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THE BAKSHALI MANUSCRIPT

BY

A. A. KRISHNASWAMI AYYANGAR, Muaharaja's Collejo, Mysore. ~

§ 1. Introductory "

In spite of the publication by the Archaeological Survey of India,
of the text of the Bakshali Manuscript i with elaborate introduction
and notes by G. R. Kaye, there are perhaps many fresh points
tending to throw additional light on the contents and the age of the
manuseript. A considerable portion of the analysis of the manuseript
was really due to Hoernle, and by an irony of fate. the work was
left for completion to one whose wiews and prejudices were poles
apart from those of the pioneer. It is regretted that Kave's exami-
natinn apparent!y scientifie, is warped by his profound obzession that
he should find traces of Greek influence in everyvthing Indian. This
attitude has vitiated most of his conclusions and made it worth while
for others* to re-examine his statements and give them their proper
weight. The present paper is an attempt at such re-examination and
re-assessment.

It is now sufficiently known that a manuscript of 70 leaves of
birch-bark, each 7° by 4", dealing mainly with Arithmetic was dis-
covered in 1881 by a peasant, near a viliage called Bakshali abeut
“0 miles from the famous Taxila in the north-wesiern frontier of
India. This manuscript haz since been christened “The Bakshali
Manuseript.” The text is written in Sarada seript the date of which
is highly disputed and the language is the so-called Gutha dialect a
form of north-western Pralril.  Apart from the <eript and  the
language, there are many surprises in the meathematical contents

.
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2 A. A. KRISHNASWAMI AYYANGAR

which make one hesitate in fixing its age. These surprises and
peculiarities will now be studied under seven heads:

(i) The method of presentation,

(ii) Peculiar terminology, abbreviations, and the cross-symbol
for subtraction; ’

(iii) The Decimal Notation and the absence of word-numerals,
iv) The symbol for the unknown,
(v) The Rule of Regula Fulsi,

(vi) The square-root rule and the process of reconciliation,
and (vii) Series and sequences,

§

§ 2. The Method of Presentation

-

Rules and examples are presented in verse in Sloka metre and
the explanations are given in prose according to a certain stereotyped
convention as follows:

(1) The re-statement of the probiem in a symbolic notation—
called Sthapana or Nyasa.
(2) The working proper—called Karana
and (3) Verification—called Pratyaya.

This bears some analogy to the Eunclidean scheme of
(1) particular enunciation corresponding to Nyisa,
(2) construction corresponding to Karana,

and (3) demonstration corresponding to verifieation.

It is interesting to note that among the early arithmeticians
verification had plaved an important part and served almost as an
equivalent of ‘logical proof . The majority of minds are content
with the working rule, provided verification shows them that the
results are correct. They do not care to worry themselves about the
rationale. In actual teaching again, we find a pupil more easily
convinced by verification than by a close v reasoned mathematica.
argument too difficult to follow. Thus, vevification is a potent
instrument in the pedagogy of mathematizs. No wonder, therefore,
that a mathematics teacher of bygone dzvs should have thought of
ineorporating ‘ verification ' as an act of faith in a work intended
especially for the benefit of young pupils ©. In the Bakshali Manu-
seript we have perhaps a glimpse of a sort of teaching notes—something
intermediary to an original treatise and a regular commentary—of a

wetenta tntor. . The loanse  eollaguial stvie sdonted. is-olse.inglzeaninz..
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with this idea. One may also recollect in this connection that
Bakshali was near the famous ancient University centre Taxila.

‘Verification ' was common enough among the Indian mathematical
commentators as early as the time of Chaturveda Prithtdakaswami
of the 9th century A. D. The rule of Vyastavidhi or reversing the
steps, discussed in almost all ancient Indian mathematical works is
perhaps intended to be useful in * verification ', especially of the roots
of equations and in the so-called ‘think of a number’ problems.

For example,” we have the result 1+ 12433+ 34+3-5+3-1) =53

verified by the principle of reversal of steps, viz.

arar2 [ /93 " . § 1 .
4[§[§[2 -:_2(1_6 - 1) e } - 3] '4] ‘O:I= 1 worked up from

the innermost bracket outwards step by step.

§ 3. Peculiar Terminology ete.

The mathematical terminology adopted in the Baksha!i Manus-
cript though generally the same as in other Hindu Mathematical
works, contains a few exceptions incidental more or less to the
language or dialect employed. For example, the terms such as
*Partha’, 'Dhanta’, ' Pasta’ are peculiar to the Gatha dialect. The
use of the terms ‘Savarna ', "Kalasavarna , and ‘Sadris’ikarana ™ with
reference to fractions remind one oftsimilar uses in other Hindu works.

There are several abbreviations, some of which are consistently
employed, while others are used without any uniformity. For ex-

.ample, the abbreviation yu for ywfam (for addition) is sometimes put

in between and sometimes after the expressions to be summed:

Yead |5 8 gt | 11 yu® 5 meaning respectively

51 1 : and [ 1 1 r+3 and 11+3.

S oo o o

The abbreviation gu for gunitam (multiplication) is sometimes
put in but very often dropped:

" e | ; S 3 gu: 7d l 4 g »ov oo
| |
1 2F 3 1 2 1 1
The text is mutilated here but it is clear that gu is omitted

9 [
P binas 2 9 .
-ctweenl and g T

M. III pp. 187, 188 ; 67 verso and recto,
M. ITI Folio 39 recto; p. 215.
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4 A. A. KRISHNASWAMI AYYANGAR

It is likely that many abbreviations are ‘ad-hoc’ inventions of
the scribes themselves, who must belong to a period much later than
the original author and one need not therefore attach to them any
historical or mathematical importance. '

There is one unique symbol whose use is fairly consistent but for
stray exceptions evidently due to the carelessness of the scribes.
The sign of the cross (¥) is used to denote Rina or negative anid placed
to the right of the number which it qualifies. The symbol is pecu-
liar to the Bakshali Manuscript and does not occur elsewhere in
Hindu mathematical works. It is also an operational symbol for
subtraction. In the Nyasa for a problem on profit and loss,*

. § 16 6 | ripam 367 |
we have (%) after 56 in 5 1 1  to indicate that 56 is
| :
F1'2(316]
the Joss.  Again in another, ** we have | , | | 47| Where the

significance of the symbol ¥ is not clear. Apart from these two
anomalies, wherever the cross ¥ is used, the number preceding it is
meant to be subtracted. On account of some resemblance (suggested
first by Thibaur) between this cross-mark and the Diophantine
mark 7 used for a similar purpose but in a different position,
Kave is inclined to perceive here a Greek influence; while Hoernle
suggests that the Indian symbol may be an abbreviation of one of the
numerous words rina, kanita, una, kshava meaning diminution and
makes a particular reference to /e, written exactly like the
Bakshali cross-symbol in the Asoka seript. But Kaye gravely points
out the danger of tracing an isolated symbol back through the ages,
while he himself complacently falls into the same error with respect
to the Diophantine symbol. In this connection we may recollect
D. E. Smith's* warning that the Arithmetic of Diophantus now extant
was written in the 13th century (a thousand years after the original)
and we have to allow for the possible interpolations of medieval
copyists. In the early medieval period in India, say from the time
of Bhaskara, the dot-symbol (-) for the negative became the fashion.
In a subsequent section we discuss two interesting uses of the dot-
svimbol in the Bakshali Manuscript. The absence of the use of the
dot-symbol for negative quantities is an important evidence that the
Bakshall work must have preceded Bhaskara.

B, ML LI p, 22¢. 63 recto. ** B, M. III 18 recto. p. 21T,
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-~ §4, The Decimal Notation and the absence of Word-numerals

Throughout the Bakshali Manuscript, some special numerals are

~ used and the decimal notation employed in much the same way as

in the modern notation. There is no attempt made to mention big
numbers in words. The only other early Indian work systematically
avoiding word-numerals is the® Aryabhatiya containing an ad-hoc
notation for expressing big numbers. The fashion of word-numera-

tion, i.e., using a word to connote the idea of a number, say ‘eyes’

for ‘27, ‘tithi’ (lunar days of the half month) for ‘15°, ‘teeth’
for ‘32" and so on, was set by Varahamihira in the sixth century
and since then became an extraordinarily popular method of
numeration in Hindu mathematical and other works. The systematic
elimination of word-numerals in the present work is a sure index
that it belongs to a period when the word-numeration had not yet
become the general fashion. The employment of decimal notation in
the present work is an additional evidence that the notation
flourished in India even in the early centuries of the Christian era.
But Kaye argues the other way about and ascribes the work to the
medieval period on account of the decimal noration. Every Hindu
work from the eariiest times inciuding the Vedic period shows intimate
familiarity with the decimal numeration, one, ten, hundred. thousand,
ete. which naturally led sooner or later unmistakabiy to the decimal
notation with its ten figures and place-vaiue. The play of position is
a conspicuous feature of early Indian arithmetical symbolism. *

9. The Symbol for the Unknown

[n the Bakshali Manuscript the dot (-) is used with apparently
two different kinds of significance but with the same underlying
idea of "void |, "gap’, or 'emptiness . The dot, primarily a symbol
of "emptiness’ must have become secondarily a symbol for the
unknown or absent quantity. For, in one of the Sutras® we are
directed to put any desired number in the place of the unknown
marked by the sign of ‘emptiness’ (Sanya). An analogous use ® of
the zero for the unknown quantity in a proportion appears in a
Latin manuscript of some lectures by Gottfried Wolack in the
University of Erfont in 1467 and 1468. When the Stnya stands for
llnr__‘ unknown, a coefficient 1 is always set under it, as for example,
(‘J’i') in Bhaskara's Bijaganita. Another curious feature of the

Balkahals . p 2
Bakshali dot-mark is that it does duty -simultanecusly for several

" 8. ML Folio 22 verso and 23 recto, pp. 122, 123.
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unknow A '_ = ; !
'an a lxteral or any other symbol that mxght be thought of 1
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abstrac

Whlch mea.nsV_S =-y \/:c 7

Kaya beheves that thevamblguous use of the dot-symbol-‘jm' an
i mdmatmn of ‘the lack of an’ eﬂiclen __-,fc'symbohsm and - s perplexed by -
tbe denominator unity for the dot-symbol He fails to appreclate
that the denominator Gnity serves to indicate that the dot-symbol is -
a symbol for the unknown and not the symbol for 'zero’.- Here we
have again another hint that the contents of the manuscript must
belong ° to a period when _the 11teral notat:on for the unknown did

_ not come 1nt0 genera[ use 1n,. Hlndu works.

The symhol for zero ', the negative sign, and the symbol for the
unkno_wn seem to have a common " ancestry and their nebulous
beginnings are perhaps reflected in the Bakshali Manuscript.

§6. The Rule of Regula Falsi ;

David Eugene Smith remarks'® ‘Awkward as this. seems, the
rule (explained below) was used for many centuries, a witness fo the
need for and value of a good symbolism’ XKaye believes in this
dictum. The rule of double false to solve ar+b=0, gives

fl B-fr o

h-1

being called the two false values or failures corresponding to ¢; and
g2 respectively. In effect, I should say that this method is the same
as that in analytical geometry to find the co-ordinates of the point
where the line joining (g1, f1) and (g2, f:) meets the a-axis. From
another point of view, the method may be deemed to involve the
principle of linear interpolation. After all, does not the theory of
interpolation involve the introduction of not two, but several falses
hovering about the true value one is in quest of ? When the truth
happens to lie deep hidden, we are sometimes forced to accept the
nearest falsehood as truth. Hence the method of the double false is
not an awkward one but envisages an essential process of making
-falses themselves yield truth, a precursor of modern interpolation

theory.

where apr+b=f and aga+ b=/, N, fa

But the ahove rule ought not to be confused with the Indian
Ishtakarma which is an operation with an assumed numoer, used in




es_-%vhare_the ﬁna.l rasult arnved a.t after a senes of mampulations
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y 'a'z'ﬂways proportlonal to the number ongmally assumed The reqmrad_‘-"
ﬁmber- can_ be obtamed by Tra.1ras1ka or proportlon correspondmg tof,'

gfé;gﬁeﬁé";‘ f_ipal result or“"_“Dnsya. Algebralcally, the ‘**’Ishtakarma is

,: el

=11~ a})(l :H

?When a is a stralghtforward slmple coefﬁclent the Hindu mathe-

The use of Regula Falsi in the Bakshali ’sIanuscrlpt as conceived
"'b'y Kayei is not the same as the one used in the middle ages but a
,_fénmful deduction .based .on a misunderstanding of an ingenious
method of generahsed Ishtakarma to be presently explained. The
: author of Bakshali Manuscnpt solves the equations

a'1+xa—-16 3+ a3=11, 13+x4*18 ri+a;=19, a5+ 11=20

by assuming a {antative valis (Ishta), say 7 for z; and derives from it
~ successively the values, 9, 8, 10, 9 for s, a3, a3, x5, and thence x; + 21=16,
But from the structure of the equations, it is noticed that any
r“decrease or increase in 27 involves a correspondmg and same
decrease or increase in 23 and x; so that the decrease or increase
. gets doubled for z1+ ;. Hence the true value for 1 can be obtained
from the tentative value by decreasing or increasing it by half the
total deficit or excess in the ‘actual given value of a1+a2; as
i compared with the value based on our assumption. Thus the
o assumed value 7 should be increased by 2 and 21=9. Thence
. n=T, 13=10, 2:=8, x;=11.

This method again is peculiar to Bakshali Mathematics and I

have not come across the like of it elsewhere. To trace this to the

~ medieval Regula Falsi and thence infer an evidence that the work
b beiongs to medieval times is a far-fetched argument.

The Hindu mathematician has never used the medieval ‘ Regula
_Falsi’ to solve a simple equation of the type ax+b=cx+d. Kaye
ought to have been aware of > Aryabhata's solution of this in the

e et e e i et A

t Vide B. M. I pn. 22, 12
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account of : lack"' of

: - -(7/2a)"
ya’ 3 ‘Y = a + m

an approx1mat1on found in exactly the same form also in .an Arab
work of the twelfth ceni:ur:s;r This has given rise to a speculation
that the present. work may . ‘therefore be later than the twelfth .
century. But it ‘must be noted that the rule is merely a corollary
of -~ the-_general,_?-squa.re_root‘\ rule. found explicitly in- all - Indian
mathematical '_w'o'rks,l at any ‘rate from- Aryabhata onwards. ‘The
earliest evidence of a concrete numerical application of this rule
even to a higher order than the one indicated by the above formula .
13 to be found in the Sulva Sitras, which contain the apprommatmn'

1+ : 314 34134 for 2. This formula can be easIIy eXplalned

by the usual Indian algorithm for ﬁndlnd square-roots, (the same as
the one adopted even to- -day):

2 R I,
e 1|13t 31 " 313
R ]
2+'3 .’
29
9 1 1
2+ 3+ 37| 29% 57031
& 1 Tt R
23 Y3 T 3E 5431
' . T 1
L PRaE 3.4-34 = 3.4-34-3-4-34

and so on, ad libitum.

Furt‘oer, it is important to note that the Bikshali rule ought not to be
50 narrowly interpreted that it gives only the second approximation
but is suggestive of a process which permits repeated application to

e e o g

t 8. M. LI p. 173 (9 verso).
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1red order of apprommatlon-f f-Brahmagupta‘Q’ mentlons a.'

- ..""""' ""

1fﬁl o'ne.‘ For, it is- uséd to" ﬁn "'the number of terms ‘£’ of an

g 5 e

nthmetlcal progressmu.,; when the sum s, the ﬁrst term a and the
mmon dlﬁ‘erence d are g;ven. : t 13 gwen by_ the_formula.

i Both these occur in all early Hmdu mathematlcal works. The new
L feature m the present work is the followmg

Ve
=

pondmg vaiue of ibe h and the correspondmg sum s, the verlﬁcatlon

I

The proof of this result is ex’rremely s1mple, but Kaye puts up a
long rlgmarole. ‘

—_—

5_,;n___f;1ct;_ if si=n (a,+_f.1- L. g—)!' it foﬁlo\Js immediately

h d-2a+V(2a —-d)?+8ds,
v 2d - ;
0 = Ra-dy +8ds 3
= (Qa-dP+8ds+8d (s —5); .
e1=8d (s1-3) or s=# s e1;’8d:

- This method of verification is obviously applicable whatever be the
- degree of approximation. It is nothing peculiarly adapted to the
: approximation of the second degree. But the value of ¢, is either

!2 4
g (20) 4({57_’”; .. accordmg as. the ﬁrst or second appmxlmq,mn

The author of the Bakshall manuscript seems to take a peculiar
Dle'wure in making huge calculations to verify

. vy = ou(y = s)
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':m a number of exa.rnples.. Mathematlcally% a.ll thlS worL is futlle.
___'and meanmgless, since the summanon of an Anthmetlcal Progresslon__
“toa non-mtegra[ number of terms IS not practmal mathematics. - But
such a summatmn seems to be very common in the days of Chatur-' :
' veda, Sridhara and Ma.havua, 1 e roughly the nmth and tenth cent.unes S
- Mahavira tnumphantly askq Gwe out the first term and ‘the com-
"'mon dlﬁerence respectwe!y in relatmn to two series, in which ,5,, is
the sum, while £ in one case is’ the ‘common d1ﬁ'erence, and 3 the
- number of terms and in the other casq& the first term and 3 the number‘_'-- ;
of terms.” @ Very Ilkely the Bakshall arlthmehclan who revels in
- summation of séries to an. irrational number of terms belongs to the
same school and is perhaps contemporaneous with the_'writ-ers just -
quoted. A typical Bakshali problem involving square-root approxi- :
mation may be given by way of illustration: ‘A certain person goes
"5 yojanas on the first day, and 3 yojanas more on each succeeding
day. Another who travels 7. yojanas per day has a start of 5 days.
When will they meet, séy O! the best of mathematicians.’t The

'Z_i__‘;&%?_ days or 6<%

answer given in the text is days approximately,

i.e. 6 days, 8 ghatikas,” 16 vighatis, 33 6iv%. The futility of the
result transcends one's lmaglnatlon. But Dr. Bibhutibhuskan Datta‘“’_
comments : : : :

“The expression for the time in which two persons will meet
contains a surd quantity. So the two persons will never meet ''!!
A worthy comment! The problem is quite sensible but not the
above solution. The mathematician has strayed hopelessly away from
common sense, carried away by his unqualified faith in the algebraic
formula. The correct answer is 6 days, 7 ghatikas and 30 vighatis,
quite rational and free from surds. The reader can easily verify
this result. 4

It takes perhaps centuries to outgrow such impossible fantasies
as those exhibited in the problems on square-root approximations.
We are glad to find Bhaskara of the twelfth century entirely free
from them. He was, perhaps, the earliest Hindu mathematician to
perceive the beauty and importance of integers and integral solutions.
His marvellous chakravala method, whose import is even to this day
imperfectly understood, of solving 2?-Ny?’=1(N a non-square positive
integer) in positive integers is a remarkable instance of ‘the sense’
for the integer. The Bakshali mathematician is foo ancient to have
(‘llitl\‘lted this ‘ sense.’

- R.OM_TMIn. 178.. A vecta.,
* [ Ghauka=;4 day=00 vighalsi,



%;E-?--Thé ﬁfbbléhlé “on 'se'riés'_"_ and seQue:jiéé'él “r;;.ra_- -\'rery, orig«'ﬁlél.{ varied
'?_and mterestlng. _ Kaye, however holds a dlﬁ'erent opxmon and gives a
oA T i- i

fused and mlsleadlng analyaxs of the types of problems. In

i _jrpes are ‘indicated below in inodern notation w1th Thw and S denotmg

3 es;pectwely the n* term and the sum to n terms. .  We discuss eight
’}-(«\ L L

,H,. S e

, types accordmg to the character of T,.. s

'Tn—-nTl (a+d - l)r. ThlB can he reduced to
Tatd= n(T1+d)+a, or changing the notation

: Vu=nV1+aq, which is an arithmetic progressmn with common
- dlfference Vi and first term V;+a.

(2) Geometrical Progresseon.

?‘"_1—1 -
r=1 :
S .

=aq {?_27'__1.1 L= ?%1} which is derived from a G.P.
by increasing every term by a constant.

Ty=ar"+ab

LB

H T8 Sa= {IH (r=1)- -—i} which is proportional to
the ﬁrst term a if b, », n be given.

Tllustration: Su= 329, r=3, n= 5, b=4 17

Hence a=2, obtained in the text by Ishitakarma assuming

-._a'=1 and setting the corresponding S» (from which the true value of
@ comes out by proportion).

(3) Tu=a Sur.*

Hence Sn=Sn-1+Tn=Su_1(1 'f'rl)‘-_-Srs_g(]'|'ﬂ’)2 = v e oe e

WA = Si(1+a)"! or Ty(l+a)*
oo (4) Tn_='n-Su_1**

e - This is the most interesting of all.
t B. M.II P, 122. 22 verso,
H; B. M. II P. 143, 51 verso; B, M. III p. 164.
= B. M. I P. 236 (42, verso) where S, =54, a =4, n=3. Hence 1", =24,
B.ML III 2104 (23 vorse) whoraS = 00, e
Hence T|=51 TQEIOJ T3=45r T‘ZZ:!O,
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el S és 5
=L ]
Hence T1 ( +1)! and Sa=1T- (n+1)
Thus, given the law ofl,forn;a.t»lon of the sequence, and the sum
to n terms, and the number of terms n, the series can be determined.
Here again the sum is _proportional to the first term. and ‘ Ishta-

karma’ operation 13 apphcable. This . is the method adopted in the
text which is mdeed preferable in- numerical work to the algebraic

expressions that we have given, 2

(5) Tu-—nS»_l-!-(a i-n-l d)—nan+Uu (say) g | '_ &
. Sn“(‘n'l'].) S”-I+Uﬂ . . \
Sn_l = R-Sn-ﬁ + Uu.. "

S:=38+ Up=3T) + U : S
Hence, eliminating Sn-l; Snoa, -+ - S5, we have
Su=Un+(n+1) Us.g+(n+1)nUszt - -+ +(n+1) n(n-1) - 4Us

cn+l) n(n-1)--4-Ty

Ty ) + Unt(n+l) U+ - - -
+ (n+1) n (n-1) - - - 4Ua

The example in the text ¥ is somewhat like this:

A has something with 1}, B twice as much as A with*23,
C three times as much as A and B and 3} in addition, D four times
as much as A, B, and C and 4! in addition, their total possessions
are 222. What is the possession of A?

This is interpreted by Kaye symbolically as:
A=2 (1+11), B=2A+2}z, C=3A+4+3B+3Lxr, D=4A +4B+4C
+4le, and A+B+C+D=222

| e s TR ersO I 1Y .
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believe: this mterpretatmn 13wmcorrect < tho
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%_-’ihe_solutmn? of the ‘textr and. the: use of Ishtakatma. :

"

!

We are reminded of Euler's identity :
(]-"“l)“"al (1-a)+a 02(1‘(13)+ s etaraz e anay (L= an)

=1 -waz -+ > am
Changmg ar to 1 -ar, we have the Indian counterpart of Euler's
ldentlty, viz.

ST

| it a (L-a)+as(L-an)(l-wg)++ v+ s dan(L=a)(L=a2) » - (L=way)
e tae ]l —(1-m)(l-g) -~ - » - (1-an).

.

: Problems involving this identity are common in Hindu mathe-
- matical works from at least the 8th century onwards. No wonder
o that the<Arithmetical Papyrus of Akhim (9th century?) contains such
- Problems, But Kaye would prefer to make Akhim the inventor of
the above identity and hence infer that the Bakshali Manuscript must

- belong to the tenth century or later.
--_--_-__'_———-——_-

ST PR BUML TG 2y recto, 25 recto and 'verso, pp. (235025
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§ 9"5 General Rema.rk.s

Havmg': pomted out the famous pecuhantles of the Bakshah'

; Manuscnpt m respect of . 1ts mathematxcﬁl content expocltlon and g
5 symbohsm we wﬂl conc!ude wu;h a few general remarks on the age_:"‘

- and sty]e of t_he work Pecuharltles apart, the Bakshali text.is:.
more or Iess a replma. of: other Hindu. mathematical works, such as.

S foliowmg

the - Gamtasara ‘Sahcraha.' It contams in common, w1th them the_;-';;;-_'

\

(1) Practlcal and commermal prob!ems such as the computatmn :
of fineness . of gold, (2) problems on income and - expendlture,'
(3) motion- problems (4) profit'and loss, (5) interest, (6) bills of
exchange or hundika, and (7) miscellaneous problems involving
literary and social references. '

- In addition, we may note that the way in which the solutions .
are given in the Bakshali Manuscript in such a_general form as to be
nearly algebraic in character even though no adequate symbolism is
employed, is just characteristic of all Indian works, since the day
when Aryabhata set the fashion in this respect. There are, however,
certain omissions, for example, expressions for the sums of squares-
and cubes, the indeterminate equations of the first and second degree,.
shadow problemg, permutation and combination.. These may be’
either apparent or real, because our manusecript is mutilated and
several leaves are stuck together. In the latter case, the omission
is significant and bespeaks an early date of composition, i.e. prior
to _th_e tenth century by which period these problems had become
well kpown at least in Indian works. Among further evidences of -
early composition, we have already mentioned the meagre elaboration
of problems dealt with in greater detail in the works of Brahmagupta
Mahaviracharya and Bhaskara, the studied absence of the word-
numeral notation, the use of the cross-symbol 7 instead of the dot ©
to denote a negative quantity, the use of the dot © to denote an
unknown quantity, and a certain careless application of the Ishta-
karma in as many as five problems.

The employment of the modern place-value arithmetical notation
is regarded by Kaye as indicating a late period, as also what he
believes to be non-Indian material, viz. the negative sign resembling
the Diophantine symbol, the use of the Rezula-falsi, the square-root
approximation, the use of the Sexagesimal notatiocn for example in the
conversion. of Aayeobes hapsiliae rigiatist and 30" forti, and the use
ot the terms dinara, dramma, s Latera and so forth. How, much the
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However late. we - may wwh to placa the manuscnpt ‘we cannot
'll\, go beyond the tenzh century. We therefore come near the

vadenbes of language,

Bﬁr,li)tr' and. such special terms as Hundlka do not contradict this
= f;'i:';Kayes insistence of the twelfth century as the probable date
Eor COmpOSlthl’l is wholly untenable

The systemattc presentatlon of the workmg steps and methods of
venﬁcatlon, along with the use of a certain kind of syncopated
: notatlon are of great pedagogic interest, quite in keeping with the
‘facl: that the work was written for the express benefit of young
g ?b'dysi' The simple and diffuse sty]e adopted suits this aim.

The Bakshali Manuscript may Iack the subtlety of the Arya-
bhauya, it may not possess the profundity of the Brahmasphuta
3 Snddilanta' it may be a poor literary specimen by the side of the
rich poetry of Ganitasarasangraha; but no one can deny its great
value for a practical teacher. If we recollect that Bakshaili was
. :.at a distance of only 70 miles from Taxila, one of the renowned
Unwermty centres in Ancient India, we have here perhaps a glimpse
5 of the lecture-notes of a Umvermtyf professor of bygone days. To do
-__fthe Gana.karaja justice, we may add that flashes of genius gleam
}"fgrth here and there in the method of reconciliation of square-root
2 approximations, in dreaming of series and sequences governed by
él'e{ga.ni:r and sometlmes complicated laws, in the solution of systems
of linear equations by suitable change of variables and assumption of
tentatwe solutions, and lastly in the construction of problems of
humorous and mythological interest.
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.‘_‘_‘-—-‘————hl—q_q_._\__._
1 B. M. II p, 142. 50r. The Calonhon readss
FoT R wes T Vasislies' putraha,

SnLasyartheputra pautra upayogam bhavatu likhi,
tam chchkajaka putra ganaka rija brahmagena “en
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