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AREA OF BOW-FIGURE
IN JAINA MATHEMATICS

M Prof. R. C. Gupta *

" ARHAT VACANA

Kundakunda Jnanapitha, Indore

1. INTRODUCTION

The Capa-ksetra (Bow -Figure) is an important geometrical form in Jaina
Cosmography. In the JambUdvipa, the shape of Bharata-varsa and
Airavata -varsa is a bow - figure which is also called segment of a circle.

N
— - ]
JAMBUDVIPA s #.h
P ¢ iM
~ | o Wil
LI ! ,a-"“
i r \L- r
;Bharata - varsa o
FIG.-1 FIG.-2

In Fig. 2, PNQP is a segment of a circle (i.e. circular disc) whose
centre is at O and whose radius is OP = OQ = r. Let the length of the
arc (capa) PNQ be s, and the length of the chord (called jya or jiva etc)
PQ be ¢. The height of the segment, MN was called sara. isu, bana (‘arrow’)
etc. = h.

The exact relation between ¢ and h for any segment of a circle of
diameter d (= 2r} is
c=/4h(d-h) (1)

This was well-known to ancient Jainas (it easily follows by applying
the so called Pythagorean theorem to the right-angled triangle OPM). The
usual method of finding the exact area of the circular segment takes its

Area, A = sector OPNQ - triangle OPQ  ......c.ccee 2
= (8.2 -Ccr-h)l2 s (3)
=r(s-c)2 +chi2 4)

In terms of the semi-central angle 0 subtended by the arc at the centre
O,we have the formulas

& Ganita Bharati Academy, R-20, Ras Bahar Colony, JHANSI-284003 (U.P.)



s=210 e (5)

c=2rsind e 6)
h=r(1-cos0) %)
where tan (6/2) = 2h/c s (8)

Thus a use of trignonometric functions and tables will enable us to find
s and A accurately when any two of ¢, h, and d (= 2r) are known. In
the absence of trigonometric facility or use, recourse was taken to devise suitable
empirical rules for practical purpose.

For mensuration of a circle and related figures, the ancient Jainas usually
employed = = 3 for practical (vyavah@rika) and 7t = /10 for accurate (stiksma)
computations. Based on these, their rules for finding the arc-length s of a
bow - figure were '

practical s = /¢ +5h%, e (9)
accurate s = c2+ 6h%, e (10)

As shown by the present author, ! these formulas belong to the prototype
s=E+kh> (11)

where k was chosen such that it yielded expected result for a semicircle (which
is also a segment with ¢ = 2r, and h = r). That is,

K=m-4 (12)
2. PRACTICAL RULES FOR AREA OF BOW-FIGURE

For finding the approximate or practical (vyavah@rika) area of a bow -figure,
Mahaviracarya (c. 850 A.D.) in his Ganita-sara-sangraha (=GSS), (Vil, 43,

p. 190)2 says
PRATOTHHTE TOTERUT QR TR |
Krtvesugunasamasam banardhagunam sardsane ganitam

“The sum of the arrow and the chord, multiplied by half the arrow is
the area of the bow -figure.’

That is,
A=(c+hyh2 e (13)

The same rule is found in the Trilokas@ra, gathd, 762 of Nemicandra

(10th century).3 If we apply (13) for a semicircle (c = 2r, h = r), we get
A =372 (implyingn=3) (14)

So we say that (13) is based on the vyavahadrika value &t = 3.

The most interesting fact about (13) is that it was known either as
such or with some modifications to suit other values of =, in many other
civilizations including those of Egypt, Greece, China and Rome, and is also
found in a Hebrew work.* In India also, Sridhara (c. 750 A.D.) had given

10 Arhat Vacana, 14 (1), 2002



a modified form of (13) in his Trisatikd, (sUtra 47) as follows®
SHATeRFISATTIRT Ff germad aify: |
Rnogarag 9o SR el 47 1)

‘Take ten times the square of the product of the arrow and half the
sum of the chord and arrow, and divide by nine. The square-root of the
quotient (so obtained) gives the area of the bow - figure.’

That is,

A= Vhe+h2R.(10/") (15)

Clearly this is a modification of (13) based on an adjustment of s from

the rough value m = 3 to the better (Jaina) value = = /10. The rule (15)

is also found in the Prakrit work Ganitasara (Ill, 46) of the Jaina author

Thakkura Pheru (14th century).® Although it is possible that (13) was _known

to ancient Jainas and (15) was its natural modification for n = /10, for

accurate calculations they invented a simpler rule which will be discussed in
the next section. Another practical rule will also be deait therein.

3. SPECIAL JAINA RULE FOR AREA OF BOW-FIGURE

The Tiloyapannatifi, IV, 2401, of Yativrasabha contains the following verbal
statement of a sTiksma (‘accurate’) rule.”

$4 - U - IR - Sftan, Qe o - wad of &)
qe R, W @ ggH-weill 240111
‘The square of the product of a quarter isu (=h) and the chord (=c)
is multiplied by ten. The square-root of the result is the accurate (suhuma)
area of the bow -figure.’

That is,
A=J10ch4? (16)

The same rule is said to be found in the Brhatksetra-samasa (|, 122)
of Jinabhadra Gani (H.A.D. 609). The first half of a gatha quoted by Bh3skara
I in his commentary (A.D. 629) on the Aryabhatiya (under 11, 10) reads®

SYURAT Sitar gRyeefdT wag frTfrr ae)
‘The product of the chord and a quarter of the arrow when further multiplied
by the sqaure - root of ten becomes the area of the bow -figure.’

That is,
A=10ch4 L (17)

which is just a simplified form of (16) and which is also found in the GSS,
Vi, 70 (p. 198) of Mahavira. Nemicandra follows Mahavira in this respect.?

For a semi circle, the rule (16) or (17) gives the area

Arhat Vacana, 14 (1), 2002 11



A=10R22 (18)

and implies the usual ‘accurate’ Jaina value n = 10. The corresponding
vyavah@drika rule, for the area of a bow-figure, based on the simple practical
value it = 3 will be

A=3ch4 (19)

which is not found in the mentioned works of Mahavira and Nemicandra. Thus
we find that for the area of a bow-figure two apparently different type of
rules were used by the Jainas. A comparison of the three rules (13}, (15)
and (19) along with

A=nch/d (withtruen) e (20)
and the modern exact area

Ay =r? (0 -sinf.cos®) (21)
is presented in the accompanying TABLE (in which we have assumed r =
1 for convenience).

TABLE (to 3 decimal places)

Sl 0 True Area |Practical Area éﬁdhara’s Area by Area By
No. A A = (c+h)h/2| ~/T0.(c+h)h/6 3 ch/4 x ch/4
1 0° | 0.000 0.000 0.000 0.000 0.000
2 15° | 0.012 0.009 0.010 0.013 0.014
3 30° | 0.091 0.076 0.080 0.101 0.106
4 45° | 0.285 0.250 0.264 0.311 0.327
5 60° | 0.614 0.558 0.588 0.650 0.685
6 75° | 1.059 0.991 1.044 1.074 1.132
7 90° | 1.571 1.500 1.581 1.500 1.581

We see from the table that the area given by (13) is always less than
the true or actual area. In fact the values of area given by (13) are so low
that even Sndhara s modification (15) cannot yield good results except for segments
which are nearly semicircles. This poor yield of values may be a reason due
to which the Jainas did not employ (15) for their accurate calculations.

As far as (16) is concerned, we have already discussed its accuracy
etc. 10 From the table also, we find that both (19) and (20) give higher values
except near the end. So the special Jaina rule (16) or (17) using higher value
of n is expected to give some high yielding results. The question as to how
the ancient Jainas hit upon such a peculiar rule, is considered in the next
section.

12 Arhat Vacana, 14(1), 2002



4. DERIVATIONS AND RATIONALES

For the area of closed round figure a general ancient prototype rule
was

Area = (perimeter).(width)/4 S (-4

This was usually used for a circle for which it gives exact result. Surprisingly
it is also true for a square. Mahavira used it for ayatavrtta (‘elongated circle’

or ellipse) in his GSS, (VII, 21 and 63, pp. 185 and 196). "
P

Q

FIG. 3 FIG. 4

If we apply (22) to the figure (see FIG. 3) formed by double segment,
we will get

2A = (2s).(2h)/4
or A=(sh2 (23)

Directly as such, this rule (23) for the area of a circular segment (FIG.
2) is found in Karvinda’s commentary on the Apastamba SulbasTitra. 2 Now
the following ancient empirical relation has been found

Putting this in (23), we get the practical and popular classical formula
(13).

The author of the present paper has discovered the presence of
the simple rule (24} in an old Babylonian text (BM 85194). '3 Mahavira used
this simple method for finding the vyavahdrika (approximate) perimeter
of an ellipse (GSS, VII, 21), but not for its silksma (accurate) perimeter
(GSS, VI, 63). For arc of a circular segment his rules were different
namely (9) and (10).

on the other hand Nardyana (1356 A.D.} in his Ganita Kaumudi
(IV, 12) used (24) for circular segment which was not greater than
a semi-circle.'* His example on yavdktra-ksetra (barley - shaped figure)

Arhat Vacana, 14 (1), 2002 13



under the next stutra (IV, 13) is quite illuminating in this matter.
He treats the barley-figure in two ways, namely as made of two
triangles (upper and lower in FIG. 4) and as made of double segment
(FIG. 3). The given dimensions are : perpendicular width, NK = 12,
and each (curvilinear) side PNQ or PKQ = 30.

While treating the yava-figure as double segment (FIG. 3), we have
h = 6, and from (24) ¢ = s-h = 30-6 = 24 (viloma vidhi).

Hence by (13), area will be 90 for half figure, and 180 for the given
barley figure.

For applying the method of triangles, the area of the upper triangle
is found by the old empirical rule. '°

N ,___(&3_2_+_Pﬂ). (KE"-') ............. (25)

() (8)

which gives the same answer 180 for the full figure. Indeed ancient methods
were peculiar.16 If one can see, rules (23) and (25) are same in the context
here!

e  Cl2 e

R N S Rr E G h HE 1S
] IN ]
i i ]
. 1 i ]
rt Lt | th §
! i i
i iM i

p 2r QP ' Q

C
FIG. 5 FIG. 6

Now we wil give two rationales for the formula (19). One is based
on averaging which was frequently used in ancient days.'” It can be seen
easily that the area of the semi-circle (with m = 3) in FiG. 5 is the mean
of the areas of the inscribed triangle PNQ and the circumscribed rectangle
PRSQ. It is quite natural to apply the same process to the segment PNQ
in FIG. 6 by analogy. So we get

A = (& PNQ + area PRSQ)/2 = (ch/2 +ch)/2

which gives (19). Second method is based on equating the area of the segment
by apparently equivalent trapezium which was a pride figure in Jaina mathematics.
In FIG. 6, GH = h, EF = c/2. Firstly, we note that the rule (13) approximates
the area of the segment by the trapezium PGHQ. But this rule (13) always
gives less area. So the segmental area may be approximated by the trapezium
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PEFQ whose area is (c+¢/2).h/2 which gives the formula (19). Finally by adjusting
(19) to the better value n = 10, we get the Jaina rule (16) or (17).
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In the salutation of his famous Indian Mathematical text Ganitasarasarngraha
(GSS) of 9th century great Jaindcarya Mahavira (814-877 A.D.) says -

I bow to Lord Mahavira who are unsurpassable in all the three
world and accquired four infinite attributes. I bow to that highly glorious
Lord Jina by whom as forming the shining lamp of the knowledge of numbers,
the whole of the Universe has been made to shine.

In this mangalacarana Mahaviracarya refers Lord Mahavira as an
iluminator of knowledge of numbers.

Another great mathematician anrya Sridhara of 8th C.A.D. writes in
the salutation (mangalacarana) of Trisatika that -
ApaTER yasafa stermEr: |1
éﬁdharacarya bowing to God Jina tells the substance of Mathematics
as extracted from the Patt composed by himself for the use of people. )
This indicates the purpose of compiling the completely mathematical texis

by Jainacaryas. Of course it does not give complete picture, even then, it
is important.

Mathematics in Mahdvira’s tradition presently known as Jaina School
of Mathematics. Modern mathematical world was completely unaware with this
school béfore the publication of GSS in 1912 with English translation by M.
Rangacarya. The first information about GSS was given by Prof. David Eugen
Smith in Aprii 1908 in Fourth International Congress on Mathematics in Rome.3
After this a detailed survey article under the title ‘The Jaina School of Mathematics’
appeared in Bulletin of Calcutta Mathematical Society in 1929, by Prof. B.B.

Department of Mathematics, Holkar Autonomous Science College, Indore -452017.



Dutta4. The origin of this school goes to long back. Now, | am quoting some
references from Jain Pwanas which indicate that the first Tirthankara Lord
Rsabhadeva himself taught Number System (Amka Vidya) to his younger daughter
Sundart. We know that he taught script (Lipi Vidyd to his elder daughter
Brahmt:

fang: exEdeTaT foraTareITeR | SuRefeait SR ATSRGHAT i 104 11
Falt WEar gaet:gamaRaen | fig T 3Ry amawal RigHrer il 105 11
JPRIEsRI &l Hacital WREseIe feem Yegagdigi 10611
RN wdfERy Gaan]l SamaREf  AedtenaRBEar i 107 11
AR, AR ARl | gRd R R wRTERE(i 108 11°

In Purdina - s@ra - Samgraha Acdrya Damanandi writes that -
o &% et it arssta i ©

One more reference of Zdipurﬁr_za, ch.-16, indicates the existence of
mathematical operations during the period of Lord Rsabhadeva.

i | s | G B ﬁ“nun{l
TN T SRR ARy 17

In the Svetambara tradition of Jaina Dharma we also find many references.
It is an established fact that at the time of Candragupta, about 300 B.C.,
during 12 year famine, Svetambara sect came into picture. In the Svetambara
tradition, in connection of 72 arts, we find the quotation -

REEDIC IR D1

i.e.Script etc. but full of mathematics. In otherwords we can say that they
accept that all the arts are full of mathematics. The technical word used for
mathematics in Svet@mbara tradition is Samikchy@na (§&F). In Vyakhyaprajna
pti (Bhagavati Sﬁtra)8 knowledge of Samkhydna is essential for all the Jaina
Monks (Sadhus). In the lane of twelve amgas, third one is Sthandnga, which
is also known as Thanam and preserved in the Svetambara tradition. We
find an important verse (No. 747) related to the topics of Samkhyana.

T f w@@or g d S

gRe  gaERl o] IR el u

SaarEfy g oel aaE e R

Types of Samkhydna are 10, which are following -
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Term Old Interpretation New Interpretation
by AbhaidevasUri

Parikarma Addition etc. Fundamental Operations

2. Vyavahdra Series efc. Applications of Fundamental
Operations

3. Rajju Plane Geometry Paraworldly Mathematics related
to Simile Measure efc.

4. Rast Heap of Grains Set Theory

5. Kaldsavarna Fractions Mathematics of Fractions

6. Javata Tavata Multiplication of Natural Simple Equations

Numbers

7. Varga Square Quadratic Equations

8. Ghana Cube Cubic Equations

9. Vargavarga Fourth Power Higher Order Equations

10. Vikalpa Krakacikd Vyavahdra-or Combinations and Permutations

Mathematics related to
Cutting of Saw

Attempt to explain these ten types has been made by Abhaidevaslri,
B.B. Dutta, H.R. Kapadia and L.C. Jain. But the explanations made by L.C.
Jain are more closed to the reality. Here | want to mention that the mathematics
found in the Dhavala and Gommatas@ra are comparatively more advanced,
therefore Abhaidevastri, B.B. Dutta, H.R. Kapadia could’t imagine these advanced
topics.

In many commentories of Thainam, we find this verse with minor changes.
The interpretation made by Abhaidevaslri is misleading. The same type of
interpretation is given by Zc‘drya Tulsiji and his team in the edition of Thanam,
published by Jaina Vishva Bharati, Ladnun. As | have mentioned earlier that
the Jaina School of Mathematics came into light only in the 20th C.A.D. and
many aspects explored in the later haif of 20th C.A.D. Due to this reason,
B.B. Dutta and H.R. Kapadia cannot imagine the extent of Mathematical knowledge
contained in Dhavald and Gommatas@ra. Due to it, they cannot interpretate
the term properly. L.C. Jain, who has gone through the mathematics of
Tiloyapannatfi, Dhaval@ and Gommatasdra interpretated well the different forms.
This topic has beer discussed in detail in my article.

o Ml § kg i ormmm & faww, gl usn (are), 13(1987),
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pp. 57-64.

Role of Mathematics in Jainism is very high. It can be observed in
the following words of a famous Jaina commentator, Todarmal (1740-1767 A.D.)
of Jaipur. He writes - '

“ggR o Wila Wpaikes & wW wfid & g oaeaRes & sW
b IME A Y T T Wpa e Y Wy T g R e diew w o
&1 o Y v o &1 10

For those people, who have the knowledge of Samskrita etc., but due
to lake of knowiedge of Mathematics they can’'t understand the original texts,
these texts have been prepared. This indicate the utility of Mathematics in
understanding Jaina philosophy.

Not only it but in 9th century a famous Jaina Mathematician, Xcarya
Mzhavira also writes that - . -

‘ggfufd gem: f e weRrER)
aRbRETg awd ToRe Rer Ay

What is good of saying much in vain? Whatever there is in all three
worlds, which are prossessed of moving and non-moving being all that indeed
cannot exists as apart from Mathematics.

These references are enough to show the place of Mathematics among
Jainas. Jaina literature have a lot of Mathematics. It is vast and varied too.
During past two decades | have tried to see and collect the information about
it, but we can do only a small part of it. More than 100 mathematical manuscripts
written by different Jaina scholars are still remains unexplored, unidentified and
we are still unknown about the mathematical knowledge contained in it. Even
then, available informations are very huge and attract attention.

More informations about Jain mathematical literature are available in the
following two papers written by the author in Hindi -

1. Piymm o oW TP o7y, T wrR (Ree), 4(1-2), 1982, pp.
61-71

2. O Tt wifd, e @ (3RN), 1(1), Riawr 1988, pp. 19-40

Of course above two articles are very exhaustive, but here | would like
to give some informations from these articles. We can classify all the available
mathematical texts of Jaina School in the following 6 groups.
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Group | - In this category, we include those mathematical texts, which are

well known and its critical editions have been published. |

1. Ganitastra Samgraha of Mahaviracarya (850 A.D.) 12

2. Ganita Tiaka, commentory on Patiganita of S'erati, written by Simha
Tilaka Suri (1275 A.D.) 13.

Group Il - in this category, we include only those texts whose original texts
have been published but its critical edition has not been published so far.

1. Trisatika (Pafiganitasara) of Sridhara.

Ganita Sara Kaumudi of Thakkara Pheru (1265 - 1330).

Angula Saptati.

Lilavati of Poet Lalacandra.

Amka Prastara.

1S S

Out of these Trisatika is very important. its mangalticarana has been
changed. Really Sridhar was earlier Shaiva hindu but later he became Jaina.
At the time of copying, some one changed the mangaldcarana. Original
mangaldcarana was -

T R TR rear TRy
and later ‘fi" word was changed to ‘', But in the inner part we get

an example related to Tirthankaras in connection with the question related
with fractions.

YN AR 99 Fged SRR
Rt g el v = gean °

This example contains the name of Tirthankara Vrasabha (Zdinatha),
Sambhavanatha and Vimalanatha and able to say the entire story.

| have discussed it in my another paper -
‘A MR @ S9ET IR S@eF, (Co-author Mamta Agrawal), Arhat
Vacana (Indore), 8(1), 1996, pp. 17-24.

Group I - In this group we include those texts whose manuscripts are lying
with me but so far unpublished.

1. Sa_ttrins'ika by Madhavacandra Traividya (11th C.A.D.)
2. Ganitasdra by Hemaraja (1673 A.D.)
3. Istankapancavimsatika by Tejsingh Suri (1686)

Group IV - In this group we include the name of those texts which are
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still preserved in different libraries of India. In the catalouges of different bhanddras
we have the informations about these texts. They should be preserved immediately.
This list includes -

Ganita Sathasau - Mahimodaya

—

2. Ganitasara - Ananada Kavi
3. Ganividya Pannatti
4. Ganita samgraha - Yallacarya
5. Ksetra Ganita - Nemicanda
6. Ksetra samdsa - Somatilaka SUri
7. Ksetra samasa Prakarana - Sricandra Suri
8. Vrahat Ksetra samasa Vratti - Siddha SUri
9. Laghu Ksetra samasa Vratti - Haribhadra Suri
10. Ksetra samasa - Ratna Sekhara Stri
11. Ksetra Samiasa - Simhatilak Suri
12. Uttara Chatfist Tika - Sridhara
13. Ganita Sastra - Rajaditya
14. Ganita Sastra - Gunabhadra
15. Ganita Vilasa - Candram
16. Ganita Samgraha - Rajaditya
17. Ganita Vilasa - Rajaditya
18. Ganita Kosthaka -
19. Pudgala Bhanga Vratti -

This list may be extended by making extensive survey.

Group V - In this group we list out those texts whose names are found
in other texts but at present there is no information about the availability of
these important texts. They should be searched.

Vrahada Dhara Parikarma (In Trilokasara) 16
Siddhabhtipaddhati Tika (In Uttara purana) 7
Karana Sttra (Yativrasabha)

Karana Bhavana (Anantapdla)

Patiganita (Anantapala)

Chattisa Purva Prati Uttara Pratisaha (Mahaviracarya)
Ksetra Ganita (Mahaviracarya)

Aloukika ganita (Ratnasekhara Suri)

Ganita Sttra (Ratnasekhara SUri)

Trisati (Ratnasekhara Stri)

© o N

—
©

N
N
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11. Ksetra Vicarana (Ratnasekhara Suri)
12. Ksetra Samasa Balavabodha
13. Lilavafi Bhasta Caupai

etc.

Group VI - There are so many old mathematical works which were composed
in Sourseni Prakrta prose and poetry and in Ardhamagadhi. The quotations
of these works found in later works but the original texts are not available.
The names of the texts containing such quotations are following -

Tatvarthadhigama Stitra Bhasya of Umasvati
Commentory of Zryabhaﬁya by Bhaskara-I
Dhavala Tika by Xcﬁrya Virasena

Commentory of Anuyogaduvéra Stitra by Stlanka
Lilavatfi of Bhaskara-IT

o A~ wp -

The well known method of solving quadratic equation given by Sridhara
is available in Bhaskara's Lilavati.

YgUEd T B USET RN

S afENgad aal aat geR il

ax® + bx = ¢

4a (ax®) + 4a (bx) = 4ac

42%%° + 4abx = 4ac

422 + 4abx + b? = 4dac + b?

(2ax + b)? =  4dac +b?

2ax + b = +J/4ac + b?

-b +/4ac + b?

X = -

2a
It has been quoted from unavailable work Bijaganita of Sridhara.

More detailed informations are available in my article ‘S nfOrdT wifeey’
18
in Hindi.

Now | am giving the list of the Kcéryas/Schotars, who are related with
Jaina School and whose works have the material of mathematician’s interest.
Unless we identify all the available manuscripts and search out the mathematical
treatise mentioned by later mathematicians, we cann’t claim about the completeness
of it. Even then it gives brief idea.
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NS. Name Period Text of Mathematical Interest
o.
1 Gunadhara 1stc.B.C. Kas@ya Pahuda
2 Kundakunda 1stc.B.C.-1stc. AD. Pancastikaya etc.
3  Dharasena 1stc.AD. Satakhandagama
4  Puspadanta and BhOtabali  1st c.A.D. Satakhandagama, Mahabandha
5  Umasvam! 2nd-4th c.AD. Tatvarthasttra
6  Umasvat” 2nd-4th c.AD. TatvarthadhigamasTtrabhasya
7  Yatvrasabha 176-609 A.D. Tiloyapannatt!
8  Pujyapada (Devanandi) 539 AD. Sarvartha Siddhi
9  Jinabhadragani 609 A.D. Visesavasyaka Bhasya
Bhasyakara
10 Akalanka 620-680 AD. Tatvartha Rajavartika
11 Vidyananda 775-840 A.D. Tatvartha Slokavanika
12 Srdharacarya 8th c.A.D. Patiganita, Tridatika,
Jyotirfianavidhi,
Bljaganita (not available) etc.
13 Whasena 816 AD. Dhavald Commentory
14 Jinasena gth c.AD. Jayadhavalad Commentory
15 Mahavira or 850 A.D. Ganitasara - samgraha etc.
Mahaviracarya
16 Kumudendu 860-880 A.D. SiribhUvalaya
17 SilEnka™ 9th c.AD. Tikas of Agams
18 Nemicandra 10-11th c.A.D. Gommatasara, Trilokasara,
Siddhantacakravart! Labdhisara, Ksapanasara
19 Madhavacandra Traividya 10-11th c.AD. Sattrinsika, Tikas of
Gommatasara, Trilokasara efc.
20  Padmanandi I 977-1043 AD. Jambuddivapannatti samgaho
21 Amitagall 11 11th c.AD. Candraprajnapti, Sardhadvaya
24 Arhat Vacana, 14(1), 2002



prajnapti, Vyakhya prajnapti
22 Abhaidevastri* 1015-1078 AD. TiEs of 9 agamas

23 Hemacandrastri* 1107 AD. Anuyogadvara Vratti
Visesavasyaka Bhasyavratti

24 Malayagiri* 1080- 1172 A.D. Tikas of SUrya prajnapti,
Candra prajnapti, JambUdvipa
prajnapti etc.

25  Rajaditya 1120 AD. Vyavahdra Ganita, Ksetra Ganita,
Vyavahdra Ratna, Jaina Ganita
Shtrodaharana, Citrahasuge,

Liravat!
26  Simhatilakastri” 13th c.AD. Ganita Tilaka Ttka
27  Thakkara Pheru” 1265-1330 AD. Ganitasara Kaumudt
28  Ratnasekhara sUri” 1440 AD. Laghu Ksetra Sam@sa
29 Mahimodaya” 1665 A.D. Ganita Sathasau
30  Hemargja 1673 A.D. Ganitasara
31 Tejasimha™ 17th c.AD. Istanka Pancavinsatika
32 Todaramala 1740-1767 A.D. Samyakajnana Candrika Tika on

Gommatasara, Trilokas3dra etc.

The names of the mathematicians whose works included in Group 1V
should also be added after getting the copies of the MSS from bhandars.
The above list of authors may be extended by adding the names Haribhadra
Suri, Padmaprabha Suri, Candrama, Siddhasena, Mahendra SUTri, Malayendu
Suri, Bulakicandra, Bulakidasa etc. The books wriiten by these authors include
some material of mathematician’s interest. Of course, it is true that these authors
neither composed any mathematical texts nor any such book which have special
mention from mathematical point of view.

Apart from it in Jaina Canonical Text of Svefaimbara tradition, which
is known as Amiga & Upaniga, we find enough interesting material. These
amgas contains valuable informations regarding Number System, Theory of
Infinity, Theory of Indices, Combination etc. Sthandinga sttra, Bhagavati sttra,
Anuyogadvara sTira, Uttarddhyayana sttra, Jambtdvipa prajnapti are more
important from thi point of view. All these references are collectively available
in Ganifanuyoga compiled by Muni Kanhaiyalal Kamal *°.
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In the list given here the scholars having * pelongs to Svefambara

tradition, while others are Digambara. This information is useful in compiling
the life history of the Acarya. | would like to mention that S'rldhara, Mah3avira,
Simhatilakasuri & Thakkarpheru are purely mathematician, while Yatlvrasabha,
Virasena, Nemicandra & Todarmala, who are basically philosophers, contributed
.a lot. A deep study of the works of these philosopher mathematician is urgently
needed. | am happy to note that Prof. Padmavathamma, Mr. Dipak Jadhav,
Mrs. N. Shivkumar, Mrs. Shweta Jain, Mr. Jeevanprakash Jain & Mrs. Pragati
Jain are busy in doing such studies.

Now | am mentioning few points which were earlier discovered by Jainacaryas

but still in the existing books on History of Mathematics we find wrong informations.

1.

Fibonnaci Numbers & Fibonnacci Sequences are first found in the Ganita
sa@ra-samgraha of Mahdvudcarya (850 A.D.)2 % It is discussed in detail
in GSS of 9th c.A.D. Process of finding petpendiculars & base for fixed
C is available in GSS, but credit is given to Fibonnacci (1202 A.D.) and
Vieta (1580 A.D.).21 it is also clear by the name also. Actually credit

should be given to Mahaviracarya (850 A.D.)

nt

n
The General formula for combination C = is available in GSS

r ri(n-n!
by Mahavira (850 A.D.)22, but credit is given to Herigon (1634 A.D.).%
The theory of combination & permutation is available in many Jaina texts
by the name Vikaipa or Bhamga.

n n!

The general formula for Permutation is P = o
r n-ry!

commentary of Anuyogadvara sTUtra by Hemcandra24, while it is mentioned

in the book of Smith that it is invented in Europe in 14 -15th century.25

is given in the

The concept and formula for logarithms is available in the Tiloyapar]r)e\tﬂ26
(2-7 th century) and in the Dhavala commentary of Satakhandagama written
by Virasena (816 A.D.).27 The formulae which are available -

log m.n =log m + log n.
logm/n=1logm-logn
Iogmn = n log m.
Not only this, but the concept of log log and log log log is also

available in the Dhavalm commentory. More details are available in the
article of Prof. L. C. Jain ‘On Some Mathematical Topics of Dhaval@ text?

26
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or in the book ‘Exact Sciences from Jaina Sources, Vol. - 1, Basic Mathematics'. 29
But credit for the invention of logarithm is given to John Napier (1550-1617)
and Jobit Burgi (1552-1632) which is not proper.30 Of course it is true
that in Dhavald all the rules are discussed with base 2,3,4, but in the
modern mathematics base is '10° and ‘e’ are more popular. The concept
of antiardhaccheda and antivargasalaka is also available in the commentories

written by Madhvacandra Traividya.

5.  In the same Dhavald. there exists concepts and iflustrations of set theory.
In fact, the word ‘dsi’ is used for sets. Other synonomical words are
Ogha, Punja, Sampdta, Bhavya Jiwa Rasi Mithya dristi Jiva Rasi,
Vanaspati Kayika Jiva Rasi, all are well defined hence they are sets.
The concept of finite & infiniite set, singlton set, null set, sub set, super
set, efc. are available in Dhavala31 in detail but the credit for invention
and development of set theory goes to George Cantor (17th c.A.D.).32
Of course it may be true that concept of set was developed by Cantor
independently but on this ground we can not neé!ect the contributions of
Virasena.

6. The continued fractions are available in Dhavaig, Vol.-3, in 9th century,33
while credit goes to Antonio Catoldi (1540- 1620 A.D.).**

7. Concept of Probability is available in the Apta mimansa commentory written
by Samantabhadra (2nd c.A.D.),35 while credit goes to Galileo (1564 -1642),
Fermat (1601-1625), Pascal (1623-1662), Bernouli (1654-1705).36 It is
available in the name of Avaktavya (3/@added) , which is primary form
of Probability. Of course it is in crude form.

8. Famous book Ganita Sara Sanigraha of Mahavir3cArya contains the rule
adding fractions of unequal denominator by the name niruddha®’ . He says -

SedamHT ol aTed) fFreg |l
&Ed g 7R PR sRieT ) @eR: 11 3/56

This rule was invented in Europe in 15th C.A.D. and came in use
about 17th C.A.D.®

9. The use of unit fraction is an unique contribution of Mahaviracarya. No
other Indian Mathematician discusses it>. Seven f different type of cases
are available ir GSS, ch-3, verse 75-85%.

10. The rule for finding the area & circumference of ellipse is available in
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GSS -7/21 & 7/63. The name of ellipse is here ‘MY In the Trisatika
of Snidhara, it is discussed under the name Yavakdra. Both are not available
in any contemporary or prior book*!.

Finally | would like to suggest to write a complete book on Jaina School
of Mathematics which may include all the references of Jaina Ccentributions.
Cenrtainly, it is a major project which can be completed by a team of Mathematicians,
expert of Jainism and language expert. The proper evaluation of karn&nuyoga
and Drvyanuyoga should be done by mathematical point of view.

| am sure that this august gathering of this seminar which includes experts
and dedicated social workers must think over it and take necessary decision
in near future.
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THE MENSURATION OF A CONCH
IN ANCIENT INDIA

*%k

” ARHAT VACANA
Kundakunda Jhgnapttha, Indore

B Dipak Jadhav * & Padmavathamma

I. INTRODUCTION

According to Jaina cosmography, at the end of asamkhyata' island - oceans
here is the Svayambhtiramana (self- born - merriment) ocean in which the deeply
sunk one is a conch. The dimension (extension, length or diameter) of the
sonch is 12 yojanas and the diameter of its (circular) face is 4 yojanas.
lainas have calculated that the volume of the conch is 365 cubic yogjanas.

As far as known, from before the time of Yativrsabha? the Jaina School
»f Indian Mathematics has had a deep concern with the mensuration of a
sonch. Virasena®, Mahavira®, Nemicandra® and Narayana® are the other
nathematicians whose works contain the elements of its mensuration. Among
hem, Narayana is the only non-Jaina mathematician.

The very object of this article is to make a thorough study on the
nensuration of a conch in ancient India from those sources which are extant
oday. This article shall definitely provide broad base for further study.

In the following sections, we shall give the details of the mensuration
of a conch made by the mathematicians mentioned above in such an order
‘hat the subject matter can be well understood.

For chronological, schooiwise and B
slasswise order, vide Table-A. |
2. MAHAVIRA E

In footnotes {p. 186, Rangacharya)

0 his own English translation of the T

Ganita - sara - samgraha, Rangacharya

(1912) conceives that the figure intended

by Mahavira for a conch - like plane figure l

is two unequal semi-circles placed so A

that their diameters coincide in position

as shown in Fig. 1a. Fig. 1a : A conch-like plane
figure conceived by Rangacharya

Lecturer in Mathematics, J.N. Govt. Model H.S. (Residential} School, Barwani-451551
(M.P.) India.

ded Professor of Mathematics, Department of Studies in Mathematics, University
"ot Mysore, Mysore-570006, India.



On the basis of the Fig. 1a, Hayashi’ has developed a Fig. 1b -

————— d —_—

Fig. 1b : A conch-like plane figure developed by Hayashi

Let the diameters of the two semi circles, AB and BC, be ‘d’" and (d-m)
respectively, then the sum of their circumferences (except for the diameters
AB and BC) and that of their areas are the perimeter ‘P* and area ‘A’ of
the conch-like plane figure (cf. Fig. 1a and 1b).

n, n
='2'd+5(d-m) [1a]

SR

Mahdivira gives two types of formulae for the perimeter and area of
a conch-like plane figure, one for gross (sthiila) or practical (vyavaharika)
resuits and the other for subtie (stksma) ones.

For gross resulis :

germiAY agrafeao: uRfeRg ST |
qerardgferge gardaieyg: i1

(GSS v. 7.23, p. 437)

In the case of a conch-circle (kambukdvrtta), the diameter (vyasa)
‘¢’ diminished by half the face (vadana) ‘m’ and then multiplied by three gives
the perimeter (paridhi) ‘P’. One-third of the square of half (this) perimeter
(valaya)®, added by three-fourth of the square of half the face (mukhaj, (gives
the area ‘A").
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For subtle results :

e Sl SeaSTRTr waRaRa: |
TSRS JEERUTBR/ANT: ||
SAURTE: & gAY JeThemad |

(GSS wv. 7.65-65.5, p. 463)

The diameter (vyasa) diminished by half the face (wadana) ‘m and
(then) multiplied by the square-root of 10, becomes the perimeter (pariksepa)
‘P'. The square of half the diameter ‘d’ as diminished by half the face (mukha)
‘m" and the square of quarter (carana) of the face ‘m’ are added (together).
The (resulting) sum is multiplied by the squére-root of 10. This (result) gives
rise to the subtle (sTiksma) (measure) of the area in the case of the conchiform
(plane) figure (kambunibhaksetra).

2

R 2
A= /10 [ (-;—(d - r—g))z + ('2) ] [2¢)
It is, according to Hayashig, unlikely that the formula [2a] was obtained
first, and then transformed into the ones [2b] and [2¢] although he has shown
that the formulae [1b] and [2b] with 3 for m and ones [1c] and [2c] with
10 for 7 are modifications of the one [1a] and [2a] respectively. 0

P-,10 (d . T) [1c]

3. NARAYANA

In his text, Ganita-kaumudi, Narayana gives the following formulae
for a conch-like plane figure.

AEeeRfEdr @ Bee: o yaaa aRkfen: |
ANEAPA qeaPieBara-ar B e
geAgE MY Jeae ad aQHaiaa |

Bryforer arer ar ARRTY ¥ eaTgn wakT i
(GK, ksetra, w. 10-1, pp. 6-7)
The diame v (vydisa) ‘d’ diminished by half the face (mukha) ‘m’ and
(then) multiplied three, becomes the perimeter (paridhi) ‘P’ of a conch
{-like plane figur  (samicha). The square of half the diameter ‘d’ diminished
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by thepr 1t of the face ‘m’ and one-twelfth of the perimeter ‘P’ and (then)
multiphed by three, is the area (phala) ‘A’.

The diameter 'd’ is diminished by half the face (vadana) ‘m’. The face
is halved. The (sum of the) squares of their halves multiplied by three
is the gross (sthtila) area of a conchiform (plane) figure (s'arr'zkhﬁlqti).

P=3 (d'-g) [1d]

2

d m
A= =\ - —
* [ () - %] e
d-m/2\2 m/2 y 2
=2 [() (%) e
In the published text (part : 2, p. 7) of the GK, a figure (Fig. 2) is

given for the example (GK, ksetra, Ex. 6) in which d = 24 and m = 8 [Answer
P =60 and A =312].

m

24

Fig. 2 : A conchiform (plane) figure given
in the published text of the GK.

The figure (Fig. 2), according to Hayashi'!, appears to represent a side
view of the conch, but it is difficult to relate the above formulae [1d], [2d]
and [2e] to this one.

We think that one may make effort to relate this figure (Fig. 2) to the
Fig. 6.

Hayashi12 gives a hypothesis that Mah@vira and Nardyana most probably
obtained all the above formulae not from the two semi-circles, AB and BC
(cf. Fig. 1a and 1b), but from the circle C; and half the lune (By + B,)
or from the circle C, and half the lunes, B, and B, (cf. Fig. 3).

Let us consider three circles, C;, C, and C; whose diameters are d,
(d-d/2) and (d-a) and which, nested successively, touch each other at a single
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point (B) (cf. Fig. 3).

Fig. 3 : A conch-like plane figure proposed by Hayashi.
Then, the perimeter of the conch-like plane figure (Fig. 3) (except for
the straight line AC) could be approximated by that of the circle C, :
P~n (d - g) | [e]
The area of the same could be approximated by -

CEL 2

where A, is the area of the circle C, and (By+B,) is the area of the lune
made by C, & Cj; or by -

A2A1'

A= a, s BB 2

where A, is the area of the circle C, and B, and B, are those of the lunes
made by C, and C, and C, and C; respectively.

Mahavira gives a rule for finding the area of a lune -
Fnfogerf arm aanerdfE ae: I
(GSS v 7.7 second half, p.430)

The area or a rim (nemi) is half the sum of the sides (bhujas) multiplied
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by the breadth (vydsa)'®. Here the area of a lune (bdlendu = cresent moon
or young moon) is half of that area.

B1=l-§.(p1+pg)
2°2 2

B =t 2 (P2+p)
22 2

where p,, p, & p; are the circumferences of the circles C,, C, and C; respectively.

4. YATIVRSABHA

In his Prakrit work titled Tioloyapannatti, Yativrsabha quotes the following
rule, in Sanskrit, for finding the area (A) of a (plane) conch.

R qEq gedl, o — Sel qaTea - gad |
faoi agfhad, wfisRe wftras: 1
(TP, v. 321, p. 208)

The diameter (vydsa) ‘d’, multiplied by itself, diminished by half the face
(vadana), added by the square of half the face (mukha) ‘m’, multiplied by
two (dvi), and divided by four, is, they say, the mathematics of this (figure)

having a focus (n@ibhi).
[ () ()]

4

A=

In the JSOIM™, A = 73 square yojanas is calculated when d = 12
yojanas and m = 4 yojanas (cf. also Table B).

L. C. Jain'® [1958] obtained the above result through the following way.

_ m(radius)®
2

= 73.28 square ygjanas.

A + 48

This may imply that

d-myo
A= n_(__)z +dm. [2i]

2
This may be a possible reason behind his proposal of a figure (Fig.

4) to the conch-like plane one although he categorically stated that the figure
by Yativrsabha might be different. '
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< 4
12
Fig. 4 : A conch-like plane figure Fig. 5 : A conch designed and its
proposed by L. C. Jain (1958) figure labelled by L. C. Jain [1988]

But it is very difficult to relate the Fig. 4 and formula [2i] to the formula
[2h]. Therefore, after three decades, he [1988] again designed another figure 7

[Fig. 5] for a conch on the basis of the exposition by Zryikﬁ Visuddhamati
to Madhavacandra's rationale.

Yativrsabha further gives a rule, in Prakrit, for calculating the thickness
(bahalya) v’ of a conch.
AR He - |ifed QR smam - afte - 98 - i
qIEee e, HERIRIST @)l
(TP, v. 322, p. 208)

The dimension (aydma) ‘d" diminished by the face (mukha) ‘m’ is added
by the dimension ‘d’. (This result) divided by the face ‘m’ gives (the value
of) the thickness (bahalya) of the conchiform figure (samichaikrti ksetra).

(d-m) +d

yoZmre [3a]
m

5. VIRASENA
In his Prakrit commentary titled Dhavala, on the Satkhanddgama of

Puspadanta and Bhiitabali (1-2 nd century A.D.), Virasena too cites a rule,
in Sanskrit, for finding the area of a conch (- like plane figure).

R dragRar aeel JaETeRiger |
ferpoi argfdhat afiesRae aftrerg: 1
(DVL, v. 13, p. 35)
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This is one and the same as the verse 321 (p. 208) of the TP and
hence finds the formula [2h].

He further states, in Prakrit, as follows :

W gAwr anfrr feftvieaftgeden gmvn 1Rm oW goreiaenfs ...........

(DVL, v.1.3.2, p. 35)

By means of this versified rule (stitra) (DVL, v.13, p. 35) (when one
has calculated the area ‘A’, (the result A) is multiplied by the height (utsedha)
‘v diminished by the face (mukha) ‘m’ and added by the height ‘w’ and then
divided by four gives (the volume ‘V’ in) cubic utsedha ygjanas

V= 2 [d2 ] (rg) * (2)2] (u-m+u) [4a]

4 4
if we write the above formuia as
V= A.V, [4b]
then
Ve u-m+u
= PR [3b]

To calculate the values of ‘A’ & ‘V’, the JSOIM furnishes only ‘d and
‘m’. Therefore, what Virasena means by the term ‘height {utsedha)’ ‘W' s
not clear. The formula [3b] is equal to the one [3a] only when u = d and
4 = m. Thus we may say that he means by u is d (cf. Table B).

According to Hayashi18, the formuia [2h] inferred from the verse 13 (p.
35) of the DVL has some inconsistency in its dimension. He ', therefore, suggests
the two emendations for that verse as foliows :

[a] Without violating its meter, one can interchange the two compounds diaHal
(multiplied by itself) and g& & (diminished by half the face).

[b] The word “f§ (two)” should be replaced with the one “fX (three)”.

In this way, the formula [2h] will become equivalent to Mahavira and
Narayana’'s ones [2¢ and 2e] employing 3 for .

6. NEMICANDRA

In his Prakrit work titled Trilokasara, Nemicandra gives the following
rule, in Prakrit, for finding the volume ‘V' of a conch.

HATEHE) GESALION JEdTd SFFIwTET |
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farTom Ror TS WETETR AR 1)
(TLS, v.327, p. 271)

The square (krti) of the dimension (ayama) ‘d’ is subtracted by half
the face (muicha) ‘m’ and added by the square {varga) of half the diameter
(vydasa) ‘m’ of the face. The double (of this result) muitiplied by the thickness
{vedha) v' yields the volume v of a conch (éarﬁkhavrjtta Aks.eb‘aphala).

Vo2 [ (fg) - (E)z]v [4c]

If we compare this formula with the one [4b], we have
2

m m .
A=2 |d®- (= = 2
[“-(2)* (2)] el
This formula seems far removed from the one [2h] but is not incorrect.
This will be confirmed in coming pages {cf. alsc Table B).

7. MADHAVACANDRA’S RATIONALE

Madhavacandra Traividya claims to be an immediate pupil of Nemicandra.
He has written a commentary, in Sanskrit, on the TLS. In it, he gives his
rationale to the verse 327 (p.271) of the TLS under the same as follows :

IAFI WEaged (12) JEA™M (4) 9@ AR w0 AR dqufRomer
W%tg@mmwwm‘(“i—”) TREERRY FA G WAl | USE g U | STiRavSR
SAherIaG | Efifeaafeendel wakil “ ReevareEpERT ggw aRe a9
T EEE qE (4) FR (8) TR dmave g e
(12;—3—/ 2457 ) FEEN () orehrwaRiy (2) wfrmay (77) Seufroarfy
(5) @ wERd wwh ® dmeed () wA (4) o wvsfin
gaiRa aRftomme fasefy aq &3 g g9 (0) iy (4) wwmared wegwafifa
TR ATHRET T dfRIas TElEr TgRERauT Wit ud | 93 @ragRumref
PRGN EOY T o™ ARsty |gof 9 wadift wamafy swor fFfdey
wegof afy edgmafifeniiRita dvegeEss R teRad faafestor
A @ TR gfArk &y P @ ol g aa fAfdra @l
sEcagdie gup vl B @fed wdd| AT GvsTd tanereaer |t
| qefy fRerfqior qefear oredf weeme WRR wdl O gRfY Refpor @
Qg TN e Ud 1 srieaE facisru wwmfaly ot ared | ArRfdeen
Rrfpor <o ured wRm GRR W@ aef gERepor R e
(6) WRE wd| T4 EMGPIRNE ST g | g (144) e
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(3) & (3) wefftan wermodEmet (2) g Whead o ¥ geaedY g |
T JESAEPRUEHe (142) FOY T JERredEna (4) Ju qeffe
ST WS W P IR S S | T ey T
(146) @ PRo@vsHEEfT (146) FARTET Wredn: PR oGRS TrId
T @ CRAnr’ R W Rl (202) A agRRuaRfd (73)1
(5) &=aa 3f “'aRT e’ IR | YCHRAadHdaEwe (365) Hafd |

(TLS, under v. 327, pp. 271-272)

This above Sanskrit passage needs exposition especially because
Madhavacandra himself did not give any accompanying diagram which would
have clarified our doubts.

8. EXPOSITION BY VléUDDHAMATI

Aryika Visuddhamati (1975) has written a useful commentary, in Hindi, on
the TLS. In it, she exposes Madhavacandra’s above passage with many tiny

diagrams. The figure taken by her for a conch is the real, vide Fig. 6.

Without disturbing the exposition by Visuddhamati (pp. 273-276) the
same with more explanation, well labelled diagrams and inevitable remarks which

will be begun with “we would like to” is as follows :

The dimension of the deeply sunk conch in the Svayambhuramana
ocean is 12 yojanas and the diameter of its circular face is 4 yojanas. This

conch is not complete (musical) drum (muraja = mrdamga) in shape. Therefore,

if the debt (rna) 2 is added to it there, it becomes a complete drum
2

(sampurnamurajakara) in shape, vide Fig. 7.

Here we would like to make clear that 2 represents a cuboid of

2
which length, breadth and thickness are 2, 2 and 5/4 yojanas respectively.

We would like to call this 2 the first debt (FD).
2
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Half of the sum of the face (4) and the dimension (12) (mukhayadmasamasa-
rdha) becomes the middle result (madhyaphala) 8 yojanas. This drum - shaped
conch (Fig. 7) has to be divided into two parts (khandas) at the middle as
in Fig. 8.

added

Figure 6 : The figure taken and labelled Figure 7
(in yojanas) by Visuddhamati for a conch

Figure 8a Figure 8b

The volume (ksetraphala) of the conch can be obtained by taking one
out of these two parts into consideration.

On dividing the drum-shaped conch (Fig. 7) into two_parts at the middle,

the above said debt (FD) 2  too becomes half |7 [2 for each of the
parts. > 1

[The face and the base of each of the parts are circular in shape.]
Ul agw gl Bkl |
(TLS, v. 96 first half, p. 88)

Translation : The square-root (karni of ten times the square (varga) of the
diameter {viskambha) becomes the circumference {paridhi) of a circle.

The diamet>r of the face of one part (take Fig. 8a for consideration)
is 4 yojanas and ¢ = diameter of its base is 8 yojanas.

According t . the above rule, the square of the diameter (4 yojanas)
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of the face (mukha) and the square of the diameter (8 yojanas) of the base
(bhumi) are to be muiltiplied by 10 which yield 16.10 = 160 yojanas and
64.10 = 640 yojanas respectively. If the square root (vargamula) is obtained

through the area-factor-multiplication (ksetrakhandananugunana), - the

. 16
circumferences of the face and base are 12 — and 24 &4 yojanas respectively.

24 48

It the remainder ;S in the square root of the face (mukhamiilasesa)
is reduced through dividing by 8 (asta) into its lowest term, then 2/3 is obtained.
In the same way if the remainder 48 in the squ’are root of the base (bhﬁmirnﬁlaéisa)
is reduced through dividing by 16 (sodasa) into its lowest term, then 3 is
arrived at.

In this way the subtle values of the circumferences (stuksma paridhis)

2 4
of the face and base become 12 3 yojanas and 245 ygjanas respectively.

c =— 23 —p
T 0 2 0
6
\l( 0 2 4 2
A - 24_% — B
Figure 9

if the thickness most of this field (Fig. 8a) (ksetra-bahalya) (8 yojanas)
is cut up to the middle (madhya) (4 yogjanas) and expanded (prastira) then
we have like Fig. 9.

Here we would like to make clear that it is the thickness (bGhalya)
‘" which has been called the middle result and which has been calculated
through halving the sum of the dimension ‘d’ and face ‘m'’.

Therefore, we may infer that
d+m
b =5 58}
Now, an open question arises before us as to how the above formuia
[5a] is obtained from the Fig. 7.
Here it is certain that Mddhavacandra calls ‘bahalya’ to the middle
diameter of a complete drum-like figure (Fig. 7). We have seen that Yativrsabha
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calls ‘bahalya’ to the effective thickness ‘v’ which is responsible to yield the
volume of a conch and this is why the formula [3b] is different from the
one [ba).

In this way we observe that the term ‘bahalya’ has sense of thickness
in the JSOIM but has no fixed use. (Cf. also Table C)

Now we would like to say something about the Fig. 9. This figure is
not two dimensional but is three dimensional. The numbers on it represent
measures of thicknesses of those places where they are written. The thickness
at its comers is zero. But it increases from 0 yojana to 5 yojanas in the
middle. We do not claim that we have understood how the Fig. 8a is expanded
through cutting its thickness (ksetra bahalya) (8 yojanas) up to the middle
(8/2 = 4 yogjanas) of that thickness to obtain Fig. 9. After all, the Fig. 8a
is a solid figure.

Half of the sum of the thickness (vedha) (0) of the face and the thickness
(4) of the base becomes the middle thickness of 2 yojanas (vedharupamadhyapha-
la).

To show that thickness, the face is divided into two parts. Then four
parts are obtained, call them p, q, r and s, vide Fig. 10.

«— 6:],-3 - «— 6% -
r S
6 p q
x | |
— 61§ — — 615 - — 615 — “ 6:'3' -3
Figure 10

The two triangular fields p and s lying on either side (ubhayaparsvasthitakse-
tra) have to be placed in such a way that they form a quadrilateral (caturastrartipa)
Fig. 11).
(Fig D)

C
2 D
i T
s 6
0 p 7
2 -
«— 6 ‘é — A, -5 B
Figure 11 Figure 12
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In this quadrilateral form (Fig. 11) the thickness of the fields of the
corners at B and D are 2 and 2 yogjanas and those of the comers at A
and C are 0 and 0 yojana.

To fill this diminution (or pit) (ichdita) if we take out one-one yojana
from the fields of 2-2 yojanas lying at the comers B and D and keep them
on the zero places (A and C fields), then also that diminution will not be
full-filled. That means, thickness is not always of one-one yojana there. To
fill_this remaining diminution the debt (ma) (this is the SD (second debt))

2 has to be added. That means, the thicknesses of the four
2

fields lying at the comers A, B, C and D always become one-one yojana,
vide Fig. 12.

If, in the remaining quadrilateral fields (g and r) without the two triangular
fields (p and s) lying on either side (pﬁrévadvayavartitrikor_taksetrarahitaées_a
caturastraksetra), one (r) is kept with the other (g) in the o[])posite order
(viparydsartipa), then we get a cuboid (Fig. 13) of length 65, breadth 6
and thickness 4 yojanas. For the account of the thickness of the Fig. 13,
vide Table C.

A
(\)
o 0
n (qu)/
4 2 |\
r
6 q
Q,\/' 2 4
l >
e A
1 \0"&
e o 6; —> %
Figure 13

If we place the already obtained field (Fig. 12) with this field (Fig. 13)
then we again get a cubid (Fig. 14) of which length, breadth and thickness
are 6 3 6 and 5 yojanas respectively.

If the fractional part (1/3 yojanas) of the side 615 yojanas of this field
(Fig. 14) is separated, then the remaining field will be again a cuboid (Fig. 15)
of which length, breadth and thickness are 6, 6 and 5 yojanas respectively.
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The separated fractional part has to be trisected with respect to its breadth.
For this trisection, vide Fig. 16.

2 Ir l‘
S S
1o . :
i R 7 G [
5 N i | b i
* 2 ‘3/ | | |
- 2 / ' ¢ l *
L/E) L l [ ]
e 13 e 13 wme 13 S
« 13 S - 1 R
Figure 16 Figure 17

2 A
6\% I’
lr/
— 1 DSe 1 —
- 2 —_—
Figure18
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if these three parts (khandatraya) are placed in the form of unit length
(bhuja = abscissa), then we get the field as shown in Fig. 17.

Bisect this field (Fig. 17) through t’he midcourse (tiryagriipaj (i.e. thickness =5)
and then place them side by side (pdrsva). For this, vide Fig. 18.

Again if the above field (Fig. 18) is bisected through its midcourse (thickness
), then we get two fields (Fig. 19a and 19b). Place them separately.

N o

2 p 2 g
1% 1%
«— 2 — <« 2 —>
Figure 19a Figure 19b

In this way, we find two fields. Both of them are equal to 2.

2
Therefore one (Fig. 19a) of them has to give the SD. In other words, the

SD will be remitted by one of them.

Now if the fractionless big field (tribhdigarahitavrhatksetra) (Fig. 15)
is bisected through its midcourse (tiryagriipa) (thickness), then we get two
fields. For placing them side by side (parsva), vide Fig. 20

ot

[ SN
A
A3

«— B —>e— b6 —>

Figure 20

46 Arhat Vacana, 14 (1), 2002



T ]
6 /, I,
) R ’
|7
!
L e 12 — 1
Figure 21

Again if the above field (Fig. 20) is bisected through its midcourse, then
we get two fields. Place them upward (urdhava) as in Fig. 21.

The Analysis of the Verse 327 (TLS, p. 271)

The length (bhuya) and breadth (kofi) of this field (Fig. 21) are 12 and
12 ygjanas respectively. That is, they are equal (sama). In the verse, it is
said as “the square of a dimension (JTRITASHRY)”.
Here the area of the face IJKL of the Fig. 21 is
1212 = d.d
144 =

Here we have to subtract the area of half FD. Therefore, in the verse
it is said as “subtract half of the face (mukhadalahing)”.

4 m
The area of half FD 2 =12= 2=5= 5

r
From the area of the square-form-field (Fig, 20) if we subtract the
number two which is equal to half the face ‘m’, we get

144 -2=d"-mp2
or 142 = d* - m/2.

Now the remaining field (avasistaksetra) is the Fig. 19b. Its face-area
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45 (- (9

Therefore, in the verse it is said as “added by the square of half the
diameter of the face (qerearaardaifyar)”.

If the square of half the face is added, we get

142 + (%)2 — - (n%) N (r%)a
or 146 = 2 - (%) . (%‘)2

When the area of one part of the drum (eka murgja khanda) is 146
square yojanas, then what will be the area of the two parts (i.e. of the
complete drum)? Here the multiplicand is 2. That means, “multiply by 2 (feqom)”
is stated in the verse. If we multiply by 2, we get

- 2 M my\z2
142.2..2[d 2+(2)]
- 2_M m\z2
or 292..2[d 2+(2) ]

The thickness of the FD is 5/4, the thickness of the Fig. 20 is 5/4
and the thickness of the Fig. 19b is also 5/4. Looking at the equality of the
thickness, in the end of the verse it is said as “multiply by thickness (=
-saT)H.

If we divide 292 by the denominator of the thickness (v = 5/4), we
get 73 and if we multiply 73 by the numerator of the thickness, we get 365
cubic yojanas.

In this way, the volume of the (or a) conch comes out to be
365 cubic yojanas (or [d2 - % + (%)2]V)
The main item of interest in the above rationale, from the point of view
of History of Mathematics is that it has been assumed that a body with curved
boundaries can be deformed into another with plane boundaries in such a

way that its volume remains unchanged.
9. DISCUSSION

[A] Mddhavacandra’s rationale speaks, through the Fig. 9, that
CD = m, AB =« @™ and AB = 2 0D
Therefore, we have
d+m)
2

JI?( =2.1m
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or d+m=4m
or d=3m

The example (GK, ksetra, Ex. 6, part : 2, p. 7) in which d =
24 and m = 8 confirms the above result.

[B] The Fig. 5 and Fig. 6 show that d is the half curved length (or slant
height) of a conch. The physical significance of d for the figure of a
conch seems still to be known.

[C] The volume of the FD
= 2.2.25 = 5 cubic yojanas,
the volume of half the FD
= 1.2.% = g cubic yojanas
and the volume of the SD (or Fig. 19b)
= 2.22 = 5 cubic yojanas
when v = f yojana.
If we take v = 5 yojanas, then the volume of the FD will be

= 5 cubic yojanas = 1.1.5 = 1,

the volume of half the FD will be 1
2 ki . 1l
=5 cubic yojanas = 2.1.5 = 1,
the volume of the SD (or Fig. 19b) will be 1/2

= 5 cubic yojanas = 1.1.5 = 1,
and the Fig. 15 will be as it is. 1
In such case, we have

A=2[6_.6-1—.j+1 )

- f(H g
S CRONC)
X F 3 (3)]

This proves t = formula {2h].

In this ~ay we observe that the formulae [2h], [4a] and [4c] have
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[D]

10.

been originated from the same theory.

In the above theory, the thickness seems to be constant (v = 5)
for different values of d and m except for the case of Nemicandra’'s
formula [4c]. But Virasena’s formuia [3b] does not obey the just mentioned
pattern. The possible reason behind this is that the generality of his formula
[3b] is doubtful being 4 in place of m in denominator. This might have
happened due to the influence of the example in which d = 12 yojanas
and m = 4 yogjanas.

The derivations of the expressions of Mahdvira’s formula [2¢] and
Narayana’'s formula [2e] seem to have been derived from theory like
the above one although Rangacharya’s observation is very exact.

We, through Madhavacandra’s rationale, have observed that the
formulae [2h], [4a] and [4c] are with ©n = ~10 and the occurence of
the term <]d2 - méhl in them is significant. Hence Hayashi's emendations
[a] and [b} for the verse (DVL, v. 13, p. 35] cited by Virasena are
not in their work. He himself remarks2® whether his emendations are correct
or not, it is certain that the origin of Mah@ivira’s problem of ‘conch - shell - circle’
can be traced back to the calculation of the volume of a conch-shell
in the Jaina canonical works.

The points raised at different places during the present study show
that problems regarding the mensuration of a conch are not only with
Mahadwira but also with Yativrsabha, Virasena, Nemicandra, Madhavaca-
ndra and Narayana.

Yativrsabha and Virasena have quoted the same rule for finding the
area of a plane conch. This rule is in Sanskrit whereas their works are
in Prakrit. Therefore, here it can be easily inferred that they might have
got the rule from an unknown treatise. That treatise might have either
suffered destruction or is still lying hidden from view in some unknown
place, it is certain that it must be in Sanskrit, of Jaina authorship and
anterior to Yativrsabha.

CONCLUDING REMARKS

The various patterns on the mensuration of a conch in ancient India

come into sight within the JSOIM through the present article. They can be
unified by making further study and developing hypothesis as well and by unearthing
the unknown treatise from which Yativrsabha and Virasena have quoted the
rule for finding the area of a plane conch.
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Table C : The Thickness Account of the Fig. 13

Corner Field r Field q Addition Thickness
(in yojanas)

E 4 0 4+0 4
(base - thickness) | (face - thickness)

F 2 2 2+2 4
(base - thickness) | (face - thickness)

G 0 4 0+4 4
(face - thickness) | (base - thickness)

H 2 2 2+2 4
(face - thickness) | (base - thickness)

ABBREVIATIONS

cc = Canonical Class ~ GSS = Ganita- sdra- samgraha

DVL = Dhavalt JSOMM = Jaina School of Indian Mathematics
EC = Exclusive Class SD = Second Debt

FD = First Debt TLS = Trilokasdra

GK = Ganita-kaumudi TP = Tiloyapannatfi
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MATHEMATICAL FORMULARY
OF JINISTIC PRECEPTS

M Dr. N.L. Jain *

” ARHAT VACANA
Kundakunda JAgnapitha, indore

The present century is the century of science and technology. Only those
systems will survive which have high scientificity involving intellectual and
experimental verifications. The faith may be secondary factor for atiractions.
The Jaina religion passes this test. It postulates realistic thoughts and rational
behaviour. Its early texts encourage examination of religious concepts through
intelligence. It encourages self-effort to make one’s own destiny. It has an
ideal of welfare of the self and of ail the living beings. It defines religion
both ways - subjectively and objectively. It is that way of life which leads
to ultimate and spiritual happiness. It improves the individual and betters the
society. It has certain basic precepts formulae to make them scientifically verifiable.

It is seen that simple physical laws are applicable to complex biological
systems which have made us learn about many complex phenomena of the
life and the living. Why, similarly, the laws of abstract sciences like £conomics
and psychology could not be applied to the spiritual systems? Yes, this could
be done. A Jinistic formulary and graphery has been given here for understanding
and, therefore, promoting the religious principles and practices of scientific basis.

Precepts : The Physical World and Spiritual World
The basic Jain tenets regarding the cosmos are given below :
1. The Cosmos in General - The cosmos is real and eternal. It consists

of conglomeration of all that exists. It functions on natural laws without
any external agency. It is a non -theocentric system.
2. The Physical World -

Physically, it consists of six realites under two heads - (i) the
living and (i) non-living coexisting in (iii) space, (iv-v) moving and stopping
through the inert mediums of motion and rest with respect to (vi) time.
It, thus, postulates a 4 -d existence.

3. The Spiritual World -
Spiritually, the path of happiness, H, is led through the accurate
knowledge of seven reals. (i-ii) The living and the non-living combine
together to lead to (iii-iv) the worldly existence through the influx and
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bonding of karmic aggregates with the living through its physical and
psychological activities. However, the pure living has a longrng for karmic
decontammatuons Thus, we have :

- Worldly Living = Pure living being (soul) + Karma (Body etc.)
Or, Worldly living - Karmas = Pure living or liberated soul.

The aim of human life is to attain or create the state of (vii) ultimate
happiness or liberation by zeroing the sufferings of the birth cycles or
increasing the content of happiness. ‘

Formulary of Precepts :

(a) Happiness and Religiosity - This happiness, H, results in proportion
0 (v) loosening and stopping and (vi) shredding of karmic bondage
throuh physical or psychological processes of abstention and austerities. The
(vi) ultimate happiness is the last stage of human exaltation which could
also be designated as Religiosity, R, or

HaR

The happiness is acquired by following the rationalistically coordinated
path of gem-trio of right faith, knowledge and conduct in comparison to
1 or 2-way path.

(b) Passions/Desires and Happiness - The human world abounds in physical
or psychological desires, D, ambitions, attachments, aversions, attainments
etc. - all forms of delusion-collectively called passions, P. These may be
good or bad, limited and uniimited in numbers. The bad and, therefore,
undesirable passions lead to sufferings. In fact, the world is a play-ground
of passions resulting in a mixture of pleasurs and pains. The religious
path leads to minimising pains/passions to zero and maximising the pleasures
(happiness) to infinity. Mathematically, one could say that passions, P or
desires, D are directly proportional to pains, W and inversly proportional
to happiness, H. One could, thus, express :

DaPoaW
or, HaRao 1P o 1/W.

(c) World as a Cyclic Whirlpool - The world is assumed to be a cyclic
whirlpool. The centrifugal forces of passions and possessions are working
upon it for strengthening the rebirth-cycles. In contrast, observance of vows
and austerities are working against it to counteract the above process. It
is clears that until the centrifugal forces have exceeded the quantum of
centripetal forces, no ultimate happiness or salvation will crystalize. Hence,
for happiness :
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Centrifugal forces of non - attachment >> Centripetal forces of passions

(d) Volitional Purity, Destinities and Karmic Density - There are four
destinities, Dy-infernal, sub-human, human and celestial - for the living
beings in order of decreasing karmic density, Dk and increasing volitional
purity VP. This means that the volitional purity of the living beings is inversely
proportional to karmic density, Dk and destinity. The Jaina system encourages
the living beings to mutate their quality of purity to higher and higher levels
through the process of reducing karmic density. Thus, combining the earlier
formulae, we have,

Volitional purity, VP o 1/DK
or, Higher Destinity, Dy o 1/Dk
or, Inner Purity o 1/Dy o 1/Dk o H
Thus, the inner purity is directly proportional to happiness.

(e) Happiness and Karmic Density - In order to attain the highest state
of happiness, one must have Dk tending to zero, so that H becomes
infinity. Thus if H is defined as

H = D/Di = 1/Dk

where D is desires or passions fulfilled
Di is the total number of desires which is normally infinite
Dk is karmic density.

The religion has an objective to have H = infinity. The common. man

can only imagine the realisability of such a condition. Hence, he feels his
mission of worldly life is to try to attain such a condition. This is easily
surmisable that it is easier to reduce the number of desires to the minimum
or zero to attain H = infinity, as the fulfillment of desires is virually limited
and constant. This is what the Jaina religion postulates - limitation of desires
results in happiness. The reduction in desires/passions could be effected
by many voluntary controls and cultivation of good number of virtues checking
the karmic influx and reducing Dk. Similarly, lower the karmic density, higher
will be the H. As passions, P are proportional to D. P can be substituted
for D in the above equation.
(f) Satisfaction/Contenment and Happiness or Karmic Density - Like
happiness contentment, C is also a desirable quality in worldly life. Both
of these qualities are directly related with each other. The economists define
C as below :

C = Acquirement of desired objects S
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Total number of desired objects S;
C = S/8|e
and, CaHaRai1/Dk

This formula is similar to earlier formula for happiness. Thus, if we reduce
the number of desired objects, Si, we would be more content and happy.

(g) Spiritual Mathematics - In order to effect better H or C, the Jaina saints
have advised to follow many primary and secondary vows. During practicing
these vows, the aspirant learns about the specific spiritual mathematics where
the sum of qualities results in the muitiple of the qualities in effect in individual,
social and spiritual levels. This could be expressed in three formulae as below :

(1) Non-vilolence,N, +Non - absolutism, N, +Non - possessions, N3 = Ny,No,Ng
(i)  Sweating,S,+ Self-sufficiency,S,+ Sameness,S; = $4,55,53
(i)  Right Faith, F + Right Knowledge, K++Right Conduct, C) = Right (F,
K, C,).
(g) The Theory of Karmas - Karmavada is the important theory of Jainism.
It is one of the most scientific, philosophical and psychological theory which
is capable of (i) giving strength to bear the worldly strains, (i) reducing the
number and intensity of pains and (i) encouraging to work towards better
future. It is an old form of the law of cause and effect, which has been
verified by the psychologists in terms of relationship between stimulants, S
and effects, R in medium ranges through a formula :

S=KinR
which indicates that specific stimulants (physical, vocal or psychical emotions
etc. or karmas) of internal or extemal nature have specific effects. Normally,
karmas are said to be a form of fine but strong force, whose binding effects
our actions and normal life. Of course, this is not a complete formula as
there are many other factors effecting the results. However, research could
be undertaken to improve and verify this formula on karma theory at least
on the physical and chemical effects caused by different passions.

(e) The Theory of Anekanta and Nayas (Aspects) - The theory of manifold
predications (Anekanta) is also a very important contribution of the Jainas. It
was developed on philosophical basis, but it could now be verified scientifically
applying it to many physical phenomena. It states that an entity is multi - aspectal
and a common man can study it only relatively with respect to some aspects,
P. The absolute truth, T is, in fact, indescribale (because of language limitations
and other factors). If the overall nature of an entity is A, the number of aspects
is P, we have :
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A=ZP=TY
As P is infinite, we can integrate it to find the value of T as below :
+ 00

S Pdp=T=20

This theory has a septadic form. of expression. On this basis, an alternative
expression could also be written :

7
SPap=7=2
1

where the parameters 0 or 24 are virtually insoluble leading to T as indescribable.
However, statistically, it could be shown that the septadic nature of describing
an entity could be obtained in the form of the following equations :

’c,+°C,+°C,=(3+3+1)=7
This principle has a very large number of beneficial applications in our life.

We need not go into details. The important point is that it has acquired scientificity
and verifiability.

5. Graphical Representation of Some Precepts

(a) Linear Path of Higher States of Human Beings - The Jainas have
two-fold religion - one for the house-holders and the other for the ascetics,
a continued higher stage of the house - holders. Both the classes of followers
have to observe certain practices and develop the corresponding attributes.

Salvated [~

1

Enlightened

1

Leader of Sangh

Preceptor

i

Saint =

Pledged -

Gross

! ! l | I ! | l |
8 20 40 60 80 100 120 140 160 180

QUALITIES NUMBER

Fig. 1 : Qualities of Different States of Human Beings

There are two kinds of house-holders - (1) inclined (Naisthikas) and
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pledged (Paksika), who have to follow eight basic restraints (Mulagunas)
+ #leven kinds of mental resolves (Pratimas). The ascetics have five varieties
vt paragons (Parmesthis) named as Arhats (Enlightened venerable - 46),
xihas (Salvated - 8), Acaryas (Order-Leaders - 36), Upadhyayas (Preceptors
- 25) and Sadhus (Saints - 36) whose attributes are shown against them.
Thus, if one plots the number of attributes against the different states of
the living beings, one gets a straight line showing that the path of spiritual
or inner progress is approximately linear and not zigzag. The linear path
is simplest one and refutes the charge of harsh path by the West.

(b) The Theory of Spiritual Stages (Gunasthanas) - The Jainas have
developed the psychological theory of 14 spiritual stages (from wrong faith
to static omniscient stage) depending on the gradually growing nature of
volitional inner purity due to observance of vows and austerities. Thus purity
may also be called as stages of spiritual progress for the uplevelling the
society and the individual himself. It moves oneself away from one’s own
home and moves one towards a universal home.

Ll

/“——“:}' rsaly on karmic density. Thus,
H wo.| to better happiness. These
X
= \ volitions of the living beings. It
Fig. 2 : Serpent Lad&er : Spiritual Stages (Gunasthana) fall or move upwards based on
is shown in Fig. 2 as per Mardia. It indicates a person may fall from stage

This purity depends inve-
33
@ 1IN "9} the spiritual stages reduce the
/ Qa\ karmic density gradually leading
R m) E ®) o
stages represent the fluctuations
® A and improvements of mental
Lowe N‘ngrm\ Humans
ite “"\\/‘297 is observed that they form a
! 2 AL @} ladder from which a person may
the nature of his volitions. A ladder, therefore, could be framed to understand
this theory. There are many such ladders one of which one a serpent - ladder
7 to 2 and 11 to 6 and may move upward from stage 5 to 8, 10 to 12
and 1 to 3. The elaboration of this theory needs another article.

One can, thus, see that many basic Jaina postulates can be mathematically
and graphically expressed. This approach may lead to better understanding
the religion in comparison to expressing them in traditional way. it is hoped
that many such formulae can be developed for many other tenets of Jaina
religion. The graphical representation given above are based on shwetambara
tradition.
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TG TPR @ -
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wefarsrect wet f7, Ry agfer: i
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BT &1 39 ol @ dieng WR fone gal & SRRMRd SHE §gS BT A%
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il agga ViVo oo, V, @1 &6 A = (S%3).(N-1)/N oo, (6)
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vII, 41). 3T
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3ran B = A3 ottt e (12)
E p=0d +dp+ oo, T T (13)
= nd, T FA B ORI oo (14)

asrmqw(m)ﬁ%mw;aﬁ@gﬁm%ﬁﬁ%@?ﬁ
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ﬁmﬁﬁé@%%\?ﬁ%lmm,ﬁ“ﬂ, M TRen g1 Ryge A- sFrdTR
B IURFT IR g 3R iER Y SR B

SF Amgat Y U & GEeH Ak P TR @ @l g1 g dtefaR
ok ol ¥ WA 9 AR MRS F ga WSS W IR & gl
g9 9 A g9 defed @ oemy Rerh R @ |e} €1 avga: STeM ST
P g oFERd @) R 5 ¥ ge/erd M uerf @ guug <@ wad 9
a R IR IE M- REE o e ¥, W@ A WA ReE |
WRI-U &1 EWHT 39 O i & fF aiifedl @ fEm f gsmell A
gfrr $ amy uRgd | oW gelt i) @ orl iR & GRfgd e
R & 99 2 F 3 Uy P SR Wed 9 AEE AFl g ' IEie
W g oF ud § aftfg ¥ s 9 o dof F dFe aieRl 4 oegd
IR T W Bl

IR a9 @l &7 Ufdger/dud ARl @ faed SR 3rgdt/and
wemel B L ane W digfe &) 9 g b owamee W S
E pEr gl & wfEE ader A wydf Ry ' & o 2 Ak 2w
W® URiET o6 & ok & gEA W § IudE ANE/eRu @R o9ed §
ar @ aror aefon b FRfr W 8T B

W dwe &4 iR qem € O Rew @

H ogemar 21 ufy ¥ WO g9 % dem @ Sl

¥ o 1w W g & oare @ R 9N ol 3 g @ ger auf
Q HFAAT gell 3 4 ¥ /W @R GNT & & ‘
f gfic @ wh & @ W@ W T & o W F W W owd e
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e ARTss T @l
o9 o figra & ofdew §
u 3. (.) U7 OF O3 . Gt S ¢

LINE
g wd F gifos arE, affa Ter Sl @E 4 §U sifaseR
F @l @ s Gl & R vl @ gguiicd fhar &1
[y §C@USEE U4 BuRgrga Jel @ e

yr ¥ sgaRd gex ar arht w & gwht #H figia aee
araflt & gfRewr ¥ &7 s & gfE afcre =l @l W
&) go) & FTR & F G B

Jais aF fane 4 afercs & Gqy d fad dar &
gpR a8 Gouad wiogl @ doe} A goid @ der e
gaT garl gRa} GRorl ) ggT ST &1 g, #F sl &t
5 R 2000 auf ¥ @ Pv uET Sk @i, JEW PE dga dfdE
areTlorTs Iy afr wRa 4 8 gdl off aur afta @wr 3T
fawRrer &1 g ot 1

gvT Beefllr g Afers [NE (Cells) ERT dERT et & &
vp @ RR o afss & et de fr vor 7 @ &1 e
R (neuro-science) ¥ SR a4 §Y IE WA P HART GRH
v @ & 5 o gen Ak g Wil & we §F @Y 98,
gl ol e SiiRer w9l P GEAM Wl @ Sl Gepse &l
gaﬁmavlﬁas@aaﬁglmma?ﬁ}?ﬁmé?m
Ry RuMFMK @ T #Nd Ferd € g8 ®Y AfaE @1 T8l
g ggnT Akasp o =l (AT - & - s FT 3T TET
w7 @ e wgTd YRl & oal T [Rav @RRA siddi
anternevéa?mﬁqwqw%a#ﬁga-mﬁww%ﬁmww
3 0 ad SR & FEg G ~RE #RRIT e g 9w
& g9R AR, ST 3R 3jamE, $ET, v Seq~ Xy &1

aferes denfel @ aem & fr g T Rugrea AT
9 (epilepsy and alzheimer's disease) U AU G 7 WERIE
Rz 8 war Afass & T Gy (mode) @& T s
& 97 & FifY quf FT O T & - GAPIR i [T (neuro- biology)

s eI - 4t ATER ged FeTye, 21 G RER, RSET, JEegel
sk P - a4} Aereri ol weqr, deT Sdord & BWR, 554 6T,
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qret S (I Ud SIgHFT ard! B R W aYE AR AT
gt o Wl w7 - Gpia &eT o Haar &1 wrd & freara
HiE
T8

grT g wEdT &1 S ARG TYEE dRer - e & §]e, YT

W R @ ov 95y, IEhunle WU fAdr @ ga giar 8 a8
Fdflrar wy &1 o g7 gpld, U A, [RIG wY AN
RINT GANT T e eI FFIEY A Feed [AT T fde Hewaquf

ﬁﬁazﬁ?w#-qséaaﬂ FH g T S G BT G (Measure)
BT gwd wMa BT (Emotion) &1 FiFAH (Mechanics) ! HEgex
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¥ Rl & e, o et b #Fger Re ¥ Refia T8
&r gt &1

PO F g7 H HAdT & A & ar, goH R
gt TSR IGH, G, WU F qHHA S} Bl ARs T
s @ aed 5 oRIwer v &1 A7 1.35 fbelt I & 39 AfFTE
F fivs FHT w7 & 9 7 el gwdl Ffforedr, veEr 3N
T @7 Gy g9 3 IHe W8 81 dac A g T
g wear & & dRer- el & W9g v drl, U 8 6HF bl
gl o, qEe, g St [ s F yfaer i &1 dfer - el
& ST Tl B gEmwm & wFd & [ HiETs [ R §Eq
T abar @ e &1 FeEfd afer- el @ agd aedl el
F @R WHEAT Icqd dfeer @R &1 dfAwr - Y@ (Neurons) @
v Gry T gRfbaifaa @, a8 ot sey aEdl §qe WY H
Rig gv & & dfoees & glowy a7 adel §91 bl g
FeId: SRT G WdEar # 3IR @ N acgeany FWRl @ Gefdd
Fv, g HER @, ARkoss & gid wY Gfcaad w9 4 R 8
gl gg wEIar @ gfer anft daor Ao & [T wedr 8
o8l dRer- e vE A, (@ & W F Wb §e 8l 9@igT
& gl 3t &raT & 3geT &l FTd &F T B

* * *
Ui g dcareligd @l o] YN BT -
“afer wfy A R sifufee geametfa

qferss 9 I8 e 99 Afd &1 s Ad @A dignfes g1 g9
YHR g H Y @1 H gpfa, gsY, I iR FRIRT I 8 SR €

R ok ey feeR ©fy e O & @ § wERs 8d
g

weq wRu afh IRy gehe we @ ot exael g awglil § dners
ﬁ%@gé%,ﬁﬁﬁﬁmaﬁaﬁ%ﬂ@#m@ﬂéawﬁrﬁw%lmm
H med TR T ok f e id o W@ S oHT WU AW B URERE
deeral g Rl $ oove ¥ TR G F Bl b doll g1 el

Ty B oder o ARAE A ST B S @ b S e AR b aw
fleg & Tff oo & IREU b $ AW Fwa w1 Ry A oft Ak
g fRfefrm (5 35-95) 7 awel & R a1 &g I wea P
-

1. 30 We &I all

2. IIRT HRA T3 |

3. A oo W F G A I I TSR B T W F o e
TR § R 3l o oa oA & R RRer wemoer R i
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&t & =1 v F off -

“Let us say that this tablet is a gift of memory, the mother of the
Muses:;and that when we wish to remember anything which we have heard or thought
in our minds, we hold the wax to the perceptions and thoughts, and in that material
receive the impression of them as from the seal of a ring;and that we remember and
know what is imprinted as long as the image lasts; but when the image is effaced
or can not be taken, then we forget and do not know”.

it UBR geeifer SR A8 R qreffRet ¥ W HY GXER U (Impression)
¥ oAraar & off udwfer A Sf @ A & um TR 4 e Wi g,
R 9y qafd wape™, A, U (Fancy) W@ s (W0) § e |

S o H fFrfeiRed Al Suere €

T, deF, ded, WedF, Imuw, fmfo, amed & el g
PEfor afomd, SR TRI-UH A F T YeW AT 14 T g (eiebrenta
R IR), ygeE a9 7 Wl wae qu b sfavrl gfiese, afieeie @
afarht ofteds, oRAN] qen Wl & TON & afewrh ufteoe - gem @, <,
Ty der e YR & wef, gk R W Ad &1 gT am IR Iy &
W W, o Ww AW ¥ o geApet @ e W @eeRe Wy ar
g gar 2, oh = g &Rt € o ueR & WY B & o ofia
F g @ 8n W o Fffe g omg At 8 w® g RAfRe @
£l 93 YR $ AP anfd | Ay feRur & forw Mrcanfe J2r goeey &1

g YoF (Galen), (WE: 130-200 §.) & douwr off b T Rw A
Gl BN ORE] (Aristolle) FREIRE ®T W AT H ¥UM g H A on R
sl W ¥ Tfses gih @Td 9ET T o1l 16 df Ol 9 Swdr T De
Memoria et Reminiscentia” uf¥enft faea & Arg @ g 700 o ugard Augustine
fgm & #mgar off, ‘il S & 8, WAy omn w9 R gdHE SuhR
w9 &1 o, 989§, adid @ oRowddle @ o gdum § & e gduH
S % o § qu R adm omn ww e war &) wffa e
E @Rl WO Weed (3. 1822-1911) TRT URY & WA HF Sl
| g8 denfie gel SRR @1 wewr Wi ofl dg ofwfy, @, WM faEE,
e IRy e ol &y e ¥ SoEm Tl ol SEBl WU g G
§ off f5 Rbd ydpR A aEgel @B W @Y § g RNweR ITh SRy aERS
frg e o ol SuY o el onfe @ @} wan R & 3 1883 H Inquiries
into Human Faculty’ % @ o YRR §U1 F8 S-S0 T Iy areagd
Tl oft |

aegearq o Rifrcde @ SAdETRG el ofeRr (1850 - 1909 €)
Y Rl N w omEg R W 3Re JHR & Aml @l e 9 @
T B A @ ol aef ¥ UfUReT (etention) FRRH, g &R H o
aS @99 @ A agd (RO dee) gRifie SRmEM URM g3 aoueH!
@, “Psychologie des Gedachiniss” 1855 §. H YR &1 §9 JPKR ircal
qan wfe arelt enyfie gifie, #AIfdSF @1 AT dEE (quantitative) ST
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&l O JuhH ggHF HeR & 5T N § §ga ufdel € URW &
o1 g Bl qel GRT 59 IR df+i W &g 8t R |

3 & g e wedt gifdlexe & R § wof & W@ wfa 7
Jufdd g8 81 §fd SRl Sfel AT qEHN 9 e diE avg el &1 98
FGER H Th Feld &, I8 W FART FH Bl & Py Haar A M ugd a@
grd € ok &% A @ auf veaq & 5l Roge fim okl 4 ag
e A T Bl T OUPR fUTel oFvd, JgES AT @S AR I ST @
- T g RO 8 SR &1 | 3 yeR JAT GTERT & 9 R

ar
&t 81 9 W1a (Phase) wUT § A &l AR 8T @ -

1. 92 91d H IS 3g9a I7 a1 gaR Afeds® 4§ il g,
2. fodlr =g wig R wod wig 4 8 gl oRads §9g oRd &1 %Ed B
3. 3ifcH Wi A YoM A9 gRT 89 alelT 3gWd a1 fohan guifa & 2|

FAGATD GRT S SFEUING oA dld 91 P engram IT TR R0
dEl T &, W g SF deit Rarfem A sp@r wiel & AW @r |
9 gug fomr 9@ e, Afkass & (¥ (Cells) & HUFORUT GRT IEROT
H Sucfey Bl Bt g wuROT fhT TeRie @ @uw o aifed acarel g
F g9d IR B 9El § fddee fear T @ ¢ g, S8, I[ar 3R U

il & wefhal & RIE d§ g1 wsed: IR @ eEd g1 I d
W ow e Ul W IAFa - RM, gW, §9, &, @ik § Jagam o
ybe g W H 3l &1 I Aad w0 § e S AF IOl "ad ar
warfa & gfdfeg SRt wid @l &1 fg sl A gRfie fageu
SR J8 UMl § f6 W0 & ey gaer @ A Bl fdage wadd difde aRuEe
wU BT & AR 98 " F 8 s ggah H)

ey w9y fasme - (S o & uRied #)
df¥er - P& (neuron) 3R SHH fRr - g wferss gRT S faa
ybR WE & oxh B, sue form Afemella dfyer Suim Fel (nerve
cells) P fpar & g TFERT BT ARG - PSR B =R ft Hed &1 S
IMPR, fOEdR 3 PR &1 ar &1 9 & P& -F (cell-body or trunk)
Vg gedt €1 39 UBR OBl - P& (neuron) $1 Feid T ger ST @il
2 Rgd Tod SEH e - SR el W AFET axd &1 & YBR & AN
el 2
SeIgcy (Dendrites) IT aMad dfAdl dg qRl § I del fdgd Hed
B e - B (cell-body) F ugad &1 P - @ § IO A o Tl - e
(neurons) @Y 3R W ararell W AN (BRR) B & Re e et - a=g (axon
ar nerver fibre) ded &1 ¥ df@T-awg, dfer Fe & aR H SR
g,
g

aelt Pfecti & wu § B F FH T Fh e & el
Fe & ufass $ dRwT-oRg) 39 UGR dHe - e T g
it T S W& E

S T - d=g (axon) % 1@ BR aRT (circuit) ¥ R 3FTel e - e
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& omad - dBE - g (dendrites) ¥ TAM WAMG o=a & 6 Fem @1 ™
TIH @l junction AT synapse HEU & | WH - €I (synapse), St fh Simeep dfaenr - =g
(dendrite) & 3 T BT &, MEH 3D - ARGl d=g B free § wId T F @
gl

oo afer- el § 9@ o dfier i@l (neurons) | Bl &t
T uRuy a1 SefleR - @M (neural circuits or networks) @1 HYEAT & GGt
21 ¥ uRuy 9 DY eHA Yog ®U H s NG T A 8 B TEEE
IGARASR  (cerebellum), ¥ T &H 3R& (10,000,000,000) dhieh - P B
g Y dfer-fRe dg gBR & B4 g, R TIF rgafRrse 6 37w - 37
Ry wrt § B € qwr § o UBR $ dfr-FNe @ o g9 wed €1 dher
Ag - deFil B FmAR dfel B W W B d fu Tl Ho@s §
o &1 BT &1 Fr A9 & dfAdr - e @ agafess o Wiadt @@= (cortex)
g gpR gRe Wl o waRa axdt €1 8 |ear @ f6 g ugel &
7 & Gre=l) T (genes) 39T (genetic code) T FRIFUT act B i

T - fle Ao @R fR Gdal (signals) FRT @Rd &1 Wdhdl B
yitpar St difed @ Rwg & gar 81 99 fell dfyer - e (neuron) @1 SElw
(stimulate) RFaT STt & af ST el (membrane) F I8 Jael I - ARG @erael!
(arerifer) warar &1 3o freoll (membrane) ¥ UR fagd fwd (potential) W W
g gfadT g@ar &1 feelt @1 fMa (potential) g | s@ar & S oW
doe (volt)y @ coner &ar &1 ok @} A a8 f oEen ¥ Aoy wen S
% e wegof ufpari/1000 A 1/10000 WPpvs TR H & SR ¥ FH W
FEl o & [ Fe § oH-fawg (YR Ar action potential) @Y EIFT faar
(fire Rpar) &1 W @ - FFIR (action - potentials) Pl AT T Febell &, Tl cifepl - s
ﬁwwmmwmsw(ﬁgawﬁ$ﬁgam)wm
e & ol wdemdller fe Rvans qen fyeamdt @& @ 9% Sis e S
g1

Wmﬁﬁmﬁeﬁaqﬁaﬁaﬁa(spuke)a? wu A i aan
¥ omE e @ de g T -aar $ oo qu sk &1 B SRAM
312rfq action potential, FT 36T - oy ®u AT fepar /i &1

Rl ST df¥esr o] ar df¥ar & (axon) & fpRll WET H @ - SRR
et WM @ IR (excite) FRaT &, RN g8 W T @, 3R s&T H Ig
el TeRT WF @ Sfd oxal &1 39 UPR I8 Adbd (signal) HET-WRT W
T RET g 31T F S AR g (axon) & AT BR T TgAdT &

[T AR - A R A @ & S Guieid dfdd A oaifd 9@
98 dor oM | Waw IR g (axon) ¥ A BGR T ER i avg (A - RS
yeref @ & O SRR S dfd dwg (axon) & Udd MRT X SMRHHUI
o R, ue g W OEdd g I9e gar 8 T RR W, SR IHSA PR
qon AT (amplitude) BR U TR FHM BT &1

R UPR < H - I (action potential), 39 YBR & FREIT PR BT (stereo
typed) * AR aore ARy a1 SIfT PR AR BY T ST 8T &
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IS Sg fpeft SEoE’ (stimulus) BT [T qrr & A
IR M H W A A Fed &A@ wed B g e ke d@hd 3
Hehel

ERIED & T BT 81 Y HH - AT (action-potential) FRITAR  Fafird
Y ¥ s WI B, O A @ (neurons) H HhAH FHEC (patterns)
Uh R B A F 9 AW del gl & b @ ¥ W (range) d R

3y IFF arelt ongRil (INIRAR) (Frequencies) &3 @Rdl &1 oM 50 Y
@aﬁmﬁmﬁsﬁaﬁmﬁ&m(neuron)ésﬁwﬁé@ﬁﬁmm

%W%Wﬁaﬁiﬁr ﬁ%ﬁﬂﬂﬁ%ﬁi‘fﬁmﬁ(penomc arern
MR (phasic) Wbd TeUe dRa B I U @l dRdT- FYe @HE W
Qe fpar oxa &1 3 Y § “Biochemistry of Memory” Rei6 geeed B

Wi @ - ST (action - potential) - SITaD dbee @ (axon) & 3fdH BR
R U & @ g8 dbeT - W (synapse) S$ W HOUS  (encounters) FRAT
aﬁmwmgﬁm@ﬁwﬁaﬁﬁwmmg R e
geref, R gifmer ar A - g aﬁm%|maﬁaﬂar—g'(axon)éﬁsia

arer - df¥eT bd 9w fgd SR (potential) H & 3d &1 IR IH aw
dfyar g @1 RRr Rydidd (depolarised) & Sl &, a8 Ol - Gl
¥ qemEfe 39 P OREE Rl S @ S SR & e & oo A Rl
gl v ot 8 3R <epd - UEh

U9 - ST - GTH (post- synaptic) fieett W fepar svar
e - Fe (neuron) T 3FTW (potential) gRecd & <l 8

iBE T e Rt yeR & B €1 9@ § W aEiie auve

(transmitter) & YANT €T &1 $B dfwr - G REEE w9 4 IR (coupled) BT §

ok dB@r-™ & gd weid § Rydero e & oR G 9@ 8, SEfd dis

mmﬁawvﬁmaﬁéqw@mﬂﬁ%ﬁ%lwﬁ?ﬁawﬁg?ﬁam-m

(synapses) pdl @1 ' GAHFEY - T - WAAIRERY” (all-or-none) & 3T dI e il B
WWWW(frequency)Qﬁaﬁﬂ?ﬁaﬁﬁé Wl o fagd

sTjHFT (electric potential) &, S fAfSBar (passive) U U - AT - T (post - synapse)

ﬁmmw%iwwm@i'waﬁﬁgeﬁumzﬁmﬁ%

Ry dfyep - Fidept @t FivesT gear 81 3 a1 Hecagef & 81

e dfee - Piel & 31ad - afer - a3 (dendrite) H TR¥eT - T 3FTUF

(potentials) ¥ o\ HEwayuf o7 &1 & -

1. U% d@I-A™ Gdbd @& onalde e BT 8, oW (potentia) aT
Sca (fgfa) &ar & srean e (Hﬁgﬁ!ﬂ) hyperpolanse) g1 S dfet -
Rl avet & § IToE (+) B E, 3R W afodiaxur gl 8 d
R (-) (resistent) Bl 21

2. SE® - ﬁﬁﬂﬂfﬁ%mﬂ?ﬁﬁwmnnmﬁﬁmﬁﬁm HH & FHA
3@25’1 ¥ a7 gweg (graded) B9 & Thd @ AW PR (prescribed) &

§ po Mt & Gbar &, S O - T - W S - e - T (presynaptic - axon)

F BF arer R (FrRfe) (discharge) W PR <& 21

~—
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3.9 g ®F fig @ dR@-E T & e AT w7 @ ol & W
WfeeT ®U A @M (amplitude) F T (decaying) PNA Teld & & df¥eT - e

& Jld A9, IHR R Wifod FWer ) ik w8
M o 3y fepeft QR v R et e W 83 € Set S S - < - o
BT ST VUl BT 81 T A Pl I - Al - TGl (axon) B gferpr (hillock)
PES &1 AP dRbI - T G I dRE - PR g e - e - ag
éﬁ %Wﬁmﬁﬂﬁﬂﬁﬂﬁwﬁm(pmwual

g wife 3 FEMAT  (thinnest)
- AT - g (axon) et W  depfer HFam fRRR AW (threshold) &
g Il & a1 S1Ge - T - d] (axon) GRT didl (spikes) @1 fRpled S
& Si 3ol dfEdhl - W A SFTH deell & |
T8 B Thad faedNd (summing amplifier) & S fRdl ffdse i
& FITEAR M gt Hhddl Hr AP Fprer g1 AT - ANE  (nuron)  <feT - gRay
Bl HE 9T (element) TE B, WA Th Iod wWT HEH A (device) & S
Gy AR § FEAr FAMO (process) PR H HEH &1 3 @A & FRA (output)
dAeUl @ FREV R Wite TR OSM@al df AR GRT AT ' g9 otewn §
g W s T 9P @ diell GRacH gRT Tfd B SRR deRUl (potential
mechanism) TR BT & |
3l 9@ ISl WewH! UiEEl (neuronal parameters) TR USH dlell 3FIWd
B gUE §gd 1S A H W & WHl 81 P RIgRd dHEI- W B BRIRA
(g@apar) H 89 gt giaad @1 $RUT ARG (leaming) A &1 @1 3ref
g & & e dfer - Gl (synapses) &1 Aoigd a1 fdel g9, ASiEE 9T,
JYAT T G DT T B ADd] o1 $HP GIM YR B HRUT YD AT
d~] (dendrite) Tl WX T - GIEI bl YAfdaRU, IART AT ARE I A &
el @1 IATFE BUFRU 8 Wbl 8| aRgd: Al e T b - e
IR fepar faer drga &t ufthar 3N Ffd ov T8 yaier St ||
oy Ef Wi : v Ul H & 89 dW @ I R Whd Bl S
oy e el & St amed A g ol &1 9
ar
i

g
A Tt St & - T 99 b

=k
EE
é
£
1is
%

IR
B

g oy Sy @& v A9 - RNexw T @ (fixation amnesia)
2| 7R % P9 Wl (mamilay body 3R hippocampus) % T - AT &
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T 89 F orRu g8 e et &1 =it geR urmaEll §yfd el (retrograde
amnesia) 81 1 &g oy T F S ff HRU & S dBe B wue AT Sl
(impulse) BT FMAR BIC &8 dfel URUY R e W & Tl 81 dfew - &ml &
RN (potentials) % UREcH Wt g BRUT & Whd & ¥ Wl B EEG
(Electroencephologram) % 3iferdl § 2@m S| g4 yeR aoaerd) 3R Rigra osid
o = &1

yrifies gfeees @ik §ief - safer ¥Ry (Experimental Conditioning and
Long Term Memory) : S 3m@afey arelt Ff, qge B9 & Ueerd, 1 oY 37y areft
ey & awe Ry e 8 7 fegd 3o (electroconvulsive shocks), & (concussion),
gl o, TSERD, JGAENY (aneasthesia), dfa o fts TR & f5 fagey
Haar (sience) & WA iR edier TY gowr o W o vl Wiy gy
AT (impluses) & fagem A SUE o dfer FNe & fagdi srwer
g oga: ¥E AU & fF 9 AEAHe morphological) 3N fasT  srer
IR aRads dfer- Pl § & S &1 e BRU U8 B @war € f
(neurons) TR 3ATETd AT AfGT - ST GG (synaptic bombardment) TfeT SIS & &I
q RN (durable) WRadw & ST &, R @i (neuronal) uRuer uem fpam
& ufer ek IR (susceptible) AT JIHTA B T 8

WA ggear (consolidation) W W TN R W 9 ufgor A FEHR
(conditioning) ¥ Fafd &1 ¥ v g WA UEelld (lvan Petrovich Paviov) &RT
et a@ed, de dedat, oa 4 R ® R | % 1904 H e TER
frem ST v ol & §E A AR W ¥ FEhud A S par A HioH
AT 2l 9GP e O oR oyl &1 I8 w@EHd B dwell gfcEd fRAr (reflex
action) &1 g FPrafidar aiR Tt w dew dber oRuer gfiadf =@ (reflux
arc) W IMUIRA <& &1 RRp GRT AT THT FRG &1 [ Pl AT G A

¥ (UM, S gE T, N AN F TE I el dfer gl

' g, il dher dgell @ a9 A o gl

§ A oo € S oRmr @ afed
, q W PF A a1 fomm S &1) afRe R @ off
e o o f ou oREfud g & dR cud ol 81 U8 ARG

43299
2 ¥
58
34

gfrad (innate reflex) &Y & @AT F (puppy) H TE BT &1 Pl AR EHUN
B AG-2@ aX FE W A O 1 a8 ASr & M (expection) H R
T cupE, feg 9 dEd 21 dsel B s9aR AN GiolaR @l AR
ST ¥ @M @ SE@aR AR (saliva) cudr, R ES @ gaaR ot aR @
e g@l g e B afaEfa IEUd  (conditioned  stimulus) T ST
% ok W9 (food) B SufiEfid Iq@ud (uncondiinal stimulus) Hed 1
PR F (cpnditioning) @ fRRwFTE UfEyM (classical conditioning) @&

¥ JTeRId Seu (stimulus) Y YR dg & 81 gl @Y UfcETERT (conditioned)
IR @R <UBM og IWRERE I@vd & TF W IMfER SEUS (unconditioned
stimulus) @7 feenfdd @v yferferd 38T (conditioned stimulus) ERT I8 R (wagging)
afy g iR wetyr, omars, wwuel, fF, Aot gww gw ame gRkarel gri
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A B I UBR 9 UREf fer o wwar 2 a® o duH ufpw @
Uh &Ry $HEl AT bl &1

Y : UM (conditioned response) @ WG ST aferd &, Rega
8, ok el dBbR waver (neural organisation) & TH geryd T Gl @
g1 UEetd A UfdeeH (conditioning) F 9y R WM % =EER @ AR RSO
CET | T8 foReFTT gferdee (classical condiioning) #1 @R eUHr, I et
&1 Ry e W gaR & gfoeed &

R UBR &I YidEed ¥ ulparqd GfEEE (operant conditioning) %
fert g5 vg wRAf® & )1 Uy @ SNMNY waER Rigemn o &1 oN,
dge B oAl SR 3N v RIEEn, A @ wwr Rgen wdw e #
SADBT JAN BT 81 3T HAMe Jucteddl Wt 59 gunel UfEeEe deHl (systemetic
conditioning steps) & GRT Ui &1 o1 Fehdll &1 T AifAS 87 &1 S dictd a1 Riteh
f w® R w few R ogfeem g Ruag & 5 dide @ s
g & S Wael-0R& (sensory-motor) I T dEE / IREAT (patterns)  ERIfig
g’ <l &1 s gloeed (condiioning) ¥ RT R B SF gl Gad amem
(input) 3R AT TIT ATTEIRSG (behavioral) I&T (output) & & SN FSM (connections)
A 2 F I RAFpey W duml & osper e afenel & Wed &1 om:
Wi @1 AER, ufdeud & | 8 ael v dbde uRadd @Y @er e
ol T W ok Wiy & T ey W WA (clues) U W dY amen
gl e iR Wi & faegda dgad! uerf  (concommitants) dfet - Pl &Y
faegciia wfsharar Wt FemmT (appropriate) SETDI (stmul) B ARAT gRT SRR
& S Wl 81 TeWs  (thalamus) (PAG F W ARKSE B WF F wh g
oy ) @ Bsd AT (central nucleus) T TEFD IRERAT A
P | o 21 Al fe@

3T ST GEE AfRTSH YR N (visual cortex) &
dew & W, fIgd JEE A U oga & URU B 3[EwG (boick) fRaT ST
e 81 AR & Rl & B IR - el (hurons) F o Sefarelie arpmivr
IRt dor Il g Aud  (excitatory & inhibitory) TR GREE e arum
o e e gfafftcs ey dba o1 o a9 axdt wefla g8 21 3 ufteem
& g gid it qfss B o a1 de (thythm) U AT Jedaifordal (synchrony)
& el (levels) ¥ B aret aRadHl & w9 4 wWifdm R W & ufowfa srfranait
& FATT A 8 3T A A g UBR F MEfies aRedy < T § )

el & & = wmerm A"l ® @R w0 =t am & @ (genes)
g1 df@l ded B @ Wved fafra aar & fey R kel & feg
ug iy - sl B 2

e el & Ty A < e A @

3
.
%
g
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1, dqf dfeer oot aRf Th Qe Rorg arelt et gerwd: gomelt & R
TReha wen R e gl @ e e eg Siedl 81 A A9
wfeer, ardielt oik & - Frafad kit 81

2 i@ WieT @ FRING ®Y 9 OR GEfa W@ feawe o gen @ g
SE T e G § oRadw @ & At 91 w &Y sEfor gl wyf
a3 8kt &1

o ¥ e Rafe 78 @a & g 9 78 ol § 9§l
oSl 4 9 R ged € -« dww & e, € dwaa R @kl
| R PRR O Ited U dfde - el § oreaRe S wfa f snaegdd

B & a1 AP TR W (experience) ¥ BT WA FAMT B

TR el I &Ml AU b AR doat ! Y Bl

aferss § form (ga) Me 3Fd dfdl - 99 PR Bid 81 form & 3y

R dfET - e 98 B &1 F dfer- e el @ @l Sist

¥ mee (FRew) & off axd & - U g &1 femr fafom

- fpg Al - Pt 81 R feadfern S dber Pe F et & @

¥ GR ok SOU R femr & G@m §eeR FP WS g9l Fddl g
3 81
Wy &1 WIFGRU (Localisation of memory) : ¥E ST g Al b

¥ frg ® ¥? T &7 PE IFa & 5 el &1 9P & Gl (sensory)

m(motor)mﬁwﬁ%wa@e%%ﬁsﬂmﬁﬁﬁmﬁﬁ

- P feifig axa &1 gfe I wefd five w3 oy, SN SToR, af,

T o @ ReaRd axd &1 ok § wedl ok iR d afR gomelr A

@ﬁ%l%ﬂﬁ&@?%ﬂéﬂ@%mﬁ%gﬁﬁ%%ﬂﬁm%

Wﬁwﬁwmmﬁwwﬁmﬁtmmaﬁ

qferss o @i 21 ST PR arell @Y Ay ey S off < T g

ﬂﬁmmw:waﬁwﬁﬁﬁfﬁﬁgﬁﬁameﬁamm

% @& RNA (Ribonuclieic Acid) @R oM # gfg &l &1 R SR DNA &

WRNAWEﬁqﬁmﬁimﬁmiﬁmwﬁ?ﬁ?ﬂ%ﬁ

(genetic coded) & Wit & dF R yBR FIfT WA fqo .

RNAwﬁagf%a(coded)i%ﬁE‘nWWWWW%%RNAES%%—W

a1 Fream ob@r- PR & ey e @ @ &1 RNA @1 gl R

(injection) T&T F1 ¥ W WY st &1 TR VIR SR W - IR H FFH T

B &1

g

%3 27
3 ]

55 A7%

gred - 9.5.2001
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TR - g SFAS, $RR W@ dYfeR weveg OF
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FER - WM, ¥ 2002, IR - f&AIE,
gss ~ 102 + XIV, e - 6. 50/~
e - S WROMA 99 &I, 9/2, SRR,
$GR - 452015
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T 9 R w8 dehe o forg € g8 YRR S BT Wded B AR
ey &, 35 MR & Seffie fAvg awgell @ ug g gae |
[ad agn faee & R foel Sl B, feg g9 o & 6 uw
grad fagri & e forerget &1 ot g g vl
su oF Rid & @ T R &1 usen SR S|d anffe dider
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I argyronel | ) denfiwar B ISP et &1

S IFAPAIR 7 eEEm 6 H difdr, drRg qun e el B gern
& 21 g5 RE N A & 3@ Folg Feen ¢ & o Jon arra ol
<ha &1 faMfear & ar F 3ik it waee foa Rl g arfadn

‘T fgFa @ ‘AT 99 e @ a8 Rigara @ R w aft uRaa
g feg = &1 SRfewer SRfAERT 3 R smuromd gfofed & & R
B 99 S b Fgpe U Bl WA TRie H ¥ 92y Bl Sger fear man

gl

e W W sl S A dewe 99 SR &1 tds g8 afs BN
S M W e 9 a1 o 3@ gRe W fam wm - s A
TSt W ABR A8 uRi Sflgd @ 87 3 W O d™ a4
aasgqa?ma g 9 gy b P W gR  gRadHl

1%
-~ 3
g A%
4
|

Fg 9 Fnfe gromd epft ff R &1 R W W g 9
afiertt @l 9gd a6 IR 39 g @9M W e ol P SiFdie
tg drefaR FEMe SF fdgq TR @ 3dq TN UHeH Pl HH M H I
IR P forRT e |

F_g< FFUIS, IR & 2 I TAH GHIIH

AN INTRODUCTION TO AHIMSA
JAINISM & ITS CULTURE THE ULTIMATE WINNER
By Pt. Balbhadra Jain By Dr. N. P. Jain
Rs. 100=00 Rs. 200=00
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IS RIE
WA 78R ; S99 U9 g9

AT At - /R, 24 - 25 HRAA 2002
-ﬂgaqaaﬁw*

IRgeT RS R S dfden @ed @ g R S oAfden dned
geN g &ft aifdewr Reafemem-g=<k, a1 W R 99 #3fkenr @, kR
O 9T -geR, O S i aedle - eRGFTR T dlefeR swwveE S|
Rgq TR $ G0 ¥ WEM 98[R : ofiad @ g e Rfdeda asdia
IS 24 -25 TRAW 2002 B FR PR wlemRfea 4 fo, @R S,
gk & W WuEE N I B 181 WISl & IgEied W gHNd W &
W e & St usey, @ G it dsnfvear ofide IR W@ A
40 gl F U arerRdl @1 ged frr RRT ss R, wamu wfafera gu
SN G S H AT W RoMd @@ $ HEMB § a3
aftfy & gl eden & ondt FEe B At e @ ggE e
PraPra FHUIG F HHE Afd S IFguH 9, FER A

Ieged 91 § 79 @ 59
P Hfeor @ drer Qe T T S g weee $oge anfaed
ayl =l A W & W, 99 IoT IR B emer § W Iggred
w3 4 e o 1 % B 4 pegre FFUG & oIy A GPIRRIE BrAcidle
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W gd o o @ W 99 Sufed A1 59 w4 sl gHd O - R,
o b e -gaR, st amar O - oo, . SR oAt Sy 9 - sRR,
st Fid S -9a @ Sf IEREE OF - IEHEEE A IS JeATSl Bl aRey
e st A1 femen 3 sl afrl & o qen ol aon awures
TS &b AR ) PRoMe ARl T WSSl Bl gseq ud R @Al B ST
TR g1 & |

st o1 wEiftd awd gu A g Herem 9 @el 6 Ak <
A g B Ha o IR A U 5 Y W 8 YW 9 SR AN
JETHA WERN B are H A8 A MEIHAJER Sied H &1 I/
wor o w iy sa o o Ry & v a_ 2 I oF
SESURSES RGN

gy MO 4 S At & snefafe dfed qurdl e serEiRol
gell () oSt W@ (F.) aFEHRN A HER S guseiR bl e
s afer & foEe e AfafY & g ey wer € SAffEy e puseyR
& ASGAR - HEdR @ o ff wEfda fean

Rl s & ARed st Rfigoafie oF 5 afor s gipa atedis,
TR - ERATTR ¥ FRR I b R B YEMFTR O U @I F S
& gwon & | e ReR 99 W & osrud sl EREne! SieN) GRI
st fefaoraRie 9 &1 TusR w@ st wfda o= = fear

S SRR W XY IFT $ RGNl - 2002 3P, WIS A U O diel
aerEl ARl gRer den S w il OF SR foRed w pege @MdlS,
TN GNI Y G - Ahimsa-The Ultimate Winner &1 fauies sifferi

e, SR fRIT OWTI WF @ AR S g9 & YHIEd Sl IUH
M, R A e W@ MR AET ARk @IS gRR ol aRss
Surede sfeht ol 99 )

ol R W O sfes & ge REl & ue weg gag
B ARGE A Rere e & Ao d fear wan el @
gdfpl 3 ofde d@aw ey F uelfd el @ aRed
S grell Blesk Ml Fiablell |

oo &l PRy om=iem ¢ uR¥ew § yur gl A dw
Uq T RN &N d 26 Y fofcddl @ @M aRd b A 8 2600
el gR W R Wdeu TH IRleM B IR gog aftrigE st s
ararel @t Heer gerofl geal @ gafta fed

gisdt 4 f39w H7 ¥ uuR Jain Academic Foundation of North
America (JAFNA) & -afaffa srae <. Refla @l 4 € ogow S & gum
TURHE § WA FedR b ofed & el TEgell W W g s &
o @ ypIe & ewon &1 ged TR e g atedie - g, diefar
Fyg o figq 7erig W ofed WRAg fmeR SF o ARen Wed § 9 s
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q 25% 3R 7 HY G5O H |

st § O uReHa oEre (Jldeie T - omiRa), iR sf e oW
(o), €. wfdar gAmER (e - 7.9, gfeer ), @elt wor g8 W@ ogsar
g8 (FERAT IM g¥C, FaK), U REoRTdia SN (orde - ddfar wyied S
fagq wemw), o gorms o9 U (Srma-d WL RS fOEq 9RsR), .
U U Rl (g pomfd), W R urbs (IR - gleaw  fasiM HeEfdenew),
N OPIRRIE BRI (3T - e @MUIG), M USGARRE  dRIelaTe
(s eray - fe SF FENIfmf), ﬁﬁéawﬁé?(ﬂ@ama . 39 "gr),
st qfdrpee et (At merHEl - & O qeRiffy), el aeerer gk el
TETTEl i Sufefy vl IgaiuH fa9y Seeia i Wi

fad 7eRrTY & wIfeay g dilae ol & grues ST AETEE S - IEASEE
T ST Bl IR H U BAITIR U BRe U BT -
1. WEE TRER & ST Ao el @1 GuseqR & 8, gdl dedl fAeaw

fary = =nfed) |

o guedl ¥ amwerar B9 gl B JAMRT R Tfed R 9dE gl Bl
3ferp THT 3 S AH |

3.0 BT P WA &b AW A H QurHe @E H o~gwar oft, feeg e
=t sfincdt iET AeTerelt 1 oy el TR U arergef ey

4. 9y A T & T R HewaE, dugdl W oaRtia @, w0 @
fagFl & st & arftgls &

5. WSS % SRSl A oTaM, HioF, WAFIR, Aiff e i gew e

dr 8, vagef 3 qud & U 1
Ak Wed H gg N @1 audur g sl g 99 B o @ S
YT WM @ WEM, |9 [edAm W AreeH wWew &1 o3 9 A gl
A s B sgd Sorgal uem & &, el @ qurg)

o W H pregre SHUe W@ fed HerY GRT @g% B 9GSl
. SR I - JEERETE B Fio e w® F? & REET B b SR
e gss 87 -88) o el I H umd Ol uibe A el &
B IO T ¢ ol M1 Wy, Fad qud & foR T8I du-dur Bl

Ha 2 @ g o 2 9@y & Fu-FU B oA & gyl I
At Bl e alel FFded BRIGA FRTR SR dver uifed |
am#mwﬁ@%aﬂm?%gwééﬁgqmmwﬁaﬁmﬂmﬁ
fpr W@ ol W deaw e WeEfdanem & R 9 oife B @i
wRdTa g1, R aead a3 @ fear mn)

@]

27

H 4
ki
E%

% HEMAE - I |fAfy
9/2, TEaar, 519 fIfR & 4w,
R - 452002
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WM FErR T W e wReta ey gfmifiar 2002

wged, MoFygE, iERRE st s ann B R 9 il defew
MYVRd O g wENE, TR - sRATR SRT W o wRd Pew gfafiar smifa
o1 @ & ey affiar & e & - wER wEER B S gueaR (e
a7 JemeR ? - ReraR O PR ¥ aRdeg A

fraw R & frm fgeR )/ -

1. gloaifiar waed g af & qrers/dlierRsl s Rdl/RY & R gelt 81 S8 @
FR B ot afeaford & W &2

2. FEu 14 FH 4 9 (Pl R0 A &) H 8 ARA

3. Py Sfen srorar garey 3eR  Use & b 3R & forar gan @ ormeds &1

4, WG W ® oo uy o ER W g gl dfd giiufed s @ g
| T T o & o A

5. fFay wom & oiftm R 30 S 2002 PRed & ® &1 RulRa Y & gearq
g @ arl ey giifiar 3 afsferd e v = 8

6. T fgel @ Teaed uldRed fagml & oo et fea SR gem, Rl @ gl

REHR WF UG H ae giodmiml @ $He B 5000/-, 3000/- 4 2000/-
TG GRPR AT TRAT | AT QBRI Bl i avert &1

7. HeRY gR aiod Fufad wear a1 Fofa siftm @ s &

8. ufafar & Rya & el & itk /oRefla/wRaldn & s =g &0 @
3R T sl A % argg & Fvlg 3ifW W@ SueEaRt g

9. PRy & qEuss W ufErt &1 Q@ AW @ ud Sifhd few o wied ) Fey o

& 9 W FR & 09 S ey
— AR —

TR OF 1. FVTEIRT BF

201, 3 I, U - 14, ARG,
1/1, el Heeen, B, =feRR - 474009 (4.4.)
gaR - 452001 (9.9.) ®F : 0751 - 324392

B - 0731 - 700020
3 SIATVE oF 6 gHT BT §:Ee e

peg< UG & F wedr, qd wie @ 9. 9wy
FAS & demy o el oF, PR Bl gHue] sl guRE
O, AR B HHERTAS EF 22 SHE 2002 @Y gR H geAmdrd
q g

29 S 1932 & SEAR A S shadl 99 3w i,
 qmilie deenal & ongy W@ wew off) g, sMRel, &I,

o, erewr, RMER, gdq, IRV, gEs onfe aFe dul & PRl

PR gt Sl 39 o Y 2 93 W@ 6 gRRl 1 RN aRaR Bis T

g fie aRar i Rard et & iy fFg s |
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TR IUTEATT SITHATR

I HaaT AR - 2000
T WARIE, fieen, 6 SFaY 2002
n EOPAR O

e N Wik, AR F WREV W@ W Syl & IAM 'Y Aad
T YR SUEd A SIFMRRGT "ERIS g esiar siia ae &
g QY GaE TRUM, RS FNT WA 2000 ¥ SUEAY SIFEFR A HEET
[EPR $ RN F TS| REPR F IFwld SF Wi, Weply ar @i &
JaT P g afe/den & giad v 1,00,000/- FH AR W WA gaf
T, o, A & GG SR o e fhar

T Wi 9 B geRe 9a @R g0 <. Ried gd o o Frefergemh St
TRER ART & Ak & W SIS & Ae e A e fis

Rftgde 1a Fufas dea $ FEAEHT AR F AUR R G AR
Wwﬂﬁw$mwaﬁmégwm,ﬁﬁwﬁaﬂ
5 o Frega Brar m@ 9E 2001 ¥ & T GWOn & IFeU I GRAR e
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et 91 rleT S ey IRAAWT TR SF TeRT & sy A Frefergaren
/St 7 A

GERY §. g8 SFicrell & HIeERU $ Uean] Hd Hagd 6, A0
$ HEME EIPAR OF, WS 7 @RI WNU U9 e oRey Rar W &
ey o Afo b, arEl, podfad -d). IR, NI de fI. A, T
9 gufRy gEF fh vd SRR WS S U SF GRT REBR ANET @l
foegd afe fear man aFdic & gay =Rfl g s SrEeest 9 9 8d
UgE WM, WS GRI Yoo 54 REHR b ARG ¥ SHCiC HI darel @
U N 8 MR AL AU 3T Iggie A @Fdis & afafaftat it
feregd SRt GEd |

HUHT & gyl FHopaRe [ A o giid g & geneH
& @aegdar gfoufed & wd wer {6 3T SRRa 59 9id d & fF 89 W
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af 1999 & [EBR U1 & ATRNRAT (Prof. Hampa Nagarajaiyah)
@ IAH PI ‘A History of the Rastrakutas of Malkhed and Jainism
W Yo fpar mn g 2000 @@ 2001 & AR M W e fRa o
@ &l

gf 2002 ¥ WA H gfpm F oRadw fRm oW @ 81 3@ @i
f afh R 3] Rt o @ we & ookgd & AW @GR A
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T AfE- g @FUG, 584, HelcHAl el AR, BN, FAR- 452001
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YaH B

APARNIE Preidrel 1. 3 WA
ayeer e af
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WA #8aR far - qofF dMsdt ava=
st IRgd Iraadfa Rrer o9 Req oRwe & dmm@Ey @ 4y, Suray si
SFNTIST HERTST, QUedrd Al FORPRSl FeRm, 4 st duearne! HeRe, g s
THAUERRST HERS @@ &, 2 @rgacgdrRell HeRS & wied d s o S99 e,
ey (39) & e @ 13- 14 PR 01 @ g9 TedR IR o wsdt
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g
aﬁvaﬁmwwmﬂaﬁaﬁgaﬁﬁﬁﬁﬁgﬁwaﬁ{aaﬂﬂ%
B S PEPHR OF WRG, FEER (1.9.)

WG J8AR & 2600 I UR BRI

AT JURART o SIFNNRSTt 9eRI & Afied N el - IR (JL) A

26 W 2002 ¥ 30 A 2002 TF WHAM HEER & 2600 § SIheAUB q¥ O¥

Th R PRI HT M fhar S @ 7, O gde adiedl & AER WS

o f Ry W o of & sem & Welies JeaieT fhar Iem 99 < &

yfig sferfis, Ry, o9 of-ce @ e & @ aaiftes fgr @ smid

fhar w21 wEed ST @1 meH 2 1008 s AffFm & 99 SRfs daaeane
gfeser mRTa Affd, Fhel - aER (IS.) g7 8|

m 3. RAogaR OF, aaess, WA

SUMMER SCHOOL

Apllications are invited from eligible candidates for admission to the following summer
schools to be held w.e.f. 26.5.02 to 16.06.02 -

1. Prakrit Language & Literature (Elementary), 2. Prakrit Language & Literature
(Advanced), 3. Jain Religion & Philosophy, 4. Manuscriptology and research
Methodoiogy.

Eligible candidates can apply to participate in either one of the above courses.
These courses will run concurrently.

m Dr. Vimal Prakash Jain, Director-B.L.\.I.

20th Kilometer, G.T. Karnal Road, Alipur, New Delhi
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- 302, T fER, - 110065

o fRreafdenera & 9 fa=n sreams fonImT § wefemen

oed Reaferem & uff qur onhdt s F T 99 ommd fRwm A Awd
2002 § ‘99 fEm ¥ Ry g W w wwer don fftre wrmm s el
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3. TOIRM S Il TEHes! JREhR SR W R

T 6 FRAT 2002 @ U1 S IGIRM OF, R (fER), e FReud - Mt g
qrRdl oy GeerH, 98 Reel @ weeufy waw & e W9FR H Isgufa dgrsal
WEBR A IR fRar 71 upd, S fEnm wd ol giged - 3w uiglerfual & serae
w Sfaem g sl B fedied aX IRG WER 7 IR I B & Taay
fyofr Rrm a1l oY &% @ g8 WRd B Jdltd [REBR AM I &1 e FHdle
1 3R A quE |

m T ST
R - Ui fadmT, 3T

3reveEE § aiF f[gFl o1 fafite ¥ E

AR G W@ gEee ddle AR g¥e, SEREIR & aEu F HIEhrn
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e | wftafaa o Tftra & sredarsit o g
wael: A Ioaae Sieviiaa, M o, REgar, 9. (SRh) agEEae,
S, o 3, S Rus omug od sfweht gafy 9
URA 1T gfer aRug (L.S.HM.) @ e dlel, feeelt favafdenem,

fRech g1 7@ 20-23 R 2001 & T¥ TRAW KT QFE @A, T
fieelt (LN.S.A) H First International Conference of New Millenium in History
of Mathematics &1 Jhel 3fRNGH BT T &9 RIS F9e= ¥ fgeq, 3miRea,
TONEA, €, 9 e I & aFe glafFferi 3 ol widl Sufeafy @
12 fadelt @ 49 vl oty ol K sRgenm A il 6 My w O A
q wEg g e T -

1.

Dr. Anupam Jain, Dept. of Mathematics, Holkar Autonomous Science College,
Indore (M.P.), ‘Prominent Jaina Mathematicians and their Works'.

. Mr. Dipak Jadhav, Lecturer in Mathematics, J.N. Govt. Model High School,

Barwani (M.P.), ‘Theories of Indices and Logarithms in India from Jaina
Sources’.

. Mr. N. Shiv Kumar, Head, Dept. of Mathematics, R.V. College of Engineering,

Banglore (Karnataka), ‘Direct Method of Summation of Life Time Structure
Matrix in the Gommalasara'.

. Prof. Padmavathamma, Dept. of Mathematics, University of Mysore, Mysore

(Karnataka), ‘Sri Mahaviracarya’s Ganitasdra - samgraha’.

Mrs. Pragati Jain, Lecturer in Mathematics, lLV/_ﬂ\_ College of Science and
Commerce, Indore, ‘Mathematical Contributions of Acarya Virasena'.

Mrs. Ujjawala Dondagaonkar, Eienstien International Foundation, Nagpur, “A
Brief Review of Literature of Jaina Karma Theory'.
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PAG QD B A IS.BN. oI
x 1. O T Rl R U, §ef g SM 81-86933-00-X 200.00
2. YA S, el I U < Mel 81-86933-01-8 150
GRIEGS
3. qeraY SFeE, ST T U e M 81-86933-02-6  1.50
4. ST ST, TR U E< M8 81-86933-03-4 300
5. 9IeRY Sed, el am U A< AT 81-86933-04-2  4.00
6. A e, gom W U, FYellet STt 81-86933-05-0  4.00
7. dfad fen, S m 4. ARl ST 81-86933-06-9  4.00
8. Afde e, e U, felrel 2Tl 81-86933-07-7  4.00
9, Afdien e, e s 0. Tl T 81-86933-08-5  6.00
10. Ao e, qraal wm U, TRl e 81-86933-09-3  6.00
11, e e, ot wm g, TrelTel ST 81-86933-10-7  6.00
12. Afden e, waar wm U, TrRellet 2T 81-86933-11-5  6.00
13. The Jaina Sanctuaries of Dr. T.V.G. Shastri 81-86933-12-3 500,00
the Fortress of Gwalior
14, 3 o - faeg et U, TRRH SFRY 9 81-86933-13-1 10,00
15. oRe 3R 9 IR g, et AT 81-86933-14-X  70.00
wifeca
16. Jain Dharma- Pt. Nathuram 81-86933-15-8 20.00
Vishwa Dharma Dongariya Jain
17, 3R T ¥ et O - U T 81-86933-16-6 200.00
W@%ﬁw B W Y
18, GUNE -3 A O 81-86933-17-4 20000
et A R
19, qeageYl &1 o Ricq § RIPAN 66~ 81-86933- 18-2 300,00
20, gehifef fon, o wRedl  qu-g W7 81-86933-19-0 200.00
o, e+ g o
gl 4 el
21, SFRIR fdeTH GER GG 81-86933-20-4 2000
22. T At M U, REM SFRG O 81-86933-21-2 20,00
23. An Introduction to Jainism Pt. Balbhadra Jain ~ 81-186933-22-0  100.00
& Its Culture
24. Ahimsa : The Uttimate Winner ~ Dr. N.P. Jain 81-186933-23-9100.00
25. S F1 87 T AR G 81-186933-24-7  50.00
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