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Nanda era. But since the passage quoted above
from Mpr. Fleet's inscription is beyond suspicion, I
must venture to mamntain my belief, until further
inguiries confirm this view which is forced upon
me, or refute it.

Oxford.

Dr. E. LEUMANN,

AN ADEN EPITAPH.
An epitaph has been discovered in a mosque at
Aden. dated AH. 563 (A D. 116%). It is sup-
posed to have been brought frora one of the dis-

used burial-grounds of Aden, and commemorates
**a virtuous free woman the mother of Abdallub
the emancipated slave of the glorious Sultin
Yehia bin Abi-s-sadid al Muwaffak al Thagari al
Isldmi. Died at Awan on the last day of Rama-
dhén in the year 563.” It is * inscribed by Mu-
hammad bin Barakat bin Ali Harami.”

AwAin is perhaps the old name of Aden itself;
at any rate it was almost certainly in the imme-
diate vicinity. The Harami tribe still exists in
Hadhramaut.

ASIATIC SOCIETIES.

The Jonrnal of the Asiatic Society of Bengal is
rather falling into arrears, No. 2 of the volume
for 1832 having only been published in September
last. It ismostly occupied with a continuation of
Babu Sarat Chandradds’s contributions on the
Religion. History. &c. of Tibet. These papers are
interesting, and it is only to be regretted that the
author does not prepare his work with more atten-
tion todetails of uniformity of spelling, clearness
of statement. &c . or that the papersare not more
carefully edited. The contributions here present-
ed contain: (1) The rise and progress of Jifi or
Buddhism in China, translated frowm the Dub-thal
Selkyi Meélsii. prefaced by short accounts of the
Mé-tse, Li-ye-tse, Chwan-tse sects, and that of Yu-
su. which preceded Buddhism in China and some-
what resembled it ; th-n comes the usual account
of the introduction of Buddhism from India; the
contributions toits literature. &e. which it received
from Tibet; the five Buddhist schools in C'hina,
viz —1. The Vinaya or Hinaydna. 2. The Mantra
or Tantrika; 3. The Vaipulya-Darsana or Maha-
yina; 4. The Gabhira-Darsana or Sﬂnyatfw; and,
5. The Sdrartha-Darsana schools. (2) The sacred
literature and philosophy of ancient China, trans-
lated from the same source ; the Bon « Pon) religion
in China; and the Ho-u-se or Hoi-hoi. appa-
rently a Muhammadan sect, of which the Tibetan
author seems to nave had but a low opinion :—
he says. *“ they send the spirits of all animals
killed by them to The-pan. who takes charge
of themn. The spirits of those that are killed
by others, who are not Hoi-hoi, are damned.
A Hoi-hot will not eat the flesh of an animal
that has been slain by outsiders;” and, he adds,
“these wicked people certainly twrn into pigs
after their death, for which reason they do mnot
touch pork, the touch of which brings defilement,
and the eating of which destroys their intellect
and understanding.”  (3) The life and legend of
Nigirjuna, the founder of the Madhyamika school.
According to this account he was the only scn
of a Brihman of Vidarbha, whose death the
astrologers predicted in a week unless a hundred

Bhikshus were fed and religious ceremonies gone
through, and even then he would die in his
seventh year. Avalokitésvara-Khasharpana, how-
ever, appeared to him and advised him to go to
Nilendra, where he would escape death. There
be was ordained a Bhikshu by the high priest Sri-
Saraha-Bhadra, whom he afterwards succeeded.
Vajrisana or Buddha-Gayi was then the head-
quartersof the Srivakas—asthe de caying Hinayana
sect was then called, and Nalendra of the Mahi-
yna school. e surrounded the great temple of
Mahfgandhila or *the mansion of fragrance,’
with a stone railing, which he furnished with
Vajragaviksha or * precious riches,” and outside
of which he erected 103 smauller chapels He also
surrounded the great shrine of Sri-Dhan ya-
kataka withrailings. At this period, ** Mafija,
king of Otisha (Orissa), with a thousand of his
subjects embraced Buddhism.” In MAlvA, “ in
the city of Dhird. king Bhijadéva with many
hundreds of his subjects embraced Buddhism.”
He erected © many vihdras in Pratipésa. Otisha,
Bangala, and the country of Tkshuvardhana
In the latter part of his life Nigirjuna visited
Dakshina, where he did many things for the
preservation of the Southern congregation” In
Drivida he overcame in a disputation two famous
Brihmans—Madhuand Supramadhu—who became
converts. He is said to have been a great friend
of king De-chye (Sumnkara), of Southern India,
with whom Lo entered into a compuct o live and
die. The king's life was thus secured by the saint's ;
but in this king's old age the mother of the
heir-apparent advised her son to ask Nigirjuna
for his head. This he did. and the saint showed
him he could only be killed with a blade of
Kusa grass. This is followed by 4) Detached
notices of different Buddhist schools in Tibet,

The other paper is the first purt of one by Mr.
Grierson on Manhbodb's Haribans, containing the
text of a Maithili poem, by a poet named Manbodh
or Bholan Jhd, who died about A.D 1788. The
interest of this is purely philological.

The Proceedings of the same Society also is in
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arrears, the number for July and August appear-
ing only in December. The most important
notices in it are:—Lieut.-Col. G. E. Fryer’s
argument for the date of the Pili grammarian,
Kachchiyana. being about the 12th century A.D,
and Dr. Hoernle’s contention that it is really
much earlier; and an account of a very ancient
fragment of a MS. on Arithmetie found at Bakh-
shali i the Yusufzai district, written in Séradd
characters and in the GAathid dialect, by Dr.
Hoernle, which we extract :—

Dr. Hoernle exhibited at the meeting of the
Society on 2nd August last a remarkable birch-
bark Manuscript, found at Bakhshili, in the
Yusufzai District. in the Panjib.

The MS., he said. was found in a ruined en-
closure. near Bakhshali, a village of the Yusufzai
District, in the Panjib, by a man who was digging
for stones. It is written on leaves of birch-bark,
which have become so dry by age as to be like
tinder, and, unless very carefully handled, they
crumble into pieces. Hence,unfortunately.by far
¢he largest portien of the MS. was destroyed when
the finder took 1t up: and even the small portion
that now remains is in a very mutilated state.
With much care and trouble I have succeeded in
separating all the leaves, and have found that 66
of them still remain, of nene of which, however,
much more than one-hali is preserved. For per-
manent preservation, I mounted each leaf sepa-
rately between two pieces of ‘tale.

The MS. is written in the so-called Saradd
characters, which are still used in Kashmir, and
which, as they occur on the coins of the Mahdrijas
of Kushmir, are of a not inconsiderable age.
Some of the forms, which very frequently occur
in the MS., especially of vowels, very closely
resemble the forms used in the Adoka and early
Gupta inseriptions. I have not observed these
particular ancient forms in other MSS. written in
the Siradé characters, e.g., in the Mahdrrava MS,
published in the Cambridge Paleographic Series.
Hence Tam inclized to lock on them as an evidence
of great age in the Bakhshdli MS.; and as the West
Indus Districts were early lost to Hind4 civiliza-
tion through the Muhammadan conquests, during
which it was a common practice to bury MSS. to
save them from destruction, the BakhshiAli MS.
may be referred to the 8th or 9th century A.D.

I have looked over all the leaves of the MS. that
remam, and have carefully read and transcribed
about one-third. I have thus seen enough of the
fragment to make sure that the whole of it tieats
of Arithmetic (including apparently Mensuration),
though incidentally a few rules of Algebra are
noticed. The latter refer to the solution of inde-
terminate problems (kuttuka). The arithmetical

problems are of various soits; e.g., on velocity,
alligation, profit and loss, ete. I may give one or
two examples thus * A and B run 5 and 9 yojanas
a day respectively, and A is allowed a start of 7
days or 35 yojanas; when will A and B meet ?”
Or, “A and B earn 2} and 1} dindras a day
respectively; A makes a present of 10 dindras to
B; how soon will thelr possessions be equal »”
An example of an algebraical problem is: “ A
certain quantity, whether 5 be added to it or 7 be
subtracted from it, is a square; what is that
quantity *” The solution, given in this case, is
11; for 11 x 5 = 16 or 4%, and 11—7 = 4 or 22

The fragment, however, evidently does not
contain the whole of the treatise on Arithmetic;
for many subjects, commonly treated in Hindt
arithmetical works, do not appear to occur in it;
and this is confirmed by the numbers of the rules
(or sitras, as they are called). The earliest
numbered si#fra that 1 have noticed i1s the 9th,
and from internal evidence I conclude,—though
the numbers are lost,—that the 7th and S8th rules
are also preserved. The latest number I have
met is the 57th.

The method observed in the treatment of the
problems is as follows: first a rule is given, intro-
duced by the word sitfra; next follow one or more
examples, introduced by tadd, and stated both in
words and in arithmetical notation; the latter is
sometimes indicated by the term sthdpana; next
follows a solution in words, which is always called
karana ¢ operation”; and lastly comes the proof,
generally expressed in notation, and called prat.
ydyana or pratyaya. This method differs consi-
derably from that used in other Hindd arithmeti-
cal treatises, e.g., in those of Bhiskara and
Brahmagupta. Thelatteralso use different terms;
instead of tadd, examples are called by them
uddesa or uddharana; instead of sthépana they
have nydsa ; karara and pratydyana or pratyaya
are not used at all. The term sidtra they employ
occasionally, but in most cases they say karana
sittra, which latter term may contain a reference
to a karana-work such as that in the Bakhsh4li
MS. There are, also, some differences in the
method of notation as used in this MS. and as
commonly established. Division is indicated by
placing one quantity under another without a line

between them; e. g., g (= $): multiplication, by

placing one quantity beside the other; e.g., g 32
(= & x 32 = 20); addition, by writing yu (abbre-
viated for yuta *“added”) before or after the ad-
ditive quantity and placing the latter either by the
gide of, or below, the other quantity; e.g ,11 5 yu or
11 yu 5 (= 11 + 5 = 16): subtraction, by writing
the negative sign + after the subtractive quantity,
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and placing the latter beside or below the other
1

quantity; e.g., 1 (=1 —3%=3),0rll. 7+
3+

(= 11 — 7 = 4). This negative sign is the most
remarkable difference between the Bakhshal} MS.
and the works of Bhiskara and others. The MS,
uses a cross T (exactly resembling our modern
plus sign), while the sign which is commonly used
is a dot, placed above the quantity; e.¢. 11 7 (=
11 — 7 = 4). I may add that the cipher is used
(as 1n the Lildvatd) to indicate an unknown
quantity, the value of which is sought; e. g.,
g‘;yumz‘sg gi+mﬁ?‘!(for%+ii=

Yana 21 - % clly=4z=2
n and T 1 T herez = 11,y = 4,2z = 2;
mit abbreviated for milada “ square”). It is,

however, also employed in the usnal way as the
tenth figure of the decimal notation. A propor-

})3| 0 pha 65

tion is expressed thus :—}
(for 1: %3 = 30: 65; pha abbreviated for phalai.)
All these peculiarities of method, terminology
and notation, differing as they do from those in
common use since the time of Brahmagupta
(about 628 A.D.) and Aryabhata (about 500
A.D.), whose mathematical treatises are the
earliest known, tend to show that the work con-
tained in the Bakhshali MS. is more ancient than
any of those I have just mentioned.

There is another remarkable feature in the MS,,
which points in the same direction, namely, the
language in which it is written. This is what is
now commonly called the Géthé dialect, because
it was first noticed in ancient Buddhist works
(such as the Lalita Vistara) written in verses or
gathds. The term Géathi dialect, however, is no
more appropriate now, because that dialect is now
known to be also used in ancient Buddhist works,
which are partly written in prose, such as the
Mahdvastu, of which M. Senart has just published
an excellent edition. However that may be, it is
generally admitted that this species of language
is a very ancient one. Itis a kind of ungramma-
tical Sanskrit (judged, that is, by the standard of
what is commonly called Sanskrit), interspersed
to a large extent with ancient Prakrit or PAli
forms. There is some dispute as to the exact
origin, time and locality of this species of ancient
irregular Sanskrit. But in all probability it was
current in the early centuries just before and
after the commencement of the Christian era, as
a literary or cultivated form of the ancient Ver-
nacular Prikrit of North-Western India, in the
countries to the east and west of the Indus, till it
came to be superseded by the classical Paninian

Sanskrit. It is this language which is employed
in the Bakhshili MS. It would be out of place
here to enter into philological details; but I may
mention that the language of the MS. is marked
by all the peculiarities in orthography, etymology.
syntax, etc., of the so-called GAthd dialect. The
evidence of the language, then, would tend to
show that the work contained in the Bakhshali
MS. must be ascribed, in all probability, to the
earliest centuriesof the Christian era, and further—
since the Gath4 dialect has hitherto only been
met with in Buddhist literature,—to a member of
the Buddhist community. If the latter suppo-
gition be correct, we should have in this MS.
the first Buddhist Arithmetical work which, so far
as I am aware, has hitherto become known.

There are, further, some specific points in the
work contained in the Bakhshili MS. which tend
to point to a peculiar connection between it and
the mathematical portion of the Brahma Sphuta
Siddhdinta, the famous astronomical work of
Brahmagupta, which was compiled in 628 A. D.
Thus an algebraical rule in the MS. occurs in
strikingly similar language in Brahmagupta's
algebra; again the foreign terms dindra {Latin
denarius) and dramma (Greek drachme) occur in
both, etc. The mathematical treatise in the
Bakhshali MS. is undoubtedly older than that of
Brahmagupta; but what the exact corpnection
between the two works may be, I am not as yet in
a position to say. These are points which require
further investigation, in which I am still engaged,
and the results of which T hope to have a future
opportunity of communicating to the Society. My
present remarks are not intended to be more than
a preliminary notice of the MS. In conclusion 1
will only repeat that the questions of the age of
the MS. and of the work contained in it are
entirely distinet ; and that the date of the work is
certainly very much earlier than the MS. copy of
which this fragment has been found.?

No. 3 for 1882 has been published since, and is
occupied by a collection of 64 Hindd Folksongs
from the Panjib, with translations and notes by
our able correspondent, Lieut. R. C. Temple. The
only other paper is a Note by P. N. Bose, B.S¢., on
some earthen pots found in the alluvium at Mahés-
vara in NimAr. These vessels had been already
noticed by Capt. Dangerfield (Malcolm’s Central
India, vol. 11, p. 325). 'The author would identify
Mahédvara and the neighbouring Mandalé$vara as
the Mahisamandala to which AsGka sent the Thero
MahAdéva as a Buddhist missionary ; but the other
missionaries were all sent to countries, not towns
or small districts, and it seemns much more pro-
bable that Maislr is meant by Mahisamandala.

* Proc. As. Soc. Beng. Aug. 1832.
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THE BAKHSHALI MANTUSCRIPT.
BY DR. A. F. RUDOLF HOERNLE.

HE BakhshAli manuseript was found, as
probably the readers of this Journal (antr,
Vol. XII. p. 89 £.) will recollect, in May 1881,
near a village called Bakhshili, lying in the
Yisufzil Subdivision of the Peshawar District
at the extreme North-Western frontier of
India.* Tt was dug out by a peasant in a
ruined enclosure, where it lay between stones.
After the find it was at once forwarded to the
Lieutenant-Governor of the Pa%jib who traus-
mitted it to me for examination and eventual
publication.
The manuseriptis written in S8arada charac-

/

tersof a rather ancient type, and on leaves of

birch-bark which from age have become dry
like tinder and extremely fragile. Unfortu-

nately. probably througli the carcless handling |

of the finder, it is now in an excessively muti-
lated condition, both with regard to the size
and the number of the leaves. Their present
size (see Plate®) is about 6 by 3! inches:
their original size, however, must have been
about 7 by 8%
presumed from the well-known fact that the

inches. This might have been
old birch-bark manuscripts were always written
on leaves of a squarish size. But I was enabled
to determine the point by a curious fact.
The mutilated leaf which contains a portion
of the twenty-seventh sitra shows at top and
bottom the remainders of two large square
figures. such as are used iu writing arithmetical
notations. These, when completed, prove that

the leaf in its original state must have mea-

sured approximately 7 by 8% inches. The
number of the existing lenves is seventy. This
can only be a small portion of the whole

manuscript.  For neither beginning nor end is
preserved ; nor are some leavps forthcoming

which are specifically referred to in the existing

fragments.® From all appearances, it must

have heen a large work. perhaps divided into
chapters or sections. The existing leaves in-
clude only the middle portion of the work or
of a division of it. The cavliest sifru that |
have found is the ninth; the latest is the
The lateral which

fifty-seventh. margins

! See Proceedings of the Asiatic Society of Bengal, for
1882, p. 1R,

* A transeript and explanation of this plate will be
found 1n note 6, on p. 47, at the end of this article.

usually exhibit the numbering of the leaves
arve broken off. It is thus impossible even to
guess what the original number of the leaves
may have been.

The leaves of the manuscript. when received
by me, were found to be in great confusion,
Cousidening that of each leat the top and
bottom (nearly two-thirds of the whole leat)
are lost, thus destroyving their connection with
one another, it may be imaginel that 1t was
no eaxy task to read the fragment= and arrange
them m order. Atfter much trouble I have read
and transcribed the whole, and have even
sueceedel in arvanging m consecutive order a
not inconsiderable portion of the leaves con-
taining eighteen sifras.  The lutter portion [
have also trapslated into Engiish.

The tegiuning and end of the manusceript
being lost. both the name of the work and of
its author are unknown. The subject of the
work, however, is arithmetic. It contains

great variety of problems relating to daily life.

Q

The following are examples:—* In a carnage,
instead of 10 horses, there are yoked 5 ; the di--
tance traversed by the former was one handred.
how much will the other horses bLe able to
accomplish 7" The following 1s more com-
plicated - — A certain person travels 5 yojunts
on the first day, and 3 more on each succeeding
day : another who travels ¥ jdjanas on each day,
has a start of 5 days; 1in what time will they
meet P The following is.still more comphi-
~ated :—' ¢ Of 3 merchants the first possesses
7 horses. the sccond 9 pounies, the third 1o
camels ; each of them gives away 3 animals to
be equally distributed among themselves, the
result is that the value of their respective
properiivs becomes equal: how much was the
value of cach merchaut’s original property,
and whar was the value of cach animal > The
method preseribed 1 the rales for the solution
of these problems ix extremely mechanical, and
reduces tie labour of thinking to a nupimun,
For exaniple, the last mentioned problem s
solved tluas — Subtract the gift (3) xeverally
from the original quantities (7.9, 10) Mulriply

T Thu~ «t the end of the T0th ~‘fro. mstead of the
n-nal explanation. there 1= the tollowing note . “ram
wobeane dodtlpa-patr” veeardiaste, The secoud leaf here
referred to s not preserved.
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‘he remainders (4, 6, 7) among themselves
163, 168, 163). Divide of these
products by the corresponding remainder

each

8 Ius 163 \ i S
v, 5 7), The results (42, 28, 24) are

the values of the 3 classes of animals,
v dtiphed with the numbers of the animals
originally pussessed by the merchants (42 X 7;

N

23 X0, 24 X 1u), we obtain the values of ther

The value
os the property of cach merchant after the gift

iginal propersies (294, 252, 240).
v oegual (202 202, 262).”  The rules arve ex-
pressed In very concise language, but are fully
cxplained by means of examples. Generally
liere are two examples to each rule (or sitra),
ovtsometimes there are many; the twenty-tifth
The
‘ules and examples are written in verse; the

2 ifre a3 no less than fifteen examples.

- xplunations, solations, and all the rest are in
prose. The metre used 1s the $lika.
In

each sibra the matter is arranged as follows:

The subject-matter is divided in sutras.

“irst comes the rule, and then the example
mtroduced by the word rddharans.®  Next,
she example is repeated in the form of a nota-
fon in figures, which 1s called sthdpona.
..s followed by the solution which is called
karana. Fivally comes the proof, called pratyaya,
This arrangement and terminology differ some-
what from thos? used in the arithmetic of
Brahmagupta and Bhiskara. Instead of simply
stitra, the latter use the fterm Lurann-»dira.
The example they call widészka or wldhurana.
Wor sthipana they say nydse. Asarule they give
no fall solution or Pmof, but the mere answer
ty the problem
ziven, but it 13 nos called karana,

Thesystom of notation used inthe Bakhshali
arithmetic 1s much the same ag that employed
in the arithmetical works of Brahmagupta and
3n4skara.’
tand, exception,
auantity 15 a cross ().
our modern sign for the positive quantity, but

Occasionally o solution 1

There 15, however, a very impor-
The sign for the negative
It looks cxactly like

t 15 placed afier the number winch 1t qualifies

174
1

s g means 12 —7 (2, ¢ 5). This is

2 vign which I have nob met with in any other

ner, $9 far as [ have been

indian arithmetie,
able to ascerbain, 18 1t now known o tndia at

' This word 13 almout uniformly abhremabed wdi
Yamg to th. crapmic symholdtor woand fnd cone indig-
rigpnshable, Tat firat took the word to he sor | ete and
terd st L dd But qmte lat=ly I tound on wfrugzment,

h) : ‘\
Being

This i

» a8 used in the Asbka alphabet.

ckanu © 2 small piece,” ete.. are connected.

all.  The sign now used is a dot placed over
the number to which it refers. Here, there-
fore, there appears to be a mark of great
As to its origin I am unable to
sugygest any satisfactory explanation.

antiquity.
I have
beeu informed by Dr. Thibaut of Benares, that
Diophantos in his Greek arithmetic nses the
letter  (short for &Aewpis) reversed (thus 4)
to indicate the negative quantity. There is
andoubtedly a slicht resemblance between the
but considering that the Hindus
did not get their elements of the arithmetical

two signs;

science from the Greeks, a native Indian origin
of the negative sign seems more probable.
It

to indicate a particalar factum by the imitial

is not uncommon in Indian arithmetic
syllable of a word of that import subjoined to
the terms which composeit. Thusaddition may
be indicated by yn (short for yutay,e.q.. 7 7 uu
means 5 ~- 7 (I. 2 12). In the case of sub-
straction or the negative quantity, 7/pa weunld
be the indicatery word and #/ the indicatory
syllable.  The difficulty is to explain the con-
nection between the letter ri (3g) and the
symbol +  The latver very closelv resembles
the letter I (F) in its ancient shupe (+)
The only
plausible suggestion T can make is. that 1t
15 the ubbreviation (4u) of the word kanita
sdiminished,’ the

which the well-known words kaniyas, ‘vounger’

from root kannga, with
leanlshthn ¢ youngest, kanyd * maiden,” * kana or
It s
true the oceurrence of the parvsiciple ianta, as
ar as 1 am aware, 1s not authenticated in the
But it would
be a rezular furmation, and might nave been

existing Sanskrit literature.

in use in the old North-Western Prakrit of the
Buddlusts or Jamns (sec below) Another
suggestion 15, '.lmt, the Sign represents  the
svilubie nd (Prikrit for i), an abbresimtion
of ngina, *dimnished.”  The ak s a for wi {or
niy on vhe AdOka characters wonld very closely
The (hﬂ'u-nlt,y about
these and similar sugoestions 4 1o account for

tesemble a cross (+-).

the retention of an ob<nlete rrapinge svimbol in

the case of the nestave sign only. I thesign
13 reafly the old symhol £ Iz, 1t retention

wh"wh Fewl inthert) escipad my notice, the word wotten
m il wd thar oo

* s Cotsbrooke’s D oertation on the
Hingaws, :n m13 Sonays, Vol IL up o7 fF

il

Alyebra of the
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might perhaps be explained by the fact, that,
in its transfer to the Sirada alphabet, the
letter ka has suffered less change of form than
many others of the old A&dka characters.
However, for the present, the question must
be left an open one,

A whole number,
arithmetical operation, as may be seen from the
above given examples, is indicated by placing
the number ! under it, This, however, is a
practice which is still occasionally observed
in India. It may be worth noting that the
number 1 is always designated by the word
ripa :® thus suripa or ripddhika ‘adding one,’
The only other in-

when 1t occurs in an

rupina ‘deducting one.’
stance of the use of a symbolic numeral word
is the word rasa for ‘six,” which occurs once
in an example in the fifty-third sdtra.

The following statement, from the first
example of the twenty-fifth sirra. affords a
good example of the system of notation em-
ployed in the Bakhshili arithmetic :—

| e 1 1 1

i1 1 1 1

bhd 32 : phalan 108
1 3+ 3+ 3+ ‘

Here the initial dot is used very much in the
same way as we use the letter » ‘o denote the
unknown guantity the vaine of which is sought.
‘The nomber 1 under the dot 1s the sign of the
whole (in this case, unknown) number. A
fraction is Jenoted by placing one number
under the other without any line of separation ;
thus ; is 3, ¢, e. one-third. A mixed nomber is

snown by placing the three numbers under

1 .
one another: thus 1is 1 + 3orly i e one

1 - 2
and one-third,  Hence 1 means 1—-(. e 3)

Multipheation is usnally indicated by placing
the numbers side by side; thug

42 .
2 phalai 20,

i 1
icakes | o~ 32 = 20.  Similarly :

1 1

1 1
kl .
o

34 U4 e
: 2N & va 8 \p o

ricans 3 N & N STor (1) toe 5 DBhd is an

abbreviation of Lidyo, *pore.” and means that

tue nutaber precediag at 1s to be treated as

Gl means

en e

1
a2 devommator, Honee 101
Seo o4

statement,

4
3 7

i, or”
3

7 thorefore

The whaoie

| o 1 1 1 |
P11 1 ppg 382 f phalaiv 108
| 3+ 3+ 3+

means 2?7 X 32 = 108, and may be thus ex-

plained,—** a certain number is found by divid-
8

ing with % and multiplying with 32: that
number is 108.”

The dot is also used for another purpose,
namely as one of the ten fundamental figures
of the decimal system of notation, or the
Zero (01234567809). Itis still soused in
India for both purposes, to indicate the un-
known quantity as well as the naught, Whth
us the dot, or rather its substitute the cirele
(0), has only retained the latter of its two
intents, being simply the zero figare, or the
‘mark of position’ in the decimal system.
The Indian usage, however, seems to show
how the zero arose. ard that it arose in India.
The Indian dot, unlike our modern zero, is not
properly a numerical figure at all. It is simply
a sign to indicate an empty place or a hiatus.
This is clearly shown by its name &inya
‘empty ~ The empty place in an arithwetical
statement might or might not be capable of
being illed uwp, according to circumstances.
Occurring in a row of figures arranged deci-
mally or according to the ‘value of position,’
the empty place conld not be filled up, and the
dot therefore signified * naught,” or stood in the
place o the zero. Thus the two figures 3 and
7, placed in juxtaposition (37) mean *thuty-
seven.” but with an ‘empty space’ interposed
between them (3 7), they mean * three hundred
and seven.”  To prevent misonderstanding
the prescnce of the ‘emptr space’ was 1ndi-
cated by a dot (3e7); or by what is now the
zero (207). Oun the other hand, occurring in
the statement of a problem, the * empty place’
could b tilled up. and tere the det which
marked :ts preseuce, signitied & *sowmething’
which was to be discovered and to be putin
h

the ewpy place. 1w the erarse of Lime, and

oui of fdin the e sgnreation of the
and the dot thus became

~sign for Cnauzht’ or the zero, and

dot wi~ bscarded
simply
assnmed the value of a proper tigure of the
dectimn syvstem of notatror, being the *mark

of positirn” Lo its double signitcation, which

® Unis word was at firsirend by medpr The recdanyg
rugs wud sdggestd to wme by Professor A Wsber

of Berhin wud 4t 43, I have now no doult, the correct
SLe
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still survives in India, we can still discern an
indication of that country as its birthplace.
Generally speaking, the terms of an opera-
tion are set down side by side: and the parti-
cular operation intended is indicated by the
initial syllable of a word of that import,
subjoined to the terms which compose it. The
operation of multiplication alone is not in-
dicated by any special sign. Addition is indi.
cated by yu (for yuta), subtraction by — (ke
for kanita ?) and division by bhd (for bhdya).
The whole operation is commonly enclosed
between lines (or somevimes double lines), and
the result is set down outside, introdaced by
pho (for phala). Occasionally the indicatory
word is written in full. Vertical lines are
usually interposed between the terms of a

proportion or a progression. Thus :(—
AL ’pha 12 meansd + 7 = 12
il.;iv‘—lpha, 3 ., 12 7= 5
e 2 . ix 2o

. 111 w2 99 .

113,10k 32 pha 108, (1:7) X 32 = 108

(%03 phe ]i 210:30 = 4: 12

Regarding the age of the manusecript, I
am unable to offer a very definite opinion. The
composition of a Hindu work on arithmetic,
such as that contained in the Bakhshali MS,,
seems necessarily to presuppose a country and
a period in which Hindu civilisation and Brih-
manical learning flourished. Now the country
in which Bakhshililies and which formed part of
the Hindu kingdom of Kibul, was early lost to
Hindu civilisation through the conquests of the
Muhammadan ralers of Ghazni, and especially
through the celebrated expeditions of Mahmid,
towards the end of the 10th and the beginning
of the 11th centuries A. . In those trou-
blous times it was a common practice for the
learned Hindux to bury their manuscript trea-
sures. Possibly the Bakhshili MS. may be one
of these. I any case it cannot well be placed
much later thun the 10th century A D. Tt is
quite possible that it may be somewhat older.
The Saradi churacters used i it, exhibit 1in
several respects a rather arvchaie tybe, and
aflord some ground for thinkie that the
to the Sth or

manuscript may perhaps go back

7 See Professor Kern’s Tutroduction to the Brhat Samhits of Varihamihira.

9th century. But in the present state of our
epigraphical knowledge, arguments of this
The

which the numeral figures

kind are always somewhat hazardons.
nsual form 1in
occur m the manuscript are the following : —

-~or) N or3 ?oz& g\
1 2 3 4

-

SLLN

Quite distinct from the question of the age of
the manuseript, is that of the age of the work
containedinit. There is every reasonto believe
that the Bakhshali arithmetic is of a very con-

siderably earlier date than the manuscript in
which it has come down to us. T am disposed
to believe that the composition of the former
must be referred to the earliest centuries of
oar era, and that it may date from the 3rd or
4th century A.D. The arguments making for
this conelusion are briefly the following :—

In the first place. it appears that the earliest
mathematical worksof the Hindus were written
in the d&dka measure ;") but from about the
end of the 5th century A.D. it became the
fashion to use the dryd measure. Al‘yabha(a
¢. 500 A.D.. Varihamihira <. 550, Brahma-
gupta c. 630, all wrote in the latter measure,
Not only were new works written in it, but
also slika-works were revised and recast in it.
Now the Bakhshali arithmetic is written in the
sloka measure; and this circumstance carries
its composition back to a time anterior to that
change of literary fashion in the 5th century
A. D

Inthe second place the Bakhshallarithmetic
1s written in that peculiar language which
used to be called the Gatha diaiect, but
which is vather the literary formof the anecient
North-Western Prikrit (or Pali). Tt exhibits
a strange mixture of what we should now call
Sanskyit and Prakrit forms.  As shown by the
inscriptions (r.g. of the Indo-Seythian kines
in Mathurd) of that period. it appears to ha;n
been in general nse. in North-Western Tndia,
for literary purposes till about the end of the
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3rd century A. D., when the proper Sanskrit,
: schools,

hitherto the langnage of the Brahmar
gradually came into gencral use als. for secular
compositions. The older literary lanenage may
have lingered on some time longer among the
Buddhists and Jains, but this would only have
been so in the case of relizgious, not of secular,
compositions, Its use, therefore. in the Bakh-
shall arithmetic points to a dute not later thun
the 3rd or dth eentury A. D. for the composition
of that work.

In the third plave, in several examples, the
twvo words diné:a and drasiea oceur as deno-
minations of These words are the
Indian forms of the Larin denarins and the

nmouney,

Greek drakhimé. The former. as current iu
India, was a gold coin, the latter a silver coin.
(tolden denari/ were first coined at Rome in
B. €. 207. The Indian g¢old pieces, corres-
ponding in weight to the Roman gold drewuriu~.
were those coined by the Indo-Sexthiun kings,
whose line, beginning with Kadphises, about
the middle of the Ist century B. . probably
extended to about the end of the 3rd century
A.D. Roman gold denarii themselves, as shown
by the numerouns finds. were by no means
wncommon in India, in the earliest centuries
of ourera. The gold dindras most numercusly
found are those of the Indo-Sevthian kings
Kanishka and Huvishka, and of the Roman
emperors Trajan, Hadrian and Antoninus Plus,
all of the 2nd
A.D. The way in which the two terms are
used in the Bukhshali
indicase that the gold dirdra and the silver
Iramnut formed the ordinavy earrency of the
day. This circumstance again points to some
time within the three tirzt centuries of the

whom reicued 1n centarv

arithmetic seems to

Christiw era a- the date of 1ts composition,

A fourth point, alsu mdicarive of antiguity,
which T have ulveady wdverted too is the
peculiar nuse of the cross (4-) ws the sign of
the negative quantity.

There 1s another p‘nint which may be worth
mentioning, thongh 1 do not kuow whether it
may help determining the probable date of
the work., 'The vear s reckoned i the Bakhe-
Shall arithmetie as consisting of 360 days.
Thus-in one place the followme caleulation s
given : —“If in :‘;; of a year, 20=2 ;:6 s speut,

¢ Sce note 4 at tue end ot e

|
|
:
|
|

| how munch is spent in one day *7

Here it 13
explamed that the lower denomination («:hn-
cheritheda) 13 360 days. and the result (phala)

([.f .

In comnection with this question of the age

1807

1 2185406 TaT
240 )

is glven as

of rthe Bidkhshill work, I muay note & cirenm-
stance which appeuwrs to point te a peculiar
connection ofit with the Brahma-Siddhanta
of Brahmagupta. There is & curious reser:-
blance between the fifticth sifre of the Bakh-
shali amthmetic, or rather with the algebraical
example occurring in that </fre, and tfle forty-
ninth sita of the chapter on algebra in the
Erabmu-Siddhdeta. In that
gupta tirst (otes a rule in prose. and then adds

swcra,  Brahmu-
another version of it in the dryd measuve.
Unfortunately the rule is not preserved in the
Bakhshialt Mx | but, as in the case of all other
rules, it woald have been in the form of a
and in the North-Western Prakrit (or
» Githa dialect™).
would naturally put it in what he considered

slitra

Bralimagupta in quoting 1t,

correct Saunskrit prose, und would then give
his own version of it in his favourite drud
measure.” I believe it is generally admitted
that Indian arithmetic and algebra, at least,
are of entively native oragin. ‘While Sediifidinza-
writers, ke Brahmagupta and his predecessor
Ar}'abh:ﬁ:t. might have borrowed their astro-
nomical elements from the Greeks or from
books fonnded themselves on (ireek science,
they took thetr arithmetic from native Indian
sources.  Of the Jalus it is well known that
they pos-ess astronomieal books of o very

ancient type, showing no traces of western or

Grreek ind Ti

int and
aloebra are usually treated as portions of worss

nence, Twiin anthimetie

on astronomy,  [noany case it s impossivie
that the Joins shondd not have possessed ther
own treasises onoarithmetie. when toen poess
sexce] <ueh on astronomy. The variv Bud thist,
too. are xnosn to have been proficlenis an
mathemares,  The prevalence of Buddbism
it North-Western Indiy, in the early centries
Thes

Jain

of var era. is a well-known facr.
those eariy times there were also large
commnnisoes in those regions. s testified by
the reranants of Jam scolvtare foand near
ALchara frem the fict of

and  clsewlhiere,

urtiele, olso Lote .
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the general use of the North-Western Prakric
(or the *(xithi dialect’) for literary purposes
among the early Buddhists it may reasonably
be concluded that its use prevailed also among
the Jains, between whom and the Buddhists
there was so much similarity of manners and
There is also a diffusedness in the
wode of composition of the Bakhshill work

ustoms,

which reminds one of the similar characteristic
observed in Buddhist and Jain literature.
All these cireumstances put together seem to
render it probable that in the Baklshali MS.
there has heen preserved to us a fragment of an
early Bunddhist or Juin work on arithmetic (per-
haps a portion of a larger work on astronomy).
which may have been one of the sources from
which the took their
arithmetical information.
as we know, were written in the $l4ki measure,
and when they belonged to the Buddhist or
been composed in

later Indian astronomers
These earlier sources,

Jain literature, must have
the ancient North-Western Pridkrit. Both these
points are characteristics of the Bakhshalf
work. I may add that one of the reasons why
the earlicr works were. as we are told by
tradition, revised and re-written in the dryd
measure by later writers such as Brahmagupta.
wmay have been that in their time the hiterary
form (‘Gatha dialect’) of the North-Western
Prikrit had come to be lovked upon as a bar-
harous and ungrammatical jargon as compared
with their own Sanskrit. In
case the Buddhist or Jain character of the
Bakhshill arithmetic would be a further mark

classical any

of its high antiquity,

Thronghout the Bukh<hill arithmetic the
decimal system of notation is employved.
This sy=tem cests on the principle of the
of of the It
that this principle was known in India as
carly as A, D. 5o,
why it should not have

value

position’ numbers, 1s certain
There i3 no good reason
been discovered there
considerably carlice. Infact if the antiguity of
the Bukhshill amthmetic be audmitted on other
arounds, 1t affords evidence of an carlier date of
Lhe discovery of that principle.  As regards the
zero, 1 its wmodern sense ot w * mark of position”
and  one of the ten fundamental figures of
the decimal system (01234567 39). it dis-
eovery, or ratherits elaboraton, is undoubtedly
muich later than she discovery of the “value of
It 1s guite however that

pusttion.’ certatn,

the apphc‘ltmn of the latter principle to num-
bers, in ordinary w riting, would have been
nearly impossible without the employment of
some kind of ‘mark of position,” or some mark

to Indicate the ‘empty place’ (sinya). 'Thus
the fizure 7 may mean either *seven' or

‘seventy’ or ‘seven hundred,’ according as ik

be or be not supposed to be preceded by one

(7 »or 70) or two (¥ * * or 700) cempty
places.” Uunless the presence of these ‘empty
places” or the *position’ of the figure 7 be

indicated, it would be impossible read
its ‘value’ correctly. Now what the Indians
did, was simply to nse
for this purpose the sign which thev were
in the habit of using for the purpose of indicat-
ing any empty place or omission whatsoever
in a written composition : that is the dos. It
seems obvious from the exigencies of writing
thut the use of the well-known dot as the
mark of an empty place must have suggested
itself to the Indians as soon as they began to
employ their discovery of the principle of the
“value of position” in ordinary writing. In Tndia
the use of the dot as a substitute for the Zero
must have long preceded the discovery of the
proper zero, and must have been contempo-
raneous with the discoverv of the principle
of the *value of position.” There is nothing in
the Bakhshill arithmetic to show that the dot
1> used as a proper zero, and that it is anythiug
more than the ordinary
place.’

1o

and indeed still do,

‘mark of an empty
The employment, therefore, of the
decimal system of notation such us it is, in the
Bakhshall arithmetic. is quite consistent w ith
the suggested antiguity of it,

I bave already stated that the Bakhshan
arithmetic js written in the so-called Gatha
dialect or in that ]iterzn'}' fuorm of the North.
Western Prikrit which preceded the employ-
- secular

ment, composition, of the ¢lassical

Nanskrit. s literary form consisted i

what
may be called (from the Sanskit point of ew)
an imperfect sanskritisation of the

Priknt.

peculiar

vernucular
Hence it exhibirs at every turn the
characteristios the Lmdul\.mﬂ'

The following are ~ome

of
vernacular, specimens
of orthographical pecubarities -—

Insertion of cuphon
phome consonants : of w, in

Cha-wieelearram, Ll itals -, w/m/umd]/ah

of »,
n trier-asite, lubhaicer. ashton.

luserton of 5. in mbhal»c’a;h-;-utlare‘, kshiyasé.
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s-traya.  This is a peculiarity not known to ‘
me elsewhere, either in Prikrit or in Pili.

Doubling of consonants: in compounds,
prathaina-d-dhdunté, éka-s-saikhyd ; in sentences
yadi-sh-shadbhi, ié-s-samadhand.

Pecuhar spellings : ¢riasd or trinsa for trnasat.
The speliing with the gunttural nasal before §
oceurs only in this word; not otherwise. e. g.
chatralimsa 49, Again ri for ri In ¢riline
kriyard, vimidrttam, kripati; and »{ for r/ in
rinaim, drishiah,  Again katthyotan for lathya-
thit.  Again the jlhvdmiliya
dhmwdniya ave always used before gurturals and

and  the wpo-

palatals respectively.

Irregular sandhi: L4 sé rd°
dvayo kéchi for dvayah k°. dvayd
cha, dvibhi kn® for dvibhih kri® ddyé vi® for
ddydr 0° vivaritdst! for vicaritam astl,

Confusion of the sibilants: § for sh.
Sashti 60, mdsakd ; sh for s, in Jusdinsha, vishi-
dhayét, shéshmi; § for s, in sasywin, sdiyatdm; s
for sk, in ésa ¢ this.

Confusion of pand = :
Lshayéna for kshayena (s. 27); vingastai for
vinyastuai.

Klision of a final consonant : bhdjayé. Léchi, |
for bhajayét, kéchit.

Interpolation of r: khrinai for Ainai.

The following are specimens of etymological

for kuhb sa rd,°
cha for dvayas

n

utpanna for utpanna;

and syntactical peculiarities :—

Absence of inflection: nom.
Sin sd rdi for rdiih (s. 50), yavdin visésha bar-
tarnmi for riséshal (s. 51); nom. plur., sévyua
canti for sévydh (s. 53): ace. plur, dindra

SINg.  masc.,

dattavan for dindrdn (5. 53).

sing.

=

Peculinr inflection s gen. qatisna for
qatth (s 10); parasny for dtm., wilerinet for
viksinitd “he sells” (s H4). atm. for parasm..
d);/'n_lm/[ for m:ju{/uf/ *he earns’ (s, 03).

Chunve of gendev: masc. for neut, rudld
for wildni (s 3501 neat, for mase. cargai
for recgah (o 5071 neat. for fem., yuton cha
Fartaryd for yutis (~. D).

Fschange  of nambers: plur. for sines
(hharét) Libldh for Ldblah (5. o).

Kxchanoe of ecases: ace for nomy, deitiymi
drjayatd boolhah for deciygoh (s 03) ace. for

uste., feshepmi smivpunge for kslayéna (s, 270

ace. for loe., kim kdlon for kaswoe kdle
(. 22): instr. for loc. uacna fedléna  for

asmin fdld (s 53) instr. for nowe, prathancna

dattardn for prathamd (s. 53), or ékina yute

for éki (s. 15); loc. for instr,, prathamé dattd
for prathaména (s. 83), or mdnavé grikitai for
minavéna (s. 57): gen. for dat., duvitiyasya
dattd for dvitiydya (s. 53).

Abnormal concord : incongruent cases, «yain

P oprashtd for asmin (s. 32): incongruent numbers,

ésa lahhih for labhah (s. 54), rdjuputrd héchi for
rdjupufrdf (s. 53); incongruent genders, si
kalwiy for tat kdlan (s. 52). visesha kartuvyai
for kurtavyal (s. 51). sd@ rdsih for sa (s. 50),
Edvyaim sthitah for sthitwn (s. 14).

Peculiar forms: nicarita for wnivritu, rdja
for @ jana, divaddha *one and one-half,” chatvd-
loisa 40, paiehdsama 50th, claupoichdsama
Sth, chaturiditi 84, tri-r-dsiti 83, pinyasé
(v. L vinuasé) for apinyaset, hlidjayéta let 1t be
divided™ for bhdjyéta (s. 27).

Peculiar meanings: yadrichehld, ov kdmikanm
for the ‘number one,’ when representing the
unknown quantity of which the value is songht.

The following extracts may serve as speci-
mens of the text: —

TEXT,.
18th Sutra.

Adydr viséshadvigunam chayasnddhivibhiji-

tam |

Ripadhikon tathd Ldlam gatisisyam tada

bhavct 1y

P Udan

Dvaviditrichayas chaiva dvichayatryddikot-
taral i

Dvayo cha bhavat® pamthi kina kil‘na
sdsvatim Q)

3

. . . . Loa2 . .
sthipanam krivat® | sl TR ] [«‘ g p?ii'

A 20 . T SN
dvi &y Pay karanam (1 adyor visésha
. . e e e s tadvi 2 e e
Udan
N . I
e e . e e e e e oWl
17w paldha § kavanam | advor vide-
i 1 “ ¢ “ye -
I . .. e shum adi » | 1lu
Y nwy paqidhal

vidisha b | chayasud-

dhi chavam 61 3 Snddhi 3 adis sha 5 dvigunam
13
3

. 10
10 urtaravisesha 3 vibhaktam 5 sarwpam

«sha palam anena kaléra samadhana bhavanti i
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pratyayam || ripbpakaran ‘na phalam J} d\?i

Ashrhidasamasiitrat 18 1t 4 11

ol ‘ll
8

27th Sutra.

Tdantih suvarpakshayam vakshyind vasyedan
stirram |
Kshayam samgunva  kanakis
bhijavét tatah 1
Samyurtair éva kanakair ckaikasya kshayo
hi sal i

tadyutir-b-

Tdin
A . . . A ..
FEludeitrichatussamkhyasuvarna méshakai ri-
nait |

Fkadvitrichatussamkhya/ rabita® samabhé-
gatam

. PPN B ool el el
sthapanam kriyat® | (shim 11 2 3 I

karanam i Jlshayai samgunya kanakadibhi
kshayina samgunya jitatm | 14 | 9|16 | tud-

yut! V ¢sha yati 30 kanakd yuti 10 anena

bhaktva labdham .
- i 110 310 % pha magé }
::vﬂ R . 110 31" f‘l) pha wuffé({
Ii 11" ‘ 310 ‘f | phu mdsé El’
. - T = - 2_
! 110 ‘510 LIL | pha mas: 11
rTdan
Ekadvitrichatussamkhyasavarna projjhita

o |
Maisakd dvitritiin chaiva chatulpamehaka-
rahdakam®® kim kehayam 11

1! 21 | i]" }ookuranum | kshayvem  samgunya
o3l s . TS S
- P77 Ranakd hasthipyate 205 455

-s-tadyutiv-b-bh gay fat?
165

6o
"

tatuly  harasisy:

krit® yutam ~aryutath kanakair bhakevi
~ . . .. . 164
taddt kanaki 10 anéna bhaktan jatam gy

7la ckatknsivarpasyn kshaywh ¢ pratyayan

Eradrdsik ma kartavya |

¢ The two fir-t Ietter- ek wrc uneertain, owing to a
d -fort in the teature of the leaf.

W Read chotaspamchiing aa.
cati<fi. 1 Read bl ta.

' Here 12 00~ omattedin the M& by n-tuke

T he <o fragments of the < fre Lase been testored
from whet Lppesr to be quotratior - u the ~olntoon

P Ther s s 10 be some confu-son 1bont thie s xampic
The fir-t Lue us 1t stupds does wot ecun, moroosor
sostend of k) ria st ehonld be yo rar The second Luli-

Fore Edhayawr, wetrl

b1 163

1 A 163 - e e -
1 60 1 PR g y -
10 163 2 Co163
1 ¢y 1 PpPha 300 coT
10163 18, 163 S e
I S T I L L | e VN
[ (R Y 1~ . 1163 .
1 1l pha gy
Udan
I « .+« « . . . . Srunusvam: i

Kram'na dvaya mishidi nttars (kabinatinm §
Suvarnam mé fu
ganakottama

sammérya katthyutam

‘“‘3"#‘6*. =N 941+ 2 3
6 7

sthapanam A

|0

" kshayam satigunya jitam 201 301 42 56
P21 90121 61" ¢sham yuti 330 kanwkduinm

yuti 45 | ancna bhaktva labdbam 3;3:) | paticha-
dadabhig -$-chhida kriyate | phalam 78t ;

vsa ckaikamidakakshavam | pratvava  traira-
133011

YT 9 . .
Sikéni |y 11 phalam 22 cvam surve-
i
shdm pratyayd kartavga w - - - oo ..
Saptavionsatimasitram 27 | 4+ 1
‘ 50th Sutra.
| - ‘ - - .
Yutahinam cha-m-6katvan . ., . . . . . | |

L e e e e s R yutBin cha Eartavyd®t y
" Uday

' KO vasi pamchayuti miiludah si vhsis sapta-
L milada )

Ko 50 vasiv iti prashtah®* n
' e 'y ®
1 1 va mi

)

™ . e
st 1 1 il 3

-1

Lo rnian

vatdhinam  cha-m-ckatvam 120 tadefalam | v

it -
vutim cha kartavya | Ao 7

dalam | 21

dvibvimam vaream 4 Lin o

Tancmi vun

!
11 S SR vASL I asya pratvana anun beoqe
| _ v . W

'
11 ) R T B S . .
Cpp oYwop MmUYy g Purnchida-

masutram || 4+

| e~ o

o e does sean s but the words ot poashion wem npt «f

Pl asa portion of the verse) Now 1f we omit o
prockoa from the vorsel the remander, with o fow
Sheht elterations, teads as a cotreet viree of one lLine
and uonaln though o utter disreoard of o1} RN
Tl 7

Yo 1% proanchayuta muladab »5 rfa saptadd - o

na wiinda ho <o rfoar st prashtah
Poerbaps that disregurd accounts tor the cotfuviop Lude
Uy the semibe of the MS
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51st Sutra.

Gavim visésha kartavyam dhanam chaiva |

puna , . |
- i

A e e o

NN MNAAAA Y s s ——

53rd Stitra.

Ahadravyaharisau ta'®) tadvisésham vibhdja-

dvigunam dvitiyasya prathama . . i

PrathamA chaturgunam chaiva chaturths
chaiva dattavin |

Cha . . . .
nugzam i

Vadasva prathamé dattam kim praménam

« . . Satam c¢kam dvaya-

sya cha I
i 2 34 . 20 ‘A . .
}: ’ 1 \1_‘: 1 %} dlﬂs&i}i* slinyam Ckayutam
kritva 1|2 |3 | 4 | praksh.payuktyi phalam

yét |

Yallabdham dvigunam kélam dattd sama-
dhana pratin

Uda

Tridiné Arjaye pamcha bhritaké-m--kapandi-
tah 1

Dvitiyamn  pamchadivasé rasam Arjayaté |
budhaly 1

Prathamena dvitiyasya sapta dattani . . tah

Datvd samadhand jitd kena kal-na katth.
yatam |

yri 8

harimsau tat tadvis'sham ~-~~~-~--~vrmm s~ s

N N UV Y N R N Y

bhavansi 1t pratyaya

trairasike kriyaté 3 5 517 3‘10 1 pha 50 | pratha-
mé  dvitivasya- 55 g, o7 | S-sapta
datta | 7 Sisham 1 ' 141 ]pha. '30 £ 43 1
43 1 43 ét> samadhand jita ll
Udau
Rijaputrd dvayd kéchi nripati-s-sévya santi
vaih |

M- kisyihn® dvaya-sh-shadbhigi®®) dvitiya-
gya divarddhakam N
Pratham ‘na dvitiyasya dasa dinira dattavin |
Kina kalina tamatim ganayitva vadisu mé
\". 18 1 3 l dattam 1] karapam || abadravya-
!

V1§ - shdm dn | tma,v R

P Caw e AN

pratvm’ar'n trairasikc na

ra “ karapam | ahadravyarisésham

| } 1 l 31‘) ll pha 65 | pratham na dvitiyasya 10
’1—7;"-'30 T [ dattd jata 1 851 95 n
‘1 91 ! pha :_} samadhand jitd W Satram |

tripamchasamak sitraim 53 1t -+ 1

Sttra.

Udd 1

1% Read ®hardinéau tal.

2040 ] 60 | 80 | évam 200 | ¢sha pratyaya
A )0} ‘)U

1"
2001

phalam

pa ] \ riipdnakaranéna

Sutra.
Yadrichchhd pinyas® Stnyé tada vargam ru
kdroyétn

" Udd
Tada cha tgigux_xmh dattasn . . .. . ... 0
e . prathamasya tu kim bhaver iy
i; b 1‘ tadad ‘12 \i tada ? !f tarI{Z% {“ dattam 1“1;2 ||

Faranmiy yadrichehhd vinyasd $inyé | tatri-

chehha ] 1 || tadd vargam tu kiray:t
% ;ﬁ” ﬂ prokshipt gupitam 1 | 2

| 6 | 24| prakshiptam 33 || drishyam vibhajét

!
| 35 132 vartyam jatam H’l ¢sha prathamena
dattam W atd nyisah || 4| 8 | 24 | 96 | dattam
132 vsha vargakramaganitam | atha yutivar.
gam dva-troidddhikasatam

Kamikain $inyavinyastam tada chaive kramd
unam |

kritvd chaturtha . . . . .}
. prathamasyakim bhavét 1

, e 2133 124 .
sthpanaiy ‘f 1 1{ 71 drn ‘)“O#‘mxm‘-

" kam éGnyapinyastui Ldmikam 1 | «sha nyas-

tam px.u}uunammu  tadd chaiva kraména

cupita | 1] 219 ] 48| &shinh yuf/ prakshé-
Y 1|30
pam i",' { ancna drishyam bhijitam { 60 |1 1
jati | fshe prethiamasya dhianam 1 anéra

18 Re ad ¢ Iuwuhm dr l~na’7ﬂuma The error app ars
to have been noticed by the scribe of the manuscript.
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15110 |45 ; 240 ‘; Svaii 300 i
ésha yutwalgagagltam I
Udan
Prathamasya na jdndmi katham dattam cha
vai dhanam |
Sa cha dvyardhayutam dattan . . . .+ -

kshepam ganayé

- N T

dattam chaiva chatur-

gonam [}

)
5
,
A

fatam chatuichatvilimsidhi-

Faain ‘

Xim prathumasya dhana » . v o0 v e o |l \}

1‘;2“33‘44\ 144 ¢ i

° S1 1hdri 1, ... . SU-

lulmwm ]
;7—#;[_;__#/—:

a2 1
nyésu b

tath chaiva gupam kritva karayé gapakraman

tu z guyam | uparé uparai adhé adham gu-
13 cA Ar_a
pavé ( \ sirdhadvayayutam |y | tritlyardsya

gunanat | sirdhais saptabhi tulul 9 ) sirdha-

79
trayayutam ]”‘j] chaturthariéi gunayé-sh-

Sy onga 120810 4 o
shadvimsatibhi | jata l 2 ,sardhachatvurxyu-

¢ o PRS- B PN re .
tamit l 27 ' prakshé payntl l g [ goart drisyam |

sarvam tadéva jatam

trignnam  trisirdhayu-

tamm ||
Chaturguns un
dattam*” §

chaturthéna pavirdhayutam |

. P L

dpisati dvivimsidhiki n
Kim atra prathamasya dattdsit ¥

0t f '
\11 T g l‘l‘) 3 ; 3 H g Skatram dattam 222 ¢
5um<a sthiné lupam datva || 1 || yutagunita

!
yutakraména jatam || sthipanai |

5(].’)’67
2|2 |2

5 o
3:)7 dnshm 22 [ prakshépéna Jatam 222 § |
dattah drmv ih 222 [I jafam ||

Udi || ;
. . i
Prathamam'® pa janimidivardhayutam . . .1

17 This live is short by one syllable. and otherwise not

regular 1o scanning The tinal guestion uppears to be
in prose
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. nam pamchdsayutam prathama . .

ol

e s o Pt S A NN SN
karapam | §tnyé ripam datva: yutam Jatam

5 l prathami dviguan pmiwhdrdhm'ahita:h \

hami tritiyam tgigulgam sapt&r—

$esham

dharahitain \ .s‘eeham[

chaturgunam na.vardharahltam \ $ésham I EX

ésha nydsah * 2 I 2 1:_}[ dri 229 l pra-

kshipayuktih | % | vibhaktam | |3 | jétern

1| anéna gupitam tadéva | évam rinarasi
bhavanti | triprakiram samédptam [ Slonya-
sthané réipam datvéd | tadanuyuktamj gunita . .

TRANSLATION.
18th Stutra.

Twice the difference of the two initial terms,
divided by the difference of the (two) incre-
ments, and further augmented by one, shall
be the time that determines the progression.

First Example.

A person has an initial (speed) of two and
an increment of three, another has an incre-
ment of two and an initial (speed) of three.
Let it now be determined in what time the
two persons will meet in their journey.

The statement is as follows :

No. 1, init. term 2, increment 3, period z

No. 2, 3, 2, ., T

Solution :—* the difference of the two initial
terms” (2and 3 is 1; the difference of the two
increments 3 and 2 1s 1; twice the difference
of the initial terms 1 is 2, and this, divided by

b2 2 ”

the difference of the increments 1, is 21, and
. 3 . . .
. angmented by 1, is T; this is the period. In

this time [3] they meet in their journey
which is 15).
Second Exaraple.
(The problem in words is wanting; it would

| be something to this effect :-—4 earns 5 on the
| first and 6 more on every following day; B

carns 10 on the first and 3 more on every fol-

i lowing day; when will both have earned an
equql amount 7)

* Read prnf}mmqsya metri causf, as iu one of the
preceding examples.



FeBruary, 1888.]

THE BAKHSHALI MANUSCRIPT.

438

Statement : —

No. 1, init. term 5, increment 6, period =z,
possession z.

No. 2, init. term 10, increment 3, period z,
possession r,

Solwtion :—* Twice the difference of the two
initial terms,” etc. ;
10, their difference is 5.
the (two) increments;”
and 3 ; their difference is 3. The difference of

“ By the difference of

the initial terms 5, being doubled, is 10, and ;

divided by the difference of the increments 3,

and augmented by one, Is 2. This (i.e

. [p
Is 3, 5
13

-y or 43) is the period: in that time the two
persons become possessed of the same amount
of wealth.

Proof :—by the ripina method the sum of
either progression is found to be 65 (/. e. each

of the two persons earns 65 in 45 days).

27th Sutra.

Now I shall discuss the wastage (in the
working) of gold, the rule about which is as
follows :—

Having multiplied severally the parts of
gold with the wastage, let the total wastage
be divided by the sum of the parts of gold.
The result is the wastage of each part (of the
whole mass) of gold.

First Example.

Suvarpas numbering respectively one, two,
three, four, are subject to a wastage of misha-
three,

kas numbering respectively one, two,

four. Irrespective of such wastage they suffer
an equal distribution of wastage. (What is
the latter 7)
The statement is as follows :—
Wasgtage — 1, — 2, — 3, — 4 mishaka.
Gold 1, 2, 3, 4 suvarna.
Solution :—* Having multiplied severally

the parts of gold with the wastage,” ete.: by
multiplying with the wastage, the products 1,
4, 9, 16 are obtained ;
its sum is 30 ; the sum of the parts of gold is
10; dividing with it, we obtain 3.
the wastage of each

3

“let the total wastage,’

part, or the average
wastage, of the whole mass of gold.)

(Proof by the rule of three is the follow-
ing):—as the sum of gold 10 is to the total
wastage of 30 mishakas, so the sum of gold 4

is to the wastage of 12 mashakas, etc.

the increments are 6 '

|
|
|
|

i

the initial terms are 5 and

|
i
i

(This is .

i

Second Example.
There are suvarnas numbering one, two
three, four. There are thrown out the follow-

. ing mishakas; one-half, one-third, one-fourth,

one-fifth. What is the (average) wastage (in

' the whole mass of gold) ?
Statement :—

quantities of gold, 1,

wastage 3

X}

2, 3, 4 suvarpa.
% 1+ } mashaka,
Solution :—* Having multiplied severally the
parts of gold with the wastage,” the products
may thus be stated,—1%, %, £, £ ¢ Let the
total wastage be divided ;” the division being
directed to be made, the total
1(:‘03, dividing “by the sum of the parts of
gold ;" hiere the sum of the parts of gold is 10:
being divided by this, the result is éii

wastage is

This is
the wastage of each part of the whole mass of
gold.

Proof may be made by the rule of three:—
as the sum of the pa.rts of gold 10 is to the

total wastage of 0 mdshaka, so the sum of

gold 4 is to the wastage of 18 =5 mashaka ete.

Third Example,

(The problem in words is only partially
preserved, but from its statement in figures
and the subsequent explanation, its purport
may be thus restored) :—

Of gold mdishakas numbering respectively
five, six, seven, eight, nine, ten, quantities
numbering respectively four, tive, six, seven,
eight, nine, are wasted. Of another metal
numbering in order two m.hhakm, ete, {i. ~..
vwo, three, four) also quantltleb numbenno in
order one. ete. (i.e., one, two, three),are wasted.
Mixing the gold with the alloy, O best of
arithmeticians ! tell me (what is the average
wastage of the whole mass of mixed gold) ¥

Statement :—

wastage : -~ 4,—5,—4,—7,—8,—9;—1,—2.—
gold : 8, 6, 7, & 9,1v; 2, 3. 4
(Solution) : —** Having multiplied severally
the parts of gold with the wastage,” the pro-
ductsare 20, 30,42, 56, 72, 90. 2, 6, 12 ; their sum

is 330
- . . 3w ..
dividing by this we obtain 455 thisis reduced

the sum of the parts of gold is 45

by 15 (i. e 33), the result is 7 leaving L (0. ¢,
7%); that is the wastage of each mashaka (of
mixed gold).

Proof :—by the rule of three :—as the total
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gold 45 is to the total wastage 330, so 1
mishaka of gold is to %2 parts of wastage. In
the same way the proof of all (the other) items
is to be made (3. e. 45: 330 =5: 5°; 45: 830
=6:44; 45: 830 = 7: '%; 45: 330 = 8;
176

Y2.45:330 =9: 66; 45 : 330 = 10: 7).

50th Stutra.

(The sdtra is lost, bat can be partially
restored from the solution, and may be thus
translated :—¢ The sum of the additive and
subtractive numbers is divided by an assumed
number; the quotient, lessened by the same
number and halved, is squared and added to
the subtractive number.”’)

Example.

Which number added to five is a square,
that (same) number lessened by seven is a
square. Which number is that 7 This is the
question.

Statement :—z 4+ 5 = 27 and 2 — 7 =2

Solution :—* The sum of the additive and
subtractive numbers” is 12 ; the half of it i1s6
lessened by two is 4; its half is 2; its square
18 4 “And 1s added to the subtractive
number ;” the subtractive number is 7 ; added
to it, it becomes 11 (i. e. 4 - 7). This is that
(required) number.

Its proof is this: 11 4 5 = square of 4
(3. €. 16); and 11 —7 — square of 2 (4. e. 4).

(The next sdfra is only a fragment, and I

omit it),

53rd Sutra.
(Having found) the two fractions (indicative)

of the datly earnings, divide by their difference |

what 1s given towards (producing) cqual posses-

sions. The quotient, being doubled, is the time

(in which their possessions become equal).*®
First Kxample.

Let one hired Pandit earn five in three days;
another learned man earns six in five days.
The first gives seven to the sccond from his
earnings. Say, in what time, after having
given it, their possessions becom: oqual ?

Statement :—No. I, %:ear‘nings of 1 day;
No. 1I, g = earnings of 1 day; gift 7.

* The above is andoubtedly the meamng of the rale.
though the exact convtruction of the text is not quite
clear to me Literally the wordsappear 1o be ** The
two fractions of the daily earmings cause their difference

Solution : ¢ The difference of the daily earn-
ings; the two fractions; their difference;”
(here the daily earnings are % and % ; their
difference is & the gift is 7; divided by the
difference of the daily earnings T75" the result
is 15 ; being doubled, it is 30 ; this is the time),
in which their possessions become equal.

Proof may be made by the rule of three:—
3:53=230:50, and 5 : 6 = 30 : 36; “thLe
fist gives seven to the second” 7, remainder
43 ; hence 43 and 43 are their equal possessions.

Second Example.

Two Rajplts are the servants of a king.
The wages of one (of them) per day are two and
one-sixth, of the other one and one-half. The
first gives vo the second ten dindras. Calculare
and tell me quickly, in what time there wiil
be equality (in their possessions) ?

Statement :—daily wages 1—63 and ;; gift 10.

Solution :—* and difference of the daily earn-

. . . . 1
ings ;" here (the daily earnings are 2

Iy and 3 :
. . . 2
their difference is £ ; the gift is 10; divided by
the difference of the daily earnings 2, the
result is 15; being doubled, it is 30. This is
the time, in which their possessions become
equal).

Proof by the rule of three:—1 : %3 = 30:
65; and 1:; = 30 : 45. The first gives 10
to the second; hence 55 and 55 are their
equal possessions,

(The following examples form a connected
set. The sitras to which they belong are very
imperfectly preserved, nor is there any indica-
tion lcft, how they were numbered, The
examples also exist in a too frat_;ﬂlentary state
to allow of any translation : but it is possible to
restore their purport from what is left of the
solution,

The sitra belonging to the followinge exam-
ple is lost. The exuflp]c itself may bz ::;,u;.
structed thus :—)

The second gives twice as much ag the first,
the third three times as much as the first, the
fourth four times as much as the first. The

total gift of the four persons is two hundred.

to aivide, go that (tnf-y1t) the quotlent- 7bni;1-

f-y € . being doubled.
19 the”tlmc, thu.t which 14 given towards equal poﬂ:::(s-
sions.” Tudrisishim und dutti are the two accusutives
governed by the causal verb wbhdjayet.
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Tell me now, how much was given by the first, Solution :—*the desired quantity is put in the

and what is the amount of each gift.

empty place;” the desired quantity is 1; this

Statement:—A givesz, B2, C3,D 4. Total i is placed as the first number ; then the succes-

200.

several rates); by the application of the sum -

of the rates we obtain 20, 40, 60, 30, and thence

the total 200.
This is the statement of the proof :—
Tuit. term 20, increment 20, period 4.

By the ripira method the total is found to
be 200.

Stuitra.

(Only the first portion of this sitra is pre-
served ; viz. ‘“put into the empty place the
number 1 representing the desired quantity,
and then make up the series of items.” The
purport of this rule will be understood from
the following examples).

First Fxample.
(Its purport is:— B gives 2 times as much as

9
<

A, C gives
times as much as C. Their total gift is 132,
What is the gift of A ?)

Statement :—A gives @, B 2, C 3, D 4.

Total 132.

Solution :—¢ Put 1 in the place of 2 ; then
form the series of items” 1, 2,3 X 2,4 X 6,
multiplying these several rates, 1, 2, 6, 24,
their total is 33; with it divide the given
total, thus %5,
this is the gift of A. Hence the series of
vifts is as follows :—4, 8, 24, 96, and the total
gift is 132, This is calculated from the series
of items, and hence the total of the items is
one hundred and thirty-two.

(Here follows what appears to be intended
as o modification of the same sifra, since it is
not specialised as a separate stfra. What
remains of it, runs thus :— the number 1 is put
into the empty place, and then (the items) are
successively multiplied.” The purport of the
rule will be again understood from the example.)

Second Example.

(Its purport is :—B possesses 2 times as much
as A; C has 3 times as much as A and B
together; D has 4 times as much as A, B and
C together. Their total possessions are 300.
What is the possession of A ?)

Statement :— A has ¢, B 2, C 3 X 3, D

4 X 12. Total 300.

times as much as B, D gives 4

the resulting item is 4, and

" sive maultiplications are made, 1, 2, 9, 48,
Solution :—Having filled up the empty place -
(or ) with one, (we obtain) 1, 2, 3, 4 (as the '

Their addition gives the sum of the rates 60;
300

with this the given total is divided, thus & ;

+ the result is 5, and this is the possession of A,

With this by multiplication the several rates

are obtained, thus 5, 10, 45, 240. Thence the

" total of the items is calculated to be 300.

|
|
4

(Next follows the fragment of a third exam-
ple which I omit. After this must have
followed a third modification of the
sdtra, which is lost; but the first portion of
it, as quoted in the examples, must have run
thus:—

Siinyasthdné  vipan dated, yutaon chaiva

sanie

grnwin tatuh
i.e.,, * having put the number one in the empty
place, the (needful) additions and multiplica-

. tions are then made.”)

Fourth Example.

(Tts purport is :— A possesses something and
1% in addition; B has 2 times as much as A
and 2% in addition ; © has 3 times as much as
B and 3! in addition; D has 4 times as much
as C and 4% in addition. Their total posses-
sions are one hundred and forty-four and one
half. What is the possession of A 7).

Statement :—A has z -+ 11, B 2 4 24,

C 34 8%, D4+ 4% Total 1443,

Solation :—* Having put one in the
place,” thus 14 13: “the several additions
and multiplications are then made :”" in making
the additions and multiplications, let the proper
order of calculation be observed, (hence by

empty

addition) ;, next comes multiplication ; (here)

muoltiply numerator with numerator and deno-
. . . 0 ,. 2 5
minator with denominator, 3 (f.e. 7 X §); two

and one half are now added, thus % ! IOW comes
the multiplication with the third number, or
three(is multiplied) with seven and one half (i.e.

? = 74), thus % . three and one half are

2

52

now added, thus :2— ; now mnultiply the number

. . . 52 R R
four with twenty-six (i.e. D? = 26); the result
‘ZA(lj
2
a7

is ; four and one half are now added, thus
The total of these rates is 2—39 which 1is
the given total of the possessions. All the rest

remains the same; ({.e. dividing the given
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28 289 .
total ')%9 by the sum of the rates % we obtain
1 a< the value of @, hence the possessions of

3

. 5 15 52 217
A, B, C, D are respectively _i';, 55 and 5

the same as the rates mentioned above).
Fifth Example.

(It purport is:—A gives j plus a certain
amount; B gives g plus 2 times as much as A
T
2

C gives |

plug 3 times as much as A and B;

0 . .
5 plus 4 times as much as A, B and C,

999

peEasan

D gives
The total of their gifts is What was the
wift of A 7).

Statement : —A gives # 4 %, B2
a7 292

7. D475 the joins gift is 222,
Solution :—“ Having put the number one in
1 (for »), the additions

and wmultiplications are made in their proper

the empty place,”

order. The result is the following series of -
513 67 8% . . oo
rates: z, =, =, —; the given total is 222,

The addition of the rates vields 222, which is
the same as the given total 222 This practi-
cully finishes the solution.

(Next follows the fragment of the sixth
exumple, which T again omit).

Seventh Example.

tlts purport is*—A has 11 plus a certain
anunt ; B has 24 less than 2 times A ; C has
55 less than 3 times A; D has 4L less than
A, Their total possessions arve 2‘_9
What is the possession of A ¥)

1 The statement is wanting).

{ times

e
-

Solation :—¢ Having pat the number one in

the empty place,” the addition is made

[

“wice the rate of A less five halves is 2 three

times the rate of A, less seven halves, is

— e
—_

fonr times the rate of A, less nine halves, is

x

The series of these rates is as follows -
1

5
K

[N T

99

The given total iy ': of the

29 o
5. Dividing the one by the other,

The sum
rates 1s

' 2

S We obtain 1. Multiplying by this, the

~ame amount is obtained (as the gift of A ; riz.

) The same is the case with the negative
quantities, (7. B 1 A [(2 x _j)-—. 3] = ;3,
<imilarly C f, D 171 .
NOTES.
. In the text, the italicised words are con-
wweturally restored portions.  The dots signify
vho syltables (alhasa) which ave wanting in

the manuscript, the number of the dots cor-
responding to the number of missing syllables.
The serpentine lines indicate the fact of lines
being lost at the top and bottom of the leaves of
the manuscript. Inthe translation the bracketed
portions supply lost portions of the manuseripr.
The latter can, to a great extent, be restored
by a comparison of the several examples.
Occasionally words are added in Dbrackets to
facilitate the

D

understanding of the passage.

Sutra 18. Problems- on progression.
Two persons At
starting £ has the advantage over .1; but

advance from the same point

afterwards 4 advances at a quicker rate than
B. Question :—when will they have made an
equal distance ? In other words, that period of
the two progressions is to be found where
their sums coincide. The first example is
taken from the case of two persons truvelling.
I makes 3 miles on the first day against 2
miles of A ; but .1 makes 3 miles more on each
succeeding day against B's 2 miles. The result
is that at the end of the third day they meet,
after each has travelled 15 miles
vels 2+ (24+3) 4+ 24+ 3+ 3) 15 miles,
and B3-+GB4+2)+(3+2+ 2) 15 miles.
The second example is taken from the case of
two traders,

For 4 tra-

At starting I has the advantage
of possessing 10 dindrasagainst the 5 of A ; hut
in the sequel A gains 6 dirdras more on each
day against the 3 of B. The result is that
after 44 days, they possess an equal amount of
llf‘vrllll/'fls‘, viz. 69.

3. Sutra 27. Problems on averages (s -
Bbhiyntd). Certain quantities of gold suffer lows
at different rates.  Question :—what is the
average loss of the whole ? The first problem
is very concisely expressed; the question ia
understood ; some words, like Jouf ety must
be sapplied to swmablidjatéin.  The reading
raliitd, however, is not certain.

4. Brahmagupta’s version of the forty-
ninth sdtra, referred to above. (M=, No. 1, B, 6.
Library, As. Soc. Beng., p. #5) is as tollows :—

Idanim |

Yo risic ishtond vargd bhavatl, s6 ch’anva-
shtavutd varga éva bhavati | )

Tat-kurana-sitram

Yair @ind yais cha yuto tipair vargas tad-

atkyam ishtu-hritam |

shtonam tad-dala-kritip Unabhyudhika bh

vatl rasth g

-
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The karana-sitrais translated by Colebrooke :

(Indian Algebra, p. 371) thus :—*“ the sum of
the numbers, the addition and subtraction of

'

which makes the quantity a square, being .

diviled by an arbitrarily assumed number
(/shta), has that assumed number taken from
the quotient : the square of half the remainder,
with the subtractive number added to it, is
the quantity (sought).””  The sidsra is followed
by a commentary and an example, which
differs entively from that given in the Bakh-
shadl M3, Tt will alse noticed, that
Bralunagupta's «itra is in the dryd measure,

he

while the fragments of the #itra in the Bakh-
shall M=..
the kg measure.

Unnumbered sutras. Problems
It may be noted that

as restored from the solution, are in
2. on
distribution or partition.
these examples afford an illustration of what
has been before remarked regarding the natuve
and use of the dot. It will be noticed that
the dot e is called §inya or ‘ the empty place :’

the direction is given ‘to fill up the ‘empty
pluce with the number 1, the latter being
arbitrarily assumed to represent the unknown
quantity of which the value is sought (the
Chekhd ov kduwilad).—~The meaning of the ex-
ample of the first sifre is :—1f A gives 1, B gives
2 - 1=2.03A1=3D4x1=4
of the ratesis 1 4+ 2 4= 3 4+ 4 = 10; dividing
the oiven total 200 by 10, we obtain 20, us the
wirt of A. Hence the gifts of B, C, D arve 4y,
6. 30 vespectively.  The rule of the 1iping
method is not preserved in the Bakhshall Ms.
Tt i~ civen, however. by Brahmagupta in
tne sw:twn of his Avithmetic on Progression.
T
work it is numbered 17 (on p. 200), and runs

1. . . ..

wii

katthyatim 1‘ ]‘ .

P

ol 9T
o, ma Y

e . IR . 3
f. gunitam it ‘l o rlpa-kshayam i\ 5
5o Thktam]  Jitun 45 asya saptivinsa

6. {parik<himisyn

. 4, vields the total 200,

as follows :—*‘ The period less one, multiplied
by the common difference, being added to the
first term. is the amount of the last. Half the
sum of the last and first terms is the mean
amount : which multiplied by the period. i»
the sum of the whole.” Applying this rule to
the present example we have:—the period 4
less 1is 3; multiplied by the increment 20, it
is 60; added to the initial term 20, it is Su.
The sum of 80 and 20 is 100; half that
sum Is> 90: and this multiplied by the period
In the original Sans-
krit (MsS.. No. I, B, 6. Library, As. Soc.
Beng.. p. 86) of Brahmagupta, the rule run~
thus :—

Padim ékahinam uttaragupitam samyuktam
ddindntyadhanarm

Adiyut mtyadhanirdham madhyadhanam pa-
dagunitain phalam n

It will be noticed that this is in the dryd
measure, and that it is quite differently worded

" from the same rule in the Bakhshalt MS., whicl
and a- the fivst step of the process of solution i

commences with the word r7pdna, and which
This
contirms a vemark previously made regard.
ing the velation of the Bakhshill MS. to
Brahmagnpta.—In the fifth example of the

must have been in the §like measure.

, second ~ifre the rates are obtained thas: A

The s '

Uolebronke’s translation of Bralinagupta's

aitu-raunbhalohasva

karawai |

1
i angna

pitya SEham 18 )

35
22

5 5 15 . /3
;B2X§+;=§";C3>\Z
15

+ 5 +

222 dividing with

% ¢ 7
£
2 a ) .

T

The sum of the rates

87 9 :
)t .="
1
this the uwven total 222 we obtain 1 as the

value of w3 which practically finishes the

problem: for multiplying each rate with 1, we
5 67 337

,r 5 for the

. BEE &
obtain the same amounts , 5,

several vifts of A, By C and D.
. The page fonr:d on the accompanying

plate reads as follows :—

tri-chatnh-patichaka  kshay® 1 sapta =

2 vimati pindesya tridhinnesdshya drishyvard |okim saevan vada tatvajia kshayam chu

N . R [
kritva vupa-kshayam  partha 3

Soshah bhaktam  Sésham [ 27 [ bha =

8ta kshavam o uda i

Phasva  tindhantan pachamishabam | na jnayate [t t-pravrittika

7o foa & she pradpdyard bopeavriti-séshaw yoo pindar kévalam  vinsati sthitam ¢ 4 =

= darivatai paveind sa koo ova

{ésham

L1 11
e 3 01 5

vadasva kritvi rlpa =]
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The lithographed plate, unfortunately, is
not quite perfect. The transcript has been
made from the original. Ambha-l6ha 1 take ,
to be the Sanskrit abhra-réha ¢ lapis lazuli’ (cf, 1
Pili amlhs ‘a pebble’). For pamchamdsakawn -
read pamchamnsakan. The purport of the first
example is: “ of an unknown quantity (pinda)
of lapis lazuli, on deducting the loss (in cut-
ting), there remain %, 3, } in three instalments
(tridhd-anta) ; the sum of the remainders of |
the three instalments is 27. What was the
total, and what is the loss ?”” Solution: “ Sub-
tracting from 1 severally %, {, 3, we get
3, &; these multiplied with one another are
; subtracting this from 1, we get g, the total
remainder 27, being divided by this, we get 45,
deducting from this the total remainder 27, we

U Rty

} get 18 as the loss.” Proof: the total is 45 ; at

the first time of cutting, § or 15 is got as cut
stones; hence the loss (or what is cut away) is
30 ; the latter is cut once more, and § or 73 is
got as cut stones, the loss being 224 ; this is

cut a third time, and } or 4} is now got as cut

stones, the final loss being 13. The produce
of the three instulments of cutting, accord-
ingly, is 15 + 7§ + 44 or 27.--The second
example is similar; only that here, besides the
oviginal (pracritti) total (50), the total pro-
duce (éska or what remains after deducting
the several losses) is to be found (30), instead
of the final remainder (pravritti-éésha) which
is given as 20. The solution (and proof) may
be made exactly as in the case of the first
example.

SOMALI AS A WRITTEN LANGUAGE.
No. IIL*
BY CAPTAIN J. 8. KING, Bo.S.C.

CoLLOQUIAL SENTENCES.
English Somili
( 1 w7
st > el Sol
18.—How old are g - -

|
you? <I . or o 7 7
L iy olex]l S
19.—Will you sell o A
thisg il e gy Lol
20.—Yes : T will sell o
it. eulo b
271 W . . ;7 7 7 7 7/
21 “tgisgou buy u’““‘.“"‘jl PERANN
. . /
22.—T will buy it. L
VAP A A Y
23.—1 shall beat you. gy K5 4 K
¥ w 2
24 —Hold my horse. J,C./ gsi'-‘-:"(‘:";
oz . . / R /~/ {
25.—I will hold it. ST

26.—What have you
brought ?

27.—Bring mea good _ Y
spear. il omily )y |

/
28.—1 want a mat. e le)5

29.—Do you know
what he says ?

XA /7 n FARV

wite e 5

Y Ervatum wn No. II. Somili. The last sentence in
the left-hand column on page 285, Vol, XVI., should
be written as follows :—¢ By this method the student
13 saved the trouble of wading through grammati-

«

30.—Is this knife 4 P A
i o be ogmx
yours ? e .

31.—Yes: this is /-
- &Jlb g . L

mine. - -
32.—Is much coffec A A

produced in wrotbe @0y ollas
your country ?
33.—What is the / . AN g/SU:'
charge for a~ .77 % " 23
camel-load ?
31.—Is any fresh o{.\Lcl “Ié > ’/'r
water procu. & WA FE O
rable here ?
30.—How far is the é’" / e q.;::m /‘)J[i/:
town from the IO T
shore ?
36.—Isaw you to-day

;7 /
R 5! o b )’j -~ Cnsllo
in the bazar, ) Sk s

N N7y ’

. ’
stitemS sls (fan

37.—What were you
doing there ?

38.—I was buying 16 sy

/
ghmd | ol
some food. oot e,
39.—1I shall come to

your house to-

7/ PRI A
ol ol gSKl.:l il

day.

40,—I want some

ol gl gl
bread and salt, LS Ca AN u”"{”

/ .
I G N

cal rules (which, without practice in their use, would
{;y?bnbly uot convey much information to his mind), and

1s attention is drawn only to those points of grammar
which arise in the sentences.” - '
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