. 1 p. 127.

» This is a literal translation ; but the following will perhaps be a more clesr eaunciation
of the example.—Required the number of transpositions that can be made with any five,
out of the nine digits, such that their sum shall be always 13 —That is the transpositions of
141414149
24+ 242+ 24 5 &c. &c. to as many forms as can be made amounting to the sum

18. This, accordmg to our rules, may he done b wp all toans
canbe made in cach of all the fon;,.. J summing up the positions that
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The happiness and wealth of him will increase who thoroughly understands the
Lilawati, the rules of which are excellent, and its operations free from error ; which

shews the method of multiplying and squaring, and in a familiar way illustrates by
esamples.

End of the Livawatr which was composed by Bhascara Acharya. A

Changes o ‘
1+14+1+4+149=13gives }2* = 5 Numberof Changes in the Form
24+ 242424500000 B2 .. 5 ..., .
343434341 .0 ¥ .. 5. .
14+14+14248., TR . R
14141 4+34+7.. 12090 ,.....
14+ 1414+446...... "2 .. 2 ...cu..n..
141 414545..., e L, 10 ......... .
24+24+24+14+6...... 12 0 ......... R
24+ 24+ 24+3 44 .. .. 2 L2 ... .
S4+34+3424+2.. e 10 e
14+142434+6...... 1120 60 .orrinnns .
141 424445 ...... "2 ., 60 .....
V41424247 ..., 220 ., 30 ceuunnn..s
14+ 1484345 .. ... 129 .. 30 couueens .
42414345 . ci s 129 .. 60 tirinnnans
2424+ 14+44+4...... '3 .. 80 ......
141434444 .. ... 2° .. 80 .o0i%usee
S3+3 414244 .. .00 "3 060 i

495 sum of the {ranspositions
Out of these cighteen forms there are three, each of which gives five transpositions.. 15

two @000 s 0000 ‘en o0 taw tre oo 20
ﬁve essecssssossse R t“'en‘y esssvs e 100
fo“r LAY B R R B ) thir(y ..... e o 1%

follr @0 0000000000000 Six'y RO RN AT 240

Total .... 495
. . ¥ 1 10 9 :
which corresponds with the result of Bbascara’s rule I X 3 X - = 495.

s+ The copy from which I have translated concludes with the following intimation :
% The writing of this copy of the Lilawati was finished on Thursday 15th Kartika Suda,
in the Samvata year 1729.—May prosperity attend it.”

The present Samvata or Vicramadita year is 1872, so that this cepy was writlen 143 years
ago, or in the ycar 1673 of our era.
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APPENDIX

. SHORT ACCOUNT OF THE PRESENT MODE OF TEACHING ARITHMETIC IN

HINDU SCHOOLS.

AR[TH METICAL science, as taught in the Lilawati, is confined exclusively to the Jyo-
tishis or astronomers. At school childrea are taugbt little beyond the four elementary rules
of addition, subtraction, multiplication, and division, together with one or two examples
of the rule of three, and of interest. In the method of teaching these rules, however, there is
something peculiar, an account of which may be not altogether uninteresting to those who are
fond of observing the various modes of calculation practised ia different countries.

As the instruction received at Hindu Schools is almost entirely confined to arithmetic,
few additional remarks will be sufficient to convey a general and pretty accurate idea of the
education afforded to Hindu children. The following account being founded chiefly upon
information received from matives of the Mahratta country and of Guzerat, and on obser-
vations made during visits to schools kept by inhabitants of those countries, must be re-
garded in some measure as local. At the same {ime, the conversations which I have had
with people from different and remote parts both of Hindustan and the Peninsula, leave lit.
tle doubt that, in the general featares, it will be found to correspond with the plaa adopted
thronghout the whole of India. )

- On joining the school the youmg pupil performs the pati puja, or worship of the writing
board, in the following manner. The board is first covered with gulal, on which is .drawn
the figure of Saraswali the goddess of learning; it is then covered with perfume, rice,
ﬂowers, sugar, beetle-nut and leaf, cocoanut, &c. and near it are placed a lighted taper
of incense, and also a burping lamp scented with camphor, all of which are presented to
the master along with a small sum of money and a turband, or some similar present, suitable to
the condition of the parent or relation of the child. The rice, flowers, beetle-nut, &c. are djs-
tributed by the master among the children of the school. Trifling presents arc also made to such
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®brahmans as may attend wpon the occasion. The scholar then prostrates himself before the

writing board, which is supposed to represent the goddess Saraswati, and the master writeg
the words ‘¢ Shri Ganesayanama”—reverence to Ganess, the god of wisdom ;—¢ Om"—the

mystic name of god ; after which he puts a reed pea into the schelar’s band, and directs it g
few times over the forms of the letters.

Having performed these preliminary ceremonies, which are supposed to have a
mighty influerice over his future progress, the scholar proceeds to learn first the vowels, then
the consonants, and firally the combinations of the vowels and consonants. Five or six vowels
being written down on the board, he retraces their forms by drawing his pen over the characters
which have been written in the sand, until the forms of the letters given in the lesson have be-
«come so familar that he can write them without a copy, and pronounce their names. In the
next lesson five or six letters more are put down, which the scholar learns to write in the same
manner as before ; and thus be proceeds until he have learned to write and read the whole
number of vowels and consonants, and the combinations ef these letters, in the Devanagari

alphabet, which, inthis part of ladia, is called Balbodh.

After learning the letters of the alphabet, the scholar proceeds to the numeral figures,
A copy of these being written down on the board, together with their names, he retraces their
forms, and at the same time pronounces audibly the name -of each figure, according as was
<lone in learning the letters of the alphabet. The lesson is thus put down oa the board ;

lek ceovveevsess.. one
2don .....vvvvn... two
Stin ,.i.c000000. three
4 char ............ four
5 panch ........... five
6 saba .............six
7sath ..,......... seven
8ath ............. eight
9 now ............. nine
10 daha ............ len
After writing these figures, and repeating their names, until he is able to write them even
when no wrilten lesson is placed in bis view, the scholar ig then taught to put dowa aad
vead the figures as far as one hundred, in the following manner :
11 one before one is eleven
12 -one before two is twelve .
and so on to nine, when the first numeral is changed ; thus,
20 two before cipher is twenty
21 two before one is twenty-one
22 two before two is twenty-two, &c.
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S0 three before cipher is thirty
31 three before one is thirty-one
32 three before two is thirly-two, &ec.
40 four before cipher is forty
41 tour before one is forty-one
2 four before one is forty-two
and so on to 100.

This species of enumeration being acquired, the scholar proceeds to the multiplication
table called Pare. In the Mabratta schools, this table consists in multiplying ten numbers
as far as thirty, and in Guzeratti schools, in multiplying ten numbers as far as one hundred ;

thus,

1 3 onc time one is one

2 E .. on¢ time two is two

3 g5 one time three is three
4 ®T  one time four is four

5 Hw one time five s five

6 -§§ one time six is six

7 ° §. ene time seven is seven
8 =™ one time cight is eight
9 £ é one time nine is nine
10 = é one {ime ten is ten

@ two times cne are two
4 two times two are four
6 two times three are six, &c.

8 three times one are three
6 three times two are six
9 three times three are nine, &c.

4 four times one are four
8 four times two are eight
12 four times three are twelve, &c.
And soon to 30, according to the Mahralta table, or to 100, according to the Guzerattj
one.

The Mahratts table may be exibited in this manner 3
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After this, the scholar is tanght three tables, in which fractional parts are multiplied by
whole aumbers.

The first table of this sort is called Poukc, or Table of Quarters.

iwo times one quarter are one half

three times one quarter are three quarters,

n {o 30 or 100 times.

The second table is the Nimke, or Table of Halves.

% one time one half is one half’

1 two times one half are oae

1} three times one half arc one and 2 half
and so on to 30 or 100.

The third table is the Pounke, or T;ble of Three Quarters.

3 one time three quariers is three quarters -

11 two times three quarlers arc one and a3 half

21 three times three quarters are two and aquartet .
and so on to 30 or 100. b

The mext tables are those in which she fractions-; § # are joined with whole numbers ;

The first table of this sort is called Sawake, or One and a Quarter Table.

1} ome time-one and a quarter is one and a' quarter.

2' two times one and a quarter are two and a half ‘

33 three times one and a quarter are three and three quarteu
and so on to 30 or 100 times. - '

The secoad is called Dirke, or One and 2 Half Table.

11 one time one and a half is one and a half
3 two times one and a half are three

4} three times one and 2 half are four and a half
and so .on to 30 or F00 times,

The third is called Arizke, or Two and a Half Table;
2: one time two and a half is ¢two and a half
5 twolimes two and a half are 6iye
73 three times two and a half are seven and a htlf

add soon to 30 or 100. i
Another table called Gutke, or Three and a Half Tahl¢, is also comnnued to memory.
3% one time three and a balf is three and @ balf
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7 two times (hree and a half are seven ‘
10; three times three and a half are ten and a half

and so on to 30 or 100. ‘
Two other tables then follow which exhibit the mulliplication of whole numbers. The
first, which is called dkarke, or Eleven Table, exhibits the multiplicativn of the aumbers
from 11 to 20 into one another. :

121 cleven times eleven are one hundred and twenty-one
132 eleven times twelve are one hundred and thirty-two
143 eleven times thirteen are one hundred and forty-three

132 twelve times eleven are one hundred and thirty-two
144 twelve times twelve are one hundred and forty-four
156 twelve times thirleen are one hundred and fifty-six

144 thirteen times cleven are one hundred and forty-three
156 thirteen times twelve are one hundred and fifty-six
169 thirteen times thirteen are one hundred and sixty-nine and so on,

Or, reduced to a tabular form it would be thus :
TABLE NAMED JKARKE.

| 1] 12| 18| 14| 15| 16| 17| 18] 19| 20
| 11| 121 | 182 | 143 | 154 [ 165 | 176 | 187 | 198 | 209 | 220
12132 144 | 156 | 168 | 180 | 192 | 204 | 216 | 228 | 240
13| 143 | 156 | 169 | 182 | 195 | 208 | 221 | 234 | 247 | 260
14 | 154 | 168 | 182 | 196 | 210 | 224 | 238 | 252 | 266 | 280
15 | 165 | 180 | 195 | 210 |. 285 | 240 | 255 | 270 | 285 | 300
16|l76|192|208|224|%0_|2§6|.272|288]304|320[
17 | 187 | 204 | 221 | 238 | 255 | 272 | 289 | 506 | 323 | 340.
18| 198 | 216 | 234 | 252 | 270 | 288 | 306 | 384 | 848 | 960
19| 209 | 228 | 247 | 266 | 285 | 304 | 523 | 342 | 361 | 580
20 | 220 | 240 | 260 | 280 | 300 | 320 | 340 | 860 | 380 | 400

"The othez table is called Eikotri, o Table of Squares. It contains the multiplication of eacls
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Efigure into itself, .or the square of each figare, froni 1upte 100 * thus;
1 X =1
22X 2=4
‘83X 3=9 andsoento
100 x 100 = 10000
"After learning to multiply inthis mamner, the scholar proceeds to the’ tables of weighis

and measures. The following tables will be sufficient to shew the order and method adopted
:in the schools, and to:render: intelligible the examples which occurin subsequent parts of

t ghese remarks.
. "TABLE OF MONEY.

T1 7638 veuesasncanerarasessases quarter dugani
-2 73S ...vieressaneesnassenon. half dugani
41038 .. viiinaananreneenaanass | dugani

"B TEAS vuiiriennsnenenisarranse ] faddea

* 25 reas or 6 dugamey «v.e.v..e0v. 1 anna
4aNNA .uvaeiveeeeeeieos ooy QUaTtET fUpRY
‘8 amna v.iveevivneeianaenene oo half rupee
16 28NA vev.ievirereeerron s ons 1 ritpee

. -TABLE OF WEIGHTS.

#10 walla vuevivveeaersesevereasss quartertola

- or, according to the Poona table
"3 MBS vuseerracencnsaiseenssoa quartertols
40 walla vi.iiiiniiiniiinnen, ceesl tola
B ) O B

JO SiT coeveecverareccivensacss. . quarter man
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