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INTRODUCTION

1. Jamwa Avreors ox CosmoarAruy

Indian Cosmography is a subject of immcfnsc interest ansl an ind.c-
pendent branch of study by itself; and it is cv1d'ent. from carlier studies
(W. Kirfel : Die Kosmographie der Inder, Bonn u. L.Cl'leg 1920., PP 2~08—340)
that Jaina cosmography occupies an impor?ant position therein. Jaina t?xts
dealing with cosmography have a manifold interest : first, the cosmographlc‘al
details are worked out in an elaborate plan which shows a rcm.arkabl’c consis-
tency and vision; secondly, these details have a c!ose connccuo? w1.th Jaina
metaphysical and ethical doctrines; thirdly, thf: entire range of Jaina literature,
especially of the Prathamanuyoga group, is so much permeated by these
details that a clear understanding of them needs constant reference to standard
works on cosmography; and lastly, there is found in them a good deal of
knowledge of contemporary mathematics. A historian of the growth of human

knowledge in different countries and ages has, therefore, a special interest in
these works.

In the Ardhamagadhi canon there are some works dealing with this
subject: the Strapagnatti (Skt. Sdryaprajiiapti, published with the Tika of
Malayagiri, Agamodaya Samiti, Surat 1919), Jambuddiva-panpatti (Skt.,
Jambadvipa-prajitapti, pub. with Sinticandra’s Tiki, Devachanda Lalabhai
Jaina Pustakoddhira, 52 & 54, Bombay 1920) and Carhdapanuatti (Skt.,
Candraprajtiaptih ). Besides the commentaries on the Tattvarthasitra, which
present good many cosmographical details especially in chapters 3-4, there
are available many post-canonical texts: Umasvati’s Jambiadvipa-samisa with
the commentary of Vijayasimha (Ahmedabad 1922); Jinabhadra’s Samghi-
yanl with the commentary of Malayagiri (Bhavanagar Sathvat 1973), Brhat-
ksetra-sam@sa with the comm, of Malayagiri ( Bhavanagar Sam. 1977 ; Hari-

)
bhadra’s Jambuddiva-samghayani (Bhavanagar 1915) etc. (Schubring : Die
Lehre der Jainas, Berlin u. Leipzig 1935, p. 216 ).

Then there is a small but well-knit group of the pro-canonical texts
to which belongs the Tiloya-pannatti, already published, in two volumes, in
the Jivardja Jaina Granthamala, Sholapur 1943 and 1951.

: The Loyavibh:‘tga
was another ancient text but only a Sanskrit digest of it, the

Lokavibhaga, has
come down to us. The Tiloyasara of Nemicandra (Bombay 1917) with the

comm. of Midhavacandra is an important text of this grou
of texts belongs the Jambudiva-pagnattisamgaha (JPS) an authentic edition
of which, along with the Hindl paraphrase etc,

» is being presented in this
volume. (See JPS, The Indian Historical Quarterly, Calcutta, XIV. 1938
Dp. 188 g.) ’ ,

p. To this category



10 JAMBUDIVAPANNATTI

2. JPS: Mss., Contents, Form ETC.

There are very few Mss. of JPS preserved in public libraries ( Jina-
ratnakosa, Poona 1944, p. 131); still, through the efforts of the editors, some
Mss. could be secured from unexpected quarters. The text constituted here
is based on five Mss. which are fully described in the Hindi Introduction.
The readings from the sixth Ms. are noted in an appendix. The Prikrit text
is defective in many places; and in the absence of any commentary etc., the
editors had to face many difficulties. In all those few cases, wherever the
editors have improved upon the text, the actual readings are duly noted in the
foot-notes. It is hoped that this authentic vulgate will serve the purpose of all
critical studies for the present.

The Mss. often call this text by the name J ambidvipa-prajiiapti, but
the real title of the work, as mentioned in the colophons of various Uddesas is
Jambidiva-pannatti-samgaha ( Skt. Jambudvipa-prajiiapti-sargraha ). The
word Samgrahs indicates that the author is compiling the contents from some
earlier source the name of which was perhaps Divasigara-panoatti as indicated
by gatha Nos. I, 6 & 18, XIII, 142, In the absence of more evidence it is not
possible to say whether this reference applies to the Srutinga of the same
name included under Parikarma which was a part of the 12th Anga, Ditthi-
vada, according to one tradition.

In this work there are 2429 gathas divided into thirteen Uddefas.
The title of cach Udde$a, mentioned in the colophon at its close, is quite
significant and gives a fair idea of its contents.

The First Uddesa ( Uvagghaya-patthivo, in gathds 74 ) opens with the
Mangala consisting of salutations to five Paramesthins. Then the author
declares his object to present the contents of this work as they are traditionally
received from Mahidvira, through a series of teachers, Gautama to Lohacirya.
Then follows a description of the extent, circumference and area of the
Jambidvipa which stands at the centre of a series of oceans and islands. - Then
are detailed the Gopura-dviras, Ksetras, mountains, rivers, and images of
Jinas on their banks etc.

The Second Uddesa ( Bharaherdvaya~varsa-vannauo, in githas 210)
contains the descriptions of the seven Ksetras, Bharata etc., and of the six Kula-
parvatas which divide them: in all there arc 190 Khandas or sectors the extent
etc. of which are described in details. Then the Vijayardha mountain, with so
many Vidyidhara towns on both of its Srenis and with numerous Jinabhavanas
on its different peaks, is described extensively. It is from this that the rivers
Gangi and Sindhit flow out into the southern Bharata. The wvarious ages,
Susama ctc., are mentioned, along with the religious aptitude of the inhabitants.
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The Third Uddesa (Pavvada-padi-bhogabhiimi-vanuano, in githas
246 ) describes the Kulaparvatas, their peaks and temples on them. Then
follow the glories of the deities Sri etc. who dwell in the lotus temples in the
lakes on them, as well as those of the presiding gods residing on the Jambivrksas
etc. The great river Ganga flows from the Padmahrd on the Himavin moun-
tain. Flowing for 500 yojanas it rushes into a big lake at the foot of that
mountain : in its course it washes many an image of Jina.

Incidentally wc get
the description of lakes, streams, temples etc.

The Fourth Uddeéa ( Mahavidehihiyara, in githds 292 ) begins with
the description of the Mandara mountain which stands at the centre of Jamba-
dvipa. There are on it parks like Nandana etc. which are decked with gorge-
ous temples of Jina. It is in the Panduka park that the birth-consecration of a

Tirthakara is celebrated by the gods. Incidentally the military glories of
Sudharmendra are depicted here.

The Fifth Uddesa (Mandaragiri-jinabhavana-vannano, in githas
125 ) presents a detailed description ( dimensions etc. ) of the Jinabhavanas on
the Mandara mountain, with their various items of decoration, articles of

worship and architectural sectors. The Indras of various grades carry on
different forms of worship here.

The Sixth Uddega (-Devakuru-Uttarakuru-vinpasa-pattharo, in gathis
178 ) gives a detailed description of Devakuru and Uttarakuru with regard
to their mountains, rivers, lakes, deities dwelling therein and the various trees

there. There dwell various Nagakumaras in different quarters and sub-quar-
ters which have got special names.

Some specific characteristics of the in-
habitants are also noted in conclusion.

The Seventh Uddeda (—Kacchavijaya-vanpano, in githas 153) sets

forth a description of the Videha-ksetra located in between the two Kula-
parvatas, Nisadha and Nila,

It is divided into various sections due to moun-
tains and rivers.

tai The Kacchavijaya is divided into Khandas, one of which is
Aryakhanda and five others Mlecchakhandas. Here dwell Cakravartins whose
glories arc elaborately noticed. The three Varnas, excepting the Braihmana,
are there; and they are all devoted to Jinas. The rivers have given rise to
certain islands the presiding gods of which are conquered by Cakravartins who

are honoured by Mleccha rulers. The Cakravartin is made to realize that
there were many Cakravartins in the past.

The Eighth Uddeéa(-puvva-videha-vannano, in githas 198 ) describes

the Purvavideha with reference to its mountains, rivers, territories and
capitals.

Th.e Ninth Uddeda(-avara-videha-vannano, in gathas 197 ) describes
the Aparavideha with reference to its mountains, rivers,

territories, and
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their capitals which bear different names and have their specific dimensions.
On the banks of these rivers, there are twenty Vaksira-parvatas the peaks of
which are decked with the temples of Jina in which gods and Vidyadharas
carry on regular worship.

The Tenth Uddesa ( Lavana-samudda-vivannano, in gathas 102)
describes the Lavana-samudra which surrounds the Jambidvipa on all the
sides. Its dimensions, along with those of the Patilas therein, are duly noted,
and the seasonal tides are indicated. There are eight mountains of Velam-
dhara gods. Then there are the Antardvipas which are inhabited by stran-
gely figured human beings of abnormal habits. Those who lapse in their
pious practices and religious standards are reborn among these.

The Eleventh Uddesa (-bdhira-uvasamhara-divasiyara-narayagadi-
devagadi-siddhakhetta-vannano, in githis 865 ) describes the oceans and islands
and lower and upper worlds. Detailed measurements of the Dhatakikhanda,
of its mountains and of the oceans round about are given. It is due to Punyas
and Papas that the beings go to the upper and lower worlds, of which the
regions, residents ( with their periods of life, heights etc. } etc. are e¢laborately
discussed.

The Twelfth Uddes$a ( Joisaloya-vannano, in gathas 193 ) describes
the Vimainas of the Jyotisa or astral regions, the number of moons for different
regions, the periods of life etc. of astral gods.

The Thirteenth Uddeéa ( Pramana-pariccheda, in githis 176 ) enu-
merates and defines the various units of Time and Space and discusses their
currency or use in different walks of life. Then follows an exposition of the
means of valid knowledge with a view-to establish the validity of omniscience,
incidentally shedding light on different forms of knowledge. The glories of an
omniscient divinity who is free from a number of physical wants and mental
weaknesses are fully elaborated.

This brief resumé of the chapters of JPS gives us a fair idea of the
range of its contents. The Prakrit text is not well preserved: if a few more
independent Mss. are available for collation, one can be more confident about
its authenticity and come nearer the text!as it left the hand of the author,
Then alone one can explain the inconsistency and irrelevancy seen in some

contexts (for instance, the description of the Kalpas in Uddesa XI). The
present text shows also some traditions different from those found in the Sar-
varthasiddhi, Harivaméa etc. This JPS shows close relation with a number
of other texts dealing with kindred topics. Comparing this work with the
Jambiudiva-panpatti of the Ardhamigadhi canon, one is struck with some
common contents: the canonical text of course is quite encyclopaedic. It is
already known that JPS has a number of resemblances with the Tiloyapa-
ppatti (Sec the Hindi Intro. of TP, pp. 168 fI.) from which it has taken a good
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deal of subject matter often expressed in identical or nearly identical gathas.
Similarly it has some githis common with the Maulicira of Vattakera, the
Brhat-ksetrasamasa of Jinabhadra, the Trilokasira of Nemicandra and the
Jyotiskarandaka (for details, see the Hindi Intro.) : some of these githis might

have been a part of traditional memory of cosmographical knowledge current
among Jaina monks.

The entire work is written in githi metre, and the Prakrit dialect
used by the author can be called Jaina Saurasent according to the terminology
of Pischel (Grammatik der Prikrit-Sprachen, Strassburg 1goo, pp. 19-20).
In this work there are heavy descriptions of some regions, and they remind
us of the long compounds in the Ardhamigadhi canon.

3. Papuanaxni: Tur Aviunor

Though no date of the composition is mentioned, the author Patima-
namdi or Padmanandi has supplied us with some information about his spiri-
tual genealogy in the concluding verses ( XIIL 155 ff.). There was a great
gaint Viranandi who was endowed with five Mahdvratas, pure in faith, posse-
ssed of knowledge and the merits of self-control and penance, free from attach~
ment etc., heroic, full of fivefold conduct, kind to six classes of living beings,
free from infatuation and above joy and sorrow ( 158-59 ). His great disciple
was Balanandi, who was well-versed in the Sitras and their interpretations,
who was of deep wisdom, who abstained from scandalising others, who was
free from attachment, who was endowed with faith, knowledge and conduct,
and whose mind was free from anxieties round about (160-61). And his
disciple was Paimaparhdi or Padmanandi, endowed with many a virtue, free
from Dandas, pure with reference to three Salyas, free from three Giravas,
who had reached the other end of Siddhanta, who was endowed with penances
and other vows, who was devoted to faith, knowledge and conduct, and who
was free from preliminary sins ( 162-63 ). Padmanandi tells us that he re-
ceived instructions in the scriptures from érivijaya who was a great teacher of
Paramagama and endowed with spiritual values ; and it is through his benign
favour that he composed in short the various sections in this work ( 144-45

153, 164 ). ~ ’

There was a famous and learned monk Mighanandi who was free
from attachment and aversion, who had crossed the ocean of scriptural know-
ledge, who was endowed with deep wisdom, austerities and self -control. His

eminent pupil was Sakalacandra who had is sins i

Siddhﬁntrf, Svho was meritorious, and who ;V;Sci?;iedhlzuzziit]i:sﬂalxidoceal} o

rules of conduct. Sakalacandra’s great and fam il S inand ahe

was endowed with spotless knowl cgl a d ot ook e Srmand{ who

right faith. Tt s for the sake of tfx' g% nand; thar B, ine who.wa.s pure in bis
is Srinandi that Padmanandi wrote this JPS
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while he was staying in the town of Biri ( Bard-nayara) in the country of Pari-
yatta or Pariyatra which was rich in lakes and wells, charming with residen-
tial buildings, populated by different people, full of wealth and corn, and
further attractive on account of pious householders and hosts of monks. The
king of that place was Sakti- or Santi- (PLt Satti- or Samti-) bhapila who
was pure with right faith, who practised various vows, was endowed with good
conduct, was ever generous in his gifts, was partial to Jainism and heroic, was

endowed with many a virtue and honoured by many kings, and who was
expert in various arts.

4, Papmananor’s Acs

The time when Padmanandi lived is a problem in the absence of any
mention of the date in the work itself. Obviously we have to piece together
bits of external evidence and try to put broad limits for his age.

a) The earliest Ms. of JPS, known to us, is that from Amera, and
it is written in Sarhvat 1518 (-57 =1461 4. p.).

b) Itis seen that JPS is indebted to a number of earlier works, some
of which of authentic authorship and date, like the Milacara, Tiloya-paqnatti,

Brhat-Ksetrasamasa and Trilokasira. The Trilokasira of Nemicandra is to be
assigned to the 1oth century A. b.

c) The Sanskrit text, Lokavibhiga, specifically mentions JPS and

quotes a gathd from it; but the date of it is not definite ( Tiloyapannatti, part
ii, Hind1 Intro. p. 73).

The evidence set forth above allows us to conclude that JPS of
Padmanandi was composed after Trilokasira, i. e., after the 10th century A. D,
but before 1461 A, p., that being the age of the Amera Ms. Some more evidence
has to be sought to narrow down this period and put a specific date.

Pariyatra stands for the territory above the Vindhya, and also for its
western range. Pt. Premi has suggested ( Jaina Sahitya aura Itihasa, pp. 256
f.) that Barl-nagara might be the same as Bard in the Kota area of Raja-
sthin; and it was a seat of the Bhattarakas in the 11th and 12th century A. D.
He further suggests that Sath-bhupala might be the-same as Sakti-kumira of
the Guhilot dynasty of Rajasthidn, roughly at the close of the 10th contury A. p.
Sakti-kumira scems to have been partial to Jainism, though he was a Pasupata
by faith. So Padmanandi might have composed this JPS at the closc of the
toth or at the beginning of the 11th century a. . at the time of Saktikumara.

5. GENERAL EDITORIAL

As soon as the edition of Tilloyapagnatti was completed ( Vol. IT
published in 1951), the cditors had before then one more Prakrit work on the
same subject to sce the light of day, the Jambudiva-pagnatti of Paumanarndj,
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One of them ( Prof. H. L. Jain ) had his doubts about the wisdom of taking in
hand for edition and translation a very difficult text like it, obscurc at many
places, the available Mss. of which were very corrupt. But the younger of the
two editors ( Prof. A, N. Upadhye ) would not be deterred by these apprehens-
jons. After all, this text has to be rescued from oblivion. And if so, who else
would do the job and when? So at last the two agreed to put their shoulders
together as usual and make as best use of the available material as possible.
Pt. Balchandra Shastri who already had the expericnce of translating the
Tiloyapaonatti was harnessed for the Hindi paraphrase.

The result of their joint labours is now before the world of scholars to

see how far they have succeeded in their long drawn efforts.

The printing of the text was done at the Saraswati Press, Amraoti.

But the completion of the volume had to be delayed for the important essay on
the mathematics of the Tiloyapannatti (TP) by Prof. Laxmichandra Jain, the
-printing of which had to be done at Banaras, owing to the shifting of the Dha-
vala Office through which the printing work was being looked ofter. For the
printing of this essay many Greek letters and signs had to be specially cast and
the figure blocks had to be made : this again required much labour and delay.
Immediately after the printing of the mathematical essay and the appendices
was over, but before this introduction could be sent to the press, Pt. Balchandra
Shastri fell ill and had to leave Banaras for his home in Bina. Therefore the
printing of the rest of this work had to be done at Bombiy and Sholapur,
Under these circumstances, if the readers find any odd variety of paper and
printing in this volume they would kindly excuse us.

The editors and the translator had done their best to handle the
mathematical material as it occurred in these texts, viz., TP & JPS. But they
were conscious of their limitations in this subject, and they desired to have the
material studied adequately by a competent scholar of Mathematics. Luckily,
they found a willing intellect in the young Professor of Mathematics, Shri Laxmi-
chandra Jain. He has mainly studied the mathematical portions of the Tilo-
yapagnatti and given his exposition in his Hindi Essay of 104 pages. Besides
explaining the numerous mathematical processes of the Jaina works, with proper
signs, symbols and djagrams, he has drawn pointed attention to certain pecu-
liarities of Jaina Mathematics which have a similarity with ancient Greek and.
Chinese writings ( for example see pp. 10 & 13). It would be hazardous-

at this stage to draw inferences regarding giving and borrowing. The points,
however, deserve further study and investigation.

himself continuing his studies in this direction.

A.fter this publication, there remain two more unpubhshed\ tex.t;
on th? subject ot: Jaina Cosmology. They are the Lokavibhiga and Trailokya-
Pikd in Sanskrit. Attempts are being made to include them also in this series.

Prof. Laxmichandra is

1



16 . JAMBUDIVAPANNATTI

The activities of the Sanskriti S. Samgha have received a very
severe blow by the sad demise of its founder Brahmachari Jivarajbhai, who,
during the whole period of its functioning so far, was the Chairman of the
Trust and of the Managing Committee, and kept a very vigilant watch on the
progress of its work. He never allowed any slackness creeping into any sphere
of its working, and tried to resolve every difficulty that came in the way, with
the whole force of his moral power and material resources. With his death,
a brilliant career of pious pursuits and unreserved charity in the cause of Jaina
Culture, has come to an end. May his soul rest in peace, and may his example
inspire the present and future generations of wealthy men to use their wealth
for the right cause, so long as they are the masters of it! We welcome Seth
Gulabchand Hirachand as our succeeding Chairman. As an old member of
the Trust Committee, he was already well acquainted with the activities of the
Sangha and had full sympathy for the same. We have no doubt that with the
best co-operation of his colleagucs on the Trust Board, he will not spare any
pains to maintain the traditions built up by his noble predecessor.

We are now passing through very difficult and yet hopeful times:
difficult because religious values are on the decline, sources of private charities
are drying up, young men have morc attraction for science and technology
than for humanities, and, above all, destructive weapons are hovering over our
heads, threatening to turn all intellect and culture into vapour any moment;
hopeful, because, for those very reasons, a thought process has started which
wants to reverse the movement. Sober people in our country as well as the
world over are turning their mind to old values for the safety of humanity, for
the peace and prosperity of the world. In this process of thought, much
strength can be derived from the message emanating from every page and every
sentences of our ancient literature, the message of etcrnity of life and nature,
and supremacy of spiritual values over material gains.

Let us hope that from this point of view not only this literature would
continue to be studied, but more attention would be paid to bring to light

what remains still hidden in the obscure corners of ancient Bhandars and
temples. The great Indian Heritage has still to come in to its own.

; In the end, we gratefully acknowledge our debt to all those institutions
and persons who have, in one way or another, helped in the edition and publi-
cation of this volume. In particular, our best thanks are due to the members
of the Board of Trustees and Managing Committee of the Sangha for their
jriterest and zeal, the owners of the Mss. utilized here and the scholars who
have co-operated with us in this task.

-Sholapur. A. N, Upapnye
-.© 5-1-58 - - - . H. L. Jamx
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oy % AR o FFRd FaaEa f1 ar s 3 gRgz SR g1en ag ((@Am
vonf A ) @9 geTs: E g EE Y emaE aew HOHEs €8 W ana am wEd
34 3w H o a¥ @l W A WA ¥ gada # adf w0 afw @ owew R,
et /) SR g oA @ D @ | TReifeT e 4, 38 49 sgaEm qalw da
¥ o anndd o 9 B AR N gew H, g da § g OF an qu fem
A2 % s @ fadg-amfa 3t wT ¥ zakzdi @ ol 9a % fm
A e Smn 3 1 999 neaq 9| adwE fudw G a1 gdiEml E e @
UBIO R | T SR T SNOR o A {EE well 9% S9N A el QIR e e T
fafas ax wFa1 ¥ | afiaod B @0 w4 zE9) 9N gE, AT A sadl meAy w€i ¥,
faaat fe gt R Sdiw % Sed\n H @A wie | gE) Agen W, [fg dme
o7fE amER F eiE] = gnwe, vzfafy eaw aw swewmedl o ¥ sl 5 S5 &
WRFaY 75T A W ¥ | owg & il flE § oenar v faw, ¥dSa, gaw, i,
anfy i F) Wwaing § 9T Gvarg A€ 4) gRARAT AvIaT ) aFal ¥ | 1@F g g
gEao, Aff-gsam R wAeTigE au sifdg aredt fagedl @ mx akagy afag &
Tl fra® duw I, ag Fr fofes B3=a ¥ we € @)

e R REAG

ayfs wlfas & (o3 dwear o7 A e qRvigr N enawawal ad @ | frg W
W, e s & 89 SERE S, qealF o eafas, i@ ok emfwa, qitw
Wi ol feow TR 5 srwow swnd G don dus o i
(%) M afa 2, ik go 7d | afg & zhiee ¥ odi Qa1 ¥ T @99 ofsd made
fnﬁ ¥ T dendl B ofma 21 AW 9y A T e w1 S G ar | guif,
W 3 vl W g e W e S Yea saw sedl PR W wEar g, St aER
FAfw dEredl w angfiw-gdia (il Rad § frgs ol weagdt s & g ¥ |
WANIRAT gn § oft wed & Rea § At we o o, awg N F asi 3 2 T e
I AR w® e S K g w | s Wl B g Seltedi adt |
st iz ] Hq fFaaw aftg ) S mud R, @ ag aFEd § s @t fr 9
B 200 3% afa ud o1 T ¥ | faeg wwaad ¥ g fur Sord Fo garfdl @
Qﬁmﬁa \a‘x IH A TWE AR vaals & g sz@emw aw sA% v F A
AN T adwan AR g WY {Fege WA 9 sEn § =l @ ¥, A

a - —~ e . =
zq-a T & ira"f € fidm-qonfy #, ewena v ade & TEEF A A
AR wafage qup FIBEEY 1 g

TRE AR 97 3913 2 ) BT A omag @ =3
43 4 0 R 0o o FFTdm ST UM R A L, W

BRSO HBAE 7§ | deAE AT SEena g AfE,
- % Freenke), P. 2. )
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T g gD AR g aft, 9Ied SR SR Kga 2, o14a1 3FR & g1 7E AL
8 a%dl ¥ | 797 deard 2 WE w1 30v@ gW Y S0R FE T g G Faa-qumfy
# %, amify 87 Wdl & arafirs o angar gl ¥ ) dead @ swE dend 9 ofE O
0%, 9% § NIW W ST qdq e 0 8 91y, 7 99 §eal § g SIwend a9l Sy
g &9 F 9% ¥ | gwafis o T wans 9 ¥, wal seng saema ooy
& o, apalys e dwerd 98 geaifs ufdl 9t waeg o § ma dema § Sigr
FiaT & | 39t 93N, SEr FECAT-RERNT T ¢ NN ) 9977 ydg FAwT 7t &) Il T a8
=g a5 & 9l gafed ¥ (% ag dwn g smiuwelt w1 fagg 55f w1 2o slicaike
€ ¥ a7+ Teg TR NG ¥, IkF Aaea a8 ¥ wava D) iy F B 1w dw
FIAE A0 F TN N ey § R gaw uflr sow Qat 2, sad sonfa ( Postu-
lated ) waeg ufimat wa oo widt § oft 97 avalis swea g =) SfwRD D)
Bl EA% aa w g, X1 SN WS F OAINR | FY AY WA aU IAH NG
( Cealoulus of relations ) Aifew ¥, wakes @ ¥ ) 95l ewvaga ( Compari-
bility ) % erw9 § ue ngag avg 989 § qqwra ayamas 1 9g 98 FF Pl sy
& vulEg 931 e O Qi ¥ ) LR 98 A7 AR § e Ad Yadl T A
S WS F UFCF w@F ATNwd wqdl § dorrhe afy w0 amg qe 9t )

TEEH H WA TR T HA M W & B 77wl ) 2 QW NE@T TUNeT
q91 TF gF ¥ 91 enwifid dagar ( Continuum ) & wumas oik migq dexrsll

AT (2R, 3,007 ) % s w1 sterAgE wEd AR % oY e e 80 | (fanan
ools eteragE ©d enyfrs A REed 3 awtaga B gewia wad F R el
[T, 99 3, 9% vyl g ) |

“earRll & e %1 9z far S\tes olig w1 3 %, L oRifEE saa Anwe
afd B2, N1 ot awen k9 ¥ gemdmiis § etva ¥ gt o, gRadRaT g0
§ el (pobnpotian ) g T wAW gan ¥, ey ffm ad su¥ 9@
& auly a8 faRey ¥ 5 SfRaw (AoViotixn )—uuar Fer aur AR
(oQulpmtinn )—dwa fozrea, s aftm § geyg w* | 39 7 wg v—"But the
art of calculation ( loTiattvyy ) is only preparatory to the true
science; those who gre to govern the city are to get a grasp of
Joltotiny), not in the popular sense with a view to use in trade,
but only for the purpose of knowledge, until.they are able to con-
template the nature of numberin itself by thought alone.»

SR ST
fr. o § man gl o) mar oy & 3% 23 4 WAl aF, iy srmaraedi
A @R F W@ Y P ¥ vy 97 g7 99 Rrera el & 7Y gad geRfaa
wild € 5 e mgm e adidww ) 87 fegit A qnas B RAY
EGED AafifE @z € 5 € N 3 gea-Ade gda € ) g9 aRfsa w09 9 @)
3 Fraenkel, p. 64, < Heath, vol, i, pp. 12 to 14, 3 Heath, vol. i p. 13
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TS 94 S9E 93w, JuY, 38 g € Yo H GR ET I A weF qA 9 F Y
qale SN | o UEnS  quA FRSAT SUWE oA WAl ¥, IAW URImmA &) nim
TRl ¥ g oNwE § Tedk o 33 31 wer wam QW adle g §, an
ye w1 § € N 1N B Y W1 F QIR (T qCA §F F MWW H  HEM W) Tew
R Y, N easfng ) euam 9ai wdfag sz ( Continuous ) ¥, a8l mdfaw
mzmae N R 1 29 53w (@z, Point ) % R w, d@eliw feon @ § iy
searaa W wifis By 9% ¥ geller Ak IdeR 39w g 9Na §) wfondl B
SR W ET B a¥ £ 9@ gafysr § mar ey, ek # wRa 51 adiEy
TH Y AT, nANgs, wONf, wg ek %4e ww HEwW % 9% A€ €, 9% ugt
SN I T USW Al B, A5 TAH 94, I ergdl ¥ G a¥xw fegell ) ammw
e Y| wH A W awad vyl F QR W ood, dEn neam ¥ oA |, OF
wa (Farwas ) N @Ak ¥ faw iy frgell 2 dew wmra A€l &, avLEs el
R ¥ uwafed andidt demn SwR7 gwdena §dt § | g6 9K Fuw 4], dedr
WA % ¥ ST § e uAw SR ST g & avseq carfya feay w9t £
log, (1)
(s1)=(7)
wgl of, GARE qRAIT AF g1 ¥, g qudon wmie § faq aadia) deyy
tau «1, ws we Ui (0% ) § Rag andl # o ¥ ) R ¥ w) swmen
T AR W Wi 5l § G wifid R, awm alh & afeul sa d e w sge.
a0l e bl W oo B, 9% aav BERA B gwW WA addt manm @y
fyag Tt v ¥ )
gl afim frgal afemst @ S et ¥ 0 favg seed sdard) aual

T} U ¥ wme wa ¥ ) e sefnlig swd o sufy ar 37F&% ( Subset )

EECHERC IR (IR (el e Teci! %, Tl 1 A siqRuma fieg Y daw, NeHAiS ey
% AR W, N Femw A e [Amas g B dea #@t, R% gy iy Ry
( Abstract set theory ) =g wat ¥ { sl 3722 ¥, SR o1 TR ( Trans
finito ) «iftdi v w1 w® ¥ wdvwma MW AL erg, maakf wims g
& fafu TER A3HA X ¥ | 78 TR, OORR ammRt SR srevr Sum ( Conti-
WM ) F fEedl § ma abdE zaa, sgd b e @ s TIN B, 1wy
3865“? WL @A WY wRg, abE B wvew v G ( Paradox ) :;qﬁzza
8C & fawr wdmeg amar wdf @ a5 ¥l wa % o, 18 gand § afidla 0T
fafua faaumuaﬁ & SR w ot afim (Meta-mathematics) =} geaar, aftfig g
% sw\wﬁt R ¥ a8 e adls w9 F R4 A B an Riflk:cei Hmm:r’ R my aa‘%
_@;?ﬁ i, aﬁfﬁfﬁa @Y e fpwssa wower few aa ®1 ik XY gay

afemn, “Rufy @ Tl o) rERANRaT fagry 3
_ . ; T gy
3w ( Philolaus )R mE Al things which can be kzown hﬁa:é
} TR, 9 ¢, o 3, go v,
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number; for it is not possible that without number anything can
either be conceived or known.*”

efifis F awgell & wani @ deeliF dia geta? sfa w1, wedara
fagira ) fa fefEg oedl § o (5ar 21—

“They thougt they fourd in numbers, more than in fire, earth
or water, many resemblances to things which are and become; thus
such and such an attribute of numbers is justice, another is soul and
mind, another is opportunity, and so on; and again they saw in number
the attributes & ratios of the musical scales, Since, then, all things
seemed in their whole nature to be the first thingsin the whole of
nature, they supposed the elements of numbers to be the elements of
all things, and the whole heaven to be a musicalscaleand a number.?”

sl gfeT 1 frg N wiw a, Rmed ke wew 9T Bary, awi oEdakaT
aftarmr, “‘monad bhaving position” sga Fo Juifrs gdld €6 & | 2D g af-
nEd “‘digig fed A breadthless length” =1 sfonar <2 & w4 & §, “That of
which the middle covers the end” (i. e. to an eye placed at either end
and looking along the straight line ) ;......”¥

&7 ( Figure ) =} aftmim mddas €, (58 g%ua ( Socrates ) § g8 TFR Al
%, “Let us regard as figure that which alone of existing things is
associated with colour.’ agi 1 (Colour) % fawa # famig ead W, GFRUTH SW
7% &, “It will be admitted that in geometry there are such things as
what we call a surface or a solid, & so on; from these examples we may
learn what we mean by figure ; figure is that in which & solid ends, or
figure is the limit ( or extremity, mepas ) of a solid.”*

MEPAC T F AR wF a1 § | 7gi =g dig 50 F AT gHRAdH!
aftniar i@T ] & ¥ 1 & ear qfdE qardf (gges ) ¥ f9a § sarmd el )
I/ 9T, IAA snfafy § afvuard, wiby, starod, snae@ F 5% feg 7 9@ s
o ¥ 5 3% wdmias o 3 e wr | 8 oaR faEt @ afefag gl § e

SO W F ) aaR ade foar ¥F, S gwR wAANRAT I @ AEERE F1 Aam
E37 QT A1° |

2 Heath, vol, 1, p. 67.

R T8 AR § AT AR g0 339 oi% ud Wand F1 frsan daR a1
e (L. 20 ) ¥, R, ¥, 2o3; @, ¥Re~¥3o, ( 3u¥ )| JHfas, giFfaw,
SeFifas, Sgafl Tt ana B S s-raty auf a4f ¥ frega &7 affig &)

3 Heath, vol. 1, Se, 66. ¥ Heath, vol. I. Sc. 293.

¥ Heath, vol. §, Sc. 293, T frd. g, ev.

v Coolidge2, p. 26.
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R T e § A % 3o waa af anlew au ThalEs g
qaq‘gm“zThey have in view practieality, and are always gpeaking in o
parrow and ridiculous mannerof squaring and extending and applying
and the like......,....... Then, my noble friend, geometry will draw the
soul towards truth and creato the spirit of philosophy, and raise
up that which is now, unhappily, allowed to fall down..... .
And do you rot know also that although they make use of visible
forms and reason on them they are thinking not of thoge but «f the
ideal which they resemble, not of the figures which they draw, but
of the absolute square, the absolute diameter and 0 on,,.......
And when I speak of the other division of the intelligible you will
understand me to speak of that other sort of knowledge which rea-
son herself attains by the power of dialectic, using the hypotheses,
ot as firat principles, but as base bypotheses, in order {kat she may
soar beyond them to the first principlo of the whole, and clinging
to this and then to that which depends on this by successive steps,

She may descend again without the aid of any sensible vbject from
ideas through ideas, and in ideas she ends,*”

sudw and, U@ adla a1 ¥, AFY anel, wad SgEEr @% (9% 98
solEr QE ), gy (R gawre Qary ) & fewe, eufg T B H G W
€ | angs #, gEw o e ol sug 97 % edaned, aba § om0 aEsits
oAt B ¥ wf w1 adi, ¥ qeaias wa (absolute truth) ¥ s ¥ 1 s

W, WA W AN | g uRasd § Q@ aw afam F o aRww dwilE Gaas
I=T § gdlg QIR )

afy Sarn wolld Y sy ¥ ANOR W wdfag BT §iRd e w ag-
aronall %) I3k angfs sl & B9 gma Y @ @ ga szar 2 G esfaandl
e wny e aw 99 REET 1S SOl w1 oF fEmaa S|, W
( contact ) % fagra % &% samifi@ ), 35 @) 1% T, veeg 3ar &n awmfydsw fEfadi §
I8 wfan Ay 9 my TR T S QA g5 05 99 |, s ad 1 3w m e %,
“In fact, the ultimate particle of matter presents great difficulties;
it need not be the electron—probably is not—but the atomic notion
of the constitution of matter does surely demand an ultimate particle,
and such reasoning as has been suggested shows that to this ultimate
particle no properties of any sort—not even magnitude-can be assig-
ned. The alternative of pushing the responsibility on to the last
member of an unending series of particles can hardly be said to satisfy

the mu?d which demands a clear physical conception of nature,®»
* Coolidge, pp. 26, 27. z Coolidge, p. 24,

2 Denton, p. 42,
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371 9% 3303 WA, 98 ¥ %% anyfas w3 sunfls far ) “Besides
possessing extension in space and time, matter possesses inertia,
We shall show in due course that inertia, like extension; is expressi-
ble in terms of the dntervol relation; but that is a development be-
longing to a later stage of our theory. Meanwhile we give an ele-
mentary treatment based on the empirical laws of conservation of
momentum and energy rather than any deep-seated theory of the
nature of inertia,

For the discussion of space and time we have made use of
certain ideal apparatus which can only be imperfectly realized in
practice—rigid scales and perfect cyclic mechanisms or clocks, which
always remain similar configurations from the absolute point of view,
Similarly fur the discussion of inertia we require some ideal material
object, say a perfectly elastic billiard ball, whose condition as regards
inertial properties remains constant ‘from an absolute point of view,
The difficulty that actual billiard balls are not perfectly elastic
must be surmounted in the same way as the difficulty that actual
scales are not rigid, To the ideal billiard ball we can affix a cons-

tant number, called the invariant mass, ( proper mass) which will
denote its absolute inertial properties; and this number is supposed
to remain unaltered throughout the vicissitudes of its history, or, if
temporarily disturbed during a collision, is restored at the timeswhen
we have to examine the state of the body.” 3gi, 19 ®ia1 ( 1nvariang
mass—m ) g4 @e [ ( relative mass—M ) ¥ fawg #, fFY 0¥ gl
YR [ A T § ST FAI G WA B TT F Age a1 (@A w1 A ) Jat
SFRTIE UISE T 391 5, 9% ¥ €7 oW Ia ugd & fed ang w30 €1t will
thus be seen that although in the special problems considered the
quantity m is usually supposed to be permanent, its conservation
belongs to an altogether different order of ideas from the universal
conservation of M.

T, 741 g figeng =0 ( Point Electron ) ! gq@ WAy %81 W, (Ga%
faga % a8 %@ w1 §, “Accordingly, I am of opinion that the point-
-electron is no more than a mathematical curiosity, and that the
solution (78, 6 ) should be limited to values of r greater than a.3”
o AT H o0l wa w57 § aang ¥ Gfg @d S e « en fFaie 1)

7@ 9ER, ST § 99w AT aer e § mewr, Rty ((wA AfEEE 99)
2 Eddington, The mathematical Theory of Relativity, pp. 29, 30.
z Eddington, p. 33 % Eddington p. 33.
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7, S e el W Ak AR a3 ¥ ) Rewdie oMt weR B onm, 3 eman S
aEdatss § feuwm 5o % 5 =R 93 ( the now of Zeno ) 3 qﬁf’%‘sﬁ m§
a@ ofy R, wife der § Ba DY @A (RA@E, %f,;] ?rc;r)‘asi ¢ faan
g AR Y afs AT MR XY ks wEe we RAE RS 9w Al g,
shawe Bl W A7 wma H oemw @ SR ) €@ e W Al fag A
qftmer @ W AR WA X, Y, z AR badi § frefer fa w@ @, Saem
qoifig s=dt = U ad g fFe qEd | g @ N SRATIT T GFRAA
¥ fug, S 9w 7l § @ ek sweh ¥ s gEm QFEA g
11 3 | O sEnd quIm GRS w16, 9, HEy R AT A, ST AW gEnel
§amg § vzl qfowT 9§ § Ewaigar wia d § 1 dsl 9% .sea € iw e
na%ifaT o % 9iw aka aig ( the five regular solids ) ¥ & fua¥ fana
§ w8l 7w T, “The same parenthetical sentence in Proclus.........also
states that he ({ Pythagoras ) discovered the ‘putting together
( gvotacto ) of the cosmic figures’  the five regular solids, y**
earrg § gr i@ (Aetns ) ¥ T ®l ST W, QAW FIR waw
FAAT I9IF TAAT & |

Pythagoras seeing that there are five solid figures, which are

also calied the mathemetical figures, says that the earth arose from

the cube, fire from the pyramid, ajr from the octuhedron, water fiom

the icosahedron and the sphere of the universe from the dodecahedron’.

It may, I think, be conceded that Pythagoras or the early
Pythagoteans would hardly be able to ‘construct’ the five regular
solids in the sense of a complete theoretical construction such as we
find iv Bucl, XIIL,.........But, there is no reason why the Pythago-
reans should not bave ‘pub together’ the five figures in the manner
in which Plato puts them together in the Timaeus, namely, by
bringing & certain number of angles of equilateral triangles, squares
or pentagons severally together at one point so as to make a solid
angle, and then completing all the solid angles in that way.”’?

%, “According to Heron, however, Archemedes, who discovered
thirteen semiregular solids inscribable in a sphere, said that, ‘Plato
also knew one of them, the figure with fourteen faces, of which
there are two sorts, one made up of eight triangles and six gquares,
of earth and air, and already known to some of the ancients, the

other again made up of eight squares and six triangles, which seems
to be more difficult ¥

R a4, R, R, 2,

2 Heath, vol, 1, p. 158.
§ Heath, vol, 1,, p. 159

¥ Heath vol, 1., p. 295.
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=% faTg § w0 q129i @1 g gud ASifER e e df o @ B, "gifuaR
% sy aF marell g Gew # e anwlta w@ ¥ waradi e awan, 53
g fafual w5t a5 = Gigl ersd Sel g A5 %) gOA R | A9 AFEA
ox afia ¥ |

G eAE

Ta 79 § W g7 3 gedl, a1gdNERaR® (Roo §oyo),adl UZRARIAR # AFSY qatdl 7
fgemzle AaeT g7 nam ) WAl ¥ TNIAR ¥ W 0 DA IR § A9,
1] B39 AR FiaY a0t F N9 71 d@ 9aed 0% ¥ | 98 ¥T w1 el 9l § gam
far T | wrdla ofg § Qe fean g F wedi & endh e wd A e €
atneh grafeld § O gdis =1 94w 74 ( Emptiness ) s1ua1 amarar ( Omission )
SRA g ada DIY) ARIF @ B ol § v e § Senw w9 R
m ® feak B ag «R, v, e el @k Aa ¥ | FSwauwfs #omm @i
WAL A WAET 95/ w1 e ¥ | 3EHR w0 g8 ft @ @war ¥ O g A %
|Ag 9% AT ¥haT gl kg STAW H s gH N | A Ro¢ (934 AHUER )
H TR ARG WS W GFAM D T Y N (v )Y (2o )¥° mmw g F gew
gl §¥1 AT ffna a5 ag dead wie adt @ andr, @ deas |l 9w S
sin =il | ag adf wwr st sFar (5, sudne § Wt of avige At gage Fwted ot dfvat
Wi a9 | oefed ff, wweg few-asay awr gzdemg § endy g SWe@l ¥ sdla
Qat & F agi TF Faa Wt 8, “sudol 01 S0l § ared augs ¥ W@ 7@ o S
auw 91" QT § g St gefl & aulFEal w o omm Dat 297

qafq gamd caneT 93t w1 owed Thafes e H 998 0@ gen mda Dar R,
quf faw & 9% WM yg z@Riegfd & sumz ur g, %o, Lo, Qoo 2T F ¥ farg
Z 1 g 9w TN § Wl qmRed AR qiftw egigdl ) deRll F e ¥ &Y faeg
7| wRRdS gl sweadld B (Ro)¢ s enaifim ag wald =% Uz § 3q
Gegtell ® oeamr & (27 off Fa% geaeal s aar %, “This system was, how-
ever, a tour-de-force, and has nothing to do with the ordinary Greek
numerical notation ®”

TH 995} Qe A S dewa, n0A1 @ Sad w9 3 IR, S @iy i
affid 2, 98 gut @dl % Wt gt gisiMRey ga 5 add At § 1 T AR adw ofy
1 0T NET A9 B | 9% ¥ avn-gadn fafy | za fafg @ @ oA faly g

3 27, 9 R, R geaaEmignd (9. 3 ) 8F ¥k,
3 EEATHITIENA ¢ ag dkga suiF smAlngRas § A 8, ek
v FRETonfs R, 236, . g g9ed 38y ol g we ¥ gau g |

g Heath, vol 1, p. 41,



fraraquniast aitra %

FeR ¥ ak R M el e gaffig frar s @1 % |3 g (RwE)**C ufa mw

o 3 | AR, B Al g Za[ o) g ma FrweR wER @ am ww e g

o sEsdd gt angerEeEl 3 g, ﬁ@rmm‘[ g1 gl il F aw-
aged 1 Frsoum Feat st Ar) agede angfiw log.® aw aaierH ghs log;log,l
3| R X A weamorgd F €8 ff w1 39w g5 T e e dsala F f
s |l w0 T ¥ goftag @1 ©F SNy 3@ gdla Em‘k T et N
o 3 fradt & 74t &d) % Srd gof geen A e D 9 3 7gi 709 F @9 AR @il
o T 2E T EsER A el wEedl 8 A ka2 &1 §A1 § Ro0 97
od € smdmgRE ¥ () R g e aulid T A RFw jEARI[A
232 | oot % gan ST W ’R, 1R A mard ¥ @ agdw § fadt W
R ) st ¥ 1 and ey aifER w623 % e aoRan aws & fedf w1 w
fortet B, @R X () suar afygea J () O e fear ¥ 9g e gwR T @ Rl
3 gl o T FR 9T WS § 98 af Ak ok TRafs e
) T T3 |

R Sifdll ¥ guiear ol gl AfgEt & W, fafew v @ afedi 9 d=ma W,
ST AW freR, aa s w1 § acaga ® e, Swwdl f Aifsw ag ada
DAL R wafeFR F WA e F FF WA Ro¥ IF, AR el & faga § 9%
Gt &1 R0 HeEg ¥ | g6 R s AufEER § 99 4R § B 9 41k O,
Av-agd ¥ MAES w1 eqwEgd SAW AW H WO SAF ¥ AR N gl fega
&7 § qui @ H 89 IRET R ¥ gk fow-amsd w38 REew g@iedi & e
Ty A Az § @ A GseR gt B S fag Q¥ gEarwe ¥ gt zaw
it gl o} amfy Cheifs afedl & o W qraANRaT g we § ot mEd

demall & gwe @ g fear 3 |

Bt (Nicomachus) & ma: oo &elt qaiq Afedl % dFea & fug §,
TS weia (51 9% Y@we enad flar ¥ O el dma @a mEt (agrimensores )
Y WiFa deeli F adl w1 A FEed & BT g o @, 957 saR g geqm G831 ¥ |
zm afivER ¥ e § FE w4 ¥—It may have been discovered by the
same mathematician who found out .the proposition actually stated

by Nicomachus, which probably belongs to a much earlier time®*,”
qdifag Qe & o § 3@ avg § N FD FE I9gw A ¥ |

R we whEm B R, T et @ 1 W o ar afe gafia aft w GiE |

R B. B. Datta & A. N, singh P. 12 Part I. gz} § A0 FRTE B Y g
A & eveRa ¥ enawag g9 ‘The Constructio’ ¥ Smramdf = sifddt w anwiRa
FETOE, TASIH AT F GHIT TA TN HINFT I B TIT 53 |

3 SERenaf 7 g9 wew o oda A ¥ (2%, 36201 )|

¢ Heath vol. 1. P, 76, vol, ii, PP. 615 & 516. y Heath vol. 1, P, 109,
fa. @ R R '



g0 sggtarvo ey yearaw

ol & 5 ad o gu AeduTd o w3 300 7§ 03 gr aframy &
WARE R @ §), aml afiaes WA e w ama g g 93§ @
fawa 3 3o T 7€t o1 @=ar |

W, 9% N s¥aa ¥ % Jaadt 9 oif gam ¥ dems i D7 % sy ¥
JEIU A F gaed @1 “The Neo-Pythagoreans improved the classifi-
cation thus. With them the ‘even-times even’ number is that which
has its halves even, and so on tiil unity is reached’®; in short, it is'a

number of the form 2“5"‘

frwriirg R

T 99§ SudW § o1 3w wll 1 sedm Sew senr fsan g adlmy

o FRarell & o oft gon 31 el @ o) ek admermel B amm ) TRl A
TS T WS A T D, aunfy ag sum war fn log, log, ) vl )
q 2 30 W A SR A g L, arag Jg fIeq 2 — el

PP

log, log, TI° =(Tif] "+ log Tij+ @ij+1) log Tij+log log Iif
wrd, HAY Ael N g wAa R E AGT 09 A Eoic

&9 @ QW | AT F g1 wwdN w1 gl OF N a1 ST, 991 56% g7 W
&1 # wwfid @@, Wy feve we YR T FG AU 38F ff A7 F WY
AR e FeRE w9 g Q| e agawm @@ aw R, 5 and 3R
T weg (R0 ) w1 99, 9m Sy F AN &%v aF g ¥ ) swmed gl H Ru %
+INHAATARY |+ 5ells A sl F oy # A W R w9 wad w9 g
“The origin of the Bakhshali minus sign (+) has been the sub-

ject of much conjecture. Thibaut suggested its possible connection
with the supposed Diophantine negative sign ¢ ( reversed §, tachygra-
phic abbreviation for Aetgisc meaning wanting ). Kaye believes it
The Greek sign for minus, however, isnot ¢ but {. Itis even
doutful if Diophantus did actually use it; or whether it is as old as
the Bakhshali cross.* Hoernle> presumed the Bakhshali minus sign
to be the abbreviation ka of the Sanskrit word kanita, or nu (ornu)
of nyuna, both of which mean diminished and both of which abbre-
viations in the Brahmi characters would be denoted by a cross, Ho-
ernle was right, thinks Datta,® so far as he sought for the origin of
+in a tachygraphic abbreviation of some Sanskrit word, But, as
neither the word kanita or nyuna is found to have been used in the
Bakhshali work in connection with the subtractive operation, Datta
finally, rejects the theory of Hoernle and believes it to be the abbre-

§ Heath vol. 1. P, 72, R GTERR—FEHMG 93 RY,



eyt w i1
viation ksa, from ksaya (decrease) which occurs several times,
indeed, more than any other word indicative of subtraction. The sign
for ksa, whether in the Brahmi characters or in Bakhshali characters,
differs from the simple cross (+) only in having a little flourish ab
the lower end of the vertical line, The flourish seems to have been
dropped subsequently for convenient simplification®.”

Rrg-qonst & Sew i o0 gr mEa we ‘R F amar w &R ft e gal
weR | + fag, Rowee § ey amd foft Feagarn (V) farmn 31 %@
fi TEEA) o QEREE ST SR/ RIE H1 Aol F fga @9 a S gemn #@
a1 S g el § B ofls feow ik wmd ) rag s el T N
Ru @7 T Sudw ARATY WIS A T 9% OF wie W § ) gad ol sam e
S TEE qqerh | AU Teg F N S we H fAean s s W fm o+ sdmd
s vy & | 3l 3@ wER Ru weg & Syl ¥, sedw & o gy Wd ndlE WOwS
fiuko Dasm | wrd & fmas d + IR 9R 5 ner 9l § a9 am
Al 4k e gan ¥ A el W Sodi qwwd Fw ¥ Ag@ @ W o ifd | '

fadla s wokmw ol ¥ R R odwda & T daemr d@wed 3
& B 4 adis w1 eedm R Ry

W, A aalE § omar treo ¥ B 134 aF DR T w SwE@W w4
st & o gau ¥, ag anft adi w1 W gwar) I g@Rl ¥ P o W IWW
A 2T s spnaat (omission ) ¥ A gan ¥\ quwify, wm wAw vl @l
wE F R gan S, 3T woe adla D ¥ ) el sdenre denelt B freaw &
o3 fum-fom sl B T 1 X e B B g, s A5 gam ufn S B .,
qA ‘NI AFE F F A ¢ B sl om aw ¥, il e 5098
fag /. ¢, 9, §o3 dfF T H 30 ) neftw syl H et & | B B g0F1 Sqdl oo F
2 vftm we A gant ¥ 1 e & @ o9 ¢ w1, NE F @t oF W ko W e wd o
9 E g0 ¥ R weltw M\ %, oo FuE W | AT w, T W SqdW F9e G
fofar ww & Rang Xar 33—

=Y¢iy fm u =

¥I¥1ERER YIRWURE
l{(

n

~7) -
R,

gy %I‘\l

T PG Y S WAL R, A€ GAER A g ovdl and A ¥ | quifY, s
wralelt § o, udiw w1 sud g F ¥ gan ¥ ot mww awt aw ofR qud g st
o %1 AW AW % X frar v wdld Qa1 QW 9 e” 78 onm 9% ¥ 1 Tw WK
9,9, Q, & W el wew ek 3 ¥, anfy, G e sa0w vam aioda 1)

¢ B. B. Datts & A, N. singh Part L. PP. 14, 15,
RUTHEWA 0. R0, ¥, R, ¥, ¥R, 0. 840 3B 4. 9 R, 497 &fHER, 98 §o8



R sigfraquafaa sEaradn

“Ssade, a softer sibilant (=o o), also called San in early times,
was taken over by the Greeks in the place it occupied after =.........
The Phoenician alphabet ended with T; the Greeks first added 7,
derived from Vau apparently (...... ), then the letters @, X, U and,
still later, Q.........Now, as Q is fully established at the date of the
earliest inscriptions at Miletus (about 700 B, C.) and Naucratis
(about 650 B, C.), the earlier entension of the alphabet by the letters
® X ¥ must have taken place not later then 750 B, C.»*

I8 9F, 0, Q, =, HIWWMF AR @ fww w@wm ff fDggunsh @
VAT ¥ gF W gdla far g |

Gy S RY L, I Hfedu, ok sdlw mgm W@ wfas § ) Qfer & Y
NERa weg 7 AT MET § Darwr ¥ | TS F Y o wf v avale F Y
R HellF Al T TAH TR0, qA1 7AW F o1 WA F Fe w0 F9Rw w1 3nft mag
T\ et & faR N AR qemet gealfell T aam @ &1 s 3 ot a8t 2 safea o)

A, 5 A Efa M 2R g3 N %%%Q?l formnr sinar an | ST & ot
' 1

Tt o andt WfEdl & g e feaw et @, 38 I<, ... 1 518 (B0)¢ + 2o,
(o) dara | Reag RS A mza B A1 R, St gw g aeR B 1 wdts
¥ | s fag g ¢ g ¥

ndiwd F 39N F fararg, ffaw wnAl 7 g w1 Sedw, qur g% ERI SRTIHRT H
famqu €t ffvw adied ) saf war 8, SNosfa }, qm 5% ogig @ § QA 9
S oaEdl ¥ ewwgE w fawon € FREw sga A ¥, fek 3o susw
T Az §, AN 9% valw Ay o1 d@ed = § Ry de@a suar afyggaa
397 gng St qafed gfedl N @ew RaE ¥ | a8 deT Whaafes E HFaS Aed
WY, 3T @I 9FE & S5 )

qrftmt a1 sarfafy Gy

gt ¥ fagwd et s Aq@Eid AN @ WY qwung @ |
oA, WL FE F Y A A E | A ok Aw-asl F 39w A F &%, w1y,
Sfar, am qEEA A ITH FEwAgdl 7 90w FEe & By oG 39 8w e
W agd w1 Al gaifagl & ot g9 el ae Y@ W anwiia stmgw Rar g g
AT F TYE MER F TR IL JNET F we F A@F w1 ST Fm gwr
Swa & ¥ oW WY, gawe Breety, faad aasdl ¥ AfLd enHwmA 9AES
e, AR IZAl S AaF ¥ | GG F AT F AR 9T I ISNER, TIFR,
1 & gae W fES 1 3 [l ardly 3 F onar wT gag faslig 3 1 3g @1
fREr, TS o F1 fasw a ar ¢F snadqd g sdla B R, F4ifs
Merg Bl # FFEA qq =@k I warell ¥ Swww onfy fywdt | o==rell @

z Heath vol. 1, PP, 32-34.




frtgquother alva 3

afvla Frean Si QW A | gAAE Mok @i (WERNRaT 90 8 e 38 AR &
g ) weww ¥, qAt YA @ W SN A FA T A@H Q3w Y
sl N TP e Ay s am 9 Rfer st sazg w1 G9% 989 ¥ sgmw
gaer AT a1 SR Fat 9 ¥ e oE ear @ Argdtawr alfyar
sfgasy § 797 @ 76 A w1 g% § 6 fowamfEEt SEnF o, /e o
sEm T F RAD gW A | g9 @G el @AW QU 30 Wi wma
oF o FEA WATE AMR WM g et | A A€ amar AwEd g ad
T1da T 9 AZaw a7 GET T=Yocs, T AT WY ¥ ¥ | AT 7, AHMAI
naq sl ndada A Sar § | SeR T A 58 w99 fiba e Y i—

V> VIS

g g ( Teu-chung-chih ) % g fe¥ 7 @ & g § fear gaar &, N Ay
sha N FFEI W CRA Q) AT IwaI T g adT ww o ¥ el =
3 = vy Al mE D ¥ 1 el fife D7 F e agi ¥, quld sawm Igm
fEEd e AW @A fag ¥ | I AT ] qgx N aQ & sSfaa e g,
agl @ o0 fag ¥ A veg 3B umE d (91 8% | gad sdle ¥, G5 Qa3

R G + 2% Eq;j; L 3 (= ) =ufify

g% F1 098 92 § ¥ Re fIF® X gyn fear Q| e7mar, WRa H 98 @F oW 8. few

wat €Y, A 28 Afuw QG 8 Ueg e7 A gX 95 D W Y | 38 ¢F LasiET A war
2 qm A & afida vy ) gugn el w@ %0

fra-qmsh 3 =ad sl § wa veo R R Y Y a7 af ngagt odla
R ¥ gy, ot A ggw wowmw Fwed F A ¥, O0a/To T YR W I
T A R F aam e ¥ dar ¥ favg § Gege ta Qg

aﬁam\/v [ ‘;H)Q-(‘??f—ﬁm Q}

| FOE, ST R i w Reeo af el o safera Qar, ¥ anad
Hew@YN wwlw AW fafEa &7 8 3 O fizT & g 2 agt wdaRaT

L wansly ¥ o fm am § ) fmar sd mm Y wor 9 Y el P CT

I S F FaA T (3-33) ) R f, 9, ¥, Wa=%E. 3 Cooltdge P, I,
¥ Coolidge P. 61. t, Coolidge P. 61.

L hmaER gk F wwe § s aadmannefie B far i e g g
SR “aoll sifimma g, @, (IR P ge veR ) T nalmg Ay Sy e
¥ sfiee % -8 ¥ 9g ko3 @ 5w Y E) o

© SrERlaneE § 28 &9 a3 frear T— S =/ TR

t,,’v');i ;‘.’f—ug'dv'):' . 4. )
¢ Coolidge P. 7, % Coolidge P. 6. hp ey g,



T SiaquoiEy gearat

a1 F WK W 9 @7 BT A1 S9GT €| w39 F o@wssq § Qarardi @ far aan
A TH A/ Lo WA DA F AU B, ) IS F amey qhg Dar ¥ | @i A
Tt FRIEa ¥ 9IR 91, 3% A1 udld Dar ¥ @it Cuneiform textsa fafi oo
ay feft ¢ (0T S FFEE ] 14/ 3o F A © W@, 399§ GHER G,
IO U oy o BT W 9FR ¥ N ozfeg Y egmam Aar F e, I\ F A F
MR X g Y § | ond ¥ P madaad R T adl A P R W H Rar g2
q37 W FAE =V K @0 + @an*
ofadl & FAFT fAFER ¥ Y agdwad 8 A ax &any,
e = ( sfar+am ) % El\—fr
g <7 § f9s-ai7 gana g ( Chiu-Chang suan-chu ) #a 3 fear a1 sdflg -
Rl 2, fad Gfa gast S s @ 9 gear % @ fala H'Q’T gL En ¥ ag, say

9 X ST
W od F du gt ¥ qgman 1 51 FAES 1‘7—‘/ to "7 A Mg A

AMadsaw ¥ | gaw ¥, fwwaRar & 1T |, g7 saw R FI i A § ¥

T qan AEET g7 s1guid fegrea ( Theory of proportion ) @eaedi § |
afggea ¥ =%, WAy et ( AEAET tar ), § JF WA L9jw TF  HF anfoaa!
( frustrums of cone ) =t wiwigsiaslt ( Slant lines ) & srarg Faaw A T ™ |
%% fyarg, e qar swg oTEK & iaged gl &1 ( AF F1 JgT AT & )
W IAES fAFed § ) faeun o § g Aeefard X[ (fm et dad ad ) §
Buploxoo araht gaws & freaw wt geal § fFE gwR F7 9 8% | 18F AR ®
JreT (A 3 ) sTg aER F @A W quiq g gaddt § Wt s adas g,
AT ITH raew wwfya S TRREFA 1 w1 20 | gat O W 94%s Gfum s
T F § e s AT A ¥, W GERARaT wET [fd § e enfis =@
¥ goaw fog & as@ £ 1 A8 AfER § wmar et =nff = e ¥w #% Anchor-
ing a1 tore = w3y we =l ¢ |

¥ A F GAfoaT Bl 9A%e A At § e €, owg k8T 3 g ggn
R A% F T W Jaa g F[ G 2 e Giywm o R, 3z sraa @R H

¢ Coolidge P. 7.
R owfamRl B Og8F AT 0/E (a4 (AN G ¥ (R~R¢, &=2o).
afdBidag A v, I ¥R,
3 [, 9. ¥, 3wy, v Heath vol. (II) PP. 330, 331.
& IFEEIIERE ARG ¥IRS, 2R¥-2RK, L0IR¢; RS,

& Srgglansfe H 18 @raes § ) akfufy gt I o ffed ema & (R21-2eR),
o MAr Reo Y, g7 AQfHER ) ¢ Heath vol. (if) P. 334,



gt nfw ™

adt ek ¥ s Afg R, e Gea Glea SR w1 An e @ o QA S
fieze 9% T,

AIH N\ _ g1 R - 2)
5 g, e
1:( 2 ) 3@%-&- T, 331, =

o T N T I
y +(ﬂ TR [ )
' +_(7: Ay — My _\:”’* . % . Hl —HL ';"" “) + ST AT,

- 30fF afmmufacddl 9) dww, oifon BT aE SN 9% oA A [ eF
t\zr ol A€ w7 ewa 5 ag e R gafE A R Fenmr m R
agal gdul AREF L) AVa A F7 s I qEw W @ A wfwd =
ez frewm ¥ ag W 3 @ fm oam ¥, 3 Nen € v ew;

FifE D @xar ¥ v wulkfg wnos demeld Gew S Y 3 e wa #
ai%® ot u=leq W@ g )

SNRY wEae v oy A

GOF e F - fiva § 3o dt Fe Rogwr R ) a2l Y9 3@l ¥ wam
am fedt & orafym wd fyaww weved) g, @il FlY e o gmshes @ W
Tl ou % foaw ageeg X WY, T@ Read Qi@ oww afewa ¥ B Y 5o
A0 R GEREE TA FST9R W AN HIA Y, uREd ans af| ga F Y W s
¥ ‘eafew =1 witww A ) 9g fAwa @ sgar afawaw os@ = wfsa
WY s AR d W $ B W gt g fvwea $ emar, si@ w enafya
RF WA AYEF W GH AW F 0 I ¥\ N w0 WA enfy F
" F QAL SAN AT A FoAw R, 6 A fvm ol wh @ e
Yae 9% SEgE W 3 AW v ¥ owd % fwa ¥ ooughe wam et
AR W P ZE0 AN T ) IUR Rl qw Aae ol w0 oaar wd ¥, wnm ¥ oqd
a @R Y| TR AY TP AR A AR, CEF R w, wrwr wfE ¥ g &
F A Felell FOFW GRET: AT ) &% (7)) AR ¥ @ Hae w
gl wygE wear F ofeldd ¥ oA 2 anfz ¥ amoa sk wamas
( Winding and Unwinding Spiral ) ¥ %z ok ad w1 ama. amz )

Eh
. 2T

faar

T



i% SEHECLUIECI feraiba|

pressed in 8 small sphere the whole of the circle which the aether
embraces.*”’

g, freq {efaa srawm fgpflg & o—
“As regards the distances ofthe sun, moon and planets Plato

has nothing more definite than the seven circles I

‘in the proportion of the double intervals, three 2

of each’®: the reference is to “the Pythagorean 9
TeTR0xTVo represented in the apnnexed figure,--- y

what precise estimate of relative distances Plato 8 27

based upon these figures is uncertain,?»

fafig anmid, afig S gdmgen, gafug. od S9gS € ast ¥ @, 94
agafugas 7 S Foam e Qa1 soem 2, gl 9v adfRas qur e @
A F IR R Hafead D awaAT Y S fegg g gra % @ g W
ufweas (Aristarchus ) gl ¢t swar o &, 9, #, R fewgs @7 188 & 4
€ %, 7. H =5 Mm@ ok &z 9§ 5t quwd ;@ @f oA | z@% wreq F oA (ofea
EEEcoie RSN

. “We now learn that the length of the mean synodic, the sidereal,
the anomalistic and the draconitic month obtained by Hipparchus
agrees exactly with Babylonian cuneiform tables of date not later
than Hipparchus, and it is clear that Hipparchus was in full posse-
gsion of all the results established by Babylonian astronomy?®.”

9wg ; WEl 9% wAANRaT gu ¥ @iz 9 ( 39 welw ud 3w F ) Dfaw @
ara ¥, fdawos sTa gn du, S gAEl sdfe F o § adar em efma 9)
T a@u d, XY odfag guAd & qrza“rzz sNfan & 7 ygg st ared f99wa %
&3 giewam, So Afhdz (0 ikgEEd @ fefag “ardta-siike @ Q9w STk
AF @ (RN Gl AT dw g AawfT g )Y@ Aasd g WIG H
afam So% germ i fefea Feadd o 9gs ada €19 8 )

( ¢ ) vzastow gu 9 &5 quRiRIE ST sDfgad § g Qar |

(R ) aan-afy ga arsedt aiear w1 fFwg A=t g)r @ w9 @ R sEn

(1) 9 argar 9 quaras g0 @1 gugesdfon § A Rawmos gaofa
Y g N1 aW sEH T Ul F FE § srga: ggas € )

(¥ ) o ok Bafedi & mww =17 % fawfaa S afe, SRathdi § sd ad &
Qg Zead LA |

(%) 97 wi@g § araaT grawdl wfea § AifFA T |

3 Heath vol. (i) P. 163. 2 Heath vol. L. P, 313, 3 Heath vol. (i) P‘P. 254, 255.



feagounfas nlim

1

(&) Ram wao sesed ofew ¥, Rame fezra @ S abea & wafa
ECICRACH

(¢ ) o siu gng fasaw = Gl w0 g2 wie, 9afi =0l A

gt weaz (( GTRaE: Yoo-woo FEfl YA AT WY T !) F faw mw
o e o &S % Gwget 77y, “The way of the Silpis” ( 1848 ) 3 afag
ARk sreedt DR 1 v & WA gSTAT  WvIET gEad: IqAh fag 1

% afiRs anag NN a9 &9 9 wgaRanT Sl S, WA $ & ¥ 39e-
fa & | =7 8 sanoe) & ¥gall w1 fagrasg wdlew w3, €9 g3 | awmag ¥ )

gwaa: sty fvas wha w1 98 914, sa 3w =, duwe I F geen &
gy 8Rg T aalha S1El WEg geu § | 3% afd qw faw gofig fegdd Sawt & gl
3 geEal D93 3% Fg mar aar § A% 9fy Wt 30 enar usr %@ T
féfoa du oy dumd N g —
(%) #0 akmrarsnd felag - O g, R,
FrareE M, BB A7, N T g7, 3N, 22}, 2340,
() *f vawr D1w1 safisa gzdem LW9F 1, 16T v,
FEF CUAS [, 13¢3, F9¥R,
(3) A History of Geometrical methods, by Julian Lowell
Coolidge Edn, 1940.
(¢) A History of Greek Mathematiocs, part I & II.
by sir thomas Heath, Edn, 1921,
() History of Hindu Mathematics, Part I & IT,

by Bibhutibhusen Datta, & Awadhesh Naryan singh,
Edn, 1935, 1938.

(2) Abstract Set theory, by Abraham A. Fraenkel,
Bdn, 1953.

() The Mathematical Theory of Relativity by
A, S, Eddington Edn, 1923,

(¢) The Development of Mathematics by E, T. Bell.
Edn, 1945.

) saEgusnfis, of arswRy

(20) Relativity and commonsense,

by F. M. Denton.

- f,u0y



forg-guort
( 5 AgfwI . 19 )

SR AR © AL DT T | TS CF sEAAT g B oA1g ¥ ) galfey sasi
F g § R FuEr d gds W wngar @ s f5 ol F Dash (—) % A
2 O SMHM H 99 FH W SWHIT F GAGS 917 1Al T | sl F g7 FAFR
Fusd AY e wnfig dF ) @l gu agEE FAE(S) | o @T ad
aneti 1 a1 it sston WY, g swsiol @1 94 Slar € 1 g gua F ¥ ag gdtE
REMW L | = € T @@ 9 TdlF $ wElww H G5 gFR ¥ igara fHar s awar
¥ Z s Ammrm A amar ¥ NoF (2) ¥ Swwa ik viT w1 & e, s
I F A ¥ qua @@ @ F e anada gewm & B R, WEs
ggaed Wi § a7 ST fag ¥ agwer am & w9d 8 9g 94 frrear § R aaan
ard w9 ¥ faega v w0 Avn fafig fear 1 @%ar €1 awed 98 (% oWeaRd ©F
frege € aftfEg amw a8 g w@r, [& fF ane & aftagt w9 Cl

(9. ¢, R3-23R)

qualt F 98 95T w®@ & &Y [ ) & ¢F fam e ( Linear Measure )
R, o ma midl A ofnaE f 0 ¥ g F oA ¥ Sgwmiew WA ¥ Gl OF
W 1Al 3% faar ! qua &1 ga ( Unit ) wmn v § | 58 €69 91 3941 7160
9FR § A wag® gel @ St Al af ¥ | ga we &l sta R A 9wy

% 38 @ 3 FaS ¥ nfug ufvaw B, H. Bradley % faur fr 95K §—

“We may be asked whether Nature is finite, or infinite:--- if Nature is
infinite, we have the absurdity of a something which exists, and still does not exist.
For actual existence is, obviously, all finite. But, on the other hand, if Nature is
finite, then Nature must have an end, and this again is impossible. For a limit of
extension must be relative to an extension beyond, And to fall back on empty
spooe will not help us at all. For this ( itself a mere absurdity ) repeats the
dilemms in an aggravated form. But we can not escapo the conclusion that
Nature is infinitess:=- . Every physical world is essentially and necessarily infinite.”
The Encyclopedia Americana, Vol. 15, p. 121, Edn. 1944, -

5, “With the intrusion of irrational numbers to disrupt the integral harmonics
of the Pythagorean cosmos, & controversy that has raged of and on for well over
two thousand years began : is the mathematical infinite o cafe concept in math-
matical reasoning, safe in the sense that contradictions will not result from the use
of this infinite subject to certain prescribed conditions 7 ( The ‘infinities” of religi.on
and philosophy are irrelevant for mathematics )'*—Development of Mathematics,
E. T. Bell, Page 548, .
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«Jt follows that a paramanu can not be interpreted and should not be inter-
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preted as the atom of modern Chemistry,

although originally the word was ;
. 3 n
by the Greek philosopher Democritus ( 420 B.C. ) to denote something whiohvz[(:::elg

not be sub-divided ( atom—¢, not; TelVe I out )evuennns But since the ate
chemistry has now been proved to be a Conglomeration of proton, neutro i
elecirons, I venture to suggest that Parmanus are really these eleme;uta nst,‘a;ld
wich exist by themselves, or if at any future date a subslectron Wel‘ery ;;Pa; poy
covered that should then be interpreted as the Paramanu of the Jains,” e i
¢ s AN B airFm ( Three Dimensional Spa i
% Tt =1 SN ¥R F spdm ey ¥ : P.cé)ﬁﬁﬁqmw%
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“We may be asked whether Nature is finite, or infinite-* -+ if Nature is
infinite, we have the sbsurdity of a something which exists, and still does not exiat.
For actual existence is, obviously, all finite. But, on the other hand, if Nature is
finite, then Nature must have an end, and this again is impossible. For a limit of
extension must be relative to an extension beyond, And to fall back on empty
gpace will not help us at all. For this ( itself o mere absurdity) repeats the
dilemms in sn aggravated form, But we can not escape the conclusion that
Nature is infinites****-. Every physical world is essentially and necessarily infinite.”
The Encyclopedia Amerieana, Vol. 15, p. 121, Edn. 1944,

3, “With the intrusion of irrational numbers to disrupt the integral harmonijcs
of the Pythagorean cosmos, a controversy that has raged of and on for well over
two thousand yesrs began : is the mathemstical infinite & eafe concept in math-
matical reasoning, safe in the sense that contradictions will not result from the use
of this infinite subject to ecertain preseribed conditions 2 ( The ‘infinities’ of religi‘on
and philosophy are irrelevant for mathematics )"*—Development of Mathematics,
E. T. Bell, Page 548, .

3 R ER ARRE g e s @ S fear a, e off o, s S
&% Cosmology Old and New % 3 ygaz fzat 7141 3§ siaa<w 9gal @Haw -

«Jt follows that s paramany can not be interpreted and should not be inter-




faBmyunfast aiw 2

gmnun%ai\wﬁw‘.a%aa’mnzﬂ%ifama@ﬁumﬁSﬁﬂ 8 TR EWa

el st e iR fone € € a% T st A ey TR g (marjy )| A

oy aneE 3 faaR &% R AR ( A% ) sHR T FQ ¢
g At &1 Grean 2@ Al ¥ —

¢ IgaAET T = g gFET Wy

£ GRAER T = g gy =
cgRy = g TERy

¢y = Ry v

¢y Y = 2 399 Ay F1 @
¢ 3, A, 4, = g nean qugm Y v
¢ H, AL AL = % | LN PR
¢ &AL AL = { FE T AEE

¢ FHIMA T A@H = R A

4 CiET = ] ;T-[v\

¢ 8 = L

¢ S = R 31

=g g & WA o, A sigs (qFe ) FEew §, R defE (Sym-

bol) R mid A TE Y| A oigs AW aedge Wl wE war y, FE iR w0 e
arft % amw SR F S0 # @1 ¥

qiw &t SR SISl F1 CE NEWigE AR T g ey de, 95w, ad), gerds
anfE % uaw 7 E |

TF AR SEE 1 eige, AWige Wt ffwa fRar w ¥ S owa eIk Ruaa &
3 SR Aawl % oige yMwgeR fuw (iR S d (o faw gen wRar ¥ 1 1@ g
S g A7 AW, QFL, ST g ) T F@IR *1 qA0 gasE E |

sgi fag sige 3 sum@FAl &, ¥ W A flaa gl &1 sy fear
|y —

galge=2t a5 ; W= fafe; AfERa=tgu; Q}'{m:gf;‘(qi.
fEFE=23T; R PTANY U= 930 =3 988 =3 @l ; ,

Joso VAN =% AW ¥ A =R AN,

preted as the atom of modern Chemistry, although originally the word was invented
by the Qreek philosopher Democritus ( 420 B.C. ) to denote something which oout;d
not be sub-divided ( atom—0., not; TE|LVW I out)
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chemistry has now been proved to be a Conglomeration of proton neutro::n a:;‘
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wich exist by themselves, or if at any future date a subelectron were to b d'e ;
covered that should then be interpreted us the Paramanu of the Jains,” oo
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2 g3. 3, FegT I g w9 9 fear ¥ —

“Braumgupta gave /10 which is eqnal to 3:1622:---- . He is said to have
obtained this value by inscriving in a circle ot unit diameter regular polyguns of
12, 24, 48 and Y6 s1ues & culeniating suceessively their perimeters which hefouud to be
V566, VUBL, VU86, V987 respectively and to have sssumed that as number of sides
is inoreased mmauefintely, the perimoter would approsimate to /10—

TR ( &RC A1 B ) 3 WiEwR ( g24o A1 A ) F Awwlog F wgAg H 9
Ro¢ HAF IR a1 RTVE vo,

Tt qdta 11 ¢ (% e d CANAT g §31 & ma voo a§ uF &t 1 Method
of Exhaustion (fagdiqu &t dia ) & wiwidt & Jwn A ; 7ifE, of daded
fomr t—

«This was the method of exhaustion, due in all probability to Antiphon

(C 430 B, C). This method was doveloped in conneotion with the ‘quadrature’
of the oircle, It consisted of doubiing & redoubling the number of sides of a regular
inscribed polygon, the assumption being that, as this process continued, the
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difference in ares between the cirole and the polygon would at last be exhausted,”’
—*A Short History of Mathematics” p. 310,

5 9= ] Ao T A —

“The Greeks called it exhaustion; Oavalieri in the seventeenth century
called it the method of indivisibles and, as will appear in the proper place, got no
closer to proof than the ancient Egyptions of at latest 1850 B. C. To us it is the
theory of limits &, later, the integral,chlenlus,”

—Development of Mathematios p, 43, Edn, 1945,
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2 SmEEt ¥ @ el § e ¥ ggmig @ aff ansiFe =t Logarithms
( Gk : logos = reckoning, arithmos = number ) 1 7fim F1 @dnyan M F5
ofedl & g &9 T@1 A ) 7d T G | T4 AL F &) @dT fcERE WA 9 T—

uE @ w@EdT H W A (dkke ~ 2&Lv) it gaEk Aw W F WL A (R4uR -
R63R) | @AM F enfivwR & fama ¥ g ghe@dR RS 1 A7 ¥, “The
discovery of logarithms, on the other hand, haslong been thought to have been
independent of contemporary work, and it has been charaocterised 88 standing
qsolated, breaking in upon human thought abruptly without borrowing from the
wark of other intelleots or following known lines of mathematical thought.”
— A short history of mathematics, P, 193,

s Wi E%aal § afy & A F aigee n F Logarithm & gam 9
warar @ a1 9 107 Loge ( 107, ot ) €r | 3t SikeT ¥sr & wedi § a8 aifi-
wggAr weal 1 St |

«The numbers which indicate (in the Arithmetical Progression ) the places
of the terms of the Geometrical Progression are called by Napier, the logarithm of
those terms,” —Bulletin of Calcutta Mathematical Society vol, VI, 1914-15,
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“Der Jainismus’.
~Taot Note—Cosmology 0ld & New p. 105,
38 UM ¥ H9AR WY F ONAIM 56 @@ EEE S §Fd t— L HE=
(aoooo) X & X 3o X ¢ % &o #fy fazla at an

wifE, &0 ufrfyesim = 2 ufw fus
sonfgfms = R fAus
go {3 = OB
o U3 = 328 =1y @z ()

<R fufaz (w81 ) = Wyeooo winfayaim
AT L D = wewy e (a1 FEE ) BN %,
SRR H AT TR Tl = wkeR ek X RoReR
XEX R0 XR¥ X §oXRyoooo Gim
SORUH, = ((UROCERERRT )X (20) *Y Hiw
A D, o IR <, afeda B doya ( Finite ) A% 5 Fear Sxx saq
IS FHS TAF F 9% (3¥2 99 VY ) F 2R @TLUF FAT 2,05 X (30)39
- Hie e ¥ 9 svdwug Am ¥ e feat ¥ ) WS, adedls § deang Sela® o
F TR R @ e wg g ¥— 3T F9e B SIRmSH F 9% R arvetaq &
Tt R el % ey w faw 3 AH (universes ) N Ferad w3 Jmast ¥ 9 )
Red wmer dfeq aoaE 7 ot dnm & @ ¥ wd e “gm gER
AR FT BT F1 M, 2w 9 A e & we F Fadt 2 0y 9w ad wos 9y
TR & Pestmmt vol, 1, 3, =

WA W fam ¥ R o ad D gwd, s6ifE = ¥
( Bodies ) % RrY =1 fyag g1 7 T4 Qh, T TS Tl



3% Sftaqiay et

ot w0 § WA F (6 ) fear @ar
(. ,188%-42)
‘ot e 0X foud BEE ¥ B S B onsli-R A fal—

- g & oo g

agi, T S,

LT B

"‘“W@T“-... P (ol
4..quovvp @ HEARITE ( FI, B ARG

200000 Y, X L X ey,

gd i Wy T

Wl g

AT b I AU v U ¥ ¥ v ug ¥ AT W Smd v fw N,
gocooo f¥@l B | HUW TR F @I § w0 % B A% odlw A€ w o, T
gita Qar ¥ AT AR wa % 5l s o0 @ (=) AR (+) wdAH F enfaeEn
w1 AT S % S, fedT (veq) ;¥ guFER Y g@lt sz R F AR | swdw
W Far | qasaR 48 § faw oo & R + gd@E [ 3R

(. g, 984)

ANAF H g% FAFR F 72 =7 687 ( Right Prism ) #1 99%  fraes
F g Rar R, f@wl sngR gRery 9397 € A qF t— (NGR W FATEX
R F S )=TAT T 9ATH | MUK F D%s fAFER Fogw Gar qar g

[‘132.@ X (FF D FniR J@ed 7Y o EjT)]

(R WMHIAA R g game ( Great Pyramid ) ¥ ag Swwa =1
anFr e @aArar @ar ga odtw Nar T G ggEerg & Gaor F BY ey
|, 99 ¢, ofF 3% oY ¥y |

2 GZHEEH GEF ¥, T2 33¢, £, 7, 1303,



fagrmgafas wft EX

q oF A W I I s Sd # |
(. g, 288 )
FNANF TN IqEE = § X T RNF T GAFS"
(. £, &%)
ST T aTEs W 26 il ¥ ajer W & el A G s Hwer am o

(70 Y, T9%—%)

b w5 amgnd WW S e
r i o
4 ) w7 B2 )
hd = 'S
4 ME 3 FAAY TFH AT WIYS
p A

il |\, 5 ¢ felise ounawniary an =g dkan
/ a’l {h oy la(.. Y FJUWE TG W9 o N 9T H AW Db Y
2 gyl awga ¥

F———— o

ITHAT a_

i sEy sd ¥ eam d, STl W @A Wi @ A A ax Ra g,
&—E&%h}dlzbl szt by, =99 %)\

R nER, a —El:(#}d, = b, &l] gaEm &9 ¥,

¢ sgtensfy 28, 208~%e,
3 B fafeal & fram sigfanal ¥ o oofaq B 1 2iRe ) ¥IRg ; eIRE.
3 amEvE & fagrd F anfissr & wrsw § feafelfea s@adln g,

« Tt is true that we have no positive evidence of the use by Pythagoras of
yproportions in geometry, although be must have been conversant with similar
figures, which imply some theary of proportion”.

gh “The anonymous anthor of a scholium to Buelid’s Book V, who is perhaps
Proclus, tells us that ‘some say' thab this Book, containing the general theory of
proportion which is equally applicable 1o geometry, arithmetic, music and al)

mathematical science, ‘s the discovery of Eudoxus, the teacher af Plato,’ 3—Heath,
Greek Mathematics, Yol 1, pp. 85 & 325, Edn, 1921,

L, T R 3 {97 T ARl R ), 18w § e s
R s T aieg 3z &,

“The Chinese, be it noted, were familiar with the properties of similar triangles
snd invented many problems connected with them”.

—Caolidge, A History of Geometrieal Methods, p. 22, Rdn. 1940
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«The triangles in their pictures look like long and undernourished isosceles
trinnglws, and some commentators have assumed that the Egvptisns believed that
the zrea of an isosc. Ies triangle s one-half the product of two unequal sides.

—Couoljdze, A Bistory of Ceometrical Methods, p 10, Edn. 1940.
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‘d wsalfarer arag T @) 8®@% ‘W’ ¥ W wATS FAFIEN Tt GF 98 §—

{1(a+c)(b+d)+x(a-c)(b=-d)}h

7g q4%9, 3AgT T aqwads ( parallelepiped ) &t frga @47 ( irian-
gular prism ) # @&t w=, wa far aar |

g ARBfFAT F, mraz yooo ad ¢, grAt A F ( TewheTpLo.) fiwa & svdw
43w & arged w@Raler Tags & arae afung glew S weal § JE 8!

“When four measures are given the area stated is in every
case greater than possiblé no matter what thc shape. de la Fuye
explains this by the ingenious hypothesis that the Babylonians used
for area in terms of sides the incorrect formula F=1 (a+a’) (b+Db').
This gives the correct result only in the case of the rectangle. It ig

curious that we find the same incorreot formula in an Egyptian
inscription that scarcely antedated the christian era.®

3 Heath, Greek Mathematics, vol (i) p. 333, Edn, 1921.
2 Coolidge, A History of Geometrical Methods, p. 5, Edn. 1940.
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afy gun qa § A A go dear o @) AN R N wad § R d g
sEm e Al aln § nud ¥ oo el St g MWW ERAR F B9 {a - (n~1)d} aF
Fiomm A 2] agfa=3’ Y, d=¢ Palen=vyy o % oud # g s
amagfaal w1 gear {3’ — (¥ - eI =384 T |

LR, uW— n F qrag § wigw afka aMmag G 8 dear Fwed 3 &4 guan
R 8% 84 ¢ ¢ (i“—%i+ g -n) d+y
agi o =3¢} ¥; T¢ 9% oAty €r Wy n A1

T, R, §o— 3 nuA 9ru ¥ Tep afgg Afng (39 91 9w o MinYaud §
a, AT & NI A n w oA fawed F oy gg @arg g ( general formula )

. a.fa—1 an—%j_
Sgan f‘%m%.[._a__-_r]_n

. 9, 84— 3%i ‘d’ 597 ( common difference ) ¥ |

et 2 & gum ewg § &) smw g & 8§ wik, @y (a3w) @A wug
( first term ) =53 ¥ | omw endl § @w wq @ QR 3y ear qift & w7
5% 31 3 ( common difference ) Fgd § ik ¥&t afg wifFa® wiH N v @
g ( term ) Fgd ¥ |

. R, §R— afz sfkal Y gfgag md @ W@TN F guA 93 % afx (first
term ) ¥, 75 ( number of terms ) 23 ¥ 2T =3 ( common difference )
¢ 3| T8 9FR =3 9fead] w1 SED@ oI s ¥, T4 999 TFEl ¥ |

et Sifedl T Fo vHfed €T sl ST ofed A9y B W Fe den fEed
% fof o faraar %10

M. R, 89— ARi FS w7 B g S, yag IR a, 97 F d ARIB A 0 G
fasfoa w3 € ot 97 G oFie § entar srgzar g0 |

S=[(n-1)d + (¥~1) d+(a2)) &
gl 3581 § ¥ sulq ufeeh A & 4@l 90 &° 9% g A ¥ g/ @ WA W
&% i ax ( general formula ) aig &1 ¢ S='%[?a+(n"2)d]
TH TR gl Ak F R s o ¥
S=[(n-2)d+(x-¢)d+ (al)] &
T 98 | ¥ ma Dar @
== [2at(n-2)d]

2 g% MUrE) Ta¥ ¥ W a1 ¥ e (23 -3 ) fad F JuFR ¥ oy gy
Blgdlgar (21—~ ) el S RA 3 @ R |
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doteg T fwied 3 Y fUER gE0 @7 @1 FA9 5 § | ¥ S9dw mald
¥ frefd 9 W, 8 IFR [0 &1 aFar ¢ -—

S= [{(“_%E)ﬂ(n “)}a Nk

7% aflER S &1 A% €7 Afcdl ¥ 3 s ¥ | 94T §Ear 0 HETEAEAT
% f3t § arafad glar IR |

~

T (501 91 §° 9T ¥ ¥, gAfed aft sifm ez w A1 1 mA WE, a R 3y
A d (r=a) ¢ farl=a-(¥3-2)d

i & = 3¢} — 3¢Y
=4

maE N g5t wlEar am %, gg @3 A S S ¥ A Ak ¥, sewm
3ifm 93 §1

. R, §_— @rgd gEdl ¥ gw afeq sz f5E § gam N fres F &Y

sufy o (first term A ) =7 a1z (common defference D) &R T3 %=
g gd=1g ( number of terms N ) ¥ |

M. R, Wo— &t AT Ufegai & faa¥ 3RS N e oo §) fan e A ow
g 4§ | 9 @9 F e5fEd 97 99 FE & Y UFR G I AT G ¥ )

§ = T{(N+9)D - (¢ + )D + 2A]
N
=—{[QA +(N-)D), agivzz ¥l

T, R, W— FUFR A g8U &% Td THR &ar 2 |
8 = N—zix D +A]N\
N
=<8+ (- 2)p]

gt N=vg, A=4%,D=¢ 21

M. ], w¥— 7% e 32 ( Adlag &) ) =) e faed & Y gaa R
e R o3 gieedl § dofag 8l 71 Afedi & enfy (first term in the respective
prathvi begioning from the Ratnaprabha ) #rwr; 29, Rov gl ¥ | wg
( number of terms ) 5% F fo¥ swra: 23, 28, A Felk Ay ¢ B )

. W N TN G R AN Y, N7 @A F aen s yq R ( Sfvag a3
w1 wE ) fEed F &% e ffed 0 § odts s aatar st asar AN
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aft qun qa2 § St @ Fo e a §l AR 8% qra@ § mAm: d g}
g s DA n T na ¥ gefASiaigen g w@ ¥ ¥ {a-(n-1)d} ax
Fromm A Y| awTa=3¢3 ¥, d=¢ $ekin=v¥ .. 2w # gxs afea
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M. R, WQ— n F g § 7T afka Ay B N den FFed F 0¥ juER
f—
F 87 33 T ¢ (Q—d—‘ﬂ—n)d%«
35} @ = R¢] T; T¥ Na¥ UV T2 N14Sin i ¥ |

T, R, §o— afg yun wiad ¥ gEw afed Hfag RS 9 G0 2 AR n IR §
a, WA @ 918 @ n w1 A fawied § ©% g8 siareg @7 ( general formula ) w1

‘ B . a—Y% Qn~Y —
aq@nfmr%.[.—d~— : ]_n

M. 9, §8— 7%f ‘d’ 797 ( common difference ) & |

el oifs & wum @wF § N oAm WA R I enR, §W (93T ) swar uud
( first term ) %33 § | %% @ndi § @A w9 § ¥ar af squar sify & gmo |

g9 31 39¢ ( common difference ) #gd ¥ AR T afg gifa® Al N @
yg ( term ) e % |

. R, §R— afk Afgdl A gfgag md @ @y § guA ug 93 Afg ( first
term ) %, 75 ( number of terms ) 33 ¥ &R 93 ( common difference )
¢ ¥\ 3t gFR @ qead) F1 STod e oed §, 99 93¥ oHa ¥ |

Tt Sfzdl 51 T gFleT 99 AU £aF 8fkd 3fEs GBS N g g e
¥ fof an far aa B

. R, E8— A FBUT A Fa S, gun gz o, 93 M d AR TF N 0 G
fas{is 540 § ot g7 (o o § goiar st awar §9

S=[(n-%)d + ({-%) d+(ar)] &
a8l 2581 § ¥ i ofed 3t % i N gedem mg N W e EAW
¥ @ a7 ( general formula ) qig @ar ¢ S=%[?a+(n—’l) d]
28w g8l S F A sef g & ®
S=[(n-2)d+(2-7)d+ (a3)]
ST 9 |ERT @ R Y g Dar 2
=% [2a+(n-2)d]

s MR REA S wa Dar g F (3 ~2 ) ool F BT dawrR | g% fewr
Tl g@ mER (1 —2 ) feah ¥ 0% 2 fowr ¥ |
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%3

dteg o el T Y SUER qElaT W w49 S % | S¥ g malwl
3 frsfig T8 W, 38 97K o0 a1 g%l g —

- \? -9
S= [{(&‘_ﬁ +(‘L-: }d+‘<]n
3 3
g wdiEr S € 0% €7 A % Y aerm ¥ 1 39 A W AmanE

% ot & waafeg 91 9ifgd |

T Gt 9 §° SE vR ¥, 5aRd o ciftn uz « N1 mar wE, a A ey
A d (waa) ¢ Qartl=a-(x3—2)d

AT & = 3¢% — 3¢Y
=t

maEk A ggi WiEw war §, 3w @3 WA F @ d DAk ¥, s@w
sifam g

M. R, 64— urgd gfEadl ¥ wyw ofw Hleg ol % oam D GEes § &3

auft oi (first term A) =7 ez ( common defference D) &k w3 =
gam =g ( number of terms N ) & |

. R, $o— F8T Wi Y33 § Fmd AR N sen e k) SR AT E TH @
gz & ¥ | 3T @9 %1 gFled qq wg W@ F 6 duwe 9 g 9m @A g

, N
§ = Z{N+)D ~ o+ 1)D +3A4]
N
=7RA+(N~)D], ‘iz i)
M. R, W— HUFW A gEU T T8 IFR &A1 |

’ N—
S -—-[ ;,z ><D+A]N_

=-I;\1[QA. + (N~ D]
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LR, wB— TEE WRd 30 ( Aoilag 39 ) Y dea REmed ¥ Ry el @
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A WA 77 oA wn R, o7 v T eren swn v RN (SMurz B
= g ) e % A foey fefad o1 B wdla g qatar stasar 3 -



uv siEEagunlly Reamar

' 2.d ~nd _n?d
S = [n ]+[2n&] nd _n +x:a —nd %[(H—Q)d+Qa]

i n w3, d ga97 A o =i § |

M. R, ¢ §— E%] Wea &1 (dfnag @ ) 9 ama gfadl § go den Gwen 3
fo st o3 2R ¥ 1 38t wfg K 3 ia v R, T4 mgamiaw ¥ 9w oF oEw Ak
gr Afnag e F 1 ad anfs sum A &y ¥], N¥ el ama ¢, D % 1 z6% fo¥ ndlw
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R R

=I:4A+(N—2)D+A]-

=—g[?A+(N ~t)p]
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R
R G197 F@ 90 I5aq R G 18 AT R |
ggi 3fsa qudl v &f § fsawr sl AEear ge 9|
z=o1 E ot ufy & @wd )
M, R, ¢¥— =4 [ common difference D | f#ed & B3 suwr a7 33 §

D=§"+ ([x-115)-(a+

7Y arfug S o gdaq W g7 o1y aar ¥t
M. R, c4— TEF IR FAFR @yal 939 gl & gwleq a7 (Aimag &8 W)
TS SE ) T BT 9g 23 A HEe A ke R mEm s sgin=
2, S”._xeo d=c¢alta=3 aF ¥ |
) L4
TR

{ gr. .2 _) (
78 @iftd F@ 9T gEaa SR oE A |

. R, ¢&— SIT ¥ fo¥ quu gz i favT fofad w0 & Rar o R
" d)R d\.
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=¥ g TR W e SHIER T R ¥ |

M. ], Lot TEF 1 AR AR 5z ¢ Arithmetical progression ) #
geal ® | wan TEE F AR ¥ho,0000 NA oiiX sifad 7% F Re,0000 A5 R
35 15% o ¥_ ¥ | 3T W A dW@ R fel malw ey & g\ 0 gW fasfim w3 )
anfE ¥kooooo (a) AT ¥fan 93 3ooceo (1) ad = ( Common difference ) d
¥ qrd frweR & P ax daE R ag R g
d=(~§-:—%) agi n oAfm 0% & R el ¥ apar g |
quy s & af nd @S 1 fER 9" TR QA S8 0E w8 F & fe faa
T H Sww A A
a,=a—-(n-2)d,
aft sifan fas 8 0 ¥ e % Bar wE FAW QA oN 06w I Y FT o'
frag fan = 9%t € i—
bx=b+{(n-2)d.
& an, e by 37 n § S 3 i S wdis )
g far 51 @18 =6 ( diameter ) fFar s 9%a ¥

M, R, us— 7 et N agnd (wwwa ) saratift d ¥ Fe gEate ¥
i ndt g2t § f2F F1 e Gwen ) § Fag ag ¥ i—
n & 9ot & 455 ¥ ag@ s %553
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R AR &, ¢ AW 2y B ¥

g_%’mﬁi WA e ) oafy nd v B fzm oW o fwewm @
&= Ay —

8t 9t B 5% w1 e ==(E(:_“z')§>

gl & A Ak BE A RmwE= (*%“Ta‘) Dar g

@ awr, ol vl B Afnsg 9] w1 are =(£&‘_:"?;i)l a1 ¢

aft ¢ R afy el A zfm qa:i‘j_i% gar 1
FHF G F ol o 9 fran 3 )

X WAT 4R ¥ 2’Y A% T S ¥ svaus
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2, al— 3d 4 xna—
gr [ d]+[?qna] nd_n d+-<_\t)n nd=%[(n_2)d+%]

wgi n =3, d 597 AW a &Nk § |
M. R, <3— iz Aea st ( Sz a2t ) ) amg ofiadl ¥ go 9on Fwen %
fod st 77 }Q ® ) 387 it & ad] 13 ¥ ¥, 7 ngrammw ¥ F90 ©F ©EF oK
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M. ], (}R-¢3— anfz [ first term A ) FFed F Y dusr ag R & i—

[S"’-:—%]H: Do ]-[s—2+N]D
A=
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fSaF1 @ma @ 93 qFaq Ry g7 mg far ¥
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T8 @ifud R4 03 gdaq SR 87 0ig ilar T
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T it T ® gAad HIHE 9 AT ¥

M, 7, Qot— FFH F AR FAI AT 0 Arithmetical progression ) #
gear ¥ | WaH TEE F1 R who,0000 DT AR ifaA 13T 1 Re,0c00 AT 2
7o 7% e ¥} ¥ | 3% u°3 T dEar ¥ (S8 uatw & ¥g9 n gy fEla 237 |
anft wiooooo (a) 3T 2ifan ng 2occoe (1) @ur 97 ( Common difference ) d
? qrd frwed & Y az gaFr J I R 2

d=(§—‘?{) a5t n sifyq 1z T Y eqdw § e ¥

gun f3s ¥ 3 nd e =1 fER mg 53731 9 Q) 38 ng w9 5 53 fa fefaa
o T STEW A wE R
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afz aifgr faz A n ¥ fas o1 [t mg FW Q) @ 93 qd1F &Y § (76 9ER
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s8] a, AN b, 37 0 § F3 & faart & oftw ¥ |
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M. R, ts— 3 5o 9 9g9E (A ) svar A § ¥) g8 gEar v €
afz ndf ozt & 42 Wt agF AFRA D A Faa 3 Y —

n 3 5= ¥ iz W agw = (E(i\rg-%i
%8 =, 0§ e § S e 91 @ = (n(J; 9);; ¥
= 93, 0 F 5= & pAols B w1 aw@ = (z(; + j%)g

L R, (ue— 8D O & (381 71 91gsa FFRA F @2 q98R e % i &
WO A &, ¢ &I RY e E )

gl St dwar e 31 3 nEt g B 4% oW oaww fwew @ O
a7 9y ¥ r—

ndl gzt & 2% F1 Aged = (E(:_“jf)

7ai & W afy & N R = (a"“n'%) ar

v—3

W e, ndt oS ¥ Sfvsg S W Awer = <((——'£_j—§l Qar |

aft ¢ B g el S el qa:%"_%% far ¥
aRiE S S Y ot ag) fRam & |

30T WAL R4S F 2Ry a% 77 BE1 ¥ awaus (inter s
pace ) %1 fagw fia
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HEFAR F G FAF TN § 1 AguR ) mun eHEm F S W AR E, A
fedlaE o 1% sggar =t 391 S 9T it § )

R TRtz F AfgmAF (H6 D ¥ ) Nanw R @ 3o 97 CF TN
sife ( geometrical progression ) w1 dw S |

35t =5 ( number of terms ) 1 7 v ¥,

g9 ( firsb term ) =1 40 wooo ¥,

A goFR ( common ratio ) w1 omE ] ¥ |

dEfeg aA N ME TR T P gT w1 sedw fEar aw Y | 3k S, W n @
F1 AW AT W13 99 {F 99798 & @R guar ( Common Ratio ) r &% ad,

{@rrrrrr-----upto n terms) - 3+ T —-¢)Xa=8,

a4y, S,= (r(’;_-—::—))g

78 yFR » AT F ©Y gafeq aq o (S,) s wa

q059 g 5 oAt 51 Gxfeq a9 gt a7 W 0 T 9wy

TR, 38— SRR AR N=T A T B Y fooo afi F MR W
AER a1 ¥ |

.}, 88— T ong RA T swgra Dar ¥

. ], {¥¥— AR 20Y F AW ¢ IEAGR Sar 22|

Al UFR WAmeE R F1 ORI Al F suww, 3R gEd ¥ SwgE ar
AR H MG ] 9eA9n, 801 qF Agard ¥ R gedigm, oot 74 affig &1 eng w0 aAw
R 9RAWA § | 29 2R ToEl § § 93T F oug 22 qaaen )

R INAE F IR B ol oy B oD ram B A3 B 318, viRew,
Rok, R afy |

R 58% @raeg § Cosmolgy Old & New ¥ &2 o3y Prologue =1 footnote
g W Iga F@1 A19WH T Lt ¢ |

“Judge, J. L. Jaini, in the “Jaina Hostel Magazine’ Vol. VII, Numwber 3,
page 10, has observed that there is a fixed Proportion between the respiration, focling
of hunger and the age of the celestin] beings. The food interval is 1,000 years and
the respiration one fortnight fur every Sagar of age. The proportion of food interval
to respiration is thus, 1 to 24000. He has further observed that if o man lived like a
god, we shvuld bave a legitin ate feeling of hunger only once in the day. A Normal
Person has 18 respirations to the minute, or 18 X 60X24==25920 in 24 hours, roughly
24,000 ~—G, R. JAIN, “Cosmology 0ld and New", P, XIII, Edn. 1942, ’
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UER eIl ¥ @R aRmeiga sifan agar veffig 9 s 8% | g Tl &1 FFar ?
@' sida 91 galw a1 X <ad goawm R wegar o9 atE @ 4t Y4 s aRfisg
@t ( finite quantities ) & At st 2

T 8, WS-§8— gl 9ER, FAwS F oiw ngAl N w2fEF WA B Y, -:—f%:%
SIFAEH § GGl 3 G€A HAFRF vewky @ G g HEEg 7 2R | Rer saly

Rolkyoy
a1 & ol oF ofiw, sw afew, st e, g g el ¥ ofg 7 DA Hfd TR
HU=a 1avd SIFIT 3} F9AT QA G @ @ ) gar 1 9% € |
- 9T 8, vo— JET 2HER-X @Y |
\ afy fesen (@) N d A, ik o ar

ARk frear @ rAEt @ (DHe | =gl ke
d\z
¥ way &1 §fia )*=(;) X
) argal, { chord of a quadrant arc )?

d \* _ 2
= (?) X3 =3r

-

qrEadIRE ¥ 9rTgsR i g% my fEar
- st @war ¥ F@fF @ R +@E@F)=(F)?
y gar 2 | o
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\Wﬁ-‘..‘;}

a’iﬁuzmz ¥ (% z@ wastz oRfy g S99 Sar § 9 @@ g ) gun— -

’

L Gega: ‘e @ @ SAaEa IET ¥ ads % Ry @as ¥ Ruaw d Sg
@ T S WIEIE ST ¥ o A1 agliE ovia w1 mdlS MmN sl BT % IgIR
@ 3 fear an geflg Qa1 g ) ) ]

‘ Jaas § aam wmEsh uw Rm e RR @ g ¥ SIS § A
a7 @gedt fzfen freaw 3 oY ‘g @ 9g 21 9T € | g9l gER H AE %“1:7,
i g ik F§ Qe ayawaw A, 69 suwr 3 gfeg BEan ¥ sRa T FATE
squaras 3 oifen qfonw ) 3R, T T@ fAsed o 959 %4 € fF oA R0 F AT
e caned % (e o aw freler g, W afy Gy 998, qu T H ﬁ"*‘”f"iff“’ ;
93 2 za R § 91y va@ w1 wemg A€ ¥ | sl YRR, “%?‘3‘1\ '
SR (21¢; 2EC), T 1 GAIT Faw €0 aAww a% Kar w , AgpHa e
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( =gata aftfr =t oftar )? x § = (Igaia ofkfy)? )
agar, afe sar & S fGw A mE B awd w1 & (Sgui aRfy )R
? d2 20 r?
= [Q bes % X _ll. = l.'.\__. = —

k' < k1
" T
apera, agata iRy = /T3

93, §8 ( Quadrant arc of a circle ). 7—?—: foar a1 ¥ wwi w W
SN MIICSREE 3

.o

(Tﬂ'. 3, ‘%‘8—’@‘{. )

o ) & o WA B ¢ ( UEfG-0 &7
MG ) agi e wa=
YRE AW B 1

faad a3 fyams da v |
T9=R3¢x AT T

TR fasag @t N g 6=

: i e¥ey DA ¥, Fu1 Fasang
| 20 G 1 sllat §ET=1RowR03Y Al

AU aN T T 9 G §= Lo¥3dy AT ¥ | FeFHI= (E*_‘*«:,i‘ﬁ) =¥¢432 Pa ¥,

R
. 7 MUY W A =T T =3 F=¥ee¢32 AST §

W AF SW AN DA T owAN = 7= yverd AT T AW 93w
A g 7= ¢ReIT N ¥
gom=T1 78 3 reeit A ¥ ga |

19 § REH N T=7 §=2<_RI2 PFT T )

y & A€ 3 wraEwd s
p Rocooo AT R A geal
4t A9 F gaaw ¥
fx W @ gk ag
(a5fa0y) smraag
S W@ BT ¥ AR sEdy gqd
IR ‘s @A oA
’ o femaT vda ¥ |
s Eds Koo Nad & ufisn § qur Lo Nuw s fan fega ¥ | <it, wan
TS R ok Koo AT, 75 § X A7 3w F & gzw ) %35y AeT t’“anaﬁ:




"R shpdraaTifRr st

e ¥ ely @ @, e o aka § oged Y1 agt a5 d wRan d eng gt
g AR f:ﬂm f’fw et 2 1 ga: ag Rsad & o w2 gfew vea B3 F 1993 Maw
TS WE, 04 RN eI gga, qwe i F g 98 § 93T F T g9

, d TR gfindty
A g A Fw R i

M. 8, o~ g & 9wk} @I § ar fraen S A fran R d
a9 f& mu il f@ewey fEar aar €

qut ( height of the segment) Y agj h Znr, fatar ( diameter ) )
d g0 53fuq w1 S ( chord ) @1 aw fsw fofag w3 ey 7 fear o a%ar ¥

Mo/ L -G
=\/\:E(r)°~~(r-h)°-]

agl Wt qEAdNE F A @ /E7 aww sada ¥ |
iz 7l anEfE-RE @ @y ¥ 5~
(@%)* = (3)? +(@%)*
oo (18R = (3B —(39)°
SRy [ GDY
. 8, $¢8— T ol § FUFR T 3T gy
@ ¥ 939 % oA e & Y A KA ww

on e o TERT

------ 4 d f5 g &l fovwew 1 gara fZar a3 €Y |
! M w9 ( Length of the are bounding
] the segment ) %t muw firq fofad &¢ &

fEar a1 gHar € —

L 399 T g F& ¥ Y, IRSf fEElft ma @ e W

399 w3 A fag® fyga & gfew o aifind a8 &, ,

“The Pythagoresn theorem appesrs even more clearly in Neugebauer and
Struve's translation of another of the cuneiform texts, which we may date some.
where around 2600 B. C.”—Coolidge, A History of Geometrical Methods, p. 7,

Edn. 1940.
| TNFEIT 77 T 1—
Mar=y/{d2 —(d~zh )3}
sriensh §, Rar=e/ T, 7w  peemeTm ) s i Rarmard W3 AU
aqfz | £t SR AT =4/ & (a1 )® + ( wiar ) 5§ha 1 AR, 35 8o
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ar=n/ @mr-(ar]

7% 3ed % G 05 ag o) 9% T2 ¥, TH A% 9 W 939 A fAmes & A
h=rw ¥ |

W wav=a/R{[d ) —(3)}

=1/ R[3r% ~ ¥} =4/ ger®

=4/Tor WE Dt 3, R enese F udiEi H wor femn s | 3% 97 A0

g H UH R e afad R W W o4/ To MAR 39 qF B WA [ | oy we
o ¥ 4 ZaF AW A% HES & 26 91 N T TG 9@ i—

VIE=(@-b)*
Totel Are=x{ v, . f = \dx.
{ 2+ ( )dx

r?—x?

AU, AW P MR W, Fr W AwRE fm g ER 5gE W owmm [{EE
W gwa )

T, 8, ¢R— 93 Nar ( chord ), = far ( diameter ) &ar wr Q) N
T ( Height of the segment ) fywiew ¥ fe¥ ag a7 faar §i—

4 far (ohord)i]‘f

D e R o

¥
=[]

- L EvE ¥ sfer wan N MRTmEl @ERE (2833-2884) 3 way o
IR sat & wrafeq farw fofag | R 1

® Arc_S{Huif the Arc]—(}h;rd of the whole Are noarly

() Ar c:__(3hord +-256(quarter t‘zg arc)—40(Halfthe arc) nestly

% qit & Chord = w1 o/ [r¥ = (r ~B)*] @1 a1 951 ¥ 91 wUwR
¥ g & gavr 9w ewd ) "

R sggiagafy 1y, €2y,

W ¥, B g gn, B fofaa ©
VB 4 (@)* ~ rh =, T Ailed R R ma frar qar Qg

q
sy Hary *r
asrh-ri[r‘-<;~) ] a1 ar 21




ug sigfaquafast s

STdwm g i + W W am - (WU ) TEW FIA @A T omg QRar
A wAi § ¥ 9Y waar F ¥ gaw my w3 3a% fo¥ 57 oar )
w:, A, 2o ot 2¢t W OfR¥ o @il § 8 r frfea (eliminate ) wW q
gy, st &R @ # @ wg S ¥ —
(935)* = §h* + (sian)*?

2 o -
a@, ¥ h* +v (iam #l v (318 937 A AEn? feeq w A faea fefas

Y

grgeq MIg |1a1 § t—

(9392 =] h? +¥(37 937 | shar)?

Tl QR a9 grge W) 919 5 st 953 ¥

M. B, Rew-]¢ER— FT MArsH # fAma w1s F @wy qqe@r a9 ¥ |

L 8, REU~¢§— FTR/R TS A g ‘grw adft 93 T | & eifywrdl e
H e 3 s s X AU a2, M Wi § ggne W CF Ay AT F
ST fRug a2l ¥ araus @ ag w@ar gt |

SEET GAd] W gF AEfE SR YT MEfedl F1 ¢ S3AN Ll B— g9

damr & fra fofag s F siwdeledl arr gafia fFar @ ;l é' 2; g gwar € &5 erg-

T F1 e R qAr @A F& FEw H Q) | A, ,

vemEE =t @E; b Wm=2w, ¢l sa=Am, R A=t g,
RogEd =2 BA, & RA=2uy, J9a=2¢ A¥, T AE=2 WG, IHI= I,
JaAT=¢ 5, Mk af=2 gn At T | IE AFW, AN 9G7 gL, CF 397 FA}WH

R agY @rdifys U3 gear & fr e afF & owny ama F3ar g, F9IE AgEA
afr Fear ot s fasaw ¥ o¥as A€ | dW@A $ sigaw, R sdg Qar §, &
que B ©F @Ad § v g gAm gl o aifvemnn w ¥ W, g9 @ Eitice
mifva 1 war ¥, ¥ ©F ang i e gRal w1 afeea afy f1 e WAy, W
e aeqE wal T | aft gng A s @Ad § A oF 9nd § Y g sifran 97 8,
© g AEAT T g EWIl— a5 @ wElwe gt Qar, witE 3 9A9, Cefana?
FRal B SR T G a8l T 9 AFR Ag H49 TF Sqarar ( postulate ) 37

it &, wEt % i fEIg e Ag - ¥ | SiEet sngeda -l AwA- A9 A F

fagea 1 ST9IRT HY, ATIFET ARS qdwt afc %1 @a@ET §, @i aff 9B B 88 W
Fat ART FX A a€ 3§ AFFI F

A Yewt, IR F oA aRAIT D P FIDFA 7%
f gFrT ST =0 =@ iy ¥ s e ¥, dar 5 sER AT s § a1gas T‘(_%zn ar |
2 &% 8@ (universal truth ) =1 sigad swed Ag) FLaRI | 9, Al gl
3 gz g & | a1 g Qar §, AR afew F A § eoifia & qF ar1 TE 9T H@
gl T3 1 Sate fea a1 S ((w’y L vk ¢ el o )& T I B G
gRTaTT A7 WA Ryce A Y At T gH ¥ | R FRA F fa¥ nGreek Mathematics
by Heath, pp. 271-283, Edo. 19217 zgzg ® | et T e T




faRtgaofsst afa u

i sig Al 191 § | agamera M ()3 xRe)r e adiF wmm ¥ | qm i @
A% amagd ¥ 9 ¥ REd (o)t X(0)° i € mE OR ¥ ¥@aTR Ag

YT F18 T a8 S A0AT gII, ST STAIT NI ) |M 9F S A9 F G5d g | oWy
U8 R FE GTAT g TN B AT AT ¥

. R, 3%e-4R—3%i AT g1d SEwAla ¥ % Jawdi & wga weaedl of afa
(et ) fogra @ aidea ok w2} semell S e S F1 maw fea
R | wgena oW atea Wt mifE mEd gl av saag fearedl @i aar s od
sieg aowes SeaEd AR R ST ¥ N Y | ag T Al WA WD 6w
“dEa’ Seg 93 F T ga¥ad T fua § (@A go 2¢o ), ‘ade smafamt Wt
Rua ¥ (5o 2¢r), ok ‘e Sa =1 fawa & (9o R¢}), awig wdi fafim
WGA 9 gaw1 289 ( perception ) ) wxar 21 I\, ag@a Wi gw T
H1 83 @ F 309 gAR fod 95w ¥, SO avg ‘amid §9 F emfud wA W @miai
Yot B o awed v A el D 90 | g8 W aN OF Aa A €, WOF F FEE
3 g% 39 B awed W wewA FwAL ) gifing Ag) E

" e (infinite )Y % % mwk” Smndf 3 wnfa B § 0 W, (2) Amma
( Infinite in Name ), zmgamaa ( A ttributed Infinite ), ( 3 ) zeaw ( In-
finity "of substances ), (¥ ) amAms® ( Infinite in Mathematics ), ( & )
: { “In history of Western philosophy the term. ‘Infinite’ TO GUTELPOY is met
with, apparently for the first time, in the teaching of Ansximonder (6th cent.
B.C). He used it to describe what he conceived t0 bethe primal matter, ‘principle’,
or origin of all things,”~Enecyclopaedia Brittannica, Vol. 12, p. 340, Edn. 1020,

. = "The chief types of infinitude which come-to the attention of the mathe.
maﬁiciﬁ.n end philosopher are cardinal infinitude, ordinal infinitude, the infinity of
measurement, the « of algebra, the infinite regions of geometry and the infinite of
metdphysies’”.~—The Encylopedia Americana, vol 15, p. 120. Edn, 1944,

. R e, alvdla s g ) far fefea sa & geatE wef fRa 2, ¢If the law
of varistion of o magnitude is such that x beoomes and remains greater than any
Preassigned magnijtude however large, then x is said to become; infinite, and this
tonception of infinjty is denoted by oo "zdt & @A § Srg qiawgiz ( James

Pierpont) fead &, “Historically the first number to bo considered were the

Positive integers 1, 2, 3, 4, 5, 6...we shall denote this s

This system is ordered, infinite......The symbols-4w,~w are not numbers; i

-, . . .e‘
they do not lie in ®, Thoy are introduced to express shorily certain modes of
variation which ocour constant] ' -

¥y in our reasonings.,” The Theory of Fupoti
Real Variables, Vol, 1, p. 86, y wnetions of

mm;lz)z nfjf ;gmaa w1 sea % arw § faar 1@ 9 3e3flad ¥ +—“An infinite
ot p,&mcs:ﬂ osanquet, “would be a numb-r which isno particular number, for
Ty _per ar‘ is ﬁmt?, It follows from this that irfinite number i unregl,”
ncyclopedia” Americana, Vol 15, p. 121, 93 S10ET R g ag T qﬁ

(=% % 99 0 ey )

ystem of pumbers by ),
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ammefasass (Dimensionless Infintesimal), ( & ) @wwtara ( One directional
Infinity ), (@) swamsa ( Two directional Infinity ), (¢ ) framae
( Superficial Infinity ), (% ) @stasa ( Spatial Infinity ), ( ¢ ) wiFarTe
( Infinity of Knowledge ), ( 23 ) mnzsam+3 ( Everlasting ).
S, qOATART BF @R 39T fZar aar ®
|98 qf¥® oo w7 ¥ g0 R JawE ¥ AT awl § ol G E; () dem
Finite or numerable, () si@eaa Innumerable, a3t (1) a%i7 Infinite.
agige, gwr & 8, Yafs @ s@S e g fonedl w1 fawae w19 )
T A 8, HETIT T A, A ATT W I F YU (q6fya S 1 G&Id B T ant §
frnfaa gt aar ¥ ¢ w97 9%AE, G0 dEAIT AN SEe 889 97 g e S, Sm,
20T Su AT 1 wgEna H 9fg® edardend, gwREena sk aEEnakeny ¥ fAwfha
o, U7 99 B 997, WA o s@E A fawifwa fewr na §, ¥ A swAa: Ap,
Ay, As 3% Apj, Apm, Apu; Ayj, Aym, Ayu &t Asj, Aem, Asu gl
frefrg =Y | T gFR, A7 ®1 9 qdaaea, gEias SR aFaaeT 3 e $
gug g9 ¥ 938F F 999, [y AR @ A0 § ow@ ¥ g8 o s Ip, Iy,
i stz Ipj, Tpm, Ipy; Iyj, Iym, Iyu aur Iij, Tim, Tiu gur frslag 3% 4
3FE d@aa (Su ) w 9| & F & (77 fofag G F1 30 &— Sgale &
arIT Y age WAIFR ¢ B di9q @eEn7 ( Diameter ) i aat @ gar NeT QT
( height ) o1% ar gz wnfeg £ T | & waw gow g3, sfmes! 32, AEESH
g ol stAafiua T wgeR € |
aifran saftua g A i ) @@ 8 wu w7 ) =8 yfs oW S99 gg@ oar
TIS8j=) a@gisgB@@Na T fH ¢ 1 quay, dena ¥ ai ¥4 agym s ¥
R Y S| H § 99 §EAIC ) FFE YT 9% 917 A8 dl, #en §8IE [ Sm> I W
Bm < Su ] % fy727 ¥ ) 59 oafae Fe 1 QU WWH OF gF @@l sade ), e
agll # [ A wF | (Fhmar [ar, ¢ ] # T 19 95R W@ w1 Fay aq ¥ F
T4 g9 W QF 9@l an@ (988 v & s oF o3 Wl Rad € sidt § & 59 atg
T GAI3 T oSl & ISt F Al 13902 2R3 LR IR TR E AR TR AERAREIGIAAR
3636383638 v5 9 QN Y| ggi gz adf v % 6 @i @ Swd fwadt et w4t
Staf | Ba® wa H ( 1R0]3R0’ReEC )X (20 )3 &l wAR ¥ ) Ffm awt
qfegr g9 gRargradt =N slamiuredl § fum § 1 fiR o, g s1aunrey Afsfedy ( thay—
2ExR ) et @i ¥z ( 2ewk~2%%¢ ) F “Continuum of indivisibles” a1
“Theory of real numbres” ¥ fsg gsr @afiaa ¥ g fam ffaa & Fo OF
A S waew Almdl & e § AN F Ba i spmaww o A3 @ UEF

“Development of mathematies” % g2 03 @ 3ga fHar srar ¥—

#Salv,—I see no other decision that it may admit, but to say, that all Numbers
are infinite; Squares are infinite; and that neither is the multitude of squares less
than all Numbers, nor this greater than that : and in conclusion, that the Attributes

(=% ¥ g8 W @)




freagentast Tl 4o

2 denr 3 ( Bven Number ) ¥, sofed aifan awt svge e & Hu, agdt =
sifnm 5% gz & fRap | f59 @gg ¥ R 96 fswed § auat fR 8 JeMaR toos
A\ wed 3E QuEA IR T Y g R R d wna e fed £E B W) wmla
Az F 0 vow 38 ¥ UF w9 ) 18 vE ) G i § %) 99 aifs ag
geul g3 it @t €1 wia; ot werw g ¥ gav wdl e A fee A9 a1 937 § 0w
gt % ofan 5@l 92 S ¥ AEer I AR oo ASA TEAL F SR Fe
Qe R o¥ 18 & wiEA 97 W) IR FeIF! g A A8 Sl e |

a8 frar 0 @ 7A@ gl W WY g9 sfomeld §3 WA sy
2| 99 9% W W ey 99 OF CF S8 39 YIN AEISS! HT §H WRAT ST 51
s [ WA Wt dq wgd 1 afvwm w1 aifn el e dle Aeaz 0@
s fEr s ot 2000 Ao WEUE F §T AT I /W G W W T | ad
gEt ga ag ¥ wolid oy e wdawend Apj ¥ SR EETd L o %9 wWoSgw
Yegrg | gar ¥ )
Su=Apj -3
za R Su > Sm > 8j> ¢
&k Apj> Su qut aftnmigar )
Apu> Apm > Apj %1
Apu wuig wiFr v ST WA F °d @ W fes w1E, v e

& & ufd €1 ST E WO PR FW § S99 geenT ma QA T, N gy W
sgwaT § F7 ¢ T 9ar ¥ i—

Ap; \
[Apf) Ti=Ayj= Apu+t
TE% qang RNV F AT,
Ayu>Aym> Ayj> Apu ¥

TFY g% FEGAT ME AR} 5 o}, 99 gF WG B AN WA T N 9w
e Sig €1 T, 589 ¥ ¢ e vea Yi—
[Ayil* =Aaj=Ayu+3
aa1 Aau> Aam > Aaj> Ayu £ |

Aguwr o Ipj & ¢ w7 % | g@ Ipj ( mva odd ovld ) B 0w =@ ¥ &3
fara fofae fear ¥—

of Equality, Mejority, and Minority have no place in Infinities, but only in termi.

nate quantities......”. ggi Numbers =t anmy 9= mEa gl § ) Ry TR & R
99, T TGS ¥ gy ek 91 34T 9T e Yy~

“Resolving Simplicius’ doubt sbout the conceit of ‘assigning an Tnfinite

. bigger then an Infinite,” Cantor procesded o deseribe any desired nnaber of such

bigger Infinities. First, there is zaid to be no diffculty in imagining en orderd

fnﬁnite class; the natural numbers 1, 2, . JN themselves suffice. Beyond all these

in ordinal numeration, lies ¢y; beyond ¢y lies w-+1; then ¢;42, an: y

: d 50 on, until g3
mten.ehé{d, when w241, w242,......61e attained; beyond all these Jieg w?, and
.9, ¢



ue Sgraqrafan s

e & Aaj 1 @) afgufiai aaftd @ ¥, A ¥ ow Aaj ufr A T
g enfig 723 ¥ 1 qed Aej uf 1 fnfed R osaN @ ufr g W 3, L, wTH
enfid T, QR ¥ gT 7T b ufy s9a Q@ ¥, oK Aaj mermr qRo afr ¥ ¥ ¢ 5
R E L e b ufly #1 fawed w1 2, 2, §9 R b Ul 2 5w ouw qua w1 o i saw
X3 € ot o713 Aaj m=ist yam zlﬁu F¥ LA gr RY ¥ | ag fvgr 99 o =@ A
%, w9 g% % mers qrm ufl Aaj aag =8 @ sl | gdF 59 s

[Aei)*™ =D s b =c; [ =d ; [d) =¢;

TR OFRFW SR F vang &9 Aajar awFa S g% gz am S j ufi
IR it |

& @, j ufs = Q@ afy Afgal wF, ©F A g8 9 @1fig TR AR el 9
fofed w7, uF, ¢ ols Fafg j & wltd o g @ & @ k ufiyr sax @
Rasramm uft jH§ ¥ gFeuIW T W za k 9 D9 s wEr ffea =y,
L, 2R Hafr k, k, wuftg =& ox st 1ufn 9w €1 Q1 mers A ke afy
jH 2 aR g i‘a % | £9 9FR I BRA1 a9 9% =@ w1 €, 9 a5 (5 ] w0 uf?a
am 7&f @ art | mdfiw =9 @

[i ] =k, [k] =1;[1 ]1=m,... @l 93 g% F@ @3 ¥, S5 aw s
j A 75 fowr 7 Y 9y, o ofa H g A1 P ufn seaw QA R

13 fR ¥ P afy 9 Q) afavfyal 73%, oF A gerssy wnfig :oeN gad
) ffea wy, oF, 0w v F A P ) wnftg W qwa A &0 & & Q ufy saw

beyond this 341, and so on, it is said, indefinitely and for ever. If the
first step— after which all the rest seems to follow of itself— offers any difficulty,
we have to grasp the schome 1, 3, 5, 2n+4-1,......I2, in which, after all
the odd natural numbers hove been counted off, 2, which is not one of them,
is imagined as the next in order. One purpose of Cantor in constructing
these transfinite ordinals. @y, -+ 1.....was to provide o means for the counting
of well ordered classes. a class being well-ordered if its members are ordered and
each has a unique ‘Successor’.”
ga% g gal slgaw § gl gy w1 sfsfaa R—

«For cardinal numbers also Cantor deseribed ran Inﬁmte bigger than an
Infinite’ to confound the Simpliciuses....... He proved ( 1874 ) that the olass of all
algebrnic numbers is denumerable, and gave ( 1878 ) a rTule for constructing on
infinite non.denumerable class of real numbers. Were we to make a list of speota
cularly unexpected discoveries in mathmatics, there two might head our list.””

9w7g, 96l ST=ET X aftm § g axm feegaell 4% gnas A1 9@ @ W,
fag aa firgell =1 &4 § (v @it B, g WS SR J swamEt-ar Raaars afqarga

o & o gl gsaF § 98 90 97 38 GAER Sifwd §— Cantor proved that in eaoh
instance sll the points in the whole space can be put in one.one correspondence with



fryaquofae wifa g

DA ma R PE dasan @ & Q zﬁﬁ BI I g Prfeg v,
%, 1% 5 ofy Q, Q 2nfad =17 w e R ufy s 11 7, \eﬁ GAFT gAm enfya
ufg P # & ¢ A g1 3 § | 39 9FR 4% 531 A9 9% FQ 99 §, 99 % (5 e
i P anig A€l € siidt 1 9dlw €9 8,

BF=Q (=R ik

A 517 7 fpar P o 4 o1 9% 59 ofa § s g ma A T ¥ Y e
D e ARaEd § DN Aaj R dad ar afia ewfia ol Fw ) g, @@
dadt aw afie arafi afen 3 Y2 eham T ST S

all the points on any streight-line segment, In a plane, for ' example, 'there are
precisely as many points on a segment an inch lung as there are in the.mmro. plun_e.
(%) This, of course, is contrary to common senge; hut common sense exists chiefly in
order that reason may have its simpliciuses to contradiot & enlighten”.

o, atfvaaafs & 0 weifed a5 0wt faew Se N @ T R o, 7T,
“Another problem whick baflled Cantor was to prove or disprove that there emst:s
& olass whose cardinal number exceeds that of the class of natural numbers afld is
exoseded by that of the class of real numbers...” TWUTH G EEAC (comparability)

araedt aFHW & Rt A N fon g3t grr sfielar Y T Y QF 9 e ¥ s
AFAY F |

farg 533w % 5% Fraenkel st “Abstract Set Theory” e 3 |

i, Al A e = o ¥ eras B e vaw B e foRed 5
Fagrarel 8 gea 503, A Eneyclopedia Americana vol. 15 % gz 230 auf
Yagisqua miad ¥ :

1) The {rue infinite, both in megnitude and in organisation,

although in
one sense endless,

& 80 inoapeble in that sense of being completely grasped, is in
another, and precise sense, something perfeotly determinate.

2) This determinateness is a character which indeed, includes and involves
the endlesaoess of an infinite series, but the mere endlenness of an infinito series is

not its primary character, but simply & negatively result of the gelf representative
charaoter of the whols system.

3 ) The endlessness of this serj

o8 means that by no merely succossive process
of counting in God or in msn, is its

wholeness ever exhausted.
4) In consequence the who'e endless s
prosent, as a determinate order, but also all
It is the process of suceessive counting, as suc
80 a5 to0 imply that its own possibilities are n
W S RO a7 e e B
¥ gad adw wafa ( fast ) B D Y
(Method of Inversion JER A aw

ries in so far as it is a reality must he
at onee, to the mbsolute experience,

b, that remains, o the enq incomplete
ot yet roalizedr  ooeen It
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:-zs‘r g T 5 fadaroaf =) svdw et foes Afr @ Aol mg A R
g% I9dw died ar affig aafia ufir § w3 waa (steps ) «0@ siwe meq B | g8 qFN
B qar afazad & 39 (397w freqmr ( treatment ) o faw 2 faed wfisfes
slteifed WTAa €3 NINRE 3477 Tt A (WA 917 A § 1 38 a2 Lhiwilys
eft & swarg Agwagd § |

| EER Fga § % gaft o ft s sWewa-awgwal oy A€ Al 9§ ga

A g, AEEM AR CF o@g; ¥4 9’ # a%mw  ( Spatial Points ) esa’r
Smmg § Rug w29 St aowms gEar oA § 1 9dF 9T AR gt afafd ofgar
(wnfafgs =@% ufg &k wfafg 9@ ufg ) 91 wrm yd@end SF gaw € |
Gl Naa‘i srgwarg ufgdl st T # fyersw wd M & ofg® ¥ eam &9 9) FQ
grafiia ufm mg F@ F ) D, SEr aWeIaEeny i Saw A€ §al | AE o
Iode fral 7 o U afxr wd it §)

zg g myg U ufy § fafgcargaamans,  SIqumesargagEide, /4,
qud, Fa AW ¥ afameliedy o Safiol sgafidl wre % @qa’, ga afwd @
frers i@ % @ @uiT dig 9R affa grafia S8 v @ ufg V sew el ¥ ag 9ve
q@gsra (Ipj) wam e ¥ | @ T 2 9 9T IKFL AP AT
e ord 9 ) ST e Y

Ipj=Aau+:=V+2
az Ipu > 1pm > Ipj
8% yanq 9979 gHAT N wQ §

o s A s fEea € ef g = F1e § @ of | 9 Fwen w0 b
3 saRia Gearsll S G4T FIRAT gEael ¥ 48 fFeT ¥ SeafE gearsll w1 afEE
ga | dm=idi ¥ [erwEg fqgaa fafa Y gur Sowifig sydeRa ufidl & O ¥ TEl
Feeqrall A FFEd T 5ad Gar o eedlR sdea g ), aw guefia waea ufgdl
% fa U my fEd ¥ U g9 geTrell 9 Ay 8w d— aae 13T {39 S
e 19T 299 T 1 O ayua] dema s we st Wit @nig 7 fwar a% |

3 “The biggest unit of &ime is the Maha-kalpa ( HEIHT ) made up of two

aeons Avsarpni and Utssrpni, each consisting of
4134526303082031777495121 920000000000000p0000000 000000000000000000000G000-
0000 ( 77 digits ) solar years. ( The Brahm XKalpa of the Hindus alro consils of 71
digits but the digits do not agree )?, Cosmology Old and New, Page 231.

afzsr B g wdena, wed @ % O3W UG qu 8§ ¢F A @ (=
Sadteggae F wn Seqd Sl { g € @ ¥ ) 933 @t g EEE RS L]
S wiy ogErd § | wEWAG A FA F AT BAF P T3 W UrAEF ST wEEma afy
T sy AfE | adrF FAT ait aEeafiaa sdl 41 Souls in ordinsry vegoetation
a7t¢ Souls in vegetable parasitio groups Fgl &l |&AT ¥ |
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Tyj= [Ipﬂ’l’i = oyea {6 Ui
3 Tyj=Tpu+?
f Iyu>lyn>Tyj=Ipu
qur Lij = [Iyj]* =Iya+ 2 .
Tij ¥ s@e stweang W 1 F Rl v A ) gaag @E0 AR S
ceaftia 50 q it Liw mg agt @’ | ;A S < A e ma g ¥ 15w « # f6
fadig sa, axeala, @@, J0@ ik aneT ST A BT oG AES eI F
famigR AW &1 ggad @ ax afng oufia =@ %, faw wfisge aqir:aza—ra HE 7 DF
i &Y B ufy swa A 31 g8 B E, a9, Saega ayal Fawimd & wawd IgEW
(o w3 ¥ mg ufg @ f7 1) e 1 Tiu o far ¥ 1 a5 wew §, 79 7€ Y
3% 7w w9 T sow a9 a9 ufedl W R () FaewA Fawrmd F WA
amd) aswm A ang ¥ Asam i f Aam qu lim 3031 A@FATEE
Aa war 1i fadfaa fem R |
o719 T Fo Scowdd Tal w1 9T F3 | Fafy sofala naF aewfawifas
D&t AN g w1 o DEE T A9 9 920 9w ¥ weaegm R, swly 8Iar
Y 59 oo A ageTE g9 A wf ¥z 9ER, 390 S amw ¥ wgend 9w
qa deat g sfafd ods squkeias g afg F awes S ogam ¥ qafd sgar
Y oY wdeng S\F TN w51 a4 ¥ | anu E ‘e asy § s o 9o st
e 7t Dar, w3 G F @A dewali w1 D9 dar g N 3 N deng § Ak T
FA | TG UFR NG I Y AWEHIg T A o A § @ [/,
SEH e 7 0 | Y@, g¥ g Dar R, Sa% R, Avan sEedd-aea Wt
CEd ¥ JUT SO oA ) FFAT Y, 9T SyMH wU ¥ spEwg H syfg T A
Y| Inalw seclaar gl ofig A Y 99 5 ol pedi B eidemg wmo wRat
¥ paEg AWEIEEAT F E FQ &1 W @, T %97 4% Q) HAHIR
fava QA & T, gl dem Faft sEenw weed B, wafonmgar wd €,
IR Y F@E €| w@waE 9% wAn Rafescqcgm@iaeng gom dem w1 oanEg
fafaare % o wwrog swmr 5 oRoal 9 & ¥ | 36 95 288 O sdwaE S
O SE AFANTFNETEIT TN A F AT AP F Y TR anA

¢ fct @ e anft a% aaed W af ¥ w Az Iy Aw F o6l W 7o dn @
ATt f7 ¥ 1 faaig gt (akin to bacteria and unicellular organism

of modern biology but conceived to die and to come to life eighteen
times during time of one breath ) % dwar fagt # weq § A{A=IIA 98 A
TR saekiEE O 9 den f Y W den ¥ wwagd s A s 3 sat
SR SAFFE T G0 22 & ol R G A9 ufg ¥ oawwagd 5@ me od Bl

B & andi 1 g WA e F el 1 den § sagd o T ek s
T F AR T A qaeAEa w8



g8 sigfraqen Ry weeraar

¥ oot @) dEr ¥ ) @9 Wl g SIF gAmgd, BT 999 w19 A4 % aE-
afa=8dt (wAf %% 37 Wt AfE F Al ot ) ) dew w1 ymw Qar g |

Tl meRr 7afd Swe wHTHYEad o a9y gdarg §F Fas ¢ w71 sfgr 81
R T Y ‘oraea’ gm0 SqER &7 § 9iF Slat § | safamAt w1 fany s@w sidend 9%
& §ar P, 9% qug F1 A9 SaewE W S R, omeg dw wg & Wil ¥
a1ag #, A F I9-T FIS dF W §IA WA W T ET ) 97 T 8 9 ‘g’ s
nar B | §9 qAFR, 99 I AT F) AT AR Ifa aeafig ufy F, s1a-a ufial g
wdt &, @l sga) s @@ @mEs DA ¥

digarard 7 o geeaRadT we % aaeaa ¥ s99gR W SUNN  (H9AH
ageE ¥ 1 wes sha uf sl s R

s Xt ® (5 w9 91E geneeRada w1e 91 aqify & widt ¥ &Y wea dlg ufy
ff g9l g M g 7 QM2 9 W AT § Fuq frar § R A ofy 9@t § ) dea
g1 EE QAW A F 97 7 @l @aeT we @ Wl 97 9 qaw & Sidt il oF
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% gora, 39dw fA¥=ager wd Sl §

I F2 J{ wrwa sEmall (8, R, 3,000 7T IF) F WRAT A0 H gF afy
atuqr $B% A (%ar 3, @8 No ((Aleph Nought ) gdts & fdfia fear g |
78 aea gam ufl 3, 707 ( Denumerable ) ufodl & gam snfig G2 74 § &l
faz fear nat & 5 WNo = No, aa1 (No)* =No aufz |

Ta g&r No & a9l d&ar =l anfyssr, afig &1 # aifgdy ¥+t By
( Diagonal Method ) & &ri &g fisar 71 § f5

aNo>No. fimg f339a axasq A9F ¢ qa1 IAaf &t GG & A%
geTInT ey, graga: afvg § Y adhT or gzfha sTEd

get foeR J g5 N A {5ar ¥ fe wgl sl wowa S w1 Aww @, gl 9y
STEgeNEEE GEAIT (Sm ) S 757 Far 9y (S gF Rut afg a8 T 33 8@ oW
2% g% W RS N U TFA B A e gena § NN T ) 1 6§ gFR sgi qsf
srdEnaETEIa §1 @l 391 €1 q8 80 NageaIgEe AEvarmgeag (Aam ) F
7E0 wT A qar ofq § Sl Agl ARG F AW FAl &1 980 I8} Nim T AT

A =&Y |
T B, QUEY— g5 F St gefE Q vk & sad <t o § R A ofw defe v AT

ST OAF €9 § 3§ 37 St HSt 7 wufga fear var T
T, 8, 68— (gAar ada Ft IS sftar v’y AN, FaAr 9FIY WR3og%
AT T | ag @ a0, S9EF GAI F, THHA /Lo HIT WA A § )

1 yederm, 38T ¥, I8 34, RS
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37 Wl B 0 F W g ¥, faast @ Gk w6 = YT o K00

Jooo {3000
9% qEIN, Koo RNIT F FMT 0 FE W Yoo qag IR AR Y 5T [
qAl gl AT FWT Qoo Gl M ST aF War &
gt ( AFER-3% @ ) 327 @l a1mar wa 7 979 Y@ a0 Y@y ¥ 0 Fw g 2,

faaa nf froafi B Y w 0= —a 3
o000

T I, koo A1uT HR AH @A Al &R Yoo AT gzaT T FA IE W
$ooc AT IBY A w7 enfiT @At ¥ 1 93T § Wooo NaT G S FH Yoo AT
fFrsat ant & @ vox Raa w7 At 2, Al Y98 2R Nag G2 qeA aqr vo M

ol IR W, ga By AIT aAwyd glew aaw sw, o ¥,
Wl ¥ (-3 %) | gl W wd lw wwm @
0’ R amdt ¥ faw wm faafg w0 = g =% £

. B, 99’3 — ¥ MU F, ©F F anfozas F o Wy
%1 A1 fAmeas 0 foa a3 = o s @ g wdises
¥ ag ¥ (enHli-30 a1 ) —
agi 4fa D, ga@ d, S h, gxiygst N 1am aar R,
e qEIAR 3
T a e C L _ . J{D=a\®
W 0 L=a/(2=) +(m)

. B, oo~ 4@ aw forgs ¥&% ( Triapgular Prism ) & aafows
(Frustrum ) % =iy snerr wgda €0 ¥, s wwn O3 F eufows N wEw
GRS EW %09 a1 7§ a1 gan 11 91 @) 9T § mig angfaar At g wgde wig
&l ¥ | 583, agt w7 §, ofe® far g o svda § i @y & )

Ak, fEwt F ek § h sy f9 [Fewe x e
&A1 €1, a) fory fof@a wg =1 Segw fear sr asar €0
( anEfa~30 7)

x=h+[D—E~@]+b
aal x=D~[(H-—h)+(9—£—I3)]

STEE G F1 30w, 2ege-2¢oo AR H Al war ¥ |

. ¢, 8¢qQ— g8 WA GAge w@EM, ‘aran Azd. @ugd? 1 AW IF
% o0 smar ¥

T, 8, 94 AR— duFR 7 ananwF @y N @i Gy FAFAR WA
A # T Wl 1 i Brar g | ger ¥ B

1 SFg@yngld viss.
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aa8 qiEd e affr &1 g & N gidEs F AT Me, TRE DT ORI FHER-
gret ( UL iz ¥ wna &1 ) ¥ | 3a% A, WY W ava § feeE o 7 awn,
e, fraw, sufy F1 F47 qE R |

. 8, Qol— arviaa: a1 gafed ReMIIE 8¢ g gty ( dialects ) woo
3, e e R ¥ )

M. ¥, Qoi—Qoy— fARgaar sgafla ag Figg ¥ “anad GReg 9 waEE
sl oW a1gen frey wfy Al gearwet § a3 ggat aw fwed 7 10

Al ¥, QRQ— 78T 7 [T gFRF A T Gen 0 F AENaT WA gAm
A A 57 33 7 e § ag9 DA ge fug wd T

. 8, R3e-33— TN F &% § 9afy NA w1 Jugs agenaqn §, A3 @
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fraed § srgdgd w18 % Wat dTnd AT 9 @y § (39 79 Al B AAR
geAd agn s |ifgd, 9T naag g W 91§ fafaa gearadi € ) |

. B, Qee-Qu— gioian M grEad Bl R 1@ Feral M Fu | fraras
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M. B, RoW— 8 MATH 218 g a5a9q
< g e e Fwed & G ay Raraxr § g

5 o139 dial qur g9 am Rma €11 gt
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D =33 =1 fasseg Diameter
¢ =siar chord

h =3m height of the segment
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i — -
S o) (2 h) kg
=2=D
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R Dy y WA o1 w0 ax fro fefea ol ar afae sefba ) @ e
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anfasse gar 1 gl feam, fxag gula aw adfEalkRan R rﬁmmqj}
A ¥ a7 SNHW ¥ [IS) ¥} davAc, IAF aigHes, saa} oy el W A A
fafs3 w1 § ewmdans ¥ Agwgd @i Fawd W awdl €1 AWAeR R gt @
aHEs 39S 91 Reo His 3 Faif ov fafwd G €1 gd, ¢ dR sl & Gogd
AN AR S oF W dar s ags 3R T <aweel W Fw awedld 9E W6
ad & 9wT WA O o S7 w1 AW aq @ ana HE Aaer war R ad | sefu
F(% 9591 1 aadia @AY § wivadet Gar ol g =1 30 w0 § g qw el § s
FiR gdl o 239191 AW T 1 T WY N epmwamar 1§ 5 o1 gf SR NE yEw Wy
fimges &% "qq AT @I s war R gd ¥ waltasa 9 @ fmAERRan ap
{EPE 4 S/ TR ¥ U B s W qRge frar qar 1 €A% fGwg, il §
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am, v, Qs Afg— fFad gemrsr & § <zfe w1 ang St § o faen
Y20l AT ¥ | 2T ¥ 9T 1¢o NI WA H qU 330¥E Row wAMS® A @A
1 aushi— 3y 3R |

g w1 owme ga g §e—
forgal 3 ow T 0% offs sade
1 ¥ fEw1 {9 Recoco AT § |
wy § ghe qig ¥ fwam faar
Roecs A ¥ | Wi H GRAZ H
izg afed ¥ Al ods @ AR 3
ANaT ¥, #60iF FE I Yo A
%1 WA a1 ¥ 1 9 3g wmA owa
M =i S9lq b7 T T Amen,
(am e 92 ¥ ey ) oF antd
galdl ANt § 7 DA afsEns uwma
1 gy, gafed €z w1 gu enen
(winding) st sr@rigy (unwind-
ing) gaw (spiral ) a1 kY
THTE d1ft w1 ofatm 3x§E A araar [mim 24 % whwy dfiw), tetaved did ¥
FEAHR G F1ERAR K30 ¥$ e spaar [ mas K18 X vyt d@ ], 33w’y Hiw ¥ |

Helen dmars grdae aw Bl ana m SRR WS SeREE S a9 s
fafaa fFar o1 g91 2 1 9ot w1 wn @ Saw el 3 o, s ad ¥ oRa @ s s
R | vEs w1 AR e ufy o 9 O ¥, sEels WA a9 % A AR ¥ 09 solar apex
(Fedald ) 20 ol qaw fafaa fear aan | we, Awfrs oo 21 aad o ans @ A€
FFts % o adeda § wuAEan SN A B A s atw | wefl =t g oy
frt a9t 35 atagel ¥ awaw @ AEdeET AR ARY X erqd aify agy g
T FAHGR w1 ogaw fRAr A, w0 R v W OEY SaR A mie i T sqgional

( postulates ) %1 wwiew sniedia 3 odawz % @a W fwar | 3% fagieg dla
ufew s4Wil e sugw fag fear @ g9 3

N % A § gl snmaR ce G, co audt & anar w B
o & | e & Beel ofl o w sem Y ot erra ae se amH g i
F AT QDMG F DD wEA | 9D F g G T AR a3 (energy)
F ot al A a1 Y OF BT w3 0 w2 nES Wgfeal ( magnitude
systems ) @ufad S of ¥, ¥ snam: ( Visual Magnitudes ) zz = smyrdh mzwne,
(Photograph}o Magnitudes ) wifgams a5 (Photo-visual Magnitudes)
vrEl mEEId & ( Photo-eleotric Magnitudes ) wifFda agaid anfy § ) &

x\s%; % A SR Y ] agear B R era & v swegm aR g, s
. 18R : . .
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FrEde § N AR 0% § N arge fog wh ) Al o w &9 gafa R
F R 9uAE FESa ¥ |

e, (89— avday <gdf F qfkfe 3t edR dww gut fsw (ST &
Ael firg @ ) wero AT A o ¥ | ol w© w1 WA 4/ 1o smar w3t fod
13 @ 9R’fT ((yRe¢Ro ) X A X 3+18 = 32300y qaA Mg At § )

s, Qec— aig A A afifr @1 qrm 32¢33% 33¥ Awa ¥

., 9¢Q— 38 War § oF AgA fogrg fifea £ @9 foar agd ® @9
gftfhg ag s ¥ ST frag awa & € a8 o oof R & R =z g9 |d A1 # afdaf
agdl s § 5ER ¥ anw wie 7 sand atfedi w1 sifewan 1 a@$ | saw afy s
¥ 16wAIaT UM H @Al ®7 9 Tgdl eWl erulq @i ANl W SNT Hwal §1d g SAR!
afy @nmw (uniform acceleration ) @ agal €Wl &l aFa: AR F} &Ik &I T
@n famred (uniform retardation ) & =zdl i |

. », {<E— =igAr %1 3dg afy (linear velocity) ewa: Hfidft § fag €9 W
g agd (A1 we BFE ) B 134ec’ + B3y = SovisWek A o) R | @,
Szl = A 3@ ang 2 e § g

Yy
b‘—.l——\g—yiﬁ = ycoxyo H® @l &
AT, 9, Roo— &7 =g Ay IR § Rya war ¥ 93 sat afy 3 e & g
RERK X ¥kwk 2
v, = vak?sigzd}a w/A Y

3T uedaum agw addt arli @ e ofelt Rufy @ g meR Aa AR F T A F
a7 g% @A N ¢F gak 9 aewFa faly 3 age fer AT S A7 SR g9 afRsER
T @ Fa@re 31 sgarm § Ry sgw w740 8K g AR W SRl adf H
el taft 8 wmA @ sigdl et fafg § geR £ ¢ RS & g9 anfEswR W oAA
Proper Motions of Stars @1 siar |

@il & g qurd wwdi Proper Motions #1 &A@ & felt gl drades w7
A0 EFANE AET T4 A w1 el A T 9419 A AR, 9T 2, 0, W
% 1531 #, “Ab present, wo nre ignorant of the propermotions of all but the nfaarest,
stars; when our inquiries embrace the most distent regions of the stellar universe
the solar motion can then be defined in relation to the whole body of stars regirded
as & single immense group. Even then we are no vearer the conception of absolute
solar motion, for extra.stellar space is unprovided with anythings in the shapo of
fised lond marks”, ag fufy @t sggwAT 3, @il @@ A aili ﬂ?\fff" “f?E
( absolute velocity ) fasrear g weral ( abstraction ) A% § | el e
R ufr B fm wr www Dar $ | g7 amd awdl ( Proper motions ) Wl
qRada 9 IR %) @ tkev ¥ d dmfrai @ ggt wwar g e A B w1 ang
( movement ) fret ar9a faan & sudie gz Agl Gt @ | IF 9HRL FARSow
MFa Fafa ( Kapteyn ) @l & & gwr @ e (streams of star )
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v ot & o Sh Fetal W FRY A A Y
£24) 3
e ar. ©, RQA— iz ZaE F AT FeGe
FEhTE 3k

grd AaAl 3Gy xwe fRE A Ry g2
Kod32 fifz wiAr war ¥ |

W, 0, G 930 31 o7 WE NG SRAE FFRA QAL 0T |

., RY{9— TF VI €9 feafy & wfafadiat & o sar fqaa @ iar amn mr? 1

G e eI H D g A W E N SR H od anw wwT TR E
falivar 7z 2 £ ad 21 Loy afeal E1 0T I9) F @ gd T aE F aAw g oadr
7o v S AT F dim F1 Sfaus Yveo DI E N EE F A M@ AR

g% Qe =1 siqus R A=A s 3o%o Aim fafd a1 B

W, 9, RRE— WA F 7eg firg 1 Feg W FL @A F 790 90 R Gar (Joooo
~{¢o =¥q¢Re Aaq 2 | AT g wrgm Rag ws &

. ®, R3w— oifan vu F fug @ w4 @l F A9 F Har IR (KeoiRo)
AT war g |

glea Wt <zew ¥ @M @med winding o) wEmed unwinding #as
spiral ¥ ama a1 ¥ 1 wwgAr weged ik W AR ad F @ d v @@
=% 8 & |

L, 8% Afg— fa R anRkdi N @@ T oY s ot (a9 Ry
3 st awia @il ) @ of ¥ | X safai g9 oFn g g R R & oS R ofify
IANT FEs Rorued ol evock Mag IR gE A af ¥ )

R Safdl R gl F g adl F et & § e werd Rt ¥ [ aaana st
frmer w Dar & e fewg o Szar N seEl & R 5aams Q@ 2| G@men §
03T F99 T foam Tw OR U9 95 R—arual wolsll H1 FHO G2AT W AXw afy ¥ )

s afiwr e % wees ¥ of esm. um wWiE 3 ¥ weg walg ¥, Ster
streaming remains & puzzling phenomenon : tentative esplanations have indeed
been offered, bhut it would appear that its complete elucidation is & task for future
Astronomers.”  wun wgw ( first magnitude ) W AW difas Rew gl
Y\S,ooo,ooc,ooo3ooo s o EIcy %, i@ %ﬁi ((‘IOSS)ﬁiﬂ 3 Lo Him
o Y N Wl ¥ weam g R aa Y | ERSTE SUE g A i
Bt = St 3 fet v, fov-Bem A ol & el aren = AR 5 SEEAA
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M, ©, REY ATME— e TFR Hzat A AT 718 A 9 2R smex 9 g anaw
§ gl ¥ odt geR @3 9 f vl N T 1 T8 R emaT we ¥ ema Rfgdl @) (g
FENR | oF 5 oy ve @z § gun o @ seRt afy wRwedl fwT wuar oE
fafaz # ma:
2
ARUXIR = vqort 2 le D
T 9, ROY— tevd i N saad ofd ¢ fafiz ¥ g

o h ) 1
‘ﬁ_‘&:z%!"\_\t\= %o33¥o3iR iz Dt ¥ |

MW, VR— FFA RS @SS Y FEF (IO F) fmg
Q1 MAT 131 ® | w5t fyear ol atgsd vg F Ba % aa A an ¥

T 9, ROE— 5| JuFR F gntd ST gur TS &30 gag A QAAS Ga-uf
& 0a H 33N T By gega: 1’y afifdl o atiat § fua s w1 avia frar ¥

T, 9, Rew— w7 gd yun gu § a7l @Y v MEIAS Guw Rug Sarg
Y @7 qRfudl § ¢ ugd w1 &7 etum ov s ¢ Mfve w1 fea sl (R agd A UM
31U § g2 3 fafre 9 afy Dt ¥ ( 7af 5gd A Ra-ud F1 30 ai ww nwar ) |
&% ga% Ao o9 ad qman v H @A ¥ a9 RT3 ggd W aw X ¢ GEe
it T |
. 9, Qo— dysR J 3edw gFR Y FE-uft OF = wro gd @ af &R
sa=Er g |

Tl 9, RAR-BRO—— g7 arall 3 ¥ 7@ engy g fafag &1 &1 WERA (6T
fofad o § @ €1 S | 75t enshi~30 @R (7. 33 ) |

sTad nad MR o fug Dar ¥ ss ang w@e 3 e §3wd R oSk
( spokes ) % umik % 1] & | ar+ fear nar ¥ 5 fret fafte @97 9z (at a parti-
cular instant ) 38 Nft s gd fer T | g @Ay FERAS eway 3 fafe &4 %

007 % fe¥ A R93-%, ¥R ol 38R 2fad | .
w7 &d @ a9 ¥ fag war & a9 fag dw Aol dar §, ata 3198 @R

% F gAm o Ay qudT gAY ST g 1.

zikenr ( line of sight ) # ufz 1 ff fea amr € | Reo Hl@ AR awe q
B3 We Mo ufr JEy g% 31 b et gAat gre A Y S Ew € a_}ﬂﬁfqr
7 @it § awd wAd} ( proper motions ) F1 Bl €8 Fdt € I. ar &l ot
%% gt ¥ OF %, 32 fama a1 3w ar ( double stars ), =8 ar ( variable stars )
qgg et 97 ar ( giant and dwarf stars ) g3 | ~

arg # Naftwrad ( Nebulae ) & faug f3=a § 7 995 Faw 3% n:m‘f ayy
5% aTSIFEAld gaWl g eIyfET AweE §1 AIURAI ®l ASH @ € 931g g |
29% S8l F wMN R grigs AmRweliw ag awd § G fEar < gFar ¥ :
siw Higikwid ( dark nebulae ) yset Aigifigg ( diffuse luminous nebulae ),
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$TE A A

fm ¥ e ol g ) Rafaat Bedt o07 @ BRE v A © mdE Qi g
¥l mam d Wav ek v &7 F ogwd wR § ¥ apuly swaw &% Roet,
toe® Tl an & 1%, ox° B wsawa fafga B 1 enwe o R & @ fawow ¥
Ww e R ¥ (OHNT H 039 W A% ¥ @AW Yoooo 4223200 = 33333 A
AR W ode F SR B @ WM H Qweed Av Wi w ad wr auaw A wa d
ALE Tum H g3 A AT W @GR AT war ¥ X 9wy swi Q@A 9
W WER gy fed o gl W wae AR fafw &% wA ¥y ¥9% of % waw §
ufa G a3ed wo T awar of A falr & wger fost ) wd Wt w9 faR § apa
aftfadl w o Ty wqma § anaw vy fafe & R T

78 AT ( planetary nebulae ) 3t Fvas Alkw ( spiral nebulas ).

Wi { spectroscope Y A Wnfadss 43 T q| T[T g3n t fma
s 45 ( globular clusters ) eftar #t f&ar & manm ¥ (average ) wt iz
aly ¥%e %1 afy & gemEn €1 Suds AR H# yag AT vEr @ dafm &1 airrg-
ME FF emeuww o aid € AR affan S @) deiiee SHRM ¥ gy qrd
W R | s A A sena ¥ ww S Y duREl ¥ oo f5 g
Bl wies dNofed g 3 smar sk i Y et ( line of sight
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a5t snae N W BI%s g R kg Sa—
Bage g 9 8 = 2(Fa)* X (¥ egq ag #)
= (3386
=2(c¥3a)dn
T AW 4/ 30 B W, FUTR ] 79 Y363 W W
gaccovtooco g Nad ffld fFar % ) oft yoR iR B9 § 9 9 7 J9we
= e PHBT DA ¥y
T HT AT 4/ 1o IFL 4§ OHIOT T14: ¥3330Q0000 U AVIT F1al § |
v3dt wen & @ RRy few g & e o sere 8y far a9
et fafor fgm, feed Mags €, 99 5 ad ndt 4t o faa § a3 P oRfa @
T Fael & 29 fa fofoy ag 1

or radial velocity ) a1 =y R & g8 qx e @ T AF W,000,000
gRE At g F AEREE maAr Yooo M WE Y ¥ wH Y i@ ¥, K
Rok,000 000 GFIT 3T g1 F AGAFE 5y Faww ¢Rye00 Ald Ay FFIE N I Y
el & gry g7 &t s @t T
g Yoo # gWT F avar 8 ANwRaed B xdy w swew g A afyg A8

4= ( compact globular cluster ), w2 €13 SRa® S 7 wifa (fattening
ellipsoidal ) &k sjgmiet F+as (unwinding spiral ) fafee e g
faad aftag ANgRE AR &1 @ SAF § ¢dooscoe JAl @ur @1 #F goossscocoeo
uf fafad gf, sl feRare geeres, savt gt & agar ft | gad srwi oF U
Nana g NelaE (g F af fwest slaatia afia ( interstellar space ) &
fafiym oHiT 5t 317 70 ok ys O B sywrdn ¥ gz ok uwr (edge ) § foud
Nefaiall 5 S ( energy ) a2 afmior ¥ gn qw ag=d ¥ 5% af | qg W I@W &
& aizmr ( space ) ¥ fHel fafigs &y & ek # domr g ¥ agar aAsd
¥ agdt ¥
Yy BR el ¥ oghE gda § e B oma o 5
2 sy syl mEa ( apparent maguitude ), femar agar ( displacement
magpitude ), &7 Aggl ( number megnitode ) Nt o fyeumgd 28 { colour
displacement data ) ¥ | € R NIy A&t § vty gy aaodl & fygy # Rgrdl
3 qftonat &% geat 5T 37 goRR F wug et aak amg aost & ©F @ed A
fofag dwfea o4 wsal @ afgs wz @ sEd it sa% agEAR ¥ AET FD
L B @y |

~With tho relativist cosmologist’s postulations that the geomeatry of space is
determined by its contents & that all cbservers ragardless of locations, saa tho same
general picture of the Universe, it is proved methemstically that eithor the universa is
unstable, expending or contracting. Another sspect of euch universe depends upon

the curvature vafcnlaed, When redshifts sro interpreted as velocity shifts, curvarure
{s taken positive cnsuring a closd space, finite volume and a definite universe at a
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T® yER, d1989 T Fa@ a7 A1 gz agdl v, 93 afify g o fri gar

5TFT WHFW a8 T— P13 ot 9RfY &1 qof =% araar &d g Aw 1 gob gefam
R¢ 4+ ¢+ R+ R EEA rwal Go pEdf ¥ €9W QA R Wi @ @@ @ AR AR
alw WAty Wl @@ few B ogAm X ggd RT we@ ¥ oAk audw § g

& P

%x% a1t AsT A B | ag TAHm XA 7T W |

agi gd & T olaust T A 2k B |

we ¥, gl e @ aud ¥ 1 R & andm 7 3fg it |

., ¥R AT— & M § s>y gl @ fFaww g Rar g 20
751 faRw sev@A arg wgweE & R | w3 ad P & ofife o fRaa @@ § @3 gt
¥ Po X 2% 297 S1a1 ® | 98 R 3gdl # w3 f9e wda & wdear a5 F) 9k F) aam
Fear § qur vrqoi ol % gftgAw ( revolution ) H &o qgd ¥ vy w191 ¥ 1
ggaREE $ @8 Pe ®1 77 3340k AT T |

T, v, VI Aifg~— M= aifgdi w figg e R aafai § os § ana &Y
9T Eng §oangr ek 89 AaREl F ol W g wmuedi § R 9 At F oenan @«
fafma 57 a%d § A 39 99 9 g0 A9l § e ewx ¥, wiE faar s3% s
F A9 siqus & saR we ¥ 4 o frah ot ga €9t =amr s7 Al ¥ iy qfify
9 daus QA | w9 gRkivdt ot fag aakat § 99 9 g @ Gfga ) argxd ¥

Lo, ¥R&— apadl Al § afs Kuev322 AeT = gl w1 fug ad
Y@ a%ar ¥ |

partitular instant exparding with time. It dates back to about 2xX10° years, though,
the stars of our galaxy are thought to be born 102 years ago.

If the curvature is taken negative the formula shows an open hyperbolic
space of radius 3.6 X 10® parsecs—an infinite stationary univers- of mean density
107% ym/em8 Lomiting case of zero curvature is “flat” Euclidean gpace with an
infinite radius.

Other throries proprunded in favour of expandiug universe are the 1)
kinematic theory based on Euclidean space and mathmatical structure of special
relativity and 2) the creation of matter theory. The former is unscientific because
of its indefinite definition of distance and avoidance of observational date. The latter
is not round as it aseum es creation of matter cut of nothing in the form of hydrugen
atoms and there is no evidence of its; steady state of universe, assumption,

"h“s wo secem 10 fa( ©, 88 Once before m bhe (]8478 Of Copermcus a Cholce
betWeen a Smull ﬁnlt’e universs an

of nature.” d a universe infinitely large plus a new principle

R4, 9g snel, faaeg SDESisfEE ( Radio Astronomy ) site mse Q&R
1 Roo” qully qur ayew FdlT anfEsER Far A% g 954 § |

WHEEET QA IR F D F Fovar W 0 w9F N own s F oz ¥
g (] i[akl
H{T, “Aocording to our present views, A e

the universe is a vast assemblage of separate
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fum-frm wugl ( Sragde, 3RF AR @30 agx ) F w@H ¥ ggzewrdl ) e
FfoY sg ang % IR olaus ¥ A w wm T ¥ om AN & At amg
€ qT g2 L2 AT §at § | 16 ana ga8 At X gF afkgan & g S5 v §
¥ OFR & Iggeqt T G e R

., Yue AMfg~— 781 & fagg 71 Baw e m Az D IF L)

sz % o1s qdt § (wow ofg®, AR, gad, g9, oy, so¥, UREd 9 9Rey
ay # ) fara-fuer sl w1 Rafe aaw saea aar 8 | staan, fefier afdt § Raq
agsl & any Ry a3 § |

M9, BER—YEY — TF % F gl F 9691 ¢ da@mi 9 ¥ 91 F© a1 T Geq
( szl )R < [dearg 9atigs X 20%938¢¥000000000233332R] X ®
gaers 1% B | 7% uly fafed &9 & sdema ¥ | 39) aFR 9N ol ) e | qdTa
agad 1% R |

wagly & ¢ 9% & e A F awell ¥ o} 3¢ ER aed a7 § 1 3 Feafas
aegait 3l Ndl & awar & afha ¥

M. S, YSU-9E— SFIT I 0%¢oe ANATS ¥ faww fra o ¥ faad,

2R WREE A B g 2 agd A wifefa X &1 g9 9@ ¥ go mmEs TeR ¥
go%coo 0w . R03¢00 YL 3 z 3t
S = i, TR R E e e X 2 el e #2, 4R @t s
Gz o € | aar A ag 0 F R 92 K& fbE vizSe Ree oM E )

T, 9, Yo FIfg— fux R gt 7 afgaf fm 3 aREdt § 9 % s fu= €
aft agd, galy fim ofiRdi & Ruw €, am@ ¥ «x3$Q agdi & amea wa@e a3

FA R E )

systems, each of great dimensions, which however, are small in comparison with
the stupendous distsnces by which any two neighbouring systems are eoparated
from one ancther. Wemay liken the universs to & broad ocean studded with

small islands of varying sizes; one of the largest of: these-islands is belioved to
ropresent the systewns of woich the solar system is but a humble member, the
galactic system as 1t is called The other systems are the spiral nebulae whoso num.
ber we can but vaguuly guess.’”’—'*The Sun, The Susrs, And Thp Universe.” p. 269,

35 Gig g4 9% °Ig9d TR § 1% euyglrs sAfee & fgidl gm 7% aMeR W
mg %91 B ge g8 [WIET E10 giga SASIF § el 9% wsd € w3 fr ez eiv
anfz qu1 argdees gl grdl wt g udt Wil & GRes fgsl % MR W W@
g% | @5 as 9wlas @ WNRw fdl ) g srereg 3, 5 @t e & sAE @@
ar7an A Afywan QAL | zaw gama gt & Gim wnd Ry o fmdys
SR e Fagle ¥ NS fE@r § w2z ¥ ) gd Fwend Fas gwlas § AR
Sen A A X engfas gRAl & atia B geR Fas meand gRal w1 oana fRar S
goft 51 O ©F AvmA BN F A o w19 § wreafgq T @ A Ae § aRa: fedt
1 9fwa g9 geEias ¥ sEAmATar 3 e ) fads @3 snafid WA §




fretarantas afed Q0

WL 10, BRY— (%@ 7&F F1 3Ra Y 3@ and IqE 631 A¥F 37T T UG
D1 ¥ 1 o e ¥, FfE G AW ABE te R Al w5 g WAy, Fafed
o &9 B R Al 1% 18 AR RR Ak e EEa 1T o AR & H wd 4l

M., Yoe— ad, g AR A W and AT a1 swed geas ( winding
spiral ) semea g (unwinding spiral ) § @ ¥ 9 AW @ art 1
‘s34t @1 fya A€l )

M., go_— af For wE (TH A ) H ek fea-ulai au <9z ¥ @S
3T 7 23¥% faw 1 ¥

: &30 ~
., woy— afifwa 3 w1 fBwr «ta Worezos eam w1 Fw =mfEa
ool . gook X % 2009 K -
w1 mafew ek oL, WA AR L A ptres UEAA W £t
s w@ T ACH I T A9F § ) T 9T g 9 F W A R
[ a n 3o 30 >< X< . ] 5«? ¥e .
W 9, wQo— ad, FxAt T R, dE ggal A S g3 f ¥ g

QOXYC - N “\ < .
afew e awa @Y | Fan, A9 @ W A o 9 H »gx-—a%: s

k't
%o

= 197 5@ T |\

0., qqu— TE% G fF R oAmd ¥ wd W W AR w1 g% w0
ag andfas gin ( relative velocity ) % fawia vt famier o ¥\ O, aifufsg g
% graea § ( fxawt feaR 83 WEAET ¥ ), @3 W atfes oy aifvfag A9 )

o mig foal SR W ¢ BA F 2o wR@E ¥ g9 9FR, GF afulg auw § ey
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o fza = ¥ HEWT AR § zgd [EF Auw T 3 THT FA7)

AL v, 42— Tt sER wfufed Ags ) e (58 fewws ;Ew) Ssan W
ARfys w3w 2 ggd § R WAES R, wifE 9R eua @ Swn awEl ¥ L ggd § g
qwde G e war ¢ | v qan % R &30 wade ¥, TERY a9 @z gy
FIA S 5= 23 ugd W | 3aR oag o wemar \iwiT qgs % ot wma
T | g5 o9 S22 XIS AT ¥ 2} GrdwEn ¥ enesd ygd w3 A ¥y

wW,oe, u3Y ARE— I F T HEa H ¢y Ta 7 T | g0 emam ( annual
southward motien ) ufk® =)t Sw =13 ( porthward annual motion ) ayz
A DR g ggr offmr T &R eteg ang § ot g9 R emfE (4 3f ) amfy )
TH W ST GRT QAT Y | 7@ AN F S AN an 9w 91 2 | wis af
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