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PREFACE. 

In order to correct an impression that certain passages in this volume might 

convey unless distinctly qualified, I must here refer to my indebtedness to the late 

Dr. Hoernle. Indeed, a considerable part of the analysis of the MS. is really his 

work,* and by his preliminary survey of the manuscript my task was consider­

ably lightened. It was at Dr. Hoernle's special request that I undertook to carry 

on the work he had started, and he handed over to me most of the material he had 

himself prepared. Had he lived a little longer I should, no doubt, have had the 

benefit of further help from him, and this volume might have been issued as our 

joint work. Dr. Hoernle's lamented death prevented that plan being carried out; 

and unfortunately my views are so often opposed to those that where held by 

Dr. Hoernle that it would har.dly be proper to make him a participator in them . . 
I am much indebted to Bodley's Librarian for special facilities that enabled 

me to examine the original manusmipt under the most favourable conditions ; to 

the Oxford University Press for their most excellent work in preparing the photo -. 
graphs of the manuscript and the collotype reproductions of the text ; and to the 

Manager, Government of India Press, Calcutta, for the care and skill with 

which the transliteration has been printed. 

BANHAM, 

Attleborough, 
Norfolk. • 

• • 

G.R.KAYE. 



THE BAKHSHALl MANUSCRIPT. 

PART I.-INTRODUCTION. 

CHAPTER I. 

1. In 1881 a mathematical work written on brich-bark was found at Bakhshili 
near Mardin on the north-west frontier of India. This manuscript was supposed 
to be of great age and its disf'..overy aroused considerable interest. Part• of it was 
examined by Dr. Hoernle, who published a short account together with a transla­
tion of a few of the leaves in 1888. Dr. Hoernle had intended, in due course, to 
publish a complete edition of the text, but was unable to do so. The present volume­
gives t he complete text. 

2. Ba.khshili, or Bakhshalai, as it is written in the official maps, is a village­
of the Yusufzai sub-division of the Peshawar district of the North-West Frontier 
Province of India. It is situated on, or near, the river Mukham, which eventually 
joins the Kabul river near Nowshera, some twenty miles further south. Six miles 
W.N.W. of Bakhshili is Jamalgarhi, twelve miles to the west is Takht-i-Bhai,. 
and twenty-five miles W.S.W. is Charsada-famous for their Indo-Greek art 
treasures. 

Bakhshali is about 150 miles from Kabul, 160 from Srinagar, 50 from· 
Peshawar, 350 from Balkh and 70 from Taxila. It is in the trans-Indus country 
and in ancient times was within the Persian boundaries-in the Arachosian satrapy 
of the Achaemenid kings. It is within that part of the country to which the name 
Gandhara has been given, and was subject to those western influences which are so· 
bountifully illustrated in ~he s<1-called Gandhara art. 

3. The only authentic record of the discovery of the manuscript appears to be 
contained in the following letter, dated the 5th of July 1881/ from the Assistant 
Commissioner at Mardan. • 

" In reply to your No. 1306, dated 20th ultimo, and its enclosures, I have the honour to inform you that 
the remains of the p!l.pyrus MS. referred to were brought to me by the Inspector of Police, Mian An-Wan­
Udin. The finder, a tenant of the latter, said he had found the manuscript while digging in a ruined stone 
enclosure on one o£ the mounds near Bakhshali. 2 These mounds lie on the west side of the Mardin and 
Bakhshali roads and are evidently the remains of a former village. Close to the same spot ihe man found 
a triangular-shaped 'diwa,' a soap-stone pencil, and a large lota of baked clay with a perforated bottom. 
I had a further search made but nothing else was found. 

"According to the fi~der's statement the greater part .of the manuscript had been destroyed in taking it 
up -from the place where 1t lay between stones. The remams when brought to me were lika drv t inder and 
there may be about fifty pages left some of which would be certainly legible to any one who knew the charac­
ters. The letters on some of the pages are very clear and look like some kind of Prakrit but it is most diffi­
cult to separate the pages without injuring them. I had intended to forward the man~script to the Lahore 
:Museum in the hope that it might be sent on thence to some scholar, but I was unable to have a :eroper tin 
box made for it ~efore.I left Mardan. I .will s~e to th~s o~ ~y return from l_eave. The papyrus w11l require­
very tender mampulatlon. The result w1ll be mterestmg 1f It enables us to JUdge the age of the ruins where 
the manuscript was found." 

• 
1 Apparently t.he manuscript was found in May 1881. 

• _ 
2 _9-ener~l Cunr:ingham in a J?rivate l~ter to Dr. Hoernle, dated Simla, 5th June 1882. says: "Ba.khshali is 4 miles north of 

Shahbazgarht. It 1s a mound >~'lth the vJilage on the top of it. The birch·bark manuscript was found in a field ne!l.r a well without 
trace of any building near the spot, which is outside the mound village ........ . " 

• • 
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This account is very unsatisfactory and there are indications that it is not 
altogether .reliable. It was written, apparently from memory, some month or so 
after the .d1s?oyery ?f t~e manuscript. The "ruins," it appears, were the creation 
o! the writer .s Imagn1atwn, and the statement generally does not give the impres­
siOn of exactitude . 

. 4. In the n1eantime notices of the discovery had found their way into the 
Indian newspapers. Professor Buhler, who had read of the discovery in the 
u Bombay Gazette"\ communicated the announcement to Professor Weber who 
brought it to the notice of the fifth International Congress of Orientalists' then 
assembled in Berlin; 2 In Buhler's letter to Weber it was stated that the manu­
script had been found ((carefully enclosed in a stone chambm·," and it ·was thought 
th~t the newly discovered manuscript might prove to be " one of the Tripitakas 
whiCh Kanishka ordered to be deposited in Stupas." 

There is nothing whatever in the record of the find to justify Buhler's state­
ment, which seems to have originated in a rather strange interpretation of the 
words ((_while digging in a stone enclosure " that occur in the letter quoted above. 
and whiCh are themselves of doubtful reliability. And Bi'thler's views would 
hardly have been worth recording here had it not ·been that their effect was alto­
gether disproportionate to their value. Perhaps the exaggeration of the value of 
the find, however, served a useful purpose at the time; but now it has become 
embarrassing-for refuting it makes the present editor of the manuscript appear 
to be decrying his wares. . 

5. The manuscript was subsequently sent to the Lieutenant-GoveriWl' of the 
Punjab, who, on the advice of General Cunningham, directed it to be t1·ansmitted 
to Dr. Hoernle, then head of the Calcutta Madrasa, for examination and publica­
tion. In 1882 Dr. Hoernle gave a short description of the manuscript before the 
Asiatic Society of Bengal, and this description was pubUElhed in the Indian Anti­
quary of 1883.3 At the seventh oriental conference held at Vienna in 1886 he gave 
a fuller account which was published in the proceedings of the conference,4 and also, 
with some additions, in the Indian Antiquary of 1888." In 1902 Dr. Hoernle 
presented the manuscript to the Bodleian Library. 

1 This account appears in the BOMBAY GAZETTE of Wednesday, August 13th, 1881, and is as follows:-
" The remains of a very ancient papyrus manuscript have been found near Baskhii.li, in the Mardan tahsil, Peshawar District. 

vn the west side of the Mardan and Baskhali road are some mounds, believed to be the remains of a former village, though nothing is 
known with any certainty regarding them, and it was'" hile digging in a ruined stone enclosure on one of these mounds the discovery 
was made. A triangular-shaped stone' diwa ',and a soap stDne pencil, and a large lotah of baked clay, with a perforated bottom, 
were found at the same place. Much of the manuscript was destroyed by the ignorant finder in taking it up from the spot where 
it lay between the stones; and the remains are described as being like dry tinder, in some of the pages. However, the character, 
which somewhat resembles Pralcrit, is clear, and it is hoped it may be deciphered when it reaches Lahore, whither we understand it is 
shortly to be sent." 

' The official record is given in the report of t.he Congress (Part I, p. 79) as follows:-
Der Prasident (Weber) verlas darauf aus einem Briefe von Prof. Buhler folgende hochwichtige Mittheilung : 

" Ein Penjabi Landmann soli beim Steinegraben einen alten Papyros gefunden haben, der sorfaltig in einen ~teink~mmer 
eingeschlossen war. Derselbe soli sehr umfangreich gewese~, doch Vieles vom J;'inder d~ch U~v~rs~cht~kei~ ~erstort sem. Die sehr 
bedeutenden Reste sind nach Lahore gebracht. Ganz Se1ten soil en lesbar sem und die Schrift Wle Prakrit aussehen. Es konnte 
dies wohl eines der Tripitaka's sein, die Kanishka in Stupa's niederlegen liess. Ich habe gleich an Cunningham geschreiben und 
urn ein Stuck wenigstens in Photographic gebeten." 

3 Vol. xii, pp. 89-90. • 
' Verhandlungen des vii Internationalen Orientalisten-Congresses, Arische Section, 127 seq. 

• Vol. xvii, pp. 33-4,'3 and 275-279. 

• • 



CHAPTER II. 

6. The manuscript consists of some 70 leaves of birch-bark, but some of these 
are mere scraps. The largest leaf measures about 5·7? by 3·5 inches o~ 14·5 ~y 8·9 
centimetres. The leaves which are numbered according to the Bodle1an Library 
anangement from 1 to 70, may be classified according to their size and condition 
as follows :-

In fair condition but broken at t he edges-size, not less than 5 by 3 inches 
(13 by 8 em.) • 

1,3,4,5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20,22, 23,24, 32, 33,34,36, 
37, 43, 44, 47, 49, 59, 60, 61, 62, 63-total 35. 

Rather more damaged but otherwise in fair condition- not less than 4! by 2 
inches ( 12 by 5 em.) 

2,25,26, 42,45,46,48,50,51,52, 55, 56,57,58, 64, 69-total16. 

Much damaged. 

21, 31, 35, 41, 53, 66, 68-total 7. 

Scraps. 

27, 28, 29, 30, 35, 38, 39, 40, 54, 68, 70-total 11. 

One folio (19) is entirely blank. 

Certain folios consist of tw<:r leaves stuck t ogether, namely 7, 31, and 65, and 
possibly others. It woul<),'llot be difficult to separate these double leaves without 
damaging the manuscript. 

7. The eleven folios classified as " ~craps " at first appeared completely refrac­
tory but the exercise of considerable patience has led the following to submit to 
some arrangement. Here the letters a, b, c, etc., refer to the scraps in the order 
in which they appear on the right sides of the leaves as illustrated and the revised 
arrangement is indicated below:-

Rovised References 
order. to the plates. 

Al 40& + 39& + 39bl + 39° + 38b. 
A2 39b + 40° + 38" + 40b + 39d. 
A3 40d + 39" + 38&. 
A6 5e+35a. 
A9 29d + 29b + 29°. 
AlO 27 +29a. 

Of t hese rean·angements one side of each of Al, A6 and A9 are shown in the 
illustration facing p. 4. These rearrangements were made from the reproductionf; 

· ·.--a much more difficult task than working with the originals. 
\ 

8. Dr. Hoernle's first estimate of the original. size of the leaves was 7 by 81. 
inches, and this estimate was based upon " the well-known fact that the old birch: 
bark manuscripts were always written on leaves of a squarish size", and upon the 

B 
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obvious incompleteness of folio 17 (x1iii)/ but this estimate he himself corrected 
some twelve years later. 2 

Although no leaf of the manuscript is now complete there are 35 leaves in 
comparatively fair condition, and these vary in size3 f1·om about 51; by 3i inches to 
6 by 3f inches. There are some lines of writing quite complete, though not many-­
and these complete lines measure from 5-! to 6 inches in length. There is also 
evidence of a small margin on either side, and the actual space occupied is just 
over 6 inches or 15! centimetres. I estimate that the original length was from 
about 6! to 7 inches. 

With regard to the depth I estimate from 4 to 4! inches. In a few cases we 
have the complete set of lines (generally from 10 to 11 to the page) and in some 
other cases the amount missing can be roughly estimated, while the actual maxi­
mum depth that occurs is 3! inches. My estimate of the original size of the leaves. 
is therefore 6! to 7 inches long by 4 to 4! inches deep or 16·6 to 17·8 centimetres by 
10·2 to 11·5 centimetres. Dr. Hoernle's :final estimate was 7 by 4 inches. 

8 (a). In ordinary Sanskrit manuscripts it is the custom to number the leaves. 
(not the pages) in order, generally in the left hand margin of the reverse."' No 
single leaf of our manuscript has this part intact and there is no evidence of such 
numbering. 

9. The leaves are now mounted between sheets of mica and placed within an 
album. The mica sheets are about 7·4 by 4·6 inches and are fixed together by 
strips of gummed paper at the edges leaving a clear area of 6~ by 3! inches. The 
general arrangement is shown in Plate I (Part I:Q.. Some other method of mount·· 
ing (e.g., between glass plates) might be safer. It sh~(ld be possible to separate 
the leaves now stuck together, and the possibility of thereby discovering new 
material would justify considerable trouble being taken in this matter . 

• 
10. Birch-bark is an outer bark of the Silver Birch (Betula utilis, Betula 

bhojpatra, or the Bhtaja tree, as it is variously called) which flourishes in the 
Himalayas from Kashmir to Sikkim. It grows on all the higher ranges of the 
Kashmir hills from a height of about 6,000 feet to 12,000 feet. The forests in the 
Gurais di~trict supply most of the bhojpatra that is sold in Srinagar. The bark 
is used chiefly for the roofing of houses, for wrapping up things, for lining baskets,. 
etc., and the villagers still use it as a writing material. 

To obtain the bark from the tree a deep cut is made vertically down a clean 
piece of bole, and the bark is then peeled off by the hand. The operation is very 
much the same as that employed in ''girdling" pine trees except that the upper 
and lower cuts are not made. The paper bark appears to be thrown off by an under 
red bark and apparently one layer is produced each year. If all the laminre are 
stripped off from a tree, it ei~er di~s, m·, if it ~urvives, it does not gi:e g?od bark 
a second time. The most smtable size oJ. tree Is from 2 feet to 4i feet 1n girth. In 

, 
1 Indian Antiqttary, :xvii, 1888, p. 33. The • well-known fact' ia not a fact at all. 

I JASB, LIX, 1900, P· 126. • • 
a The reproductions are of the same size as actual leaves. 
' This is the general practice in Northem India. In the South the number ia usually given on tJ1e obverse. 
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larger trees the pape1· bark of the bole is 1·ough and lignified and is of no use as a 
writing material. 1 

11. Each layer of bark is white or pinky-white on the outer side, but is a red­
dish or yellmsh buff on the inner side. The number of layera varies and I have 
counted 47 in a strip taken from an old tree. A marked feature of the bark is the 
existence of numerous lenticels (glands) from 1 to about 6 em. in length and from 
about 1 to 3 mm. in depth. These 1enticels are reddish-brown in colour2 and of 
darker shade than the natural reverse of the lamina, and each of them is continued 
throughout. the severallaminre. On the natural obverse they appear mlJch more 
distinct by contrast with the lighter back-ground, an.d in the reproductions of 
manuscripts this contrast sometimes appears to be emphasised. On the bole of 
the tree the lenticels are horizontal (i.e., they are always at right angles to the axis 
of the bole or branch). On the older specimens they are slightly convex. on the 
obverse and concave on the reverse. Traces of these lenticels can be seen in almqst 
all the reproductions of our manusCiipt (see Fig. 1 and Plate XLI; but they show 
much clearer in some of the Bower manuscript tes). The lenticels are of -
portance from the point of view of the scribe because they are of different structure 
from the rest of the bark, and they sometimes break away (see folio 16). There is 
a sort of grain running parallel with the lenticels and the bark tears easily in that 
direction. 

Fig. I. 

1 
' notes by )lr. E. Ra l li e in the lndwn Forester (xxviii, 1902, pp. 25-27). I am m11ch indebted to Lt .c 1 A G 

Director of the ~tan' .al Uf\"t;' of India, llr. P. H. Clutterbuck, Inspector·General of Fo t , and Mr. B. Coventry 
0 Con~ :f:: 

of ForeRts, Kashmtr, for mformation very kindly supplied by them. · ' rv 

The following particulars of specimen strips of birch-bark taken from trees of various age§. an I · mllv sent to me by }f B c try 
are perhaps worthy of record. · r. • oven , 

~IZE 0" ~TRIP. 

Girth of tree. 
Length.* Breadth.* 

Xumb of laminre. 

Ft. Inches. .l<'t. 
!nch:---l,-Ft-.---~-n-ch-es-.-~------------------

6 2 6 I 20 
.. ) 10 ... 10 19 

3 4 l 6129 
4 7 2 • Shows previous FJt-rippimr. 
3 7 2 2 It ~ 

:? 10 2 6 'n Bottom of trunk woodv. 
3 6 4 I 33 " " ., , • 
3 7 I I 10 / 47 Taken from an upper branch. 

* Here lengft means vertical length measured at right angle: to the lenticels aJKl breadth eaoa th 
the lenticels. m e mea8U!'ement ptm~llel to 

• On the outaide of the tree they are sometimes black, and on very old trees they form woody excrescfllloea. 

B2 
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12. The art of preparing the bark for writing upon appears to be lost, but 
Al~Iriini tells us that the stTips were rubbed with ( ?) oil and polished. The manu­
scripts preserve no evidence of either of these processes. All that they tell us is 
something of the process of sub-division, and arrangement. Each leaf of the 
Bakhshali manuscript appears to consist of half of the original thickness of the 
strip, i.e., the original strip was divided into layers each of which consisted of some 
six laminre. In the Bow~r manuscript the number of laminre to a leaf varies from 
two to six while one leaf consists of at least twelve liminre. The Kashmirian 
Arthava Veda exhibits rather more elaboration : the process of sub-division is 
carried to the extreme limits and each leaf consists of two single laminre pasted 
t ogether. 

13. Possibly the original strip of birch-bark from which the leaves of the 

Bakhsliali manuscript were taken was roughly of 

the shape of t.he annexed diagram and was cut up 

into the oblongs indicated. If A, B, C, etc., 

represent the upper layer, and A\ B\ 0\ etc., the 

lower layer, then, according to the evidence of the 

leaves themselves, they were arranged for purposes 

of writing upon in the order A, A 1 
; B, B 1 

; 0, 0 1 
; 

etc., or A, A 1
; D, D 1

; etc. 

Fig. 2. 

-

' 

A I 
I 

D 

G I 

I 
J I 

I 
:M I 
p I 

I 

B c 

E F 

H I 

K L 

N 0 

Q I R 

14. Birch-bark, even after preparation for writing upon, retains the natural 
marks of the wood showing the lenticels and occasionally knots. Such knots are like 
thumb marks in their individuality, so that, if a knot recurs, it can generally be 
identified. Returning to our diagram-ft is obvious that if a knot occurs on, say, 
D its doublet will occur on D 1

• In the Bower manuscript three knots that occur on(' 
folio II, 7 recur on II, 8 ; the knot on III, 8 recurs on III, 9 ; se;eral knots on II, 23 
recur on II 24 ·one on II, 31 recurs on II, 32; and so on; and In no case does any 
particular knot occur on more th~n two le&ves. In the Bakhshali manuscript the 
order of the leaves was uncertain but it was noticed that folios 12 and 13 had a 
common knot, and so had folios 32 and 36, folios 44 and 49, folios 51 and 52, folios 



... . 

53 and 66. If our scheme of the arrangement of leaves· also holds good here, then 
each of these pairs of leaves should consist of consecutive leaves, and the final order, 
based on other considerations, places them thus-

Bodleian Final 
order. order. - -------
12 G3 

13 G4 

32 M3 

36 M4 

44 M10 

49 M9 

51 AS, 9 

52 AlO 

53 E2 

66 El 

15. It should be noted also that where the reproductions are of double leaves 
stuck togethe1· the two sides should have no common natural markings (see, for 
example, folio 65) ; and, conversely, when the two sides have no natural marks in 
eommon there is ground)or suspicion (e.g., folios 46 and 3). In this matter too 
mn~h reliance should not be placed on the reproductions. 

Format. 

16. Of the very few early birch-bark manuscripts the following are perhaps 
the best known:-

(a) The Kharoshthi Dhammapada from Khotan. Size 8 by 361 inches, 
(Ratio 0·2) 1

• Petiod 2nd century A.D. 

(b) The Bower manuscript from Khotgarh. Size 9 by 2 to 11! by 2! inches 
(Ratio 4·5). Period 5th century A.D. ' 

(c) The Bakhshali manuscript (Oxford). Size 7 by 4 inches, (Ratio 1'7). 
Period ? 

(d) The Kashmirian Arthava Veda. Size 9·8 by 7·8 inches, (Ratio 1'25). 
Period 15th century A.D. 

• 
(e) The Deccan College Rig Veda (Poona): Sir;e !0! by 9! inches, (Ratio 

' 1·08) . Period ·? 

• 
t The sizes here jli~en are, of course. only approximations to. t~e avera.p;e sizes. See (a) .Journal Asimiq?U, 189S, . 182 ff 

(b) The Botoer Manuacnpt, by A. 'F. R. HoER:m.E. (d) The Kaahm~nan.Artluwa Veda , BLOOM.PTELD & GARBE. (e) C'at. J/s. 
0

, th ~ 
Dttta~ ('o71ege, Poona. Vol. I. -p. I. • 'J 



8 

The shapes and relative sizes of these manuscripts are 1·epresented in the accom­
panying diagram-

Kharoshthi 

MS. 

Khotan. 

I Bower MS. i 
-------------~ 

BakhshaJi 
MS. 

Kashmir 

Arthava 

Veda 

Rig Veda 

Poona 

. 

17. The format of a book is generally determined by several semi-independent 
factors, e.g., material, economy, fashion, convenience, contents. Ou1· first example 
of a birch-bark book, the Khotan manuscript, seems to have been shaped in imita­
tion of the western papyrus rolF ; the second example, the Bower manuscript, is 
probably in imitation of the palm leaf manuscripts of India; while the later ex­
amples are in imitation of paper books. The Bakhshali manuscript appearb to 
stand in an intermediate position and there is, of course, a possibility that its format 
may indicate its age within certain limits. 

18. In all birch-bark manuscripts the writing is parallel to the lenticels, which 
on the bole of the tree are horizontal ; and the reason for this direction of the writ­
ing is that the bark tends to split in the same direction. In the Bower manuscript 
there are one or two exceptional examples of writing inclined to the lenticels 
(Plates I and II) but the angle of inclination is s1nall. It should also be borne in 
mind that the length of the strip of bark (parallel to the writing) is limited to the 
circumference of the tree, and the depth of the strip is also practically limited, 2 

and that the format was, at least, partly determined by the necessity for dividing 
these strips economically. 

19. But fashion was probably a more powerful factor than material in the deter­
mination of the format of birch-bark books, and it is possible that the method of 
preparing papyrus for writing upon to some extent influenced those who prep~red . ..­
birch-bark for the same purpose. The stem of the papyrus plant was cut Into 1 

• • 
• N rtm hers of such rolls were discovered by Sir M. -A.-Stein in Central Asia. 

• See footnotA on pa.ge 5. 
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longitudinal strips which were laid on a bo~d side by ~ide to ~he required width, 
and across this layer another of shorter stnps wa~ lrud at n.ght an~les.. After 
soaking, the combined sheet was hammered and dned and polished With Ivory or 
a. smooth shell. Some twenty such sheets were pasted together to for.m a roll. 
Later it was the practice to back one sheet with a second i~ order to obta1n a ~o~e 
suitable papeT. The depth of the rolls varied from 4 to 12 Inches. The later lim1t 
for the use of papyrus as a writing material was about the 9th century A.D. 

20. The palm leaf manuscript~ of India are ma~e ~ro~ the lea:ves of Coryp~a 
umbraculifera or Borassus ftabelhfer . The former IS Indigenous In sol).th India 
but the latter was probably introduced from Africa. The leaves of both of these 
trees are long and tapering, with central ribs. All the earlier palm leaf manu­
scripts are made from the leaves of Corypha. The following are examples:-

I l 1 

Reference. Locality: 1 Length. Depth. Ratio. Date. 

- -~- -- --- -. 
Horiuzi W. India ·f 2 in. ::>·5 ? 520 A.D. 

. 16 " 2 ,, 8·0 ! 
59 Bendall Add. l049 

" " " I 

" " 
16u3 Nepal . ·I 21 " 

2 ,, 10·5 1039 
" 

" " 
1688 . Bihar 22 

" 
2 

" 
11"<1 1054 

" 
Kielhorn No. 42 W. India 13 

" 2! " 5· 1123 
" 

Peterson No. 220 . . I 33! , 2! " ]5· 1205 
" I 

From measmements of a large number of Corypha manuscripts it appears that 
the most usual depth was about ,wo inches and that the lengths varied from about 
10 to 34 inches. The chief mode was fi·om 10--16 inches but there was a second 
mode fron1 30-34 inches. It appears that the whole length of the prepared leaf 
was occasionally used, bu~ that more Qften it was cut into thirds, or sometimes into 
halves. • 

About the 1niddle of the fifteenth century the use of palm leaf as a writing 
material entirely ceased in western India, but in eastern India it continued to be 
used side by side with paper until much later. 

21. The art of paper making appears to have been practised by the Chinese at 
a ve1-y early date. From the Chinese the Muslims learnt the process in the eighth 
century and they introduced it into Europe and also India about the twelfth 
century. Among the earliest Muslim paper manuscripts now preserved, one 
was written in A.D. 866, others in 974, 980, 990, etc. The earliest Indian paper 
manuscripts known were written in A.D. 1231 and 1343. The earlier one measures 
6 by 4 inches (ratio 1·5) and the other 13! by 5 inches (ratio 2·7). · 

22. Another very common writing material in early India was copper. 
Buhler states t hat the size of the copper plate used was largely determined by the 
common writing material of the locality,e.g., the palm leaf, birch-bark, etc. This 
statement, however, is not fully supported by actual evidence for the more usual 

· ratios of lengths to depths of coppei' plates vary from about 1· 4 to 2·6 as against 5 
to 15 for palm leaf manuscripts. 1 

• • 
1 There are rare examples of copper plates of ratio over 4 (e.g., two Taxila plates of ratio 4•7). 
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23. Before making definite deductions from the formats of om· birch-ba1·k 
manuscripts, a great~ deal more investigation is obviously required, and in parti­
cular the formats of the westm·n tablets and codices, the early Chine~e and Muslim 
paper books should be studied. Until the introduction of paper into India there 
does not seem to have been much consistency in the format of birch-bark manu­
scripts. The Khotan manuscript may have been in imitgtion of the papyrus rolls 
of the west. The width is about 8 inches (20 em.), the length is unknown, but the 
total length is about 4 feet (1 m. 23) and the longest piece of the Paris portion is 
about 24 inches (61 em.). The scapus was made by joining pieces of unknown 
depth together

1 

and at each side a fine cord was thTeaded through the bark about 
one em. from each edge. 1\'Iost probably it was never intended that the manuscript 
should be rolled up : poss:i.bly it was to be hung on a wall. The writing is parallel 
to the short side, and in this matter differs entirely hom the papyri, on·which the 
writing is generally parallel to the length of the roll, and in columns of from two to 
three and a half inches wide. The writing is on one side only of most of the frag­
ments of the Khotan manuscTipt, but on one long piece (C) both sides are written 
upon. This piece (C) consists of several layers of bark (it is, of course, impossible 
to count these layers without examining the original). The lenticels are identical 
on the two sides and the verso side is the lighter side of the bark. The manuscript 
appears to have been folded up to the size of 20 by 5 em., but obviously this was not 
the original intention, for the folds are independent of the position of the lines of 
writing, and folding birch-bark manuscripts "\Vas never a wise procedure. 

That the Bower manuscript fonnat was determined by the palm leaf pothi is 
probably tl·ue, although it should be noted that 9 x 2 inches is a very uncommon 
size for an early paln1 leaf manuscript. (See Dr. Hoernle's lists in the JASB, 1900, 
pp. 99ff.) 

24. Regarding the format of the Bakhshali: manuscript (ratio 1·6) as a cri­
terion of age, I can come to no positive conclusion fro1n the evidence before me. 
Further investigation is required and might be profitably undertaken if time 
aHowed. Dr. Hoernle, however, writes as follows :-

"It is noteworthy that the two oldest ·(Indian paper) manuscript.s known to 
us point to their having been made in imitation of such a birch-bark 
prototype as the Bakhshali manuscript." 

It is not easy to accept this argument, fori~ would be quite as reason~ble to con­
clude that the Bakhsha1I format was detenmned by the paper manuscnpt formats, 
and that it is of later date than the introduction into India of paper as a writing 
materia1 ; and this would place . the Bakhshali ;manu~m·ipt abou~ the twelfth 
century of our era at the earliest. However I only give th1s hypothesis as a set-off 
to Dr. Hoernle's unjustifiable deduction. 

The script. 

25. The Bakhshali text is wTitten in the Sarada script, ":hie~ ft?urished. o~ the 
north-west borders of India from about the ninth century until Wit~rn recent trmes. 
Its distribution in space is fairly definitely limit~d to a col?paratrvely small area 
lying betwe~n ~ongi~udes 72 and 78 ~ast ~I Grem1Wich a~d latitudes 32 and 36 nort~ ..• 
Dr. Vogel distinguishes between Sarada proper~ of ~hwh the latest examples are 
of the early thirteenth century, and modern Sarada. 

• • 

1 But I can see no evidence of this in the illustrationa given in the JouTTUll Asiatique (1898, P· 308 ). 
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The writing of the Bakhshali manuscript is of the earlier period. and is gene­
rally very good writing indeed. It was written by at least two scnbes. In the 
table on p. 97 the styles of writing are indicated by the letters a and /3 of 
w bich {3 uertains wholly to the " M " section. Style a is divi?ed into four ~u?­
sections which po sibly belong to the work of four separate scnbes, although. It IS 
not easy to point out any fundamental differences between these. styles. . Folio 65 
possibly exhibit" the writings of two separate scribes on the two sides, whiCh do not 
belong to the same original leaf. Compare also, folios 29 and 17. 

Possible points of differentiation bet ween the sub-divisions ah a 2, a3 and a t are 
the length of medial', the length of the final up-stroke of initial u, the length of 
the virama rna k, the occurrence of the sickle shaped 'i ~folio::; 1, 35, 52, 60), of the 
'' clubbed" ai and e (folios 16 and 60), of the "curved" medial e (folios 3, 18, 5), and 
the different methods of forming n1edial e, ai and o. 

The style (/3) of ection '' M " is distinguished by its boldness (contrast plates 
II and XXV), by " tail "or flourishes (including very long virama marks), the 
1nethods of wr.itin<T medial ai and o, the looped six, etc., etc. 

In Part I e , cript is exanuned in detail and further peculiarities of the 
different section are given, e.g., section "M" has no examples of ai and contains 
practically all the examples of o Sections L (oc4) and G (oc3) show marked 
differences in the methods of writing medial e, while section F is, in this matter, 
very much like section L. Section C (oc2) has no example of either the 
jihvamuliya or ·upadhmiiniya, and so on; but it must be bo1·ne in mind that these 
statistics are only of value in the mass. 

• The language. 

26. The language of the text may be described as an irregular Sanskrit. 
Nearly all the words used a1·e Sanskrit, and the rules of Sanskrit grammar and 
prosody are followed with smne la~ty. The peculiarities of spelling, sandhj, 
gi·ammar, etc., that occur in the text are exceedingly common in the inscriptions 
of the eleventh and twelfth centuries found in the north-west of India. Dr. 
Hoernle, however, implies that the language is much older. He states that the 
text" is written in the so-called Gii.tha dialect, or in that literary form of the N-orth 
W es~ern Prakri~ ';,hich preceded the emplo~me~t, in secular composition, of the 
classical Sansknt. He also states that this dialect "appears to have been in 
general use, in North Western India, fo1· literary purposes, till about the end of the 
3rd century A.D.m 

The subject of language is discussed to some extent in Chapter viii and will 
be more fully dealt with in Part III of this work . 

• 

• • 
--- ---------~-

1 Ind. Ant. xvii, 1886, pp. 37 & 38. 

c 
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CHAPTER I I I. 

ORDER. 

. 27. The Bodleia_n ~ibrary order of the folios, which was definitely fixed by 
ClfCUms~ances not Within the control of the editor, is necessarily followed in this 
volume In the arrangement of the facsimiles and the first transliteration of the 
text. But a more satisfactory arrangement was considered desirable, and a very 
considerable amount of labour has been involved in the attempt to achieve an 
approximately correct order. 

The leaves were disarranged to some extent before .they reached Dr. Hoernle, 
but unfortunately he did not leave any proper record of the order in which the 
leaves reached hi1n. 1 

28. A detailed anal~T~is of al1 the leaves showed that Dr. Hoernle's rearrange­
ment was faulty, 2 that the ''find order ", as far as known, was better, but not alto­
gether reliable. Further rearrangement was necessary and had to be attempted : 
but leaves were missing, some were in fragments placed anyhow, not a single leaf 
was complete, and the connecting portions of the text were all wanting. 

29. Dr. Hoernle attempted to arrange the leaves on the basis of the numbered 
S'utras; but the nun1bered sutras were too few and too unevenly distributed to 
serve this purpose, and in some ways they were even misleading. The chief 
criterion of order is, of course, the nature of the contents of the leaves, but I have 
seized upon any means available that has offered any help towards the solution of 
the problem of order. Had all the leaves been extant, even in fragments, the 
problem could have been completely solved; but some leaves are completely miss­
ing and many fragments have disappeared altoge.ther, so that the problem is only 
partially soluble. I have already explained how the knots in the birch-bark were 
of assistance, and besides this natural aid there was the accidental one of the effects 
of the method of storage. Possibly for some hundreds of years the bundle of leaves 
was subject to' a certain amount of pressure, and was exposed, particularly at the 
edges, to ch8mical and other disintegratin~ actions. Son1e of the leaves stuck 
together, the edges of all became frayed and certain leaves became so frail as to 
break up into scraps when handled. On the principle that contiguous leaves would 
be affected approximately to the same extent, we might, if no disintegrating effects 
had taken place since the find, rebuild in layers the original bundle. But we know 
that further disintegration has taken place, and is still not altogether eliminated; 
nevertheless, sinlilarity in size and shape and mechanical makings were distinctly 
helpful in rearranging the leaves. 

30. The script was helpful in a general way : indeed it led me to differentiate 
the u M " section from the rest of the text. The language employed was also help­
ful, particularly with reference to the use of special technical terms; while such 
examples as the following were noted after some order had been restored :-ghna 
'' multiplied bv " occurs only on folios 7, 45, 46, 57 and 65, all of which belong to 
the same section (C); pratyaya, y11,ta and rupa occur very often but never in the 
"M" section, etc., etc. 

• 
31. The chief criterion-that of the subject matter-could not always be·· • 

utilised, owing to the absence of all the actual connecting portions and to the 

• • 
1 In the following notes by 'find order ' I mean the order in which the leaves reached Dr. Hoernle. This order is not com-· 

pletely known but Dr. Hoernle marked the order of certain of the leaves. 
z It would perhaps be more correct to say that it was incomplete. He placed leaves 10 to 18 and 60 to 63 in proper sequMce. 
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numerous larger gaps, but occasionally it was definitely decisive : e.g., one example 
goes from folio 65 to folio 66 and then to 64, another from 66 to 67, and another 
from 29 to 27, etc. We also find the same topic spread over a number of leav~s, 
and here it was often possible to reconstruct a logical sequence that must be 1n 
::;ome correspondence with the miginal. 

Finally the numbered sutras were useful as a check and also as indicating to 
smne extent the relative positions of certain sections. 

32. The problem of rea1·rangement, however, had not only to do with the orde1· 
of the leaves. but with the order of the pages and also the ot·der of the fragments. 
In a number of cases the Bodlejan arrangement places the proper first side of a 
leaf in verso, and the fragments are very often placed with wrong leaves. The 
illustration facing page 4 shows some of these fragments rearranged, and the table 
Qn page 14 enumerates some 13 leaves placed with the obverse in verso. 

33. The order now given does not pretend to be the exact original order: it is 
merely a compromise. It brings together those portions of the remains of the 
text that deal with the same topics. It is not necessarily a logical order according 
to modern views : indeed, few medireval mathematical works exhibit such a logical 
order. Neither is the order a final one, and probably it is not the best that could 
have been obtained; but a working order had to be achieved even before the de­
tailed examination of the manuscript could be completed, and now if the labour 
were not too great I should be tempted to revise the order once more. Further, if 
an attempt is made, as I trust it will be, to separate those leaves that. are stuck 
together, then the question of order will possibly once more have to be considered. 

34. Th~ following tables show the various m·ders-

• 
BODLEIAN ORDER. 

(The facsimiles shown in plates ii to xlvii are in this order.) 

Folio. Revised order. Folio. Revised order. Folio. Revised order. I Folio. Revised order. 

1 All 21 E4 41 J 3 61 L2 
2 A 12 22 E5-Fl 42 M 13 62 L3 
3 A 13 23 F2 43 Ml2 63 L4 
4 B4 24 F3 44 Mll 64 C6 
.5 Cl 25 F4 45 C8 65 C4+J 2 
6 C2 26 F 5+? 46 C 9 +D 1 66 El 
7 B 3+C 3 27 A 10 47 M7 67 D6 
·8 Bl 28 D7 48 M8 68 D4 
9 B2 29 A6-7 49 M9 69 DS 

10 Gl 30 J i 50 M 14 70 D2 
11 G2 31 D5 51 A 6-7 
12 G3 32 M:3 52 A8 
13 G4 33 M2 • 53 E2 
14 G5 34 M5 54 A4 
15 G6 35 A 5-6 55 M 10 
16 G7+H 7 36 M4 56 C5 
17 H2 37 M6 57 C7 
18 H3 38 Al-3 • 58 • E3 
19 Blank 39 Al-3 59 K I 
20 Ml 40 Al-3 60 T. .. 1 l 

c 2 
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REVISED ORDER, &c. 

og. 
~~ ~;: .. "' Numbered Find Numbered Find Numbered Find ·=~ Folios. ·~~ Folio. ·~~ Folio. 

;.. "' Siitras. order. Sotras. order. Siitras. order. ~0 "' ~ "' .... ,.,.o ~0 ,... 
- - -- - -
A. 1 40" + 39•+ b' +<+S8b 32 D 1 46 v. 9 H 1 16 v. ? 30 
A 2 39b+ 4Qe+ SS<+40b+ 39d 32 D 2 70 66 H 2 17 I 28 
A 3 404+ 39"+ 38b 32 D 3 69 64 H 3 18 

I 
? xxviii 27 

A 4 54 ? D 4 68 64 
A 5 Sfib ? D 5 31 63 J l 30 32 
A 6 5lb+36• 37 D 6 67 V.R. 62 J 2 65 R. ? ? 
A 7 51• 37 D 7 28 60 J 3 41 ? 
A 8 62 37 
A 9 29 32 E 1 66 58 K 59 l ? 
AIO t,7 +29 32 E 2 53 ? 
A.ll 1 ix, x I 33 E 3 58 ? L 1 60 li, Iii ? 
A12 2 34 E 4 21 55 L 2 61 liii ? 
A 13 3 xi ii, xiv l 49 E 5 22 R • 

. L 3 62 liv, lv ? 
L 4 63 lvi, ]vii ? 

B 1 8 ?, ? 4R F 1 22 •. :l ? 54. ., 
B 2 9 V.R., I 

I 
43 F 2 23 62 M 1 20 26 

B 3 7 v. I 45 F 3 24 ? M 2 33 25 
B 4 4 xv, xvi I 44 F 4 25 51 M 3 32 24. 

I F 5 26 50 M 4 36 23 
c l 5 xviii 47 M. 5 34 22 
c 2 6 46 G 1 10 xxiv 42 )f 6 37 21 
c 3 7 R. I 45 G 2 11 41 M 7 47 V.R. 20 
c 4 115 v. I ? G 3 12 4.1J M 8 48 19 
c 5 56 V.R. 16 G 4 13 39 M 9 49 V.R. 11 
c 6 64 I ? G 5 14 ? MlO 55 14 
c 7 57 V.R. ? G 6 15 XXV 29 Mll 44 V.R. 12 
•C 8 45 \ 

10 G 7 16 R. so Ml:l 43 13 
c 9 46 R. 9 M13 42 18 

Ml4 50 V.R. 17 

N OTE.-R. stands for Recto, v. for Verso and v.R. indicates that the facsimile should be reversed . 

• 

• 

• • 

.. i . \ 
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IV. 

CONTENTS OF THE MANUSCRIP'.l: 
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in forrn it misleading to de­
No algebraical syn1bolism is en1ployed, 

general form irnply the complete 
arithm~etical al'e Teally gene-

given. which is 

l Ind. Anl. XVH, 1888, p. 33. 
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i~tended. to appl~ to the pai·ticular set of examples that follows. These rules are 
often expressed In lang_uage that 'Yould be impossible to interpi·et without the 
li~~t thrown upon th~m by the solutwns. The examples are themselves sometimes 
tnv~al, but the solutwns, often expressed \vith what at first glance appears to be 
.metiC~lous .care, often rede~m the exan1ples from their apparent ti·iviality. Proofs 
or venficatwns are often given with some elaboration and on occasions are multi­
plied. 

~9. The .work may be divided roughly into algebraic, arithmetical and geo­
;netriCal sectwns; but the bound.aries of these sections are not clear, and perhaps 
It would be Inore correct to classify the p1·oblen1s as (a) academic (b) commercial 
(c) miscellaneous. · ' ' 

J u?-ging by the manu~cript as it now stands, the problems involving geometri­
·cal notwl!s. were cmnparat1vely ver:r few,. and we can only guess at the meanings of 
the rema1n1ng fragments dealing With th1s branch of mathematics. 

. O~e pleasing feature is the sn1all space occupied by cmnmercia,l problems. 
There Is only one problem on interest, and a rather unobtrusive section containing 
problems on profit and loss. 

Those problems classed as academic are concerned with pmticular mathe­
matical notions that in early medi::eval times had a traditional value and interest, 
such as the epanthema, the Tegula vi1·ginum, certain indeterminate equations of 
the second degree, and certain sets of linear equations. 

The miscellaneous problen1s include exan1ples where the chief interest is rather 
in the illustrative material than in the mathematical notions involved ; e.g., there 
are problems concerned with the abduction of .Sita by Ravana, the prowess of 
Haihaya, the constitution of an anny, the Sun's chariot, the daily journey of the 

·planet Saturn, gifts to Siva, etc., etc. 

40. Such, or similar features, are, howerer, com1non to 1nany medimval mathe-
matical wm·ks, and we now turn to the consideration of the distinguishing features. 
Chai·acteristics that completely differentiate one such mathematical work from 
&.nother of the same period are generally hard to find and generally in order to so 
differentiate we have to sum up a number of minor characteristics. The Bakhshali 
manuscript is, however, ahnost unique in at least two respects of son1e Inathmnati· 
cal importance. The fhst of these is the employment of a special sign in the form 
of a cross-exactly like oui· plus sign but placed after the quantity it affects-tq 
indicate a negative quantity. The possible connexion of this with the Diophantine 
sign and its value as a chronological test will be dealt with in due eourse. The 
Becond special ~haracteristic ~on~ists of the s~t ~f methods. for indicatinf: the. change­
ratios of certmn measures. Th1s character1st1c also ·w1ll be dealt w1th In some 
.detail in due course; and it must suffice foT the present to point out that neither 
of these pe~uliaTities is very helpful in placing the work. 

41. If the work were actually of the period to which Dr. Hoernle assigned it, 
then by far the most remarkable feature would be the employment of the modern 
.place-value arithmetical notation; but 'Dr. Hoernle's estimate of the age of the 
work was wrong and the occurrence of this notation is a coi?-mon-place .matte_r. It · 
draws our attention, however, to the skill of our author 1n the mmupulatwn of 
11u1ubers. Large quantities ar~ dealt with and one '?articular number contains 
·23 digits. These large numberil do not appear to be ~ven for mere effect for they 
,occur quite naturally as the result of a rigorous log1c. Indeed the author seems 
generally to prefer simple numbei'S. 
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1 'l'lHlSe remarks do not to the ' J\f ' section. 
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Non-mathematical elements. 

45. Many of the mathematical examples contain references to the affairs of 
gods and 1nen and some of these references are of rather exceptional interest. The 
names of cer·tain deities and semi-historical beings occur, and the1·e are references 
to legends vvhich n1ay give smne clue as to the origin of the work. Of interest also 
are the ani1nals, crops, metals, etc., 1nentioned. Before indulging in conjectures 
as to the significance of these references it will be convenient to exhibit them in 
some sort of order. 

46. SIVA. The name of Siva occurs on a fragment (folio 50) that; appears to 
0xh~bit a sort of colophon, in whjch the gift of calculation to the human race is 
attributed to the god. The actual name Siva occurs nowhere else, but another 
name of the gocl-Sulin-is given on folio 34, ''There the e:xan1ple refers to certain 
offerings made to him. On folio 44, in a similaT example, pm't of th,e expenditure 
is in offerings for Su0

, and this, it is conjectured, stands for Sulin. The term Devi 
occurs (folio 49) and probably indicates Siva's consort. 

The significance of these Teferences (which all occur in section "lVI ") is em­
phasised by Dr. Hoernle's remarkable claim that the work is Buddhist m· Jain. 1 

This appears to have been mm'e conjecture, for we find nothing whatever in the text 
that conflicts ·with the Saivism indicated. Neither is the authorship of the work 
by a follower of Siva in any way surprising, for, it n1ay be noted, Kash:mii' Saivism 
began tore-flourish about the tenth century A.D., 2 and Kalha1;_a was a Saivite. 

VASUDEVA is a name applied to KrishiJ-a. The phrase that occurs (folio 44) is 
viisudevasya charchanet. 

SURAS AND AsuRAS. Suras are generally cla·ssed as minor deities. In our text 
(folio 33) they are said to dwell on Sumeru. In the same context Asuras, demons 
or enemies of the gods, are contrasted with the Sur as. 

R.AKSHAKAS are classed as evil spirits bltt are not generally very clearly defined. 
The term occurs on folio 65, recto (part of a double leaf, and perhaps not correctly 
placed in section J). The problem, which is concerned with jiva-loka, is not under­
stood. 

SIDDHAS AND VIDYADHARAS. These two terms occur together on folio 37, 
where the chariot of the Sun is said to be guided by the god Mahoraga among the 
Siddhas and Vidyadharas. The Siddhas are semi-divine beings of great holiness, 
who dwell in the region of the sky between the earth and the sun, while the Vidya­
dharas are inferior deities inhabitin-g the same region. 

MAHORAGA is Besha or any other great serpent. The connexion between ser­
pents and the Sun is supposed to be son1ewhat intimate in certain mythologies but, 
I have not found the source of the present reference. 

47. SiTA. The name Sita is not actually preserved in our text, but on folio 32 
is an exan1ple based upon hm· abductio~ by ~avm:w. The tale is tha:t Sita, the . 
wife of Rama, was carried off through the au by Rava:o-a, and that:, 1n order to 
attract the attention of her helpers, she tied up some jewellery in a garment and 

• I 
1 Ind. Ant. XVII, 1888, p. 38. 
2 SeeR. G. BHANDARKAR, Vaishnavism, Saivisni, etc., pp. 129-131. 
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50. The collection of animals is limited to elephants, horses, camels, cows, 
buffaloes, snakes, a worm a.nd a vulture. There is little of significance hm·e, but 
the occurrence of cmnels pmnts to the norjvh-west of India. There are, however, 
two ~lasses of horses mentioned (asva, haya); for exan1ple, one problem deals with 
cer~~1n n,~mb~rs of asva, h;zya, an~ u~ht:·a (can~el) .. Dr. Hoernle translated haya 
by yak, whiCh would be Interesting If It were JUstifiable; but on one occasion the 
two. terms seem to be used synonymously (fol. 8) and the "horse" of an army are, 
designated haya and t?JTaga (fol. 47) . 

. Of foo~ st"?-ffs a~d other coml?-o~ties w~ have wheat, barley, rice and saffron 
(th~s comb.Inatwn being of some significance); gold, iron, salt, molasses, and ( ?) 
lapis-lazuli (ambhaloha). 

51. The mention of a boat sailing against adverse winds is not necessarily 
"local colouring" but we must assume that it was, at least, comprehensible. 
Chariots (Tatha) are n1entioned three times-twice it is the chariot of the Sun, and 
on the third occasion the chariots form one section of an a1·my, which is said to 
consist of chariots (Tatha), elephants (gaja), foot soldiers (na1·a), and "horse" 
(haya) in the ratios 1 : 1 : 5 : 3. Certain "divisions" of an army are also men­
tioned, namely chamu, pritana, anikini and akshauhi1fi (fol. 47). 

52. The references to religious 1natters are few but m·e significant. We have 
already mentioned offerings to Siva, Devi and Vasudeva; Brahmans also appear to 
have been fed; other gifts are" for the sake of reverence" (pujartha), and for hopes 
for a the future world" (pa1·aloka), etc. The "supren1e spirit" (pantmatmana) 
and ( '?) '' creation " ( srishti) are also refened to. 

Is the 1coTk homogeneous? 

53. In my first examination of the manuscript I noticed that the writing was 
not uniform, and that, in particular, certain leaves differentiated themselves from 
the rest by a bolder and, on the whole, a betoor style of writing ; and I distinguished 
this set of leaves as the "l\'I" section. This early differentiation was a most us-eful 
one for it marked not only a difference in style· of writing but also one of matter. 
Indeed this " M " section proved to have so many peculiarities that the idea that 
it was possibly a separate wo:rk could not be ignored. But the rest of the manu­
script is by no means uniform in style of writing or anything else, and I am not 
convinced that the " M " section is the work of a separate author, although I rather 
suspect that it is. It.is, however, pretty certain that it was the :vork of a separate 
scribe; but, as there are slight indications that the other portwns of the manu­
script were _dictated, this ~oes n?t affect t~e q~estion of authorship cone~usiyely_. 
I cannot. pmnt to any definite ev~dence of dictatiOn that would bear exanunatwn . 
it is rather an impression received. 

The peculiarities of the " M " section: althou~·h they 1nay not prove ~etero­
geneity of workmanship, call for some special n1entwn and are here summarrsed. 

I. The script. • 
(a) The writing is bolder and, on the whole, more uniform than that of thH 

"CJ.dU0SllU'BUI 8I[CJ. JO CJ.S8J 

• 

1 ''Saffron (kunkuma) has to the present day remained a famous product of Kashmir." STEIN, Rajatara'IJ(Ji1}i II, 428. We­
ought also to mention birch-bark, although there is no reference to it in the t!'xt. 
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CHAPTER V. 

EXPOSITION AND METHOD. 

54. The text consists of rules (sutras) and examples. There is no explanation 
whatever of the processes by which the rules wm·e obtained, that is, there is no 
mathematical theory at all. In this the work follows the usual Indian fashion, as 
ex_hibited in all early texts. But there is a good deal of mathematical theory im­
plied, and the rules and exan1ples are often set forth in such a way as to convev the 
principles followed quite clearly to the student. " 

55. The rules (sutras) are written in verse and are generally nurnbered; and 
often in the solutions of the examples phTases from the sfit1·as are quoted. When 
Dr. Hoernle tried to re-arrange the leaves of the manusm·ipt, he took the numbered 
sutras as the basis of his order, but they were too few in nun1ber to lead to a satis­
factory result. These sutras do not represent, as might be expected, the most 
valuable part of the text. They are usually of particular application rather than 
general and are often very obscurely expressed. 

56. The examples given are generally formally stated in full-vvithout the use 
of notation or abbreviation of any kind ; and in mQst cases they are stated in verse. 
They are introduced by the term 1tda, an abbreviation for udaharanam a an ex­
ample." After the question sometilnes comes a formal statement with numerical 
symbols and abbreviations, often arranged in cells. Then comes the solution or 
working ( karar;a), and here, smnetin1es, fragments of the sutras are quoted. 
Finally come demonstrations-often 1nore of the nature of verification than proof. 
Generally these demonstrations, by the aid of the answer found to the question, 
rediscover one of the original elements of the problem; and sometimes several such 
demonstTations are attached to an individual problen1, but sometin1es the variation 
is merely a matter of the form of statement. 

The full scheme of exposition is therefore-
• 

Sutra.m or rule. 
U dtiharanam or "example" : indicated by uda0

• 

Sthapanam cr "statenlent." 
Karar;am or a solution." 
Pratyayam or " verification." 

The end of each sutra is marked after the last example by the device 
and the number of the sutra is also given at the end. 

1 ---·---T 

57. The method of grouping sets of figures_is of interes~, and shows feat~.u~s 
in common with medireval Sanskrit mathematJCal manuscnpts, wheTe also 1t 1s 
the practice to place groups of nun1bers. in cells. In ?ur manus~ript, however, t~is 
fashion is rather more elaborated than 1n any Sansknt manuscnpt I have exannn­
ed. The mathematical possibilities of this schen1e. do not appear to have been. 
realised and the student must always be careful to Interpret any group of figures 
from the context, and not from any sirilarity with other groupings. However 
there is a certain amount of consistency in the arrangements, as the examples ex­
hibited below will show. The real purpose o.f the arrangements appe~rs to be to 
prevent confusion by demarcatin$ the numencal figures from the text Itself. .The 
text is often written almost indef>endently•of the figure groups, aJ?-d a word may- be 
arbitrarilv divided by thP. cell arrangement. which may also cut 1nt?. seve1·a~ ~'?'es, 

· of the te~t not necessarily connected with it. The economic necessity of utilisinK, 
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(f) 

1 

1 
2 

1 
2 
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to 
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60.5.5040625 
3227520000 

l 
l 
3 
1 
4 
1 
5 

(vi) 

1 
3 

(vii) 

1 
6 

1 
12 

7 
12 

12 

operations$are sometirr1es marked off in a similar man-­
( iii) means i+t+ff-+ ; (d) (iv'l 1neans (l+t) 
40 (l -· t) ( 1 - ( l 

be connected together by cell arrangements, 

100000 di 0 phalarb di0 60000 
947 947 

f575oo plialari1 di0 60000 
947 947 

216000 di0 ~------phalaih di6 -- 60000 
94'.7 

100,000 
dinaras " 

60,000 ~ 

-94f- -9-tf uays 
157,~QO_ 60,000 

947 " 947- ·'' 2Hl,OOO ' 60,00{) ·-· 947--
" . -947- " 
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(g) The_ data of the problem and the solution may be indicated in one com­
bined statement, e.g. 

16 
1 
1 
4 
1 
3 

4 a 0 chhe0 2187* 
1 1 

pha1a:ril sara 2624400 

'This is a statement of proportion where the second term n1eans 16 (1 + _l) (1 + ~) and 
i:he nutnber n1arked with an asterisk is a change-ratio. 

4 
~ 

(h) l 0 
1 

2 1 
1 1 

3 3 
1 1 

12 4 
I. 1 

d:ri0 300 
1 

may be roughly expressed by means of x + 2x + 3 x 3x + 12 x 4x = 300 

58. 'fhe use in our text of the sexagesimal notation in the form in which it 
occurs is of rather special interest, for there is, as far as I know, no other example 
·of the kind in any of the classical Sanskrit works. The Hindus, fron1 ATyabhata 
oEwards, were well aware of the advantages of the sexagesimal notation for astrono· 
mical purposes, but they never used it for arithn1etical purposes. 

Apparently there is only one purely arithmetical example of the use in the 
text and this example occurs, in connexion with a problem in arithmetical progres­
sion, on folio 6, verso, and 7, recto, where the fraction 178/29 is expressed 
as 6 + 8i 1- 1611 + 33111 + 6,. 26v. This sexagesimal fraGtion is actually "\\7!'itten thus-

6 
8 

60 
16 cha0 

60 
33 li0 

60 
6 vi0 

60 
se0 6 

29 

The uppe1· three figures are missing i~ the manuscril?t bu~ th~ restorati~n is certain. 
Of the abbreviations li0 stands for lzpta ( Gk. lepte) whiCh In Sanskr1t works or­
dinarilv means a minute of arc, or the sixtieth pai't of a degree ; mi0 stands for 
vilipta: ordinarily a second of arc1 

: while se0 stands for sesham or "remainder." 
• 

The purely arithmetical (and perfectly legitimate) u~e of the no~ation he~e . 
points to extra-India influence, fo!, alth~ugh such ~ use IS unknown In Sanskrit 
works, it was extremely common 1n mediffival Muslim works . 

• 

1 On folio 37, verso ; lipta and t:iUpta are used 'astronomically.' 
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3 
1 

1 
1 
3 

() 
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progressions in 
same in cases, 

I bhaJU se0 
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4 
1 

a proper algebraic svn1bolism. 

d:rishya 200 i 
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s~ri.es is obtained. Here th.e given sum n1ultiplied by the assumed value and 
divided by the (false) sum IS the con'ect solution. The connexion between this 
method and that of operating with unknown quantities is discussed later on. 

(v) • 
1 

5 yu mu • 
1 1 

sa • 
1 

• 

7 
1 

mil • 
1 

which means x + 5 = S 2
, x -7 = t 2

• Here the symbol 1 stands for thi'ee different un-
known quantities. It sin1ply indicates in each case an unknown number. 

Negative sign. 

6~. The ?nly distinct n1athematical symbol einployed is the sign for a negative 
quantity, whiCh takes the form of a cross + placed after the number affected. This 
is peculiar and has given rise to discussion. In Sanskrit nianuscripts a dot before 
the quantity affected is the usual n1ethod of indicating a negative quantity. In 
the transliteration of the text the original negative sign ( +) is, perhaps illogically, 
preserved; but it is a rather special feature of the 1nanuscript, easily printed, and 
leading to no ambiguity.· 

On this negative sign Dr. Hoernle writes1 
: 

'"Here, therefore, there appears to be a mark of great antiquity. As to its origin I am unable to suggest 
any satisfactor:r explanation. I have been informed by Dr. Thibaut of Benares that DiophaRtos in his 
Greek arithmetiC uses the letter I} (short for ¥u,~l1}1,) reversed (thus fJ\) to indicate the negative quantity. 
There is undoubtedly a slight resemblance between the two signs; but considering that the Hindus did not 
get their elements of the arithmetical science hom the Greeks, 2 a native Indian origin of the negative 
sign seems more prob:ible. It is not uncommon in Indian arithmetic to indicate a particular factum 
by the initial syllable of a word of that import subjoined to the•terms which compose it . . . . . The only 
plausible suggestion I can make is, that it is the abbre>iation (ka) o:i' the word kanda, diminished." (He 
also points out that the letter k in its ancient shape as used in the Asoka inscriptions is a cross and goes 
on to say) " Another suggestion is, that the sign represents the syllable nit, .an abbreviation of nyuna, 
' diminished.' The aksham for nit (or nu) in the Asoka characters would very closely resemh1e a cross ( +) 

. . . However for the present, the question must be left an open one." · 

'Vith this last remark I agree and I would at the same time point out the 
danger of attempting to trace an isolated symbolic form back through the ages. 
The suggested connexion with Asoka times is only part of the special pleading for 
the extreme antiquity of our manuscript. The striking resemblance with the Dio­
phantine sy1nbol, so lightly cliscaTCled by Dr. Hoernle, is of interest, but lacks sup-. 
port. Frmn the time of Diophantus to the time of the Bakhshali manuscript is 
too gi'eat3 to allow us to ignore the lack of other examples. 

A bbTeviations. 

62. Abbreviations are employed to such an extent as to become, at 
times, embarrassing, and they mnbrace almost every type of tenrt. None 
of these abbreviations is used in an algebraic sense, although, at first sight, when 
we find a0

, u 0
, pa0 used consistently for the eJeinents of an arithmetical progression, 

an algebraic symbolism does not seem y~ry far off. But a0
, ha?, U0

, ff0° are the 
abbreviations of names of anin1als, ya 0

, go0 and sa0 of plants, etc., etc. The names · 

1 Indian Antiquary, xvii (IR88), p. 31 • 
' They got a good deal from them, an practically all their later astronomy came from the Greeks. 

a But DF. Hoemle assumes that the Bakhshiili text was practically contemporaneous with Diophantus ! 
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Fundamental operations. 
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1 798 

1 8o 

377 

1024 

3 

jatam 889 

esham. yutim kriyate jata 2558 

I 72 1 yoga krit.e jata 

It 

ekatram 130 
1 

437 

" II 
(a) 960 and 64 added: Hl24 is produced. 1-z'' plus unity= 1..,:\ (c) '>and 'Lnit:v add,,_d t.ogether-3 (d) 4'' ha · g l · . _ . , • . ·' - "f· . • - . · ,, vm Jeen giVen 

to 840, 889 1s ;rroduced. 924-. 838, 798 : tne sum ot these may be determined : they produce 2•558. (f) 120, 90, 80, 75, 72 : the 
sum of these l!l made 437, 120, 90. 80, 12: thus 377. (h) 10. 30, : altogether 130. 

E 



28 
(i) 

I 
29 7 anenayutam 36 
48 48 
58 58 

(k) 5 / 1 se 10 se 15 evam 1 16 16 

(Z) 45 sardha traya yutari1. 52 
2 2 

65. Examples of subtraction 

(a) I 5 I 9 visesharn. 4 ' (b) 3 2 I viseshari1 I 1 
I 2 1 2 

(c) 5 3 rahitam jatarh I 2 I 

(d) 

(e) 

(f) 

(g) 

6 3 suddhi 3 ' 

42 tryunam 

3 visoddhya 

I 77 I 294 I patya sesham I 11 11 I 
--~----1 

66. Examples of multiplication. 

(a) 1 2 

(b) 

(c) 

(d) 

30 

2 
5 

4 
I 
2 

d vigunaril 1 4 
[ __ 

240 ashta gunaih 
( ______ _ 

40 
1 

gm;rita jatam 16 

gul)ita jata 

• 

27 
8 

4 

217 
11 

16 

_ (i} 29ti--by this (7) in(lre!ks~<l=36:~· (k) 51\;+ lOi ~ thllB 16. (l) V with three and a half added= \ 9• 

(a) 5, 9: the iliff. erence is 4. (b) ~, 2: the ¥erence is t. (c) 5, 3: subtracted, 2 is produced. (d) 6, 3-; the difference is 3. 
(e) 42 less three is 39, (f) 3, 7: having subtracte1' 4. (g) i i• \1 : having subtracted the difference is 2H. 

(a) 2 multiplied by two=4. (b) 30 multiplied by eight= 240. (c) ~and 40 multipfied: 16 is produced. {d) 1-! and 4} multi­
plied V is produced. 
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(l\ ,. 
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=16. 

1 
6 

anena gul)itam jatari1 

gui,lita jataih 

abhyasmi1 12 

gul}i ta j a taril 

44004 

anena gul).itarh 

~ 

6455949625 
3227520000 

4 
j 

::&. 

quantities are expressed 
the denominator 

indication 
an explanatory word or 

1 

1 
4 

labdhmn 

vibhaktvam 10 
3 

ill 

65593 
841 

179945781120 
2999096:352 

the usual Indian way 
dividing line, and 

of division often 

28 

36 
4 

24 

"-----••••-.. -------~·-----•-•-"-'•-·-------· --• -----c---••· ----·-·-·--· •--

(f) ~\ l. 
itself,=64. (j) ',("£', 

multiplied by the numher of 

(g) 40 0--t) O-tt (1-H 
B48320 • d 137 178 
14i 12 IS pro. uced. (k) 

58
, -

29
, 

(Jl.ti2R) _ 6,455,0·:10,625 ( ) 405280 
4 92oo ·- 3,227,52o,ooo· m 58724: 

exposition .is common-the divisor is ·tGI•ned into a multiplier bv being inverted. 
multiplierl into 35=\:"· (c) 10,3: having 1 ?,. • 

E 2 



(d) 

(e) 

(/) 

(g) 

_(h) 

30 

447 dalita 447 
29 58 

l 1~; I vartya:Ih jata:Ih 4 
1 

798 projjhya 798 
1463 

2558 chchheda projjhyam 1095 

60i / anena drishyam bhajitam 

Square-root. 

1 
60 

300 
1 

jata. 1 5 

68. The method of extracting square-roots exhibited in the text is of special 
interest. The rule is much mutilated but as it is given on th1·ee separate occasions 
the fragments pieced together enable us to give the complete sutra: 

akrite slishtha krityuna sesha chchhedo dvisamgunal;t tad vargal;t dala 
samslishtha hriti suddhi kriti kshayal;l 

This means somewhat as follows :- • 

The mixed surd is lessened by the square portion and the difference divided 
by twice that. The diffm·ence is divided by the quantit:v and half 
that squared is the loss. • 

Then follows a note to the effect that " by means of this 1·ule an approximation 
(anaya) to the proper root of a mixed quantity is found .... " 

The rule as it stands is cryptic and hardly translatable, but fortunately there 
are examples given in some detail, and these show that the rule was extended to 
" second approximations." 

The rule means that the first approximation to yiQ= yiA2 +b is A+bf2A or q1 ; but qi-Q=(b/2A) 2 

N 0 rule :for ' second approximations ' is preserved but there are several examples; and, o£ course, 
. d 1 .I! 'Q ~-"---, JZq A 4A2b + b2 l b d no fresh rule is really req111re , 1.0r v = v q i-e1c- 'h - e1 1 = +sA a+ 4Ab' ana t e ' !Secon · error' may be 

( b )4/ (A b .2 indicated by e2 = (etf2qJ:~ = 2 A 4 + 2 .A) • • 

(d) 4_V halved=4~_1. (e) 1-'~ reduced gives 4. (f) Having discarded the denominator 1~.'113 becomes 798. (g) 2558-1463= 

1095 whe~! 1463 iR th~8 
denomh:airor of the fraction. (h) By this (60) the known guantity(300) is divided and.~ of 300=5. 

. 1 N t that'~ I ·2+-b=I then r= +-b- # _!'.__ ............ • The text uses r'=A+-"'=-- r'"=A+_b_ b 4A'b-t b' o e n v a. 2.+ 2A 2A+ 2A ' 2A+- h -A+ 
.. · 2A+2J~ - BA'+4Ab' 

t "-A+_ll_ b _ +2Ab. but no r - 2A+---A 4A'+b 
2A 



the preserved belong to section and appear to be merely subsi-
diary to certain quadratic equations arising out of problems. in 
arithmetical nr<l~:ression,s. These problems will be found fully worked out in § 86 

I give a, suinmary of the square-root evaluations. 

~ .A short histodca.l 

81 -- l* ~- ~- 11 ---( l )2 
.. -10 , e2 - ... 6. ---~-

q2::: 

2xlO! l07o84 

X = () 19020 . ~ = !_(40)4 
N 9681 J 8 8 42 

. . _ r ,.,(\384 • " 70515,225,088 
' ClJ - u I" 579 ' qz = 0 •"777 ,367;500 

the 
bv 

•' 
--:-1000.-' 6·403 

with the 
time of Heron. 

further 

6·40313 

21·9307 .. 

579·6615 

2140)2- 160,000 
. 42 -2,999,096,352 

rule. It was neither 
Pellian equation.1 

,.., + 2Ax from which 
. But, as already 

lilndus and \Vas not 
had a very 

( Trisatika, ,!6) and 
whose square-root 

of the product 
of the multi-

scholastic square~ 

sunnnarised thus :--. 

q (approximately 
correct). 

6·403124 

21·9317122 

29·8161030 

579·65 .... 

·········---·-··--···---'-·--------------·--· --···-~-----·------·---
for reasons explained in §85. 

sugf;~ests itself; but the negative sign n t t h o appear o ave been used in :first 

53) :may be helpful to those whltare interested in the details of the cai I t' 
see P, TaNNERY 111emo'ires seient(fiques,\I, pp. ; and II . 157:/i cu a IOns. 

on page 45. ' pp ' 



''Rule of three." 

. 70. The term trairtiSika "relating to th1·ee quantities" occurs about a dozen 
times-always employed in the sense of arithmetical proportion. Most often -it 
·occura in the phrase pratyaya trai-rasikena or " proof by the rule of three " and the 
proportion is generally set out in the following manner-

1 
3 

1 
1 
2: 

which means t : 1-! . : : 4 : 18. 

4 
1 

phalarh 18 
1 

The term trairasika is orthodox but the tenn phalam is used throughout our 
text quite appropriately as equivalent to "answer ", andis not applied to the second 
term of a proportion as in the Lilavati. 

There are very many examples of the "rule of thTee" used eitheT as the direct 
method of solution or as a proof. There are also some very much damaged ex­
amples of what appear tr• be problems in so-called compound proportion. There 
i~ nothing of the nature of a theory of proportion discussed but several examples 
of the following principle occur-

If a1 a2 an A I:a A 
b~=b- ...... = ... =b- = J'' then :rb=B· 

1 2 n >1 

• Regula falsi. 

71. The rule of "false position" or'" supposition" is used in two ways in our 
text1 in solving linear equations. 

• 

(i) f (x) =p is solved by assuming a value e for x. This gives f( e) =p' and the 
correct value of x is ep jp' 

An example is 

The amount received by the first is not known. The second receives twice 
as much as the first, the third thrice as much as the first two and the 
fourth four times as much as all the others. Altogether they receive 
300. How much did the first receive? 

Suppose the first receives on~, then 
fourth 48 ; or altogether they receive 60. 
300/60=5. 

the second receives 2, the third 9, and the 
Actually, therefore, the first received 

(ii) If f(x)=p reduces to bx+c=p and f(e)=p' reduces to be+c=p' 
then x = (p-p') fb + e, which appears to h~ve been considered useful when it was de~ 
sired to keep b and c unchanged. 

1 No rule is preserved in the text but Bhaskara ~ives the folio~ (Lilavati, 50). 
" Any number assumed at pleasure is treated f'i, spe~ified in ~he_ particular question, being multip_li~d and divided, rai;sed and 

diminished by fractions ; then the given quantity, bemg multiplied by the assumed number and divided by the result pelds the 
number so~ght." 



we haYe 2x1 + 
the correct 

1 

~ Is this a :faint 
with numbers that form 
i i'Jee 

+ =a:~, Xa + 
in place of x we put e 

~;) /2+e 

interesting as a way, a p1·ecursm~ 
the idea of an unknown quantity and even of 

as our t,ext) but it does embrace the notien 
operation or being As soon as we in-

were; disappears. Algebraically the rule 
which shows that transformation from 

our text but it mav noted that Bhaskara 
also an early fonn of algebi'ah?. symbolisnL Neither 

nor gives this rule or; makes use of the prin-
theTefore seems to indicate that it was intro-

tinle of Sridrara cent.). Mahav1ra 
rather a wav in connexion with 

"' 

T1.tpona method. 

the Tupor,ta Inethod, and the phrases Tiipm?ii 
ka·raneJ.U;t occur. all the eases the application is 

arithmetical prog'ression according to the 

s= d/2+ t 

kaTaneJJa seems 
which corresponds 
our text. but we 
63) 

irnply that the rule in 
the (t--1) of the for­
the following in t,he 

pra chayatadi to I 
tas sa1ikalitam bhavati sarveshan1 11 

halved and multiplied the increment. This when 
the number becomes t.he sumo£ alL" 

u. ;1 19 rupmJ-a 190 
1 1 

.... "- -----~-~- -~--------- -~--~-
1 

d ·-- t' ·-~ 
1 ) -- rupona nlethod answer iss= 190.'' 

ruvona " rnethod aTe found in section (( B " 

Anatolius wri'!ies : " The Pyt!\agoreans that their master, in connexion 
vnaJllltH. showed how such could be com~sed by mftans of nnitv." £,A, r-! (a2-l)l_ il + !l~'-

14. . .. 1 
'·- J -
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(ii) In section·· C" the application of the rupotw method is always worked 
out step by step. For example when a=5, d=3, t= 178/29; then s=((t-lH +5) t; 
and the rupona method is applied as follows :-

t-1=149.3 X 14-9_~_7. 447 2 _447. 447 S 737 737 178 65593_
77

836 
29' 29- 29' 29 X 2 -58' ss+ =53 j 58 x29=84f- 841• 

Proofs. 

7 4. To many solutions are attached proofs, which are generally introduced by 
the term pratyayam ''proof" or "verification." This is sometimeE amplified into 
pratyaya-trai-rasikena "proof by the rule of three," or pratyaya-ruponii-karanena, 
''proof by the riipona method." 

Sometimes tht.:; "proof" seems to be merely a matter of rewriting a statement 
in another form, but generally the answer is utilised and one of the original terms 
of the problem is rediscovered. Occasionally the" proof" consists of a solution of 
the original problem in another way, e.g., by steps; but sometimes it deals with a 
subsidiary aspect of the original problem. In certan problems approximations 
are employed and then the "proof " may .be desc1·ibed as a process of reconciliation. 
These "reconciliations" entail a comparatively high degree of mathematical skill. 
Occ:asionally several different proofs are attached to a problem. The following are 
specimens. 

(1) Problem. f t-7 =% t+ 7 • 

Solution. t = 2 X 7 /(~-~) = 30 
" 5 

Proof. 3; 5 ; ; 30; 50, 5 : 6 : : 30 : 36 a~d 50 - 7 = 36 + 7 

(2) Problem. A. gives 2-! in 1-! days, B gives 3-! in 1! days, C gives 4! in 1! days. 
will they have given 500 dinaras altogether? 

aud A givAs 100,000/947', B gives 157,000j947, C gives 216,000{947 dinaras. 

Proof. 2!: 1!: : 100,000 J94i: 60,000 j 947 

3!: 1!: :157,000/947:60,000 j947 

4!: 1!: :216,000/947:60,000 }947 

(3) Problern. One earns e and spends f daily.• How long will a capital of C last? 

, 
So"zution. t=C / (f- e) 

Proof. l::f::t:F (the total rxpenditure). 
I 

1: e: : t: E (the total earnings) and F-E= C. 

In what time 



:for 2 and 6 sold for a. and the 24. what will be the profit~ 

: 42 , and 24= 

n , C + p <ind C + p C = 

and 400-

+ r5 

) +· (2)~+ + 5 (4) 

H:l3 I63Jaoo 

160 1G:3j200 

163 163{150, 

::Sw: ?:.f x \Y 

a) 

and 

F 
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(10) Problem. s==((t-1)d/2+a) t. 

Solution. t S. 1(2 d)9 8 (9 d l = ( v a- - + s- -a- ) 1 -;- 2d. 

Ge~erally the solution i~ an approximation t 1 or t 2 depending on the method of 
ev~lua~wn of the surd qual?-t~ty; and the Tupona method gives s

1 
or s

2
, neither o:t 

~hlch:: ~e ~a~e as the originals. A process of reconciliation is therefore called 
o:, afn t IS IS given by s-s=ej8d where sis the approximation to s given by the> 

p1oo and e may be termed the square-root error. 

First proof. 8 = t (t + 1)..:... 2 _ 88_J x 964 _ 8·18,320 
1 1 t • - 84 HiS- .,lJL: 

848,320-1600--60 
- 14112 -- • 

Second solution. t,, = (~24,~~-1) -;-2 = 405.280 
• 19360 38724 

Second '()roof. 8 = 405,280 444,00~ __ 179,945,941,120 
c 2 il8724 X 77448 -- 2,999,096,352 • 

K ow e = (40)4-;-4 ('•H + 4Q)2 a d ~ = 160,000 . 
£ 4.~ 42 , n Sd 2,9ll9,096,352' 

and S= s _ e f8d= 179,945,781,120 60 2 2 2,929,096,352 . 

(11) The proble~s in section "G" are characterised by numerous proofs-as many as :live separate· 
proofs bemg attached to one example. The following is fairly typical:-

Problem. x=500(1- t)(l- t)(l- t)(l- t). 

Solution. 13 
X= 15864-

• 

Proof (i). x'(l- t) (1- t) (1- t) (1- t) = 158~, whence x 1 =500. This is written horizontally . 

• 
13 

Proof (ii). x'(1-t)(1-t)(l-t)(l-t)=1581w whence x'=500. ·rhis is written Yertically. 

Proof (iii). 500. 

Proof (iv). By steps. 

500-7-4=125, 500-125=315; 

Sol·utions . 
• 

75. The solutions are sometimes very detailed, proceeding n1ost carefully step · 
by step, so that they become expositions in general terms of the processes involved. 
Also they often give actual quotations from the rules-to such an extent sometimes 
that the original wording of the rule can •be reconstructed. Unfortunately, how­
ever, such helpful suggestions1are more often missing than not : in many cases the 



are lacking or 
'"-~............ but the baTe 

IS 

remarks: 
first 

t, the nurnber 

'T=-··~ a= 
as nossible, as ' . 

,~ 
) 

beyond repair. In 
is gen(lrally giYen, 

p1·oblem is DT + Dt 
and con1n1on differ­

to be found. The 

actual working of 

rate is five yojanas, 
doubled is J ·· *this 

squaTed 64, which 
by eight'1' ; the fixed 

is 240 : and rnultiplied bv the con1mon 
*T'he " knmvn as k shepa j s 

are quotations 
intelligible the 

translation a 

by X (1 

unity* 
l This 

by the 

How long 

ya0 
: 21,333 years 

64, which added gives 
e is 8 and this added 

:,*twice the com-

rule. A perfectly 
reader and one or 
fair representation 

tl-.!.y' =x·-'>4 
\ .:J .... -

g and these 
from unity· gives K. 

amount 24, is iof 2·4=40. 

take to go 5 yojanas I? 

only· 

months. 

marked off by asterisks are quotations from the .~iifl:a or :rule. 
dividol. and into. This is gmerally used to indlea.te division by a fraction. 

F 2 
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CHAPTER VI. 

AN ANALYSIS OF THE CONTENTS. 

76. The present chapter contains an analysis of the mathematical contents of 
the text. To those who are chiefly concerned with the history of mathematics this 
chapter will possibly be of rather special interest. Indeed, taken with chapter I 
of Part III (which ·will appear in the second volume) it forms the real corpus 
of the present study, for the latter gives the re-arranged text, while the p1·esent 
chapter is an attempt at a fairly con1plete explanation of the intelligible parts of 
that text. The analyses of- the different sections are not exhibited on a uniform 
plan, some are given in great detail, while others are mere summaries ; some are 
arithmetical in form and some algebraical ; but these differences correspond to smne 
extent to the spirit of the text, and it is hoped that the analysis as a whole gives a 
proper representation of the original. 

7'1. In order to avoid 1nntunerable cross references the following table is given 
to show the connexion between the paragraphs of the present chapter and the ori­
ginal and re-arranged texts. 

Chapter VI. Illustrations {Bodleian order). New order. 

-----------'--------------

§78 Folio(s) 29, 27 

§79 
" 

1, 2, 3 • Al3. Ia. 

§80 , 38", 39e, 40e, 11• 58 

§81 
" 

59 .. K. 

~82 , 27 recto 

§83 (i) 
" 

4 recto 

(ii) : 
" 

4 verso 

(iii) I " 
8 recto, 9 recto, 7 verso 

I 

§84 (i) : 
" 

8 verso 

(ii) , 9 verso 

§85 1
, Section 'C' generallv 

§86 (i) i Folio(s) 5 cl. 

(ii) I " 
6, 7 recto c2. 3. 

(iii) 
" 

65 verso, 56 verso, 56 recto, 64 recto ci, a, 6. 

(iv) 
" 

64: verso, 57 . 06, 7. 

(v) l " 
45 recto c&. 

fvi) \ 
" 

45 recto, et verso~ 46 recto ; Cs, g, 

I 
§87 I 23, 24, 25, 26 F . , 2, :!, 4, a 

l 
I .Ag' §88 
I 51 I " I • 
I 

10, fl, 1~, 13, 14, 15, 16 recto Gt-6. §89 
I " 
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Illust.I'Ittion., (Bodleian order). 

verso, 17, 18 

GO vers:J 

recto, 61 

verso, 22 

verso 

'M' 

'i7 recto 

verso 

:3(1 verso 

verso 

recto 

reo to 

verso 

:reeto 

verso 

recto 

of eaT eq,uations. 

) +·' 

=p+ (a,.~-

occur 

=a .. 

• 
'1 - an. 2 ) + 2xl ; 

' {(;} ' h•J>.l... • 
,,) 1 a.~, W leu IS ' ; 

New order. 

)l 12 

1f, is alwavs odd. . . 

if we assume xl = p 

solution mnployed in 
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·The following examples occur 

Tf1e val~e ?f xl is assumed to be 5, then by ' subtraction in order ' X
11 
= 8, 

x3= 6 ana X3 +xl = 11. The correct values are therefore X 1 =5 + (15 -11) -;-2 
=7, X2 =6 and X3 =8. · · -

Here the value of xl is asstunecl to be 7 and x; +x'1 = 16, thm·efore the cor­
Teet values are X 1 = 9, X 2 = 7, X 3 = 10, ~4 = 8, X 5 = 11.1 

The following are in1plied 

{v) X 1 + X 2 = 1860, X 2 + X 3 = 1634, X 3 + X 1 = 1722. 

and the following, which, howeve1·, is too mutilat~d to be sure of 

The directions seem to indicate that we shou1d cancel by six. We then get 

a;=6, a.;=7, a~=S, a:=9, a~= 10 of whicn the solution is x~ = ·1, x~ - 2, 
etc.; whence X 1 =24, x2 = 12, x3 =30, etc. 

79. The next set of examples can be represented in the form tx-x1 =c-d1xll 

~X-X2 =C-d2X2 ••••• ~X-Xn=C-dnXn. 

If we set a= 1 - d these beeon1e 

!x-a
1
X

1
=:Sx-a2X2 = ...... = ~x-anXn=c, and a1x1=a2x2= ..... =anxn= ~x- c 

=k. 

1 Since in these two part1cular examples the values of a1, a?., etc., are in arithmetical progression a simpler solution would be 

x
1
= T where m is the mean of the series a1, a2, etc. 

2 This can be arranged in the form y1 +y2=365, y2+Y3=34~ Ya+Y4=36Z, Y4+Ys=317, Ys+Yt=357. Solving this we get x1+x 2 
,.,.,210, x

2
+xa=l70, x3+x4=155, x4+x5=147, x5 +x1=192, which solved gives x1=120, x2=90, x3=80, x4=75, x5=72. (Soo folio 1.) • 

Also note that most of these six examples can be expressed in the form 
2:x-x1=a1, Ex-x,=a:, ............ l:x-xn=an. 

The examples given in the tex1 are undoubtedly akin to the 'Ephanthema ', usually attributed to Thymaridas, which may l::e 
2:a-:Ex ~ I A- bh ' G 't • . '1 l " 2:d expressed by x =---,where x0 +x1=a1, x 0+a2=Xz, ...... x0 +xn=an. n rya ata s a?JZ a 1s a sum ar rue ..... x=-. · o n-1 .1 n-1 

where 2:x-x ,.,d
1

, :Ex-x2=d2 ...... 2:x-xn=dn, which Cantor (Vorlesungen uber der Geschichte der Mathematik i, 624) considers to 
be a modification of the rule given by Thymaridas. See alsoP. TA:NNERY Memoire!i scientifiqnes, Tome ii, pp. 192·195. 
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whence 

2c~ 

l ·-

+ 

this process 

X! 

437 120 
60 

2558 1095 924 i463 

262 42 

6 

example, of the 

90 
+ 

60 

be expressed 
-· (1.+ 

\4 

• /(~X-~ c) 

and c = 2558 -

may be tabulated 

X:J xi Xs 

80 75 72 

798 

24 

:2 

form 

= 1095, whence X 1 = 924, 

formal question preserved to enable it to 

( P), and a third 
"'"'

0
""'"'

0 ions bPcome of 

Jamblichus (HBATH, Greek 
this t.bat I have come across in an Indian work is given 

said one after another, by obtaining .;t, 
of you. 

eapitais ; then 

p'iilll0880 then 

Each g1ves one of his 

Ganiia-Sara-Sangraha 

or {0 of the contents of the purse 

6) the following :-··A certain sum is divided among three people, one-half being given to 
one-sixth to the t,h:ird. But then one-halt the share of the first, one-third the share of the 

and shared equally by the three. 

became famous as it \Vas one of those propounded to Leonardo of Pisa and. sohed by him, 

and 3c be the amount po~ed, then 

whence 
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T?e fourth example is of similm· form. l 

80. The f?llo"ing occurs on some very mutilated scraps that have been pieced 
together. It Is now hnpossible to say how it originated 01~ what its context was. 

x(x+y+z) =60 

y(x+y+z)=75 

.Z (X + J + Z) = 90 

We have (x+y+zr=225 whence x+y+z=l5, and x=4, y=5, z=6. 

80. (a). There is one nearly con1plete statement and solution of the followino· 
pair of equations :- o 

x+y+z=20 

3 x+ : y+i z=20 

of which the only solu~ion in positive integers is x=2, y=5, z~13. 

This type of problem was a favourite in Europe and Asia in early medireval 
times. Later it was known as the '_Regula Virginu1n,' 'Regula Potatorum,' etc. 
It was given by Chang-ch'iu-chien (si_xth century A.D.)/ by Alcuin the Englishman 
(eighth century) and others. About 900 A.D. it was pl'etty fully treated by Abu 
Kamil al-1\fisl'i who gives some six problems, varying from three to five terms and 
attempts to find all the positive integral solutions. 3 

In the earlier Indian works problems of this type do not occur, but exactly 
the same example is given by both Mahavira<l (.? ninth century) and Bhaskara5 

(twelfth century). 

Q-uadratic indeterminate eq'uations. 

81. Thm'e m'e two types of quadratic indeterminates preserved. 

The solution given may be represented by 

X= ( ·H a_; b- C)) 2 + b 

which makes both x +a and x- b perfect squares. In the actual example preserv­
ed a= 5 and b = 7 and the solution is x = 11, which is the only possible integral (posi-· 
tive) solution obtainable from the formula. No general rule is preserved but the 
solution itself indicates the l'ule. It pl'oceeds by steps thus: 5+7=12, 12--;-2=6, 6>-
2 = 4, 4-:- 2 = 2, 22 = 4, 4 + 7 = 11. The value of this type of detailed exposition is here 

1 This set of examples is introduced by a rule which simply means: change the fraction -~- into B~A.- This illustrates the fact 
that the siUras or rules often make no pretence of indicating in any tyay the general theory : they are merely intended to be helpful. 

2 Yoshio Mikami. 
a H. SuTER, Das Buch der Seltenheit, etc. Bib. Math. xi (1910-ll), pp. 100-120. See also SuTER's Die JHathematiker und Astro-

namen der Araber tmd lhrer Werke, p. 43. ' 
E.ff· of s:+y+z+w=lOO, 2x+f +~ +w=lOO there are said to be 304 solutions and twenty are given. See also L. E, 

DIGKSo~·s History of the Theory of Nwnbers, vo!. ii, pp. 77, et s~q. , 

' Ga1Jifa,8ara-San(Jrahn vi, 152. , 

• Vija. Ga'(lita, §158. 
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(e.q., see DtoJ:>HAXTcS ii, I Iff. ; BRAH· 

the indication it that the Bakhshali 
however, that it indicated a 'pecuJig,r 

this deduced tha.t our tex:t; 'mav have b<>en one of 
A.nl., xvii, 1888, 37.)" 

0onnexion betw-een the Bakh:shali i\JS. and 
wurces from whence the later asf.ronomers 

is so muU!at.ed that the conectnes~ here given cannot be 
wei! to mei!iceval mathematicians and interest Brahmagupta gave a 

,-,.·hich, however, he appears to have thiDught unnecessary. also gives a general solut.ion ( Vija 
with demonstmtions iu bo·bh algebraical and geometrical : but he also on another occasion lib. 

soiution. The general solu.t,ion is alBo given by a!-Karkhi. hL<hiivira 284) the equation in a 

"· x- ~ v-- -~ = ·which the solution is x=2 -'- -1~ ( ':.~+A ) 

m. If we m.ake + 
J;t" .u A I nl A2 .1 

R+Hb+A t. h , . 
wmc IS the solution given 

What are the quantitie~ to be added 

are (i) 2 2-nd 7, (ii1 G and J 7. 
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84. There are two examples in this section of different types-

(i) A chariot is drawn by A horses a at a time. How many stages should 
there be in a distance l, and how many stages should each horse do? 

The argument seen1s to be: the' mileage' done isla therefore each horse does 
la /A miles ; the number of stages is A consisting of 1 j A miles each and each horse 
does a stages. 1 

(ii) A and B start on a journey together. A goes at the rate of I\ and 
meets B, whose rate is 1'2, on the return jou1·ney. If the distance be­
tween the two places is Z, when will they meet? 

Let x be the distance gone by the slower traveller then the other goes 2l-x 
and ti\ = 2l- x, tr2 = x whence t = 2l / (r1 + rJ'. A proof is given in the form l : r 1 : : 

t : tr 1 and l : r2 : : t : tr2 

Q1ladratic eq1tations and sq1lare-root approximations.2 

85. Ostensibly this section deals with certain problems in arith1netical pro­
gression that were common property in comparatively early times ; but it is of 
special interest because it elabm·ates a squa1·e-root 1·ule and gives a nun1ber of ex­
amples, some of which involve large numbers. It also employs, although to a very 
limited extent, the sexagesimal notation. Of particular interest are the methods 
of reconciliation necessitated by employing approximations. There are two types 
of arithmetical progression exhibited- • 

(i) DT+Dt= ((t -l)d-;..2+ a)t, where T is a given period and tis to be determined. The solution 
is t= { 2(D- a)+ d± ,V(2(D- a)+ d) 2 +8DT} -;-2d . 

. 
The second type is the ordinary one of finding the number of terms o£ an arithmetical progression when 
the other elements are given, the solution being 

(ii) t= {- (2a-d)±v(2a-d)2 +8ds} -:-2d. 

'Ihese two types may conveniently be reduced to one by the formula t = (p ± .. J q)-;.. 2d or (p ::l: q) + 2d, 
where q = ,VQ and p= 2D- (2a- d). or- (2a- d). The negative . sign ~or the root quantity is .not .used 
so t=(p+q)-;-2d always. Unless Q.1~ a square number the solutions g1ven ~epend upon approx~mati?ns, 

d the most interesting results exhibited m the text are those connected with the proofs or venficatwns 
an . d 
o:£ the approximate answers obtame . 

I t e (i) let si=DT+Dt and s''=((t-l)d-;-2+a)t. If approximate values of t are used such 
that s:r!tT+Dt

1
, and s/'=((t

1
-l)d-;-.2+a)t1 , it is evident that s/ does not equal S1 , and the problem"of 

reconciliation arises. 

N s '-DT+Dt =DT+(Dp+Dq1)-;-2d=(8dDT+4Dp+4Dq1 )-:-8d, s/=((tl-l)d/2 + a)t1 = (+D1} 

4D ow 2 +1 q- 2) _,_ 8d ~nd 8 11 _ 8 1 = q 2 _ (p2 + SdDT) + Sd; but p2 + SDdT = Q = q2
, therefore s/- s/ = + ql - p l . ' 1 1 1 

(q
1

2 _ q2)-;.. 8d = e f8d (see below). 
• 

1 This example is evidently traditional and we find it in Mahavira (vi, 157 -158) in the following !orm :-
. ll k · th t the horses belonging to the Sun's chariot are seven. Four horses bemg harnessed to the yoke to draw 

" It IS we · -nown a · h ked d k d · f ? " it. They have to do a journey of seventy yojan&s. How many times are t ey yo an unyo e m our . . . 
His rule is the same as that given above. • . . 

. t' h ~e m· dicated by subscripts : thus s1 represents a first approximatiOn to the value of s, and s, represents = Approx1ma Ions are e. . 
an approximation of the second order, etc. 
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In this way it is actually 
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the history of math.emat1cs, 
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the error :i'naY bP shown 
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for a nr>::t RJ!l)TO:Simation 

unamhiguous and 
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=49 

n; 
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+ ;) 
737 

eonsiderahle inLerest .. It was giv,rn Herm~ (H'EATrr, I\Iatll. i.i, 324) who indicates the second 
to Planudes Ba.r:Yaa.m and Nwholas eent.) and to al-Qalasiid! (xvth 

1854, p. :184). It does not; appear in any early Indian but it. is given by Suryadasa (~vith 
Colebroo'ke's translat.ion (Algebra, frorn the Sanscrit, p. 155) of this Indian 

with the quotient of the proposed square divided b~y that approximate root, being 
rt:IM" w.'·"- the operation a.: often a~ . the nearly exact root is found. Example 

the root ~· for the quotient, whwh to the assumed root 2, makes * ; and this 
- ~~ 

root." appro:x:imati~ may rc·presented A + --,(-·. .Jnyana 
--2--

folio :54 of our 1;ext. 

G2 
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e "= ((t -l)d/2+ a)t _737 x 178 _ 65,593 1 1 1 - 58 29 - 841 ° 

Proo£ by the 'rule of three' 1· 7 ° • 
178 • 42~ (and 42~+ 3r _ ,., 7812 ) 

' • • • 29 • 29 21:1 ° - I 841 ° 

(iii) Rule. t= [- (2a- d) +v'(2a- d)z:+ 8ds] +2d. 

Example. 

Solution. 8ds=480, 2a-d=l 480+1=481 /481tw2J 40 == 882 +40=922 • (andt =1.(922._ 1) ) __ sso 
' •V 42 42 42 ' 1 2 42 84 • 

<But 8 _ S=e JBd=l. (~)2 >= 1600 and 848,320_ 1600 _846,'720_
60 1 1 8 2o21 14112' 14,112 14112- 14112- . 

425,042-400 
19,362 

424,642 < a d t 2 _ (424,642 -I)....._ 9' 
19,362 ' 11 

- 19,362 ° '""' 

179,945,941,120 
2,999,096,352 ° 

<But s2 - S= e2 f8d 160,000 d 179,945,941,120-160,000- 179,945,781,120 6 
2,999,096,352 an 2,999,096,352 - < 2,999,096,352~ = 0. > 

(iv) E4:ample. <a=l, d=l, s=5,· therefore t=(-1+ /41)[2· > 14I ,.w 6£=~ andt -~ v ' v 12 12' 1-24. 

Again a second approximation to v4f is given by 6f2 - t r-t"'l)2/6 / 2 =
1;:::- ~!8=~1!3:; and t, 

= .l 11833 _ _ 1 I 9U85 _ 9985 
2 ( 1848 I) -:r '1848) - 3696' ..... 

Now v105 = 10:! approxima-tely, and a second approximation is given by 10:!- t,. /2(10:!) = 10 3~~-

'~Y'th th' I t ( 3 10 81) /6 59425 (( d ( 59425 ' 0 ,n. Is va ue 2= - + 328 = 49200• and 82= ta -1) 2 + a)t2 = \(49200-1; -i+t)t:l > 

- (10225 1 3) - (10225 3) _108625 59425 
- 32800 X ·2 + 2 t2- 65600 + 2 t2- 65600 X 49200 

6,455,040,625 
3,227,520,000° d* 625 Now s2- s=e2f8 =3,227,520,(){)0 

d - 6,455,040,625-625 6,455,040,000-:) 
an s - 3,227,5:<.0,000- 3,227,52o,ooo-~· 

(vi) E:camp,le. a=1!, d=1f, s=7000; therefore <t=(- 3+yi33609)j6, and since 579~=335,241= 

33,609- 768, we have as a first approximation to the root quantity 579 :~, while the second approxi-

t . · ~ 70384 (384)2, 9 ( 5 ~ 9384 _,..,,...!)384 (384)2 1158 _ :- 79 768 294,912 _ ,..,,.,9515,520,000-294,912 
rna lOll IS tJ u579 - 579 ...,... "' I 579) > - tJ I" 579 - 579 X 671,25-0 - .1 115-8 -777;307,500 - D I --777,301,500 -~ 

• _ ,.., 79515,225,~88 450,576,267_:588 < Th . f , t _ (450,576,267,588 _ 3, -'- 6 > 
--

0 777,307,500 777,307,500 • ere Oie 2 - 777,307,500 J 0 

448,244,345,088 
4,663,845,000 • 

1 The Appendix to this Chapter (page 53) may be useful to those who are intereRted in the details of the calculations. 
* Here instead of d= It we musl use 4.d=6, for we have reaJly•given a and d new values by cancelling, namely a= 3, d =- 3 

and e is four times greater than it shouid have bem~ (since e=q2~-q2 ); otherwise since q2=26t, q2=:0~~~' e=q22-q2=(1~~!D2-26f 
1 e 1 25' 625 

=16•
0
4!1 ; and Boi =s.4ol6o'41' 3.4.'41.'(4o25)'=3,227,520~ooo· 
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< 

50,753,383,162,146,7 43,271,936 
82 =-- 7,250,-i83-;394,675,6oo,ooo-··. 

2l/H3,271,936 h. ] . ti0,753,383,762,725,000,000,000 7 OOO 
----~---------, w :l.C ' given 8 "~' -7~250,483,394,675,000,000 = ' ~ 7,250,483,394,675,000,000 

+ 

+ 

3 

3 

be represented as follows, where T r' Tz, T sr 
of the series irrespective of their form. 

+ 

4T 

+ 4 (T1 

+ Li (T] 

+ 4 

132 

2 

= 300 

::::::; 222 

= 78 

on a d~finite plan. are three fundan:tental 

of 

+ 
) 

-'·'1 (a +a--'-~ ! 1. · 1 l 2 J I " ~ o ) 

be represented by 

indeed, :is not 
value here. 

'7d), 60T 1 ± (26e+ id), 
or 29 ~~~ + 289 -2, 2 -·~· 2 ~2 

the n1ost 

possible, and I am afraid 
noted that the sums of the 
that in all eases e=T

1
= f, 

~n aoo 144 
·3p and -2- ± 2 = 222 or 78. 

also a double se1·ies. It 

whence thA value of a 1 
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There are other simple series on certain fragments, that, as they now stand, are not of particular interest. 

89. There is a set of some 17 examples that may be represented by 

where R is .the 'remai~der' and L the 'loss' after successive deductions from C. The Yalues of a are 
generally simple fra~~10ns with unity as numerator, and if (1- aJ . . . . (1 -an)= p j q then Cp f q = 
R =::: C - L whence 0 = P q and {) = L J (1 - -}). The following are specimens 

4(1- !)(1- !)(1 - i-)(1- !) =-x 

8(1-!)(1- !)0 -!)=X 

60(1- !)(1- !)(1- !)(1- t) =X 

x(l-l)(l-})(1-t)=x- 24 

x(1-f)(1-l)(1- t )=x -280 

x(l- !)(1- !)(1-t)=2x- 32 

The following questions are somewhat re~tored. 

(i) A traveller takes on a journey a bottle containing four prasthas of wine. At the end of each 
stage he drinks one prastha and then fills up his bottle with water. How much wine and 
how much water will there be in the bottle after four stages? 

The solution is first given by 

' 17 47 . 
4(1-})(1-!)(1-!)(1-!)=164 prasthas, the amount of wine, and 2 64 pmsthas as the amount 

<lf water. Secondly it is worked out by steps. 

(ii) A tax is paid at the rate o:f one-third, one-fourth and one-fifth on. three separate occasions and 
the total amount paid in taxes is twenty-four. What was the original amount. 1 

The solution given is 
x (1-!) (1-}) (1--!)=x-24 and x=40. 

"Chis section is interesting2 on account of the numerous proofs or verifications of the calculations, 
which have been referred to in the previous Chapter (§ 74). 

Comp-utation of gold. 

90. This topic is treated in most medireval mathematical works and our text 
follows the usual treatment but with some slight irregularity due, possibly, to ~ 
slight misconception of the author, who. apparently looked upon the 'quality' or 
'touch' factor as a negative quantity. 

1 Ree Ba:xsKARA's Lilavati, 73. 
t It is also intereSting beca~se of the,o,ccurr~nc~ of a similar s~ction in a _pApyrus of ;Uhmim (HEATH, Gree~ lf!.atk. ii, 54~; 

but Heath's reference is misleadmg and so IS Cantor s : tl:!e papyrus of AkhiDJm was published by J. BAILLET, M·~motres du Catre, 
IX, 1892, pp. 1-88). . 
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are 
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touch.' That is f i~:; 
is SOUle indi-

81.1/Varr.&aS, where 12 
or 1\tlahavira~ and in-

is understood. 

spending. 

earns 

; a second gives 
b dinliras 

lt days a second 
what time· will thev have 

" 

are given 1 500 

and Loss. 

g when will 

will his capital C 
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where a 
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dram mas, say, but the money measure is not generally stated; and s = i where c is 
the number sold for d.] 

The following rules are given with illustrative examples. 

(i) 0= _P __ 
CiS ·-1 

(iii) 0- ~-- - c + p 
- C./s - cjs 

Cc 
(ii) p=-

8 
- C 

-p 
(iv) 0 = 1-cjs 

T 7 'M' S t' ,ze ec wn. 

93. The examples that belong to the so-called 'M section' may be described as miscellaneous, but 
most o£ them are solved by 'the rule of three terms.' Their chief interest is hardly mathematical although 
certain of. them exhibit in very interesting forms the change-ratios o£ certain measures; it lies rather in 
what may be termed the social nature of the formal questions (see § § 45-52). The translations of the 
.questions here offered are ' informal ' and sometimes very much ' restored '. 

94. An army consists of chariots, elephants, horse and foot in the ratios l : l : 5 : 3 : I£ a complete 
~my contains 10 x 37 of these how many of each kind are there? 

The answers are 

10'37 = 21,810 chariots. 

10·31 =21,870 elephants. 

10·3T·5=109,350 £oot. 

• 
10"37 ·3 =65,610 horse. 
(102 ·37 ) =218,700 (1 akshauhi~). 

'rhis is the traditional subdivision o{ a Hindu arn1y. TheTe was pTobably 
more information given in the text for the terms akshauhini, ail/ikinz:, chamu and 
pritana occur. According to the dictionaries 1 aksha1.I-hir.ii consists of 10 anikinis 
or 218,700 in all; a chamfl consists of 129 chariots, 129 elephants, 2,18~7 horse, 3,645 
foot, or 6,090 (i.e., 3 x 43 +- 3 x 43 + 37 + 36 

x 5 = 10 x 3 x 7 x 29) ; while a pritana is said 
to consist of 243 + 243 + 729 + 1215 = 2430 (or 3'' + 35 + 36 + 5 x 35 = 10 x 35

). See also 
Albiruni's India, chap. xlviii. 

95. One produces ten and a half in two and one-third d__ays. For the sake of religion he gives thirteen 
and one-third in three and one-eighth days. He offers to VlsUDEYA one quarter less than thirteen in eight 
and a hal£ days. Desiring reward in a future world he gives to Brahmans for food one and one-third in 
three and one-fifth days ( ... 2-!- in 5 days ... ) and also twelve and a hal£ in thirty-three and one-third 
days for the best wine f~r the consumption o~ the mer~hants. I~ the treasure house is stored twelve 
hundred. Say, 0 Pandit, how long can this expenditure contmue? 

• 0 0 lOf 9 d h d 'l d't 0 13t I 12! + 1-k ! 1 2k ' 12t 1807 T 
The da1ly mcome 1s -If=2 an t e ai y expen 1 ure 1s 3t '-at -3f + 1! + 3! + ~T' 33! = 240-. he 

• 1807 9 72!i 727 ° 0 
; 200 1 800 

daily loss lS therefore 24if - ~ = 240 and 240 :1: :1200: x gwes the penod, and X= 727/240 x 360 years = 727 

years. 

0 

• 

0 h f ll 0 

- 2 1 • 101. 0 
800 -. 360 d . . - d 1782486 h' h . A_ proof 1s g1ven m t e o ow1ng \\ay 3 . 2 .. 727 x' a}·S. x, an X= 7.27 w IC Is the 

d Al 1 d 1807 800 3C!O 1 d 1 2989486 h. } . -'-h t t 1 t total amount earne . n. so a~. 240 .. 727 x · v : x , an x = ,..,72.7, w w 1 1s L e ,o a amoun. 
486 .1-186 • 

spent; and 1182 m + 1200 = 298~727' 
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'l'f'~tonxl 'on the hasi~ of et'rtain indicationR givPn in th<· ,;oJution preserved, P.rJ., _<:;ii0 may "ltand 

a :small sect-ion dealing with problems of 'forward ani! movemenh ', which he illustrates 
amongst others. His llDat problem is:··--

hortt tra-vers0~ } of a l:ro(n of t.be ocean, but. owing to wlvetse winds it. loses t of a l::ro~a. "itate 
have arlv-aneefl thou wlJO hast po,·crful arms eros~ing easily t-he ocean of numbers. 

exnellent, black smtke, :12 1utNfa8 Ion!!· entr:rs a hole at t.JH> ailq1,la8 .in 1"7 of a day: and in 
of an r<~iml'la~- 0 Prnamentof at'Ith1:ne·tJCJtans.tell mt> hy what time it enter11 

,000 miles ! This may lwve been modest estimate the size of tl1e ;;erpent Sesha, who 
;vhew,ver he yawnR, a,nd occasionally destrovs the universe. (See the Vi8hnn Purana, ii, v, 
the example refers to the Naga Elapattra, whose IH'!t(t was at Benares a.nd whose tail reached 

8\! million yoj'lnas or, 

H 
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Since 30 muhurta=l day (of 24 hours) we have 

30 mu. : 600,000,000 : : 1 mu. : x and X= 16,666,666j yojana. 

(iii) If Bhanuja (Saturn) traverses one sign in two and a half years, tell me, thou who art thorough­
ly learned, how far he will go in one solar1 day. 

Since 1 sign=30°=10800011 we have 

2} years : 108,000'' : : 3~0 : x and X= 120" or 2 minutes of arc. 2 

101. The following examples3 seem to :form a set but the text is mutilated and only the bare skele­
.tons of the problems remain : 

(i) 1 tala: 5! years : : 1 to+ 1 d /J(i + l am+ 1 !JO + 1 8i + 1 ka. + 1 1ll1f : x, or 1 to : 5! years : : ~~~~~ to: X 

1 
and x ... 6 years Srodays. 

(ii) 1 to : 35 drammas : : 1! to+ I! 111ii + ll ani+n ya 
drammas. 

x,or 1 35:: 319t 
192 : x, 

31 
and X=68 128 

(iii) 1 to : 400 diniira : : 1 d /iii+ l am+ l ya + l ,c1 + J pa + l mu x, or 12 dhii 400 di 

dhii: x, and X=50~ dirulras=50 di+lO rlhii+l ani. 

2441 
1600 

(iv) 1 day : (3 to+2 ma+3 ani+3 ya+l ka+l pii+l mu)- (4 ra+4 si) : : 25 years 5 months 
62321 H-40 ,., 558,2\18,770 • 

20 days · """ or 1 day · · -- - tola - - tola · · 9110 daya · x and x = -·· -·~-- tola= l bha • .... ' . . 19200 19200 . . "' • ' 19200 

+ ] 6 34 pii + 5 to+ 0 mii + 0 a nl + 3 y a + 4 ka + l pii + 2 nz.u . 

• 

1 See my Hindu Astronomy, p. 57. 
2 Jt should be about 122". . 

3 The importance of tliese examples I~~he use ot numerous m<>a,nres and in the methods of expre,ssing. change-ratios. 
subject of measures is discussed in chaptt'f\7H. 

The 
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CHAPTER VI I. 

MEASURES. 

10.2. The measures exhibited in the manuscript are of rather special interest. 
As a whole they are Indian and the terminology is Sanskrit; but there are son1e 
Sanskritised western terms such as lipta, dramma, diniiTa, sateTa employed. Most 
of the terms are well defined but the values of smne ar'e doubtful. l\1:oney measures, 
however_, are, as in nwst early Indian works, very ill defined and hardly show anv 
differentiation from measures of weight. · " 

103. f}luutge Tat1:os.*1: The change ratios are often given \Yith considerable care 
and elaboration, and are expi'essed in sevm·al different ways. The change ratio 
appears to be considered as a divisor foT it is most frequently marked by the term 
chhedam+ which indicates the operation of division. 

Examples are 

chhe 0 80 rakti0 
-S'U

0 i.e. 80 Taktika = 1 suvaana-J 

chhe 0 2 gha?-m1t0 i.e. 2 ghatika= 1 mtthurta 

chhe0 4608000 ya0 -yo 0 i.e. 4,608,000 ya-va=; 1 yo7ana 

urdhat chchhe0 768000 a0 -yo0
, i.e. 768,000 angula=1 yojana, and in this particular 

example the operation of multiplication is to be performed . 
• 

urdha chchhedarh 108000 viliptcf.,narn Tasi, i.e. 108000 vilipta = 1 rasi and nlultiplica­
tion is indicated. 

adha chchhedam 2000 pa0 -bha0
, i.e. 2000 pala= 1 bhiiut and division is indicatfld. 

Another form is illustrated in the following examples 

tolenasti dhane 12, i.e. 1 tola = 12 dhana. 

dhanenasti am 0 4, i.e. 1 dhana =an rJika 

dinaranasti dhane 12, i.e. 1 dina2·a= 12 dhana 

* B . 7 ,1ge ratio I mean a number bv which one denomination is multiplied or divided to change it to another. 'rhus, since 2(} 
shillings!: ;::~d, 20 is the change raNo bet.;;,een pounds and shillings. It is a multiplier or a divisor according to the direction of change. 

+ Often abbreviated cflhe. ~ ~ Or 'division by 80 changes raldikas t-o swvor~s.' 

! Diet. iirdhva. 
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1 

J.S 

2 

1·~- li I~' i_~' 

1:\ <.; 

methods of 
ratios ar·e 

1 1 

1 1 1 480 

means 

1 +·1 + 

form 

l 
l 
2 

192 which rneans 

1 dhfi0 1 to 0
, to 0

; 1 ;yao= 1 
1.2 --48 192 

are tabulated a manner, e.g.-

rneans 1 

+1 + 1 pa the numbers are simply 

indicate dha = 1 to c , 4 ari1 =-c 1 

=== 1 ra, = 1 ya, 2i ka = 1 si. 

t:he change 
<..J are fractional they 

the side, to prevent confusion. 

occur on. 48 l'eeto 48 verso, 49 
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105. A variation of the above scheme 
.occurs thus 1 In which the charge ratios are halved 

1 to 

2 

1 1* 1 ma 
2 6 The notion of halving the change Tatios seems 

l 1* 1 a:rh 
/i 2 2 
I 

to be like this : -~ to0 rnultiplied by t = ~ to0 = 

I 

1 
I 

1* I' 
1 

I. ya I; 

2 I· !; 

2 l' 

r I 

3 rna and so on. Another example of this prac-

tice occurs on folio 20 recto and gave consider-

able trouble. It is written thus 1 and means .1_ a+l ..l b+ 3 2 • 2 

3 

1 1 chhe 1* ± ·Until the change 2 2 2 
c. 

1 chhe 1* 
4 4 ratios between a, band c 

could be found the problem was insoluble. The real change ratios are given by 
1 1 a-b 1 1 1 b-e "JV3 - ' 4·2·2 - · 

106. Before proceeding to discuss the s.everal kinds of measures that occur a 
summary table of them is given for Teference. The names of the measures are 
nearly always abbreviated in the 1nanner indicated: the full tenns are 

AQ_h = AQ.haka Gum = Gu:iija Pra = Prastha 

AID = AID Sa. Ha = Hasta Pra = Prasriti 

_4.zh = Al;lrlika Ka = Kakini Ra = Raktika 

Ari::t = Angula Ka = Kala Ra = Rasi 

Bha = Bhara Kha = Khari Sa = Satera 

Dha = Dhanakii Kro = Krosa Si = Siddhartba 

Db a = Dhanus Ku = Ku~lava Su = Suvan;ta 

Di = Dina Li = Lipta To = Tola 

Di = Dlnara Ma = :Masa Va = Varsha 

Dram = Dramma ~I a = }fashaka Vi = Vilipta 

Dr a = Drailkshana Mii = Mud]ika Ya = Yava 

Dro = Drona :Mu = 1\fubiirta Yo = Yojana 

Ga.v = Gavyuti. Pa = Piida 

Gha = Gbalika 
~· 

Pa = Pala 



measures. 

,lioney. 

vi li a;~l rii ra dhii* dm di eu 

:ra. 
=lk 

1 cilia 5 I 
1 =1' 

dra 30 1 
iUJl 3,600 60 "'=lc 

ell 60 12 2 1 
x~a 108,000 I,800 :10 =~1 

su 80 Hl l! l 

*Also 4-;;,:}dh~ 

ka ra 

l 

8 l 

4 p, 
il 

40 l5 5 4 

!}6 fl ,; 

l!\200 1c80 192 60 48 12 

3,840 l,5:~n 480 884 9() s 

2,000 

dha kxo gil yo pra ku pra ~ iW dro kha 

·12 in, pa 

·75 in. pra 

=18·00 in. ku 

6 feet. pra 8 4 

:YHi,OOO 1 1·14 rn. a~l 32 Hl 4 

1±,000 ') 

4·52 m. dro 128 ()4. 16 4 0 

4,608,000 8,000 m. 2,048 1,024 256 64 Ill l 
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J}J easuTes of Time. 

107. The measures of ti1ne used in the text are the usual practical measures 
.employed in India and there is nothing in any way remarkable about them. The 
measures found in early Hindu texts are given below. 1 All the authorities agree 
on one point, namely in dividing the day (24 hours) into 30 muhuTtas. The half­
muhurta was possibly introduced for astronomical purposes, as was the vinadi of 
the Surya Siddhanta. Also it is noteworthy that the tables give neither hours nor 
weeks, tlthough the ' hour ' was used for astrological purposes and the ' week ' 
{;arne into general use in the early centuries of the present era. Neither of these 
measures occurs in our manuscript but in this matter the text is quite orthodox. 

The measures of time employed therefore call for little comment, but Dr. 
Hoernle suggested2 that the year of 360 days might be an indication of the age of 
the work ! He could hardly have been awaTe that it was the con1mon p1·actice to 
give this value in Hindu arithmetical text-books. 3 S1·1dhara, indeed, remarks : 
~'Time is calculated accordip_g to this rule in all .mathematical works." 

Measures of Arc. 

The measures of arc, which with the early Hindus were lengths :rather than 
:angles,• are such as occur in all medireval Hindu astronomies. The ter:m lipUi is a 
Sanskritised form of A€7rTfJ· 

1 In the sectjons that follow I have used with considerable. freedom the chapter on ' Weights and Measures.' given i~ L. ~· 
Barnett's Antiquities of India, which is the most useful 09ntribution to the subject (of those at my command) smce that g1ven m 

ALBIRUNi's India. 
s Indian Antiquary, xvii, 1888, p. 37. 

a See Mahii.vira and Srldhara. ~ 
4 See my Hindu Astronomy, p. 54. 
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2 

60 30 

30 

360 

}Jimesha 
Kash~na 
Kala 
il;luhiirta 

] 

30 
HOO 

:47,000 

Gurvakshara 

l 
Ji' l 
:10 2 
()() 4 

l80 lq 
"' 360 24 

100 1 
::1,000 30 

i54,000 
162•104 

486·105 

972•105 

2,916·106 

~1a V& 

12 

2 
G 

1 ') ... 

1 
18 1 

30 1 
~Ul' 

l 
ao I 

900 30 

l 

,., 
,; 

360 60 1 

·21 sec. 
3·2 
Hl 
48 
24 
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" hrs. 
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24 
" 

24 rnin. 

3,600 60 l 24. hrs. 
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I 
30 

1 

1 

·- ·75 soo. 
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=48 ,, 
::._-::::24 hrs. 
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c""60 ;., 
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==360 H 

·00003 sec. 
·003 " 

·l " 
1·6 " 
48 , 
24 min. 
48 " 
24 hrs. 
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ill easures of Length. 

108. (a) Although individual measures of length occur pretty often there are 
few examples in which the change ratios are exhibited. The following (fol. 32, 
verso) is the most complete of such examples : 

100 
6 
8* 
3 

4000* 
5 

24* 

urdha chchhe 768000* 
1 

which means 100 yojanas+6 (krosas) +3 hastas+5 wig·ulas, the nuinbers marked 
with asterisks being change ratios. These numbers inform us that 24 angulas = 1 
hasta, 4000 hastas = 1 krosa, 8 kTosas = 1 yojana, and that to reduce yojanas to 
angulas the former n1ust be 1nultiplied by 768,000. The term krosa does not ac­
tually occur, but it, or an equivalent, must have been mentioned in the question to 
which the table was attached. 

In anothm· statement (fol. 32, recto) the equation 8,000 dhanus=l yojana is. 
given, hence 1,000 dhanus = 1 krosa. This equation occurs in Hindu works but 
most of the texts give 2,000 dhanus= 1 krosa. 

In another example (fol. 36) the statement 

chhe 4,608,000 ya0 -yo0 
/ 

indicates that 4,608,000 yavas = 1 yojana, whereas Mahavira and Bhaskara give 
6,144,000 yavas= 1 yojana. The difference in the change ratios is noteworthy. 

The measures gadyuti and yojana are connected (fol. 12), brtt unfortunately 
the actual change ratio is missing. The term gavyuti is not C(JIDmon in Hindu 
works but it occurs in the 111ii'rkaJJ¢eya. PttriiJJa, the Mahiibhiirata, etc. Its value 
is variously given as 4000, or 2000, or 200 dhanus. 

Of the Indian tables given below the last is what the 8urya Siddhiinta 
designa,tes a-murta or 'unreal.' It was never used seriou·::;1y but it is interesting 
as exhibiting the constant change ratio of ' eight.' 

108. (b) Possibly a 1neasure of area ~s refened to on folio ~9o yerso where a 
change ratio of 64 is mentioned ; and poss1bly bku on fol. 26 also IndiCates an area .. 



Vit.ast.i 
Hasta 

4,000 
I6,000 

. 192,.000 

768,000 

Measures of Length. 

Yava* 

Aratni 
Dang a 

2,000 I Goruta 
8,000 •1 

Se. 

Sesa.mu:m* 
Yava 8 

Kro. 

48 
96 

192 
768 

1,536,00() 
6,144,000 

ParamaJ.lUS 
Parasiikhsmas 

1 

24 
96 

192,000 
768,000 

512 

4 
l,5il6,QOO 192,000 8,000 2,000 

ReJ.lu 
Valagra .. 
Liksha 
Yu.ka 
Yava 

4,096 
:32,768 

;{2,000 8,000 4 1 

BakkshiJJi. 

Ai.l Ha Dha 1\xo 

l 
:?.4 
96 4 l 

96,000 4,000 1,000 l 
384,000 16,000 4,000 8 

4,608,000 768,000 32,000 8,000 2 

12 
24 
96 

._.._ 

4 
]6 

1 
8 

f.i4 
;"\12 

Artha sastra. 

Vi. Ara~ Da. Go. Yo. 

2 l 
8 4 ] 

4,000 1,000 1 
16,000 4,000 4 I 

Vi. Ha. Da. Kro. Yo. 

2 
8 

16,000 
64,000 

1 
4 1 

8,000 2,000 l 
:32,000 8,000 4 

Table. 

1 
8 l 

i)4 8 l 
512 64 8 ] 

4,096 512 64 8 
32,768 4,096 512 64 

1 

1 
8 1 

Yo 

·-' -- ~----~-----· -·-------­ --------------. 
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Measure$ of Capacity. 

109. The following is the most complete table given (fol. 13}. 

a.O 2 I 

4* dl·o0 I 
pra0 0 I 

4* a.O pra0 

I ku0 2 I 4* prasthi I 

which means 2 a¢hakas + 0 p1·asthas + 2 ktujavas. The figures here Inarked with 
asterisks are change-ratios and indicate that 4 aQ_hakas = 1 dro:Q.a 

4 prasthas = 1 aQ_haka 

4 ku<;la vas= 1 prastha. 

The terms ghataka and pala are m~ntioned together (fol. 15), where possibly 
ghataka may be equivalent to d1·ona; and in another place (fol. 53) ghataka is 
obviously used as a capacity term_. 

A comparison with the Hindu measures shows that the Bakhshan measures of 
capacity are strictly m·thodox ; and it may be noted that the Hindu measures of 
capacity are generally more consistent in the matter of change-ratios than any 
other Hindu measures. 



Measures of Capacity. 

1(1L Pra. Dro. Khii. K um. V a. 

:vleasm0 Varaha 1\Iea.srn·e. 

f( K·· '·"-• Pra. A~h. 

Pal a 

Ku~ava 

1C Prastha 4 

i 16 4 

Bakhsh!ili. 

Dro. Ma. Khti.. Pra. Pra. Ku. Pra. 

Pa. 

Pra. 

2 
J 
l 

Pra .. '~ l 
l 

4 

~i:2 16 4 I 
l 

€)4 l6 _J. 
I 

1 I 
Dro. 

I\.nJnl) ha l 
'3,048 1,024 25[) 6-! 16 l l I\hii. 

! 
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111 oney measures. 

. 1~0. ~though the terms dramma and dinara occur pretty often their rela­
tw~s~p With ~ac~ other is nowhere indicated; and, indeed, there is very little de­
firute Info;rmat~on In _our manusc1·ipt about money beyond the mere money names. 
In early times ~n India there were no special measUI·es for money beyond the weight 
measures for different metals, and sometimes the difference in these is more appa­
rent than real. Thus Mahavira's gold and silver tables given below have much in 
cO;mmon. 

In our manuscript we have only the following scraps of information-
(aY chhe 80 rakti0 -su0 

(b) chhe 9 gu0 -va0 

(c) / 1 / 1 1 1 1 
1 1 2 2 2 2 

1 
2 

1 
2 

: 108 / pha0 

I 1 , 

Of these examples (a) is orthodox, for according to Manu 80 raktikiis or guiijas of 
copper or gold are equal to one suvar1J,a. Example (b) is isolated and cannot be 
interpreted with any certainty. Possibly gu0 stands for guhja, and possibly va0 

for valla. Example (c) means 1 : (!) 6 
: : 108 : 1 di0 + 8 dha + 1 am 0 , where di0 = 

dinara, dha = dhanaka, and am= amsa ; and it is implied that 4 amsas = 1 dhanaka, 
and 12 dhanakas = 1 dinara (fol. 33) and the same relationship is given on folio 49 
rectoc The term kakini (cowrie) occurs once; satera also occurs (fol. 34) but with 
doubtful import. 

The Guptas adopted the term dinara2 from the Kushans together with the 
coin of weight from 118 to 122 grains; and in a number of Gupta inscriptions cei·tain 
gold coins are termed dinaTas. 3 But the dinara was not inva1iably a gold coin4 

and in the Bakhshali text it probably is a copper coin, for a day's wages is stated to 
be from 1~ to 3 dinaras (fol. 60); and also according to MahaVira (vi, 231) 
wages work out about 18 dinar as a da_y per coolie. 5 The te1·m occasionally occurs 
in Sanskrit works of a more literary character and has provoked some discussion. 6 

The term dTamma ( 8pa.Xp.1]) also occurs in various Indian inscriptions7 and 
in Indian mathematical works. Bhaskara makes it one-sixteenth of a nishka8 and 
in our text wages are about 1 dutmma a day. 

Such are the facts but Dr. Hoernle writes9
-

" The way in which the two terms are used in the Bakhshali arithmetic see1ns 
to indicate that the gold dinara and the silver dTamma formed the 
ordinary currency of the da.y. This circumstance again points to 
some time within. the fhst three centuries of the Christian era as the 
date of its composition." 

The subject of monetary measures is th~s treated i~ ~ vague and unsatisfac­
t-ory manner in what remains of ~h~ manuscnpt_; but this Is by. no me~ns a pecu­
liarity : it is almost a characteristic of Sansk~It texts of medi~val_ ti~nes. The 
e.onnexion between measures of n1oney and weight was then fauly Intimate and 
they can be hardly considered apart. 

1 (a) 80 raktikas=l 81warna.. (b) 9 gu0 =1 ·va0 • (c) 108/64 dinara=1 dinara+S dhiinakas+l am?. 
z Gk. 87jv&ptov, Lat. denanus. . ... 
a J . .ALLAN, Catalogue of the Coins of the Gupta Dynasty, etc., p. c:x;xx1v: J. "!f· ~EET, Oil; m, :r:?s. 5, ~· ~· -~'. 62, 64. 

. , Compare our penny and read Sir A. STEIN's note on the Kashnnr dinara m h1s Kallw'(Ut s RaJatarangu_t~ n, 308ff. See also sec. 

133 below. . th te t b k . • \Ve must not, however, place very much reliance on ese x • oo wages. 
s JRAS, 1907, pp. 408 and 681, etc. . . 
7 Epigraphia Indica, I, 167; P. VoGEL, Ok.amta Inscnp~toti.S, 204, et-c. 
s Liilavati, sec. 2. • 
9 Ind. Ant. xvii, 1888, p~ 37. 
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Measures of Money. 

i!{ akav!ra-Silver. 

Fal)L, Dha, Ka. Pa. Gu. Ma. Dha. Ka. Pa. 

Grain 

Gunia 

Maaha 2 

Dharaz;ta, 32 16 l 

Knrsha l Karsha 80 40 2! 1 

8 4 l Pal a ' 64t.l 320 160 10 4 1 

D£.;,,.l, 
. u '""'' .... 

Pa. Pu. Va .. Ka. Pa. Dra. Ni. 

Varatak;;, 
Varataka 1 

KikiJ;~i 20 1 

Pana. 80 4 1 
I'ana,. 

Dramma 1,280 64 16 l 

Nishka 20,480 1,024 256 16 l 

Ma. Su. 

~-·----------------~ I 
Sn., 

Bakhshiili. 

Ra. Dha. Dra. Di. 

l 

30 6 l 

4:00 100 25 4 
60 12 2 l 

Jifa.sha. 400 100 16 4 

Suvar.11a 2£i,tl00 1,600 2f}6 64 16 l I_ 80 Hi 2! Ii 1 
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Measures ot Weight. 

111. Besides the examples aheady given (sec. 104), the following are note­
~worthy.:-

" 

{a) 

(b) 

(c) 

{d) 

dha0 1 
a:rilo 1 

4* 
ra0 1 
yao 1 
ka0 1 

ra0 

yao 
ka0 

pao 

se0 

chhe0 8* 
dha~ 2 

chhe0 12* 
gum0 3 
ehhe0 5* 

va0 2 
•' 

1.L* 4 bha0 

3 * bha0 

61* 4 bha0 

to0 3 I ma0 2 I 

12* 

I am0 3 
4* I 

yao 
I 

3 J 

I 
4* j 

ka0 1 6.L* 4 
paci 1 

4* 

1 
1 
1 
1 
4* 
1 
3 

3-i* bha:) .o 

(e) 216 bha0 

270 pa0 

2000* chhe0 

6 to0 

8* chhe0 

8 dha0 

12* chhe0 

These measures are.combined in the following table. 

:r.mo. Pa. Ka0 • Sic. Ya0
• Ra0

• A~o. Dha0
• 

Miidrika ] 

Pada. 4 1 
Kala . 16 4 1 
Si0 40 10 2t .. 1 
Yava 100 25 6! 21 1 
R.aktika 320 80 20 8 3f l 
A~c;lika 400 100 25 10 4 lf I 
Dhanaka 1,600 400 100 40 16 5 4 1 
Tola 19,200 4,800 1,200 480 192 60 48 12 
Pal a 153,600 38,400 9,600 3,840 1,536 480 384 96 

To0 • Pa0 • 

1 
8 1 

-----------------------------------~---- ·---

(o.) In all cases the change-ratios are marked with asterisks (not, of course, m the original). The table means I dhiJP +I arh0 + J 
m"+l ya0

• 

(b) 3 kP+2 m~t0+3 am0 +3 ya0 +l ka0 +l pli0 • 

(c) 1 ra0 +1 ya"+1 ka0 +1t pii?. 

(d) ......... 2 rlhiiP+3 gum0 +2 ya0
• • ' 

(~) 216 bh4°+270 pa0 +6 to0 +8 dh.a0 

II 
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fractional ratios show. Obvi-
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] 

these oeeur is 

yava 

occurs in no other 
to bharas--does 

before there is smne 
that some of the 

fol. 11 

" 
49 

" 
49 

79 48 

48 

55 

55 
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means 6 dhii = 1 dra 0

, 

gives 6 slw = 1 
and dh rnasha 

weight. ( ___ . 

=1 ya0 
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an abbTeviation 
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namelv- -- J 

K 
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Hindu Measures of Weight. 

1. Manu and Yajnavalkya, 2nd-4tk Century A.D. 

Ya. .Ra. :Ma. Ka. Pa. Dha. 

Trasa-reJJ.U 1 

Ljkshii. 8 1 

Raj a-sarshapa . 24 3 1 

Gaura-sarshapa 72 9 3 l 

Yava 6 1 

Raktika 18 3 l 

Mash a 15 5 1 

Karsha 240 80 16 l 

Pala 960 320 64 4 1 

DharaJJ.a 9,600 3,200 640 40 10· 1 

(a) The B:rihaspati Sm:riti gives 4 karshas=1 !Jhanaka and 12 
dhanakas= 1 dinar a. 

3. Varaha-mihira, 6th Cent:ury. 
(After Albiriini.) 

Md. Pa. Ka. Ya. AJ?.. Ma. Su. 
Pada. 

Mdri . 1 Kala. 
Pii.da. 4 1 Yava 
Kala . 16 4 1 Am sa 
Yava 100 25 6! 1 Bhaga 
AJ?.Q.i . 400 100 25 4 I Draksh UJ?.a. 
Masha 1,600 400 100 16 4 1 Dinara 
SuvarJ?.a 25,600 6,400 1,600 256 64 16 1 ·satera 

·-~...::--~ 

4 (a). JJ1akavira. 5. Sridhara, 11th Cent:ury. 

Pa. Pra. Tu. Bha. Gu. Ma. Ka. Pa. 

Pala 1 Gurlja 1 
Prastha 12 1 Masha 5 1 
Tula 200 16 I Karsha 80 16 1 
Bhara 2,000 160 10 l Pala 320 64 4 1 

Bakhehali. 

mu. pa. ka. si. ya. ra. a !f. 

mii 1 
pa 4 1 
ka 16 4 1 
si 40 lO n 1 
ya 100 25 6f 2! 1 

320 80 20 8 3~ 1 ra 5 

an 400 100 25 10 4 I! 1 
- dha 1,600 400 100 40 16 5 4 

dra 
to 19,200 4,800 1,200 480 192 60 48 
pa 153,600 38,400 9,600 3,840 1,536 480 384 
bha \ 

• 

2. Niirada, 5th-6th Cent:ury, A.D. 

Ka. Ma. AJJ.. Dha. rn. 
Kakani 1 
Masha 4 1 
Andika 80 20 1 
Dhinaka 320 80 14 1 
Dinar a 3,840 960 48 12 1 I 

Kautiliya. 

~Iii.. Gun. Ma. Su. Pa. 

Masha 1 
Gunja 2 l 
Mash aka 10 5 1 
Suvarna 160 80 16 1 
Pa.Ia : 640 320 '54 4 1 

4. JJiahiivira, 9th Cent:ury. 

Pa. Ka. Ya. Am. Bha. Dra. Di. Sa. 

1 
4 1 

25 6! 1 
100 25 4 1 
400 100 16 4 1 

2,400 600 96 24 6 1 
4,800 1,200 192 48 12 2 1 

. 9,600 2,400 384 96 24 4 2 1 

6. Bhiiskara, 12th Century. i 
Ya. 'Ra. Va.Dha. Ga.! 

Yava 1 
Raktika 2 J 
Valla . 6 B 1 
Dharana 48 24b 8 1 
Gadya~aka 96 48 16 2 1 

dha. dm. to. pa. bha. 

1 
6 1 

12 2 I 
96 16 8 1 

2,000 1 
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VIII. 

SOURCES. 

at lat.e.r date are g1ven in the 
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our era and bear in 
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the earlier pure 
algebra slightly 

Alexandrian \Yorks, 
The intro­

easieT and 1nore 
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The general 
pro­

+' l a coinparaulVe y 
and had so 
out vvhleh is 
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·were an:wng 
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Arabs that 

making a direct 
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7th century Brahmagupta 

Fall o£ Alexandria 

Papyrus of Akhrnin 

Bede 

8th century Muhammad b . .Miisa 

Alcuin 

9th century Maltiivii1•a 

Tabit b. Qorra 

lOth century al-Battani 

Avicenna 

Pope Sylvester ii (Gerbert) 

11th century Albiriini visited India 

Srirlhara 

al-Karkhi 

Psellus 

Omar Khayyam 

12th century Adeland at Cordova 

Bhaskara 

Leonardo 

70 

b. 598~ 

640{1 

b. 735-

d. 804-

836-901 

d. 1003 

1017-1030' 

b. 991 

b. 1046 

1120 

b. 1114 

b. 1175 

114. Although the manuscript was found at Bakhshali it cannot be assumed 
that it originated there. The evidence of the script, however, limits the area of 
origin to the neighbourhood of Gandhara. Roughly the Saracla script area is limit­
ed by longitudes 72 and 78 east of Greenwich and north latitudes 32 and 36. This 
area includes, besides Gandhara, Kashwir, Kangra and territories near bv. 
Vogel enumerates six inscriptions from Gandhara, some of which belong to the Swat 
valley. The evidence therefore does not militate against Bakhshali itself as the 
actual place of origin. 

115. The position is peculiarly interesting ~Vith refeTence to tlle routes of trans­
mission of knowledge and the consequent liabilit,y to outside influence. Between 
the fifth century B.C. and the fifth century A.D. the country round Bakhsnali was 
actually undeT the clmninion of seven different nations : the Persians, the 1\;Iacedoni­
ans, the Mmuyas, the BactTian Greeks, the Scythians, the Parthians, the Kush­
ans : "and" writes Sir John :Marshall, 1 ((it 1nay be taken for granted that, with the 
exception of the Maceclonians whose conquest was n1erely transitory, each of these 
nations in turn left some impress on the a1ts and culture of the country," From 
the sixth to the tenth centuries of our era Gandhara was 1nore or less subject to 
the Guptas and their successors and th~n came the JYiuham:~nadan. invaders. The 
following are son1e notable elates relating to the country "\\J.th ·which we are con­
cerned. 

B.C. 326 

190 

85-50 

Alexander receives the submission of Ambhi, king of Taxila. 

Demetrius of Bactria conquers the Punjab. 

:M.aues, the Scythian, conquers Tmrila, 

• 
1 A Guiaeto Taxila, p. 23. 
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The case for mathematics is almost exactly parallel, allowance, of course, being 
:I~ade for the mo:e abstr~ct nature of the subject ; and the history of mathematics 
,gives abundant IllustratiOn of the sam.e types of change as Sir John traces in the 
Indo-Greek coinage. · 

Enough has been said to show that it would be stupid to exclude the possibility 
?f Greek ~nfl.uence in the realm of mathematics on general grounds ; and if such 
!nfl.uen?e 1.s to be negatived finally it must be for special reasons to be discovered 
by subJecting our manuscript to a detailed examination. 

1~7. It is unfor.tunate that the question of origin of the Bakhshali Manuscript 
was discussed and JUdged upon before the work was thoroughly examined. The 
announcement made by Weber, on the authority of Buhler, at the fifth Interna­
tional Oriental Congress was based upon no real knowledge at all ; and Dr. Hoernle 
himself only examined in detail about one-third of the manuscript. \Ve do not, 
therefore, feel bound to treat the pronouncen1ents of these eminent scholars on this 
particular subject with the reverence that is usually due to them. Also we know 
that Weber was misled by Biihler and Dr. Hoernle told me that he was prepared 
to 1nodify his earlier views to some extent. With 1·eference to the last point the 
quotations given below must therefore not be taken as expressing Dr. Hoernle's 
final views. However, they are the basis of all that has been subsequently written 
and it is on them that the position of the Bakhshal1 Manuscript has been determined 
by the historians of mathematics. Dr. Hoernle summarised his views in the follow­
ing words:-

"I believe that it IS generally admitted that Indian arithmetic and algebra, a! lea'it, aTe of entirely 
native oTigin. While Siddhanta writers, like Brahmagupta and his predecessor Aryabhata, might have 
borrowed their astronomical elements from the Greeks or from books founded themselves on Greek science, 
they took their arithmetic :from native Indian sources. Of the J ains it is well known that they possess 
astronomical books of a very ancient type, showing no traces of western or GTeek inftuence. 1 In India 
arithmetic and algebm are usually treated as pmtions of w-orks on astronomy. 2 In any case it is impossible 
that the J ains should not have possessed their own treatises on arithmetic, when they possessed such on 
astronomy. The early Buddhists too, are known to have been proficients in mathematics. 3 The preva­
lence of Buddhism in North-Western India, in the early centuries of our era, is a well known fact. That 
-ir: early times there were also large Jain communities in those regions, is testified by the remnants of Jain 
sculpture found near :1Ia~hurii and els:where. From the fact of the general ~se ~£ the North-Western 
Prakrit (or the 'Gatha dml.ect ') for hterary pur-poses among the early Buddhists .1t may reasonably be 
concluded that its use prevailed also among t.he Jams, ~etween wh_om and the Buddhrsts !~ere was so much 
·similarity of manners and customs. T_he:e 1s also a d_1:ff~1sednes~ m t?e mode ?f compos~tw:r: of the Bakh­
shali work4 which reminds one of the similar characteristiCs observed m Buddhist and Jam literature. .All 
these circumstances put together &eem to render it probable that in the Bakhshali manuscript there has 
been preserved to us a fragment of an early Buddhist or Jain work on ari~hmetic (perhaps_ a portion of a 
larger work on astronomy) which may have been one of the sources from whiCh the later Indian astronomers 
-took their arithmetical information." 

118. There is not the slightest evidence in the manuscript itself of its being 
connected either with the J ains or Buddhists. It is Hindu (Saivite). The author 
was a Brah1nan (fol. 50); to Siva is attributed the gift of calculation to the human 
race (fol. 50) ; offerings to Siva are mentioned on more than one occasion (fols. 34, 
44) · references are made to certain incidents recorded and persons named in the 
Hi~du epics (fol. 32, ete.) ;5 an~ ther~ is not a .single re~e~ence that could be con­
strued as indicating any connexwn With Buddhism or J anusm. 

1 The reference is probably to the 8iiryaprajnapti. See my Hindu Astronomy, pp. 19-21. 

2 Not before the advent of western astronomy. 
a I& Dr. H oer.nle here thinking of the incident rela.ted in the Lalitavistara and popularised by Arnold ? The legend, according 

·to Weber, "carries no weight whatever." 
4 I should not mvself have noted this' as a characteristic of the Bakhshall work. 
5 And these refm~ences occur in the portions of the JI.IS that were not critically examined by Dr. Hoernle. 
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CHAPTER IX. 

THE AGE OF THE MANUSCRIPT AND THE AGE OF THE wORK. 

122. Dr. Hoernle held that the n1athen1atical treatise which is written out in 
~he so-called Bakhshali Manuscript was considerably older than the manuscript 
Itself. Indeed he thought that the work was con1posed about six centuries earlier 
th~n the copy w_e are considering. He excluded the possibility of our rnanuscript 
bmng a translatiOn for he largely based his estimate of the aue of the \York on the 
~nti9 ui~y of th~ l~nguage employed in the manuscript. If D~". Hoernle were right 
Jn his differentiatiOn between the age of the work and of the Bakhshali copy then 
we sho~~d have to consider the possibility of other copies being preserved and the 
probability of the work being known to other mathen1atical writers of the interven­
ing centuries. Dr. Hoernle, indeed, did suggest that the work was one of the 
sources from which the early Hindu Inathematicians dTew inspiration, but \\-rithout 
any justification. Unfortunately Dr. Hoernle's reasons for his views as to the ages 
of the manuscript and the work are not satisfactoTy and we are cmnpelled to reject 
his conclusions altogether. Of cou-rse it will be impossible to say definitely that 
the manuscript is the original and only copy of the work but we shall be able to 
show that there is no good reason for estimating the age of the work as different 
from the age of the manuscript to any considerable degree. 1 

There are certain general causes for Dr. Hoernle's mistaken conclusions. He 
examined in detail only a comparatively small portion of the 1nanuscript; the his­
tory of the Sarada script was not well known thirty years ago ; there has since that 
time been light thl"own upon the type of language used in the manuscript. and the 
knowledge of medireval mathematics has been extended. 

It is proposed therefore to re-examine in detail the whole question of age and 
in the course of the re-examination Dr. Hoernle's arguments will Teceive due con­
sideration. 

THE AGE o:F THE l\'IANUSCRIPT . 

. 
(a) The ciTcmnstances of the find. 

123. The circumstances of the :find have already been described in detail ( 0 3). 
They led Biihler and Weber to suggest that the manuscript might prove to be of 
the age of Kanishka, i.e., of the second century of our era. We need not labour 
this point. The suggestion was based upon a misunderstanding and there is not 
the slightest evidence to supp~rt it. It was ~iscarde_d by Dr. H?ernle, who, how­
ever, follows much the same hne of thought 1n argtnng for a shghtly later elate. 
He writes "The country in which Bakhshall lies and which foTmed pa1·t of the 
Hindu kingdom of Kabul, was early lost to Hindu ci;rilisation through the con­
quests of the Muhammadan rulers of Ghazni, and espemally throuf5h ~.he celebrated 
expeditions of Mahmud towards the end of ~he te"?th and the begn1n1ng: ~f the ele­
venth centuries A.D. In those troublous times 1t was a common praetiCe of the 
learned Hindus to bury their manuscript treasures. Possibly the Bakhshali 
manuscript may be one of these .. In ~ny cas~ it, 0ann~t well be p]aced,,much la.t~r 
than the tenth century A.D. It Is quite poss1ble that 1t may be somewnat olde1. 

Dr. Hoernle assumes tliat the manuscript could ~ot w~p have been wri~ten 
after the time of MalimuCl. Regarding the alleged bunal custom I can say nothing. 

· . ·" th t th ]\ .. ~ is not a conv at all. It is not the work of a sin!!Te scdhe: then• are cross referenceR to lea\es 
1 There JS E'VlllE'TICe a '• e '· y . • . • • h • h . n 't' r 

· ... the"e 1'o a ease of wron"lv numbermg a .s,ifrn and the mista.ke IS noterl m anot e. an -wl'l m!t 
~,f the manuscl'l\1·' , "· · •o ~ • . 
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Of the script of the Bakhshali manuscript Dr. Hoe1·nle first wrote1
-a Some 

of the forms which Vel'J frequently occur in the manuscript, especially of vowels~ 
very ~losely resemble the forms used in the Asoka and early Gupta inscriptions." 
The Implication here made he slightly modified later2 by writing as follows :­
"The Sarada characters used in it exhibit in several respects a rather archaic type~ 
and afford some ground for thinking that the manuscript may go back to the 8th 
or 9th century.'' ''But," he wisely continues, "in the present state of our epigra­
phical knowledge/ arguments of this kind are al:ways somewhat hazardous.'" 

Every letter of the manusc1·ipt has now been examined and the script has been com­
pared with other available examples and the following age criteria have been 
applied:-

(i) Vogel thinks that the form of the letter n is a fairly reliable test of age. 
Table I, Part II exhibits three distinct types. The Sarahal). example 
has a horizontal connecting stroke in the middle of the letter, the 
Baijnath example is without this horizontal stroke but has a tail 
turning inwards fron1 the left. The Bakhshali manuscript shows no 
examples of either the horizontal middle stroke or of the left hand 
tail, and thus seems to place itself between the Sarahal). inscription 
(tenth century) and the Baijnath prasastis (early thirteenth century). 

(it) 

(iii) 

(iv) 

(v) 

The cmnmon method of forming medial a is to add a knob to the top 
right hand of the mat:rika and of this method there are hundreds of 
exa1nples in our manuscript ; but in the case of fa modification of the 
matrika was the rule. There is, however, an isolated example (folio 
16, recto, the sixth akshara of the third line from the bottom) where 
the commoner method is applied for fa. According to Vogel this 
m.ethod of writing ja came into fashion about A. D. 1200. This test, 
if reliable, is rather intriguing, as is also the next one. 

Medial i and i are generally formed as in Devanagari, but there was an 
older practice of forming them by sickle-shaped curves above the 
mat:rikas and of this older type there are .two or three in our 
manuscript (folios 1 verso, 52, recto et verso, 60 recto). According to 
Vogel these superscribed short and long is dropped out of use about 
A. D. 1200. 

The slanting superscribed medial e tends to become hm·izontal in later 
Sarada, e.g., in the Baijnath inscription. In our manuscript the 
stroke is nearly always slanting but there are a ~ew exa~tples. where 
it is horizontal. Also another method of expressing medial e 1s by ,a 
stroke behind the mat:rlka and this method is exemplified 269 times 
in our manuscript. The anecdote 1·e~ated by Vogel. (p. 96) shows 
that this back stroke method was not In general use 1n t~1e fifteenth 
century. 

Medial ai is formed in two way~ and according to Vogel the cnange 
took place about A. D. 1100. In the Bakhshali Manusc1·ipt there are 
19 examples of the older method as against 61 of the more modern 
method.· 

J Indian Ani:iq1tary xii, 1883, p. 89. 

, 2 Ib. xvii, 1888. p. 36· 
· a Our epigraphical knowledge o:f the Siradii script ?as been largely ex~ended by the researches of Dr. Vogel, whose volume on 

The Antiquities of Ohambii bas been of the great-est help m the present enqmry. 
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Symbols and notcdion. 

' 127. Not unconnected with the scriptual questions are the fol'ms of symbols 
and particularly those connected with the arith1netical notation. ' 

The negat~ve s~mbol, Ol' nrinus sign, is a cross+, the use of which for this parti­
cular purpose 1~ unique. Th~ n~arest approa~h to this use is the inverted tfi (1/t) 
emplo.yed by .Dwp~a~1tus to IndiCate a negative quantity. Dr. Hoernle rejected 
the Dwphantine ong1n of the Bakhshali symbol on the gTound that a the Hindus 
did not get their elements of the arithmetical science from the Greeks.m That 
such a sweeping assumption as this is altogether unjustifiable has been already 
shown, and the implication that the work is wholly Hindu in vrigin has never been 
proved. Dr. H?ernle attempts to trace the sign back to the Asoka ka but, as he 
confesses, not with much success. However he suggests that the Bakhshali syn1bol 
is a a mark of great antiquity." See § 61 for son1e further discussion. All that 
we can now say is that the use of this symbol cannot be traced to an Indian source. 

The arithmetical notation einployed will be referred to again (see § 130). Here 
we are_ concerned with the forms o£ the sy1nbols only. In my paper published by 
the Asiatic Society of Bengal in 1912, I attempted to place these symbols epigraphi­
eally. Unfortunately we have very few examples of nun1erical symbols written in 
early Sarada, but on the whole the Bakhshali symbols resemble most closely those 
of the Devi-ri-kothi Fountain inscription2 of A. D. 1159. The Sarada. numerical 
symbols are fairly consistent in form but there are rather peculiar variations of the 
(( four " and '' six." The Bakhshali '' four " most closely resembles the example in 
No. 15 Chamba which probably belongs to the eieventh century. 3 The evidence is 
really too scanty for us to form any definite conclusion. 

Language. 

128. Dr. Hoernle writes 4
:-

"The Bakhshali arithmetic is written in thHt peculiar language which used to be called the Gatha 
dialect, but which is rather the literary :form o:f the ~ncient Nort~-Western Prakrit (or Pali) .. It e~hi?its 
a strange mixture o:f what we should now call Sanskflt and Prakpt :forms. As shown by the mscnphons. 
(e.g., of the Indo-Scythian kings in Mathur~) of that period, it appea~s to have been in general use, in 
North-Western India, for literary purposes till about the end of the thud century A .. D., when the p~·~per 
Sanskrit hitherto the languaO'e of the Brahmapic schools came into general use also :for secular compositions 
. . ·. ' . . Its use, the~efore, in the Bakhshali arithmetic points to a date not later than the 3rd or 4th 
century A..D. for the composition of that work." 

It would be presumptuous for n1e to contradict Dr. Hoernle ?n linguistic 
matters, and his opinion here carries great weight. But f~'om the. evidence before. 
me I am compell~d to disagree here, as elsewhere, ;;hen h~ 1,s spe~kin~. of. th~ age of 
tbe work. He gnres a number of examples of the pecuha1 eharact~ns~ICs of the 
language of the Bakhshal1 work, ?n which he aJ?p.ear~ ~o have bas~d h1~ VIe~~· N?w 
every single one of these '' peeuliar characteristiCs IS c.mnmon 1n Sa1·ada Inscnp­
tions of the eleventh and twelfth centuries. Indeed their very occurrence helps to· 

1 Ind. Ant. xvii, 1888, p. 34. 

2 Ant. of Ohambii, p. 212. 
3 The resemblance of some of the numerical symbols to letters is noted in part ii. Buhler (Ind. Pal. P· 83) states that 

symbols for 4 and 9 are' ancient. letter numerals'; but the' letter numeral theory' ha!! succumhf-ld! 
4 Ind. Ant. xvii, 1888, pp. 36-37. 
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Arithmetical notation. 
G 

130. The arithmetical notation employed throughout the manuscript is the 
modern place-value notation. If we knew the period when this notation was fiTst 
employed in the north-west of India we should have some criterion for the earlier 
limit of the date of the wm·k. Note that we are not here so much conce:ened with 
the date and place of the invention of the modern notation as with its inh'oduction 
and early use in the north-west of India. Obviously we should search for evidence 
of this in other manuscripts, on coins and inscriptions generally. Before we deal 
with such evidence, however, it may be as well briefly to refer to the broader aspect 
of the question. 

According to the Hindus the modern place-value system of arithmetiic'al nota­
tion. is of divine origin. This led the early orientalists to believe that, at any rate, 
the system had been in use in India from time immemorial; but an examination of 
the real fac~s shows that the early notations in use were not place-value ones and 
that the modern place-value system was not introduced until comparatively modern 
times. The early systems employed Inay be conveniently termed (a) the Kha­
roshti (b) the Brahmi (c) Aryabhata's alphabetic notation (d) the word-symbol 
notation. 

(a) The (( Kharoshthi " script, written from right to left, was in use in the 
north-wes~ of India, Afghanistan and Central Asia at the beginning of the Chris­
tian era. The notation is shown in the accompanying table. The smaller elements 
are written on the left. 

(b) The (( Brahm1 notation" is the most important of the old notations of India. 
It might appropriately be te1·med the Indian notation fm· it occurs in early inscrip­
tions and was in fairly common use throughout India for many centuries. The 
symbols employed varied according to time and place but on the whole their form 
wa:s fairly consistent. They were written from left to right with the smaller ele­
ments on the right. Several false theories as to the origin of these symbols have 
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NUMERICAL NOTATIONS. 

been published, some of which still.continue to b~ recm·de~. Th·e· eal'liest orienta~ 
lists gave them place-;a.h:-e1 but thiS error s:.on disp.rov:ed Itself, It was then sug-­
O'ested that thev wm·e Initlallettei'S of numencal words. etc., etc. 
~ ~ 
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(e) The modern place-value notation.--The orthodox view is that the modern 
place-v~lue notation that is now universal was invented in India; and until re­
cent~;y: It was .thought. to .haye been in use in India at a very early date. Hindu 
traditiOn asm~bes the Invention .to God l According to Masudf a congress of sages, 
g~thered together by order of king Brahma (who reigned 366 yeaTs), invented the 
rune figuTes ! Patafijali and other early writers are supposed to make 1·eferences 
to th~ place-value system. An inscription of A. D. 595 is supposed to contain a 
genuin~ exampl~ of the system ;1 according to JYI. NAU2 the "Indian figures" were 
known In Syna In 662 A. D.; and certain other mediawal works Tefer to "Indian 
numbers " ; and so on. 

. O:r; the o~her hand it is held that there is no sound evidence of the mnployment 
1n India of a place-value system earlier than about the ninth century A.D. The 
suggestion of "divine origin" indicates nothing but historical ignorance; Masudi 
is obviously wildly erratic; the inscription of A. D. 595 is not above suspicion1 

and the next inscription ·with an example of the place-value system is nearly three 
centuries later, while there are hundreds intervening with examples of the old non­
place-value system. The references to India in medireval wm·ks do not necessarily 
indicate India proper but often simply refer to a the East " and the use of the tern1. 
with 1·egard to numbers has been further confused by the misreading by W oepcke 
and others of the Arabic term hindasi (geometrical, having to do with numeration, 
etc.), which has nothing to do with India. 3 Again, it has been assu1ned that the 
use of the abacus a has been universal in India from time immem.orial" but thit:~ 
assumption is not based upon fact, there being actually no evidence of its use in 
India until quite modern times. Further, ~here is evidence that indicates that the 
notation was introduced into India, as it was into Europe, fron1 a right-to-left 

. t 4 SCrip •. 

131. As this subject is a matter of general controversy it behoves us to be 
circumspect about drawing definite conclusions from the occurrence of the modern 
place-value notation in our manuscript. As indicated above the proper procedure 
is to examine the evidence relating to the earliest appearance of this place-value 
notation in the north-west of India. Of manuscripts there are very few earlier 
than the twelfth century and none of these gives any example of the new notation ; 
of coins there are plenty of examples but none earlier than eleventh century gives 
any example of the new notation; and the eflrliest inscription of this part of the 
world with any evidence of the new notation is not before the tenth century A.D. 
·To suggest that the Bakhshali manuscript was inrlependent of all the circun1stances 
that governed the epigraphical appearance of the new notation generally would 
be unscientific. 

Dr. Hoernle was very dogmatic. He wrote, in 1888, a It is certain that the 
principles was known in India as early as A. D. 500. There is no good reason why 

1 The figures were added at a later date. A cursory examination of the plate (Epigraphia Indica, vol. ii, P· 20) makes 
this obvious. 

-z Journal Asi:J,tique, 1910, p. 209. 111. Nau's' authority' does ~ot read well. He speaks of the Hindus' noble discoveries in 
astronomy-more ingenious than those of the Greeks and Babylonians. 

3 About nine hundred years ago Albiriini wrote (India, ii 211)-" They .... relate all sorts of things as being of Indian origin, 
of which we have not found a single trace with the Hindus themselves." • 

t For a more detailed E>xamination of this question see my papers on (1) Indif!n Arithmetic~l .NotaJ;io!LB, J A~B 1907, 475-508, 
(2) The use of the Abacus in ancient India, JASB 1908, 293-297; References to Ind~an .lJ!at~~matt?~ m c:_:.tmr;. MedttEval works •. JASB 
801-806. In 1917 in SCIENTIA (1917, pp. 273-282) Baron. Carra de Vaux pursue.ct.a nne or mve""Iga"wn completely different 
from that I had myself followed an~ came to the same concl~~1on, namely tha~ the ongmal home of the ~odern place-val~e nota­
tion could not well have been in Indla. For a popular expos1t10n of the other s1de of the controversy see SMITH and KARPINSKY The 
Hindu Arabic Nnmerals. • 

~ That js the place-value prineiple. The quotation is from the Indian Antiqua-ry of 1888 (xvii), p. 38. 
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in the west, a fairly close predecessor to an algebraic symbolism. There is also 
other evidence that our work was probably produced not long before an algebraic 
symbolism came into use. 

135. Of the evidence as to age discussed some is of doubtful value ; but there 
remains a good deal that 1nust be considered as giving no uncertain indication, and 
the period indicated is in all cases about the twelfth centUI'J. The script, the lan­
guage, the contents of the work as far as they can give any chronological evidence, 
all point to about this period, and there is no evidence whatever incompatible with 
it. Bhaskara was born in A. D. 1114, Omar Khayyam was flourishing in the early 
part of the century, Adelard of Bath visited Cordova in 1120, Leonardo was born 
in 1175; and it was during this period that the Bakhshail work was probably com­
posed. It is :possible that in the future more light will be thrown upon the script 
and language· of the locality and period of the Bakhshali manuscript ; and that, 
if the manuscript be required as suggested, further internal evidence will be forth­
.coming.. 8-t.:r.ch further d1scovenes may modify the conclusions now drawn regard­
ing the age of the manuscript; but they cannot very well put the date of composi­
tion of the work back to any great extent. 

====== 
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formulating his chronological tests remains to be seen· but at any rate, he has 
provided material and detailed notes that are invaluabl~. ' 

_ _ D!. H?ernle first gave 500 A.D. as the ?,ppro:ximate period of the birth of the 
Sarada scnpt, but later he modified this view and stated that it originated directly 
from the Gupta script in the course of the seventh century. The earliest known ex­
a~ples are on the coins of the Varman dynasty of Kashmir which start fl·om the 
,~I~dle. of .the ninth cent~ury; vvhile previous to this the acllte-.~ngled script was, 
It ~s smd, In general use In northern India. It is, of course, possible, as Vogel 
f!Oints out, tha~ the Sarada was employed as a literary alphabet considerably ear­
her than the ninth century; but there is no evidence. There is a Kashmir inscrip­
tion of the reign of queen Didda tbat belongs to the tenth century, as also possibly 
does the Sarahan inscription: and there are many dated inscriptions belonging to 
the eleventh and twelfth centuries. The following table gives the dates of some of 
-the more important Sarada inscription:-

Coins of the Varman dynasty of Kashmirt 

Inscription of the reign of Queen Didda 

Devi-ri-kothi fountain inscription • 

.Angom inscription . 

Baijnath inscription (Kangra) . 

.A. D. 

855-939 

992 

1159 

1197 

1201~ 

With the Baijnath prasastis, according to Vogel, the history of the Sarada 
proper cornes practically to an end; and the script of the later records differs so 
considerably f1·om the pre-Muhammadan inscriptions that he proposes to give it 
a special nam.e. "The thirteenth century," he says, "forms a blank which sepa-
rates the two palaeographic periods." . 

The relationship of the Bakhshan script to other Indian scripts is illus­
trated in its main outlines in table i, which shows the B1·ahmi, Western. Gupta 
(Bower), Acute-angled, Saracia (Nos. 4, 5, 6, 7) and the Nagari alphabets. It is at 
once seen that the Bakhshali alphabet is more closely connected with numbers 4 
and 6 than with 7 : and that numbe1·s 4, .5, and 6 are differentiated on the one hand 
born number 3, an:d on the other from nun1ber 7. Indeed nun1be1's 4, 5, and 6 are 
examples of the Sarada group proper, which is supposed to be a direet descendant 
from the acute-angled script (No. 3) ; and number 7 is a direct descendant from 
the earlier Sa:rada script. 

The most notable differences between the Sarada and the acute-angled are 
with respect to the na, ta and sa). while minor differences are seen in the ga, na, 
pha, la and ha, but in these latter cases slight variations occur in one or both of 
the scripts which, more or less, blot out the differences. 

The differences in the cases of the ga, ta, sa are possibly due to the emphasis 
given in the later scripts to the overhead hmizontal ~nes. T~e mo~t in1port~nt 
difference lies between the two example of 1.-w-the nnddle honzontal connecting 
line being consistently employed in the acute-angled script, and consistently 
omitted in all but the very early examples of the Sarada. 

Between the Sarada proper (Nos. 4, 5 and 6) and number 7, which may be 
tern1ed modern Sarada, the differences are much more marked. The i, e, ka, ja, 

t CU'IDnNGRA}I Coins o.f Media;•:al India, plate iv. 
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except that the top horizon~al stroke has developed a much more pronounced knob 
on the nght-hand .. According . to Vog~l tl~i.s knob or wedge disappears in the 
Mtthamma~an peno~, bu~ Gnerson giVes It for modm·n Sa1·ada. The akshara ja 
~Ifters considerably fron1 Ja. The top bar disappears and a nearly vertical stroke 
1s added to the end of the tongue ; but instead of this modification of the mtU1·ika 
1"?- late inscnptions occasi~nauy we meet with a ja formed by the usual medial ct 
~~.g~ added to the matr~!ra, and in our manuscript there is one such example 
dolio 16R.) The later scnpt seems to revm·t to the BoweT manusc1·ipt type. 

The letter jh- only occurs in jjhi and fjhya. It is something like the ja with 
the left-hand stl'oke tu1·ned backwards. It shows little altm·ation since the Gupta 
period. 

The 1~ also only occurs in combinations (fna, jna, 'lt,cha). The superscribed n 
differs considerably from the subscribed fonn, but both fonns are almost identical 
with examples that occu1· in the Bower manuscript. 

t- th- d- dh- ft-. ' . ' . ' . ' . 

Of the linguals th does not occur at all independently, and it is doubtful 
whether it is intended as a subscript. The t- geneTally, but not always, has a top 
ba1·, and always it has a well developed right-hand knob. As the first element of 
a ligature t occurs twice, but as a subscript to shit is common. The scribe evi­
dently made no distinction between sht- and shth-, for the open and closed letters 
a1·e used indiscriminately for the same words. The normal t or th as a subscript 
to sh is generally accompanied by another curve attached to the 1·ight of the sh 
near the bottom. Usually this line cunres slightly inwards towards the subscript : 
but in several cases it is a long stroke slanting outwards. This additional stroke is 
absent in the Sarahal,l inscription (and ]n the late Kashmh Saracla) but it iR fairly 
common in other early Sarada inscriptions. 

The t;l- is ahnost exactly like the Baijnath and n1odm·n Sa1·ada examples. It 
differs considerably from those in the Bower manuscript, and its development is 
somewhat uncertain. Many examples of ttt;l- occur in our manuscript. 

'fhe akshara r;lha is very like the pha but has a kink. in the downward stroke. 
Its form has not altered essentially since the Bra.hmi period. 

Table I exhibits th1·ee distinct types of the Sarada cerebral nasal n. The 
SarahaJJ- example has a ho1·izontal connecting stroke in the middle of the letter, like 
tlle Bower and acute-angled examples ; the Baijnath example is without this hori­
zontal stroke but has a tail turning inwa1·ds from the left, and the modern Sarada 
has the same tail somewhat shortened ; the Bakhshali example has no horizontal 
middle line and no left hand tail, and is exactly of the same type as that exhibited 
in the Devi-ri-kothi fountain inscription and other inscriptions of the twelfth cen- . 
tury. Vogel seems to t~ink that v:e have here a reliable_ criterion for. ?'g~, and i! so 
the Bakhshali manuscnpt places Itself betweel!- the Sar~hal,l and BaiJnat~ prasas­
tis. But like all other particular tests for ~he Sarada this must not b~ ~elied up?~ 
with too great confidence, for in the later Sa.rada we find the Bakhshah and BaiJ-
nath types used prmniscudusly. . 
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p-, ph-, b-, bh-, 1/'t-. 

The labial. gro?-J? is _also very important quantitively, and this rather ac­
centuat~s ?er~a~n difficulties that present themselves. The principa1 of these are 
due t.o simila:r~ties between the '? and djt, the ph and elk and the 1n, d and s under 
certain conditiOns. Generally In the Sarada no distinction is made between the 
h and ~' and in the Bakhshali manuscript this lack of differentiation is almost, if 
not quite, complete. The resemblance between the b or v and dh in lio'atures has 
alre:;tdy been noted upor~; them is dist~nguished from the d by having~ a complete 
vert1cal stroke on the nght, but the ligatures nd-, nm-, rd-, rm- aTe sometimes 
rather difficult to differentiate; and badly written examples of m and s are also 
confusing. .Final m (with the virama) is very different from its matrika and occa­
sionally is only to be differentiated from the numerical sign for a six" by the length 
of the very long virama stroke. 

y-, r-, l-. 

In table i are shown two types of Sarada y, of which the Bakhshali ex­
amples may be described as l'epresenting the transitional stage between the Bower 
manuscript example and the Sarahal). example. Table ii, s howeve1·, shows that 
the open (Sarahm;t) type also occurs in the Bakhshali 1nanuscript, but it occurs 
with comparative rarity.* 1\Iost of the examples are of the type shown in table i 
and the first example of ii, 6 ; while the type illustl'ated as the third example in 
table ii, 6, occurs genm·ally in the As section of the manuscript. In nwst Sa1·ada 
seripts the latter (open) type prevails but in the Devi-ri-kothi fountain inscrip­
tion there is exhibited a tendency towards the prolongation of the central vertical, 
although the left-nand loop is never actually closed, as it is in most of the Bakh­
shali examples. As an element of a ligature the form of y is masked. Many ex­
anlples are given in table iv. Occasionally the upward right-hand portioll of the 
cnrve is lengthened as in gya (iv, 1) and ddhya (iv, 5) : otherwise there is little to 
note. As the middle element of a ligature y seldom occurs, unless we count i1 as 
one of the elements, 

The letter r- is one of the most eonsistent in form in this family of scripts. The 
bottmn serif had developed in pre-Sarada days. This serif is generally rather 
larger in ouT manusCTipt than in other Sarada texts and occasionally de_vel?ps into 
a loop (F 24). As ~ final elen1ent the T seems to be formed by a th1nn1ng and 
lengthening of this serif (table iv). For the peculiar shape of ril see page 95 and 
for other modifications see below. 

Two types of l are shown in the Sarahal). and Bakhshali .examp~es ex~ibited 
in table i. The former has the left curve attached to the vertiCal by a honzontal 
stroke and this seems to be a characteristic of the earlier Sarada scripts : the­
latter' has the left curve attached by another curve-practically always in our 
manuscript (table ii, 5, etc.). Accordihg to Vogel the former type wa:s still pre-­
valent at the beginning of the twelfth century. 

8-, sh-, s-. 

Table i illustrates fairly well the development ~f the S~r!Lda 8, which, in i~s · 
later form, is exactly the Nagari s. In our manuscnpt the s IS always square In 

See FF 4, 6. 38, 41, 52, 53. 
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There ~~e .three 1nethods of fo1·ming medial a to consider: (i) The archaic 
method of JOining the symbol by a horizontal bar attached to the left top of the 
?lat:rika. Vogel thinks this method dropped out of use about A.D. 1000, and that 
It may have been merely a local fashion. When there is any choice this method is 
not employed by o~u scribes. (ii) The more common method is to join the symbol 
t~ the top of the nght of the letter, and this is generally done in our manuscript 
With each of_those letters that has a dexter upright or a top bar. (iii) The third 
method entail.s a modification of the mat:rika, but this only occurs in the case of j. 
Examples of Ja are shown in table ii, 1; but there is an isolated exarnple* where 
fa is formed by method ii, and, according to Vogel, method ii, as applied to the j 
came into fashion about A.D. 1200. 

It will be noted that each of the mat:rikas of n, f, and t already possesses a mark 
similar to the medical a symbol. In the cases of n and t the usual a symbol is 
added according to method ii, but, as already stated, to form the ja, n1ethod iii is 
generally employed. In the 1J;fi the symbol is often slightly curled inwards, and 
this hook-shaped syn1bol is said to be characteristic of early Sarada. 

Note that the -a symbol is joined _to the left upright of the d-, but this is be­
cause the dexter upright is not a complete one-and thus the da is differentiated 
from the ma. 

The vowels i and i. 

The initial vowel i does not occur. The short vowel i is of the form that is, 
with fah consistence, employed in all Sa,rada scripts : it consists of two dots placed 
above a, more or less, semicircular loop. (See table iii, 2.) 

Medial i and i are, almost without exception, of forms that are essentially the 
same as in the Devanagari, and consist of left ( -i) and right ( -i) vertic:al strokes, 
sometimes considerably longer than the 1nat:rika and joined to its top by a bend 
inwards. 1 But our manuscript contains three or four examples in which the -i is 
formed by a sickle-shaped curve above the mat:rika and with its convex side up­
wards and turned slightly towards the left. (See table iii, 2.) Vogel says, u We may 
assume that about A.D. 1200 the superscribed medial i and i dropped out of use." 

u andu 

Initial u is the same character as in the Bower manusm·ipt. The left up­
stroke, which is generally continued to the level of the top of the letter, differen­
tiates u from ta. The long 11, as an initial, is the symbol for the short vowel with 
a streamer hanging down from near the right top of ihe letter. It is distinguished 
from ru, which has a simila1· " steamer," by the long upwa1·d cuTve on the left. 

Medial tt is expressed in th1:ee ways : (i) By. a tria~gul~r wedget attache~ to 
tlie bottom left of the riaht vertiCal, or, where this vm·t1Cal1s absent, to a vertical 
attached to the bottom ~f the matrika; (ii) By the addition of the initial u as an 
ordinary ligature; and (iii) by attaching a downwm·d steamer to the right of the . 

* F 16 recto. 
1 The i stroke is often Ionger(than that of ·i. Compare the aksharas sti and ti in tabJe ii, 2: these are contiguous aksharas 

from F 33v. 
t Often closod solid, but occasionally • open. 
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Bower manuscript 
similar to the 12th 

these examples sug-

stroke over the 
corner [e]. In late 

short thick stroke or 
line ['e]. t Vogel de-

never wedge-shaped. It is 
V.LL'~·'-'"' : the connecting hori­

appearance. seen1 
seem to 

second Inethod [·e] 11 
60 does not show 

occasions the S(H;alled exception, 

or stroke has no 

be used indiscrimi­
unevenlv distributed. 
and th~ first or top-

b·raol,ets in this and the following paragraplhs are muemonb TheJ do not accurately re-
The tables and text should be consulted in ~<ll oe,ses. 
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. The table on page 9·7 shows that the two n1ethods are used almost equally in 
'the "~" sectim~ and that in ~he, re1nainder the I'atio is roughly 3 to 2.* The 
folloWing table g1ves more detmls for sections A to L, and M :--

The values of these ratios depend largely upon the number of cases. As a 
whole they seem to indicate an inversion of fashion. TheM section, which is pos­
sibly the more ancient, generally shows a larger proportion of the second method 
['e J ; but notable exceptions are ke and ye. In one or two cases complete inversion 
is exhibited : for example, me is formed by the first method [e J only in sections A-L, 
while in (( M" it is formed by the second n1ethod [·e J only; and the san.1e 1s the case 
with se. The best test aksharas of those given in the table appear t!:l be ke, chhe, 
te, ne, and me). although all may be used with fair safety. It shouid also be noted 

·that ne is formed by the first method u~J only in all sections by reason of the shape 
of the mat:rika. Similarly the first method predominates with le. 

Vogel relates an interesting anecdotet of the 15tn century which tells of a for­
geT changing me into da8a. The original narrator writes : ((In order to expTess 
.e following a consonant the clerks used formerly to write a stroke behind the con­
sonants. But as, in the course of tin1e, the script became changed the writers of 
to-day write the stroke expressing e over the consonant." 

Medial ai 

Initial ai does not occur in Sarada. Medial az 1s formed in two wavs: 
ol 

,(i) By two top strokes [~i]; (ii) By a combination of the two e symbols ['a,i]. In 
both cases the ai symbol is thus a symbol for ee. 

Of these methods the latter [·ai] is the older. I\:~20sibly the earliest example 
.of the former method [~i] occurs in Chamba No. 25, and Vovel assumes that the 
change took place about A.D. 1100. . In the Baijnath prasastis t.he double top 
stroke [~l] is the more common. Late1· it is invariably used and the top strokes 
aT8 horizontal. 

In the Ba.khshali manuscript both methods are employed, but the second [·ai] 
pTedominates : indeed out of 8~ examples 61 or approxinmtely three-quarter~. are 
·formed by the second method ['ai], and 19 by the first or double stroke ~ethod [ ai]; 
but in the M section there is not a single example of the first method [ ai]. 

Medial o 

Initial o does not occur. Medial o is formed in three ways : (i) By a large 
circumflex shaped symbol placed above the consonant ro] ; (ii) By a combination of 

• i.e., 3 e to 2 ·e. .. 
t A.ntiquihes of Ghrtrnbii r· 6il . 
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namely 86 per cent.; 
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circumflex sign com­
ancient Inethod, which 

(and of which three 

in the formation 

,Jih di.miiliya Style 
and of 

writing. 
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,.. 
I 'X~ 
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:X;, 

,--, 
,; Q!" 

0 u Q(:i 

1 0 a2 

0 0 0!1 

0 0 al 

2 3 C<., 
0 

1 1 a2 

0 0 "'1 

0 0 "'1 

•) 
c) 0 a,_ 

6 't {3 

17 16 
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A comparison with certain dated inscriptions. 

Period. 

xth century 

xith century 

~ . 

xiiith century . 

I 

.I 
i 

:Medial e. 

·e . e 

70 30 

57 43 

44 56 

0 100 

Medial a. 

·o· a· 6 

58 12 30 

10 20 70 

13 10 77 

0 10 90 

Ligatures 

References . 

SarahaJ;t Inscription. 

Charoba Inscriptions, No. 25. 

Bakhshali RI,anuscript. 

Ant. Charobii. pp. 6~, 64. 

The ligatures can usually be easily analysed into their constituent ele­
ments and only occasionally give difficulty. There are about 90 different digraphs 
.and some 30 different trigraphs. * Some of these occur very frequently, while of 
others (e.g., ggh-, 1ich-, tp-, tph-, shh-) there are only isolated examples. 

The consonants, as ele1nents of ligatures, may be classed as (i) those in which 
the matrika is considerably 1nodified and (ii) those which retain their original 
shape. Of the. former are k, n, th, y, and in certain cases T. 

As the first or middle elen1ent of a ligatn1·e the letter k reverts to the forn1 
pertaining to the Brah1ni script (Table iv, 1 and 5), but as the last elernent it re­
tains its norn1al shape, e.g., lka (iv 3). The letter h occurs only in ligatures and, 
except as a subscript to j, only in isolated examples ( nch- iv, 1, shn- iv. 4). As tlie 
tlnal consonant its fonn has little resmnblance to the n1atrika. 

The letter th as the middle or bott01n element is also very different in shape 
frmn the matrika. In our n1anuscript it always takes the fonn of a spiral and 
'there is no example of the S shaped -th (See page 91). 

In tthy~ (table iv. 5) the spiral shape is lost but see the Stu1gal exaro.ple given 
·on page 91. 

As a final consonant y is also disguised in for:m. See kya, khya, gya, chya, 
?'ya, etc., in table iv/. Generally the final y is of the type shown in khya but occa­
sionally the bottom curve is n1ore prolonged upwards on the right as in the gya 
shown in the table. 

As a first ele:rp_ent r is often shol'tened and son1etiines loses its botton1 serif, 
e.g., rrJ,a, Ttha, Tya (table iv. 3) ; and in TVa it is marked only by a small excrescence 
on the left curve of the v mat:rika. As the final element it is changed altogether 
and is something like the vii'ama but placed at the botton1 of the ligatul'e. Nearly 
aD the examples in our text have the stroke continued left and right (table iv); 
but as a middle element the T consists of a stroke slanting upwards on the left of 
the vertical only, e.g., tTyil .and 8rya in table iv. 5. In bTu it is treated as a middle 
element and also loses the right half portion. 

*i.e., cotmtinu comronants only, but when. the vowel signs form part of -the vel,'tical sche:ne they a.re 1l!!sential ele.nients also. 
'See for ·example, truu and dbru in table iv, 5. Similarly the circumflex o, although. detached, IS an eleme~t of the V€rt~c:U scheme. 
The ligatures are really examples of vertil!al writing :while media.! i and the left,ha,ded •e a:re exaJ.nples of nght-to-left wntmg. 



* The 

or less, preserved, 
word ashta. "Eight 

is not consistent. 
(2) that shown 

last type occurs 

often omitted. 
(sla 4) ; and 

some resernblance 
2 is not unlike the -n 
loop to the left, the 5 
not unlike the 'li- and 
letters has probably 

cuTve and the 
The curved 

-fractions. The 
writing. The ex­
those in the second 

second line only occurs 
(:ases of 6, 5 and 

between the work 
is also occasionally 

numeral. Hoernle 
show that its use wa.s 

successful and the 
remark. See C) 9 61 
connexion with~ the 

I and double bar II are used, and the 

virama appears to used to mark a pause 

two punctuation which are possibly 

Cancellatio·n. 

cancelled marks like accents 

1888, p. 36, and in lHfhier's t.ablf> hardly repre~antati v e. 

0 



-o n k:::t ~ kr t1 ltr 

~~Trrrr ~ 
~ - ...... 1-Y ...... ........ ..,. f-.1 

0 0 

_g ~ J ..:1 t.tJ ....9 f:T 

_,.) ::r ;:r ;:r ;:r ;:r p-

~ ...... ~ ...,.. k- ""' ;r tr" 

0 0 t:::r C7 f;;::7 0 7 

..1'\- ,Y t:r t--? H H u h..r' 

0 CD ~ P=1 U1' 11: fN 

-< ~ .-(" $l' ~ tr> tc 

s~ H ~ ? ~ ~ Er t ~ 
~. \9 tf) ~ ...? h.9 

w tu (z. ~ ~ kt ii If? 

;.~ -e 18 t€ tfJ ~ hfr 

e~ -u 19 f::;" tO J:i;" R' R tfr 
'-' 

.. 
""1'1:~ •• 

u ~ " ~ u ~ 

~ E ~ 

tG * It' 

C? r ~ 

~ ·~ -? 

~·~~~ -;;;o~~p: 

cl ~ ~ ~ ~ ~· ~if 



l G u,/t u.:tits 

1 It ha fwla ;..la. Ua. rk lisa. 
. ,_ 

·"1.1<, nsa 

~ Cb ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ li r 
--·8n._,.,., ~ ~ 

__________________ __._,.,, _____ _ 
c,ka. "1a- .cA~ ;jlu Jihr n.:A~ jiia-

~ ~ ~~~~~: '~~ 

4 ]erda1s 

/tfa i11ka 1vfha. da Ma dh.a old ha. tdka ~.Jla -na t '11.. 

3 ~ \J f G ~· a ~ ~ ~ ~ ~ \ 

··---·-----------·----------, 
l~~ Jtk 7rlu.. ~4 In av m- . r f't-
~ ~ ~ ~ ~ ~ ~ ~ ~ 

L·----------~~--------------~"'---~--- ~ -~---------------.1 

b. Sc.mi· c:r:?t. 

~a }"· tl "'1'-t\, -{"-' LIV -v-a d# f ,oha_, ha, ~-a- ~a, 

~ ~ ~ l ~ ,;{ ~ 1t r~ ;; ~ ~ ; 
'""""~-





... 
B L E Ill , Vowels 

. T ndial a ()/nd a Catd mdial a 
I 

a. a., a a: a: ~ • ~ d;;; e/4. ¥ 7fl.a ..,u; 

~ '1 , !j ~ !\ .t;"'i' g ~ g: lf 1t' 

st'C \ u 

~1~~ 
i 

;. I nrll:a l and. medta~\l U-

w ~ k J.k, '71u 1-w ': Ztt ;11-·-VI.. -r-~-~-stv...,---~-1t..-k.. -~-"' -4-·z.i.,, 1,luv Sib ~~ w 

5~~9~.~\~"J~ ~~'t~'tlJ\i~~,'f~ 
----·--~--------------------~ 1 

' 

f. J n-itr.al M1-cl m-edt~l ~· 
i4: ~ &tit {,;. J.~ ~.: 

'5\~,~~~ 
ln£_dt·a~ ai 

' 

e. {t_ r ~ 1i.L. mt+ s~ • dtclzlie. 

ret~ ~~'1'6f ~ 'I 
~-'!~Jt ~~~ I 

~ho.~ nat tid 
~ ' --. 

~ ~ t:1J r.r 
~ ~ ~ ~ 

~ 4 ~ 

q. ffedt aa 
.o .fO t<~ Jc ;yo .,...., 

'71' .··~ ~ ~ ~ '-,- _,_, 

! 

) ' ' Er t' 

~ ,!.tau ttu< 54<1. sltf-..., 
1"'11' ~ N' ~ tt "!' ' ~ 1\ 

lo 

,.,. 
t i ,.,. 

~ I eq_ ! 



'f" ~ 
/ 

~ ~ 
~· w 0 • 

(}>~ 
<I 

1 ~ 
~ '<! 

(f;T ~- ~ etlw ~ 

~~ ~ ~~~ 
<l 

~dl) :f 
~A, 

·-s tq? "' '"' 
'~~Pi) 

. 
~n;:,/ 

t0 ~ ~hi\) ttt 
--1~ ·~ k1l j o/ ~a-;r7 

~: J ~ C'J~ I bf.P 

tW 
VI 

,...> 

{~ ~ J tSr ~ c'lt' I !ll 

I 10 
;:, 

~~ ~ ·~ ~ 
:z: .-. c 
t-:. 

<;! 

I ~ w ~ ·~ IV)) ~ 

ttW' ~ ~ ~ t.iJif 
~ttfl) r~ 

~ ~. ,., ~*1) '"5 

~ ~ l ~ JtPY' ~ti) 
... ~ 

~I 
d ..;3' .J fJ;(9 

~klD\ 
.~ r ., 

~ t-vr' 
J-tt-W J ~I ~ t,;1 ~>, 

1 .,..:1 e ~ ;Dd ~Jwob 
~~ ~ 't9 ~;if[} J.,.y 
l, ~ "~ '" ~ ~. tm> 1 ~ ~· "' ~~ .. 

I ,n:r ·~ ~ ~· ~ g t, ~ 
~. 

{, ~~ 4ltfJ' i t-q 4 iJ:II!' -/ 
~:r-, 

~ 'J::' 
<t! 

~ll I ~ ~ rtr: clAii ~/ ~f!l) 

;:iT' ~ JW ~ ~·~ ~ 6fD ~~ ~ tn 1'\l HJf"' ~ i" 

f"t5 I<V J .ay 
-~ ~ 

{-

I 
... 
~.A{ fflob 

7 
<I 

~ .~ ~ j by". AI? ..D ,., .. 
~ ;1 k1V ~ r+e- ~ .I~ ~ . .J 

.,..:. 
~ w 

~ 



PART It 

" -·-Transliteration ol the 

p 





NOl'E .. 

as 

are 

m·iginaJ are 

OT 

lS 

as is possible \vith 

reading is possibly 

in the original and 

Portions 

by asterisks. 

faults that make 

the Director 

by x' and 
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. " ti 

[ l:r. J 

9 sutram n gul).aup:ri 

11 gu:o.ane:J;lagu. 

1 viparitayachanakshiptaugu:J;lasasyo:rayamvidhibl II 
• • n 11 dasamasutram 10 11 ---:f :-- 11 

n aihsaihvisoddhyachchb.edebhyakuryatatparivartanarh u . 
11 uda 1 pari:whanamval)ija.madhye 

1 ardha trihhagapadan.sathpaihchabha 

[ lv. ] 

syamtatopTejjhyal;lsadrisaihk:riyate I 

1120 I 90 1 80 1 75 l 72 \ tatraprojjhyajatam 120 I . 0 1 
i i I i 1 • 

-~j __ ~!_l~L_E!_~j-~ltejata 437 atosa .. 

chaturl).amsankasarvasvam II· prathamasyasanka ardha 

317 prathamardhe:Q.asashtibhiryutam 377 pratham . . 

I trit1ya,chaturthapamchamasyadhanarhs~uvasvmh 847 dvitrya t:ribhagooi 

II punaprathamadvitiya chaturthapamcha 

20 eshayutarh 377 eshatritiyasya 

n punarapiprathamadvitiya.t:ritiyapamchasya 38.~ 

esRach ~ . .. . bliavaU fl . . . . . . . . . 
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[ 2r.] syadhanambhavati II athapratha 

tyarhsashtisesharh 377 II athadvitiya 1 75 sya 120 evam 
30 

rhdvitiyasyabhavati II athat:riti I 72 ya 80 syakriyate 120 

377 tri.tlyasyadhanarhbhavati II chaturthasyalqiya I ~; te 

evarh 377 chaturthasyadhanabbavmilti II parhchamasyak:riyate 1 stha 

panam /120 evarhpamchamasya 377 
1 90 
! 80 
[ 75 : II uda II 
i 12 . . . I__ val}.ik . yam I t:ri 

I 2v. il* · 

II eshamawmulyampra 

II anyonyaviditavibhavaril 

dalamtatha 

. :rr . 

120 

90 

80 

15 

721 

" 

9. 

2. 

7 . 

7. 

.. 

8oddhyavisodhayet rb;tarilsthitaril I e 12 

i 12 

I 

i 12 

5+ lvi . . 
6 lsha 

112 J 6 I 
yate 19 r 7 11 kuryatatparivartanaili 

121 4 6 

_12 

19 

4 6 chchhede 

7 11 
J 

mjataril asya 1 924 836 798 1 projjhyajata j 924 

11463 1463 14631sha:rhyutirilkriyate 1 . . e 

. k:rit jata 1 2558 I chchhedaprojjhyaril 1095 etanmal).imulyarh 

-* The bottom portion of this, page is blank. 
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val).ijjaka. 3 d . ya .. 

t · 1 1 9 1 10 1 deymn 3 suddhasesha1il 1 6 1 1 tata 

168 1 1ss 1 tas svaseshm:tatuvihhak 

42 I 2ft 1 24 I eshapratyaikamulyamekaikasya 

ushtrebhyal;l. 294 I 252 I 240 1 ekaika 

262 t 262 1 262 1 etessar.p_adhf\.naja 
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4r. ] . t . . y • . . ch . 

:V.] 

yojanapamchakam I saptadinanitasyaivagatasya 1 paratadvitiyanavayojanaika gatake 

I' · · i 

tam /i ~ di ~ ~oJ din~_i:atasya gatayojana a; I dvi ~ di 9 yo llgatisyaiva viSeshamchakll 
---~-----·----- ~----~---------

I 
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1 1 4 
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1 I i 4 
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.1. ._. ..... . ,. 
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21

• 

d , t . rr II 1217 , . . . . . kimprabhiitepilikhite 11 sho . asamasii ram 
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1 1 

dvi II a ~II u ~ pa ~I karal).aril I adyorviSesha 

i . . . . . . 
• c • • • 

- ·::·-:.--

: ;s .~. t r 
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9 sasyeyu 33 li --·--·-

60 
anenagm;utam 6 Vl 

i 

60 
tyaseshamk:riyate I se 6 

29 

178 
tam j737 i padaghna 1 tatrapadam 29 

! I 
i i 

jata1il ! 58 I : 65593 lslish . . 
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yojana . serathagama • • • • • • ~ • • •. • 0' 

_______ yo ~ II sa yo ~ ll yo 10 gantavyarh _~! adhvasarhyoga i I i bhaktarh I ~ I 

. enagm;ritajatanlabdha i 10 : dvigunaril ! 20 I eshalpasya:tt 11 atha 
I • '_I 

. na ayamkalojiieyal;l anenakalenashshat yojananigantavyam 1 a 

yam.ekayojanikasyasamagamobhavati · 11 tadyathatrairasi . e ... 

yadyekasyashat yojanatadavi:rhsanamkirh /116 yo { 2 · · · 
.1 1 1 
I . 

saptatisoddhyasesha atrassaptati { 70 1 agatapa:rhchasa j~/ adhva 

1 Ih i''i 1 di 1 yo 20 di /·.· pha yo . . 
1 1 1 : 

,I 1: 

sutrarh 24 . . . . . . . . . 

. . dhiinta samgul,la . . . . prav:rittirgu . . . . 

v:inirdiset 11 uda II t:ribhagamaladagdhasyatridhantasyai va 

ashtottarasatanidatta:rhkimsesha:rhvadapawJita lj108 1 1 1 
. I 1 1 1 1 . 
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ddhyatuparhchabhagenastatha )ku 4 prasthi! vpddhidvayogatmh J kav:riddhi. 

1 1 
1+ 1 
2 3 

. syakirhva.sesharhtaduchyata.rh 1/ 60 ,' 1 1 

I
I 1 I 1 1 

1 1 rupala . 
1 1 

ta 36 II pratyayarhpu ' J 2+ 3 4+ 5 nasyaiva 
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. kadvit:richatussarhkhya ekatravartitakilal;t gal).Qikajna 
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Folio 19 is blank. 
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[ 26v.] . h 1 . p a a .. 

athadvau 4 30 asyadalampha 

athashtha 8 1 82 I, dalam pha 

bhu 36 16 1 28 dalam pha 

16 4 24 I 16 dalam pha , 

24 4 

28 \4 36 1 20 1 4 I asya tri 
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[ 27r.] chh y tasrnatki 
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_c~--,--,,~~-~~63 I bhyaso I tatragu:IJa \ 3 I 4 I abhyasam I 12 I rupabinarl:i i 1 . . 
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(a)~ 25 da 

tarhd vigul).amd vigul).am bharamas 

labdham 14 II punak:riya 

*This is not homogeneous. There are portions of at least two leaves. There are other small scraps. 
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'*F. 31 consists of two leaves stl!ck togE;ther. The tranB1iteration given is that of the outside surfaces of the two leaves 
only; but it is not always easy to differentiate. 
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II eshagavasvamahishipratyaikasaleshu . bhaga 

,_ 1 I phalam 45 sa 180 ga 4 

n 180 1 ,_ 
1 asva 6 phalam 30 sa 4+ ' 26 

sala 180 
1 

riJ I 1 mahi 5 phalam 36 5+ 9 I 

1 
mule:Q.a 1 etadvigul).am 3 · dvivuta 

2 i • __ , 
yasyadhanam I tadevasardham 3 1 asyardhain 1 1 yutamnyasa 

__ t I 1 
I 2 
--

d-vitiyas . . . 

-- .. ,.,..... 

' 

[ 36r.] . yachatu1·da 

hyapamchat:rigui).i * *tasakhe 1• 
1 

. ro 21 eshadesapramai).atn samaptam 1J sa . 1 

la vanasynra<Shekosh that am vak:riHiln Tharai eshamchaikamrasipunasu 

ptadhanita ! saptai).ammapichaikarasistulitaiJi I pamchasaptatya . 

hasrambhavet saptashtagui).amkirh 

2000 pabha 1 phabha 30 pa 2 

ra i :I 10:5 /i 5: /1/ adhaehchhedam 

===!l===='=i/==i 00 n esha 

silavai).apramai).am 11 kakinrdasabhagasyadadyadashtadasr 
\ 

. . , a I tasyamvimsatibhagasvasatabhagamprayachchati 1 narovaksha . 
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4608000 phava, 2 
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1 1 
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1 1 
5 

1 3 
8 

Xkimpravatasvavada 
' v "" 

500000000 
1 

gha pha 

3 

tad bruhisastra.kusalo 

16666 . ' 

stubhaga . . . 

108000 viliptal.laih 

2 
1 
2 

ra, 1 
1 

1 
1 

1 
360 

·II 

1 viliptaliptai II 2 11 e 
60 

n rajayudhishchironarrla ¢; pa:r;u;luvarnsasa 

l 36v. 
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(3Sr.] (a) j •14 

dvitiyapaii.kyayoga ,_· 75/ vartyam 5 paniyam 11 
0 

! 15 1 
k:riyate yogam I 90 1-vartyam ja,taril 6 payasaril 

I 151
1
-

. ~ . m. . . m. . .. . . . Cl • • 

t:ritiyapailktya / ~~ /20 
1 -I • • • 

! ............... . 

{b)* kshetram 100 

'"" 
1 ~~) ! 300 bh . v . d 

I ~~// vaipulyadyogam 

(c) bhaga vimsas chadasagtu.ta I saptam .. ksh . . jiia 

d:rish thamchasatani . 
. . a1 

0 

[ 38v.] (a)\ ~i--'-_~__.__·_. _· _,_[ d_:r_i_6_0~~ prakshepayukti 30 vibhaktam 1 dhanam 
30 

(b) 

I . a 1 faru 

(c)-~ pha 140 \ 

! plia 160 i 

I;Litajata 14 1 1s 1 . . o e . . 6o 

k . mulyarh : tall 

m.ulye j 62to mal}.ale a im '11 pha 
! 

*(b) Should go with 99 (a); and (a) possibly with 39 (e). 
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u 

udaharal)arn talasyay 

kiih k ' lll 

15 20 '000 
1. 15 

15 a 

10 II esha ekaikabhagagur,1itaja 

1 3oo evarl1 

im 

anena trabhaga I :: 2 l 

jata 14 labdhahshepam vi 

fhe ]efi: of belongs to another leaL 

T 2 
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[ 40r. l (a)*. ch yatra 

agamchaivakarayet kshetra vaipuly t . y 

II prishthasatadvayamchaiva ucharesatamekata]J. vaipulyadvi 

e 1 

(b)* agavimsaschad s t (c)* syatudv 

ya:rhsatam I sarvemisrapi sh . mbhagastasyaivapamcha 

(d)*ri 

bdharh bupayasoghata]J. ekamisrikrit n r k 

kara:Q.mh I havyatulyarhdhinikshipyal:t /--~-~l_!_i_i)_j kuruprakshepakam tata J prak 
4 516 . . ' 

*This should possibly go with 39r (a). 

[ 40v. ~ (a) _] h ntyachaivata tphal 

gu:Q.itajata 6210 esha vahasyakaw;lapramaiJ-arh 

kemiilya:rh kartavymi1 adhachchheda:rhchat 1 
. 
1 

,(c)* dhanam 00 pratyayatraira (b)* [Blank] 

(d)* kritva eko 

kTitam I 1 satatTayarpichabhi¢purushaiTlabdhamkimadyarhprathamadhanarh 
1 120 11 d 22s \ l :Q.am m 

*These consist of portions of two, or more, leaves stuck together. The knot on b verse does not appear on b recto. 

: 41r. ]* dTamma shth dvachatvalirhsabhirdinai I tatsaptat 

s.ya 42 dine 
1 

dram 8 jivya 70 purusha 42 

1 \ 1 

chan1ma 560 II yadiparhchasa tasashtyadhika 

alimsabhi 1 tadrammai ashtabhi katidinam 

*Besides the portion transliterated the envelope contains six small scraps. 
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8 
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adheno 

l)aye 

kriyate f 

eke1;ta 

1 4 

j• 

l! 
li 
I! ,, 
i 

2 
1 
4 paris am 

5 
u 2 H. s 

bha 160 13 
1 1 

pha 54 eshihhapa 

1 1 sam.padyat.ekatham 1: 1 

·- . ' . dh t k·· . bh - . l, 1 chatvariSansar asya .u 1.m avet 11 

. :m 

2 

12 H ardha 11 ekattrarh 54 II eshamii 

II I vimsanonidi 

I apasyaprashiJa.vidhi i! 20 1 1 
li 1 ~ 3 

20 3 1 
1 2 3 

!j20 1 1 bhage 

II 1 2 1 l,=c~c==·c· -=' d1. 

npari1naskhandhakasya eshagu1;~~karari1bhaYati asya 

the portion t.rrmslite:rat.ed there are very small scraps. 
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va . . . . . . . . .g 

arayet sardhadva. 8. tubhojanamadyamuttainet 

satribhagatrayastrim saidinaid val)ijyakasyatu J bhawJaredvada 

sasatavajaral)amsthitasyavai 1 eshavyayasamutpattaukaxkalam bru 

hipawjitakara1;1a vidhanenad vadasasa tasya bha1;1Q.aresthitata 

I 10 2 bha 13 3 bha 13 s bha 1 3 bha 1 1 bha 1 5 bha il 
II 

1 1 1 1 1 1 1 1 2 1 1 1 
!I 2 3 3 8 4+ 2 3 5 2 3 
I 

2 33 bha 
II 

1 1 bhal)(la 1200 guJ;~.ita l 
1 1 360 1 
3 I! 

!I 

2 
1 
4 

re 

I 2 II 10j 1 soo . · 
i 1 I' 1 , 
I, 3 I 2 i 727_: 

a .. 

l)asaha 

chchhedam 360 

11 ayupil).(lam 

diva II bh 

2982 I 

800 

727 

adhunavyaya pil).Q.am // di 1 .'I 1807 ) 

iirdhachchhedm:h 360 l/ 1 !/ 240 I 
====~============~\ 

diva 

dam 

pha 

2982 

486 

727 

puna 

lam 

800 

727 

2982 

486 

727" 

1 

1 

,I 
486 :1 

:I 
727 ii 

a . . 

360 diva 

pratidina 

1807 evamsarvatrairasikena I uda II . 

E 44r. il ll ~559 

\\ sf 
di 1 

1 
223 
144 

evam 
I 

vya yapra 1 
__ __._e mana1h II· uda II eka 

sardhamutpatisatpbhagadinadvayet pujartham satribhagamcha 

. taschayet sashtabhagadinatri:t;livasudevasyacharchane . 

padonatrayoda* *sal)arilcha ashtasardbadinani k'h..et II 

brahmal).abhojanedadya paralokahitarthina}) sat:ribhagam 

* * . jjaramsapamchabhagailinattrayet pa . 

lachendamchakaxk .lakhanavalikii I sardhamsardharhdine 

1 
4 
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2559 

4 2 
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arjanabhakshal)_e Ul nyiisasthapanar.hk:riya 

1 
1 

280 

U* 

28 
61 ' 

32 bha su 
1 

etatkalelJ-a 

280 
61 

aya 

108625 ! padaghnapa 
65600 

2 
1 
2 

1 
1 

1 
1 

36 . 

.28. 

6450040625 toparhcha vinsc'l 
3227520000 

1 
2 

579 
515520000 
777307500 

+ 
671250 

294912+ 
77'1307500 

n n 
I. 6455040 
i 3227520 

0 dhanu 7000 
1 

0 0. i 

147456 

579 
768 29* *4912 

1158 777307500 
sesharh_ 5'(9 

515225088 
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[ 46r. U 

. 2 1 7 9 0 2 5 0 0 4 4 
.. 554615000 

. . 322704 7 52 2/ 
1554615000 ' 
rakara:o-ipata il 

140 

4663845000 
dalita e 

' 1 1 0 8 9 5 1 2 5 0 2 2 1~~1 adisamyu.ta 
11 1 55 4 6 1 5 0 0 0 padaghnak 
5075338376274674327 

72504833946750000 
q 

2 1 'i 4 3 2 'i 1 9 3 6 ~~li =p=a=cti;=t=aJ~. a=ta=u=p=ar=a=n=y=a=sa=s=t===h=ap=a== 
=~--~ll --=== 

2 5 o o o o o o o o o 11 bha 

[ 46v. ] • 

[ 47r.] 

mar;le 8 

. ka ! 20 . 
/ _______ : 

aparaprashta.b. para a i e vihuja:o-avihanhai 

J).a I gm·ejamacha uppa:Qesa.male a 

Q.hale apotQI:t;te aga:t;tevlhujan.a ehuvi 

kara:o-arh I traigodevarehahipa:t;tehi sa 

. a i8fu;lhed . hivo 

. :n r 

Jj made 6 ![ Inade 
II 

dhapa 

vichaksha:o-ab. chamustup:ritanastisrastisrasschamu . 

nikinidasagu:o-amahurakshoharnbudhal). II akshohi 

ra l e 3 3 3 3 3 3 3 10 gu 
\I 

gu:o-itaja 

1 1 1 1 1 1 1 1 
ga 1 sha !i 

;!! 
I\• 

na 5 pa ratha 21870 esha akshohi 
!\ 

ti \\ :t;ti . 21870 prama:o-am II 11 tu 3 I' gaJa ... - _1\ 

da II kaschidraja nara 109350 kumarasatrudama I 
haya 65610 . . 1 . . 0 ~ 
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'I' a 
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480 
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1 
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'1 

8 

8 
3 
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2 

" 

' 1 

1 

1 
1 

3 
1 
5 
6 
1 
4 

10 si 

1 1 

phala1i1, . 150 11. uda 

hapart.hamhehayaki 

¢pattisvapadadalasogasai I a . 

36 

·to 

1 
1 
4 
1 
2 

n saranamchapartmal).aill 

4 achhe 21870 phala:rilsara 
1 1 

11 ekorathogaja . 

ksha. 8 ehhe 
ya 1 1 

3 1 raktipa 
ma 3 

1 l)itamjatam 
12 

419942 di 1 
pal a 30 115200 

8 pale 3 to lena 

4 dha. II arh 

phalambha 

sUpala 2000 bha I pa 

193 ' 

2 

II pa 

8 tolapal to 6 tolenastidha:Q.a 12 dh . 

yadidinamekena eshadatarh tadvadasa varshe1.1a 

II di 1 216 varsb.e 12 1 1/ 
h 1 3 270 It 

1 bhara 2000 II 
93 ·i i/ 

6 il 
var:o-aprama !I J;lam 

8 
!! 

;t'* .fG :I 
' ' " suases1 8 il 

·I ,,. 
·~ 

"' 
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6 
[ 49r.] . ya 3 yavanastika 1 . .. .. . da 4 kalanastipa 

4 

padanastimiidri 4 pamu 8 mii 2 II udahara:r;taril jJ 

sukhyairyajamtidevipratimahnikechit dadamidevyarva 

kamcfta1)_ kritvadinarasa tanichatvari tadhanaka am(likaTakti 

kayavakalapadamud:rikacha 1 etatramiilyamvadametatra 

syakim ; 1 to 12 11 mu 400 dha 1 phalmildi 50 diniZra 

11 1 II 1 
am 1 

4 ! 
II 

ra 1 1 bha li 
1 II 

,: 
d 

stidhaJJ-e 12 dha, 

4 
~J ya 1 . 10 dhaJJ-e anasti am 4 am 1 11 

[ 49v.] . hasobh 

[ 50r. ~ 

. 1·aktiksha ya . th yasyati pamchaguJJ-arh 

sarvapamchchassammh divasavimsatikamkimhundyatimaham 
If 1 li 

360 \\madhya vadanischayam It to 3 ksha 4+ i; va 25 chhe 
Jl 1 II: 1 )/ rna 2 il 

!i rasiguJJ-i tam 60 1: - 5 ya ; rna il 12 . 12 I 
11 6 2 3 2 1 )' ksha am 3 

II 
Sl 4 

jl 
yamsodhya 19200j 4 8 di 20 

ya 

ll6 o 8 8 1 II ka a 
. 9 2 0 0 sa pa 

sikasyartheputra 

30 II 

)I 
I. 
I' 3 .I 

i/ li 4 '! 
dhachchhedam 

1 I 
6 bha 7 tolepala:rh : 

1 rvagul)i tam II 558 . 18 

. vasishtap1draha 

pautra upayogyambhavatu.b. likhi 

2 

tamchchhajakaputragal).akarajabrahmal}-ena I sarveshamnlevasasti·a,:oarb 

gal).itammurdhnitishtati 1 adyavasanesamsare utpamnna gal).i 

. hit paschas:rishtitadakai·tumsivel)_apm·amatman 

yadyarhchasutpamnnamgaJJ-itamsakhyakaral).a:ril yacha 

. hinam . yadhw/r k . arh . i . . . . . 

ja 
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P~rw'o leaves. 
also three other small 

n sardhadmlyf' 
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II 

li 
II 
li 
ll 
![ 
'I 
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'I L 
:! 

!) 

""' 
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1 
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1 
2 

6 

1 

1 

54 11 a 
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j_ 

121 ane 

18 54 

3 
1 

n 
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1 
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are out of place. 
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[ 62r.] a 

D 52v.] 

. na 57 tsedarhjatarh 3 anenachalimsagm.}.ayamjata 12 
1 

. svavari:u§ura:t;larh II pratyayatrairasikena '1 I 1 
l II uda 11 dhanasvamardhosamsoddhya 1 

1 
chaturiyakam J tatseshaparilchamobhagote 1 

1 

vam 

vam 

vam 

120· 1 
1 10 

1 
120 1 1 ~ 
1 8 1 

120130 a 
1 4 

satadvayam 1 asityadhikamdhanamchaivaki.IU.adyamprathamamdharunn J 

u . . . 200 . 1J asyadvayanarhsatana:rilpada 

dhikamsatambhavati 1.50 atrapipamchabhaga so 11 evam ·. 

• 

pi 280 II 

1 
2 

phapi:r;u}u 280 

. 400 eshaphalambhavati II 

11 pamchamijatikara:Q.amkri r 

dhanu 28Q 

[ 53r. il Y · ta 

'/];am n 
1 
1 
2 

yo 1 di 

1 

6 . . . . . 
1 

sya't vise sham tu 

sarv.agatl I yojana 

1 tatragati 

9 a 

3 2 
2 1 

visesham l ~ j vibhaktaril ll_ 
nenagu"Q.aye ! 18 I anena · .. 

gata 1 bhavishyati 1r pratyayatrairasikena 

'J7 pugatadina 6 a . oyojana 9 . yo 

1 di 

1 

,~ yo II . . di 
phalamyojana 

. . . . . . 1 l ~a\\ 6 



(a)"'*. . . 

yasya n 

(b) 

3 

20 

20 ghatike 

35 

ghatike 
v 

ghatikedina 

y . 

phayo 36 
7 

.. y .. ksh . 

""'""· ..... w'c""'•A ..... I dhanateyata I tayoryoga"Viyo 
1 2 4 

dp 1 1 1 1 

t.veti I tatra uttarara . i 

uttaramrh;tamjatarh 

76 eshaprathamasya 

. dvigu::r;tamcha t:ri ttnacha tri t1yasyadhanarh bha vet 

I xkritodinaraittara 

u 'n yasyapadaihnajfi.ayate 

1 . f1 etadpratha.masyadhanarh 1 

n o n 2 n !+ · u 
.small scraps; and (b) appears to consist two unrelated pieces stuck together .. 
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u .. rlk . 

va ~L to : pha va 6 

·=========3~''=ii dha 12 gm:;utam 
I 

jja1·advidhana 

• 

vimsatipa 

II 
to ~ \!. 
~=I 

1 1 ya 1 

1 60 

1 am 4 

ra 1 1 bha 
1 
4 

ya 1 3 bha 
1 
5 

si 1 2 bha 
1 
2 

ka 1 2 bha 
1 
2 

pa 11: 

n 7227 
1
!! 

i/1200 II 

se l 9 ) asya 
/10 

athasagdTammako 

kaidrmnaJn sa 

. .. 

lahataidhanaka J asyaivaska 

va 5 'I 1/ 
3 )! 

1 1 
1 192 

to 1 dha 1 1 am 1 
1 1 12 

s1 1 1 ka 
1 480 

f 55v. a . kasyaya 

pam 1 10 chat:rimsatam divardhatolamkasyadivardhaman7,sakasyadi 

II 
' 31 ji punanyam se 

128 l\ 

rdham~LQ_(likadivardhayavasyakimmulyam I nyasa 
phadram 58 to 1 

\ 

35 1 to I 
I 

I ' 
1 1 1 

I I 2 
1 1 rna 

to 1 1: 35 1 6 

1 \11 
1 2 ' I 

1 1 .rh l 
I 

1 2 i 

2 
I 

m 58 I 

I 
I 1 1 ya 

1 1 1 1 1 1 1 :' 

1 1 12 1 48 1 192 11 

2 2 2 2 11 
,I 

I! --•1 
I 31 

I tatha a m se 
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1 2 . . . . . . 

Ill • 2 
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half of this page is blank. 
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.[ 57v. ·~ • r ; . 
shtottaraghnegur.rlte 40 dvighnamadicha ya 

• . nikshipya J~l mulam \ : ; seshachchhedodvi sarhgul}i 

suddhal). tasmat ak:riteslishtha _6 _\ k:rityunaseshachchhedo d vi 

dalasarhslish thah:ri tisuddhik:ri tiksha yal:;t akpteslishtha 

• dadvisarilguJJ.akrita I : 
12 

tadvarga I g 25 
. 12 12 144 

dala 

I 58r.] uda ·II· saQ.virilsaschatppamchasa ekonatrimsevacha I dvasa 

shaQ.vimsachatuschatvalirl:tsasaptati 1 chatushshashtinava . 

. . :msanamtaram 1 t:rirasrti ekavirhsa ashta 

..;. . . . pakam I* 
. . . . 2653296226447064994 . 83218 

esa 

f85v. il • , .. !A •; sthapanamk:riya'te 
• .. 

1 ! siiqha 1 drishya 20 . 
shy a 1 yuvi Ja 

1 '1 
1 "' 1 

mam 1 ma:ri:tqa 1 mamQ.e 2 Q_o 2 2 

tadatta jata:rhmaqa 2 f ya 5 I su(lhe 
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0 5 yumii 0 
1 1 1 

0 7 + n1u 0 
1 1 

vargam h'ineyutirhchakartavya 

asyapra tyana" yane 

2 
1 
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"'!'he left~haud page of this leaf is blank, 
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1 

. v 

n ayavyayaviseshatuvibha 
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2 
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d;i 

20 tatrayarh 
e . m 
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2 =====-,.-----...-

X 
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dviparilchasamasiitraril 52 
II 60 di j phalam. 

II -t . h d. .!. su ram a a ravya .......... . .,. 
yallabdha I dvigui;tmi1ka 

harasautatadviseshamvi 

larildattasamadhanaprati 11 uda 

. . dine arjayepamchabh:ritakomekapal).Qita]). dvitiyampamcha 

vasevasamarjayatebudha]J_ prathamenadvitryasyasaptadatta. i 

tab. datvasamadhanajatakenakalenakatthyatam 5 rii 11 () . 

. . . . m . . rh . au 

[ 61r.] . . anenakalenasamadhanabhavanti 11 pratyayamtrairasik. kr~ : . 

( 6tv.] 

5· 30 pha 5o . prathamedvitiyasyassaptadatta 1 L!J sesham 43 t 
__ 1_1 __ 1_ --c----1 

6 30 36 1 43 43 I etesamadhanajata II uda 

. japutrodvayokechin:ripatissevyasan tivai]J. Inekasyahnedvayashsh . . 

ga 
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kara:Q.aril II ahadravyavisesharilcha I tatJ·a 
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• 
I 1 1 13 . . ( . . . 

2 1 3 1 pha 

30 
1 · prathamenadvitiyas . 

rdattajata 55 II ! i 30 
1 

pha 6'5 

pha 45 55 II samadhanaja 
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n 8 1! 6 II 

II s !) 4 ,j II 

u 

160 . -I . I 

1 1 mu a1n: 
! 1 

I kiln 

160 
1 

. patyasesha1h , 7· : 

kritvarupakshayarhchaivavibhaktaii1Iuulama 

6 II 
II 1 II 

e 

f k1·ayavikrayasam 

X 2 

L 63r. ] 



] 63v.] 

!_ 64r.] 

84 :: punasyav~kraya 1 

mulam 1 120 j chatushshashti 

ptaparhchasamasiitram 57 

. . hritavastrata:rh I trai .l. _...._ 
yatatvatal) 11 uda :II • r 
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6 ; 1 i 3841 l 
1 j 1 I phalarh ____ § ____ . 

patyasesham I~J esari:o.am.k:ri 

n vastrasulkainyadbhavatita 

. rasikavidhanenasulka . 

patasyasulka vimsansamka 

tri88atam I patakanampal).ak:ritedvaupatauh:ritasau 

pal).adasastathal;l khhmulya1i1 

. 
1 

. 52 8 0 
8 7 2 4 

. 5 2 8 0 
3 8 7 2 4 

4 4 4 0 0 4 
3 8 7 2 4 

4 4 4 0 0 4 
7 7 4 4 8 

1 7 9 9 4 5 9 4 1 1 2 0 

2 9 9 9 0 9 6 3 5 2 

tayardhe . tus . . . . 

ardhamkartavyam . ta 

samgul).yajatarh I a . 

hrarahareshugu~ . 

asya iirdhamka 

shashardham 

160000 + 

. shachchhedodvisamgul).am 6 seshapamchakarhp:rithak 
[64v.] · 5 

. . ailSasvaih:laril I i~ I tanmii~a 12 varjitam I tanmiilaril 

5 j dvigUJ)ottarasarilbhaktam j ~: I eshapadaril II 

.~ nayanaffi li ii ~- \1 u i -p)a :! II rllpona ! .. 
lj dalita. I 41 I adisaiily 

i 

1 . 
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etatkala 

a htgyanti}J. 

n yadyekapurushasyadran1n1ashshat 

I tatkaryamprastuta . 

?;?,arnpaka:ri:'tkshakana:rhdl·am.maishshaQ.bhikatidinajYvalokmhbha,v 

va I 

6 
-a 

1 pudrm:h 6 ! 30 di 
1 1 : 1 

6 

t . ' nl).sa 

pu pha 

1J, 

kantrJctrh 

I ashtl;mghanam 1 480 I uttaraghana 

I I 2 I 1 cha 

eka:rhbhavati I vardhi 

I 481 I mulmnslishthakaraJ}yi:i, 

l . 

21 
40 

\ 40 42 
1 

4 

i 
! 

· tanrnulavarjitam 'Ill 

I;lOttara . am 

tanmulmn __ _ 

1 3 
1 1 

sa 

drmh 1 4 
1 1 

2 II 

' 8 8 0 0 r 

drari1 1 6 
1 1 

:¥;e sa:rh 

dram, 

[ 65r. J 

[ 66r.~ 
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[ 66v.] .. sikena 1 dram 1 ru 1 12 dram, 
\ 

phalam rupa 1 2 •. 

1 1 I 1 

. dram 2 rupa 6 dram phala:rhrupa 12l 1 1 
----

' ' 

. dram 3 rupa 4 dram I phalamriipa 121 
1 f 

. ru I . 2 draTh riipa 12 

. . 
L ~1 I . 8 8 jata 1: 67r. H 

. 11 .I 16 61 I jata sad:risari:l 1 2 8 . u . . 8 8 ,, I 
!_~· . 

sadrisamekasya [ 161 yutam I''! jatam!931 eshaphalambhavati 1 . r .. y . 
_16) 16) i~J 

pratyayaJ). \ 93 j 1+ 2 2+ : 2+ 2 3+ : 3+ 2 4+ i 4+ . 
16 1 1 1 ! 1 1 1 1 1 1 1 . 1 

11 hu:o-dikasamanayanasutram II dinabhaktaviseshamchavi. 

kriyatechaivakalameshamvinirdiset trairasika vidhanena . . 
. 

. I . . adattamchapatavyarhsiikshmedatta:rhchatatsamam If udaharal)aril f1 dvi 

. . . . . m . . e . . . . . . . o . . . dhanam 

[ 67v. ] · re 

narit y ksh 

achchhesharh tadviguna j tii I ni1'gachchha . 

npr . visamanechatvaridattal). punadvigui).arhjatam 

. . asii:Q.yahastamgat.a:rhtasyakimatumiila panasya 

bha 2\2 2 bha. 3 1: 3 2 bha 4 (I 4 2 bha s 
1 1 1 1 li 1 1 1 ' 1 1 1 

. s . yu"tam y ... ril . . gu:o-a!fic'lia . 
. 

TI • 

vise 

mu 
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(a) 168 (b) . , 
1--11 
-~~-· 

yojana 
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de&?..dv. 

patyajatasesham 21 

eka tram 29 

harika . . dram 2 . 

diy 

*The reverse of this is blank. 

2 2 2 1 drishya 11 ~tosad:rh~a 
5 6 7 

·~='-"'====·.I hakam. 1 uparimam samtam.ttulabbavanti 

tvalimsa diinachaurasi ... tatarhktula I dvichatvarim 

Ih .. Ih .. vanti etevrihakasarvattral) sthapanarhasya 

yatrairasikena 6 a 2 ' . m 210 pha m 84: 
1 1 1 

yasyakriyate 

. . . . yate .II 7 . I 2 I 210 a pha m. 

k. tam 105 

n uda 11 . . . . t:ribhirdattaitrigu:t;tat:rigul).enatu 1 vi 

miverisitaduchyatam II ~ II ~ /; ~ dpshya 1~ ·! prakshepa 

10 I 30 I 90 e ~~~il=~=~=====- katram 1 

. . . . van n tam satamtr~bhirdatyaiparavaptrapavaptri . . 

phalarh 

60 

chh ... y 

90 I ekatram ................. -----" 

4 j 6 p 9 : U'ri 190 
1 

·1 
1 

II I 

[ 68r. ]• 

• 

u 69r J 

[ 69v. J 
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( 70r.] (a) tola 5 . . akbhito _(b)_ 

(c) . 

2 to 0 rita 7 

trarilpala 6 II II 
. • . . J.).ipesikri.tanicha I dvachatisras 

. tisrasamadayatulitanitrayodase I 

. ekaik~syasardhaa~ 
II 

1 
II 

1 
II 

1 
II 2 3 4 

[7ov.] (b) . . 
. 

r1 .... .ri (a) 

a: \ etebhiigii 6 

. 17 \ 117 
70 

e . . 

pala 2 tola 1 

uda II sama 
. 
1 

. Ih 

d . 

prakshepayuktyaphalam 

. . gu:Q.yaphalarasi 

(c) • . katrarhpala 8 II ! II uda II ardhatri 

dansaritpamchasashtinri.podadau 1 sevakanamtud . 

~ jj ! ~ !J drishya ~ ~ sadri 

90 20 
····························································· ···································. ················ 
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