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INTRODUCTION

For ages the emigma of the physical umiverse has
been pondered alike by religion (theology), philoso-
phy and science The fundamental problems, no
doubt, remained the same from one age to another,
but the point of view from which they were attacked
vaned with the viewer as well as the age It would
therefore be not surpnising 1if the answers to the
problem are found to be radically divergent Answers
given by theology, for instance, are based mostly on
dogmatic behef that we have knowledge, where in
fact, we have ignorance Science on the other hand
cannot answer many questions of great interest
raised by inqusihve human mind “Philosophy 1s
intermediate between theology and science’ says Sir
Bertrand Russell “and 1t 1s the business of philosophy
to study such problems in order that we do not
become msensitive to many things of great value

India’s philosophical culture 1s charactensed by a
sincenty of purpose and seriousness of outlook as
well as freedom of thought which was unknown 1n
the western countries State persecution and censor-
shup of thought was conspicuous by its absence
because Indians did not seek to make political capatal
out of their religious persuasion

At the same time, unhke West, Science has never
been able to completely subjugate the religious
sensitivities In India at least, mystery, ambiguity and
transcendence remain as important as rationality,
logic and sensible perception Here, man’s persona-
Iity 15 not entirely denatured by the scientific objects-
vity nor has mystery and sacredness been taken away
1 History of Western Philosophy, Page 13
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by its rationality In short, science ispite of its
spectacular achievements, did never become a new
religion here as it 1n effect did 1n the West

Systematization of Jain philosophy is compara-
tively a recent event though 1t had its moonings in the
canonical hterature 1e Agamas According to Jain
belief, the doctrines promulgated by Bhagvan Maha
vira, whose 2500th Nirvana Anmiversary 1s being
celebrated this year, are even more ancient and were
preached by a succession of 23 Tirthankaras thou-
sands of years before him The earhest Jain htera-
ture, though not extant, 1s much more ancient than
Bhagvan Mahawvir Commentanes on Agamas and
independent treatises by great savants between 8th to
12th centunes systematised and connected the diver-
gent elements 1nto logical doctnines remarkable for
their onginality, acuteness and-subtelety

Jain philosophy does not swedr by mysticism,
though 1t culminates in 1t But the mysticism 1s not
the result of dogmatic faith Philosophical specula-
tion 1s a necessary discipline of the mind for atte-
nuating doubts But the ultimate truth cannot be
realised by philosophical discipline alone The termu-
nus of philosophy 1s the beginning of spiritual career
The plenum of knowledge can be attained by the
development of a supenior power of vision which is
not satisfied with the negative findings of reason and
seeks infimite perfection. “The Jains are emphatic
that ommniscience 1s the condition as well the result of
perfection and however much we may advance n
our philosophical enquiry and scientific pursuit,
which are not antagomistic in their aim mspite of
their difference in method and lines of approach, 1t
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cannot by 1tself unlock the mystery of ultimate reahity
and bring about the final consummation 2
$“Modern science has made tremendous progress
during the last hundred years Few people have been
more publicly admired than scientists, engineers and
technologists Together they discovered the secrets of
the microcosm and perfected the ways of controlling
and tapping colossal stores of nuclear energy, they
probed the vast spaces of the universe and pried 1ato
the mysteries of the macrocosm, discovered the
mechanisms of heredity and compounded the mira-
cle of modern medicine With utmost danng and
immense resourcefulness, they capped their achieve-
ments by landing man on the moon to gather first
hand knowledge of the earth’s nearest celestial body

“Iromcally this very age of unprecedented scien-
tific progress has also become the dawn of a new
age of doubts, regarding the future benefits of bold
new scientific ventures, to the human race because
technological advances seem to aceompany environ-
mental ravages On the philosophical level, thereisa
new mood of scepticism, about the absolute objecti-
vity and utter rationality of the scientific methods
Says Harvard Biologist-Historian E I Mendelsohn
‘Science as we know 1t has outhved ifs usefulness”’
There 1s 2 new fascination with the mystical and even
wrrational In the recent years there 1s a loud and
insistent chorus for antiscience Declares Richard H
Bube, a professor of matenals science and electn-
cal engineering at Stanford ‘One of the most pernic-
1ous falsehoods ever to be almost umiversally accep-
ted 1s that the scientific method 1s the only rehable

2 From preface to Jawn Philosopky of Non-absolutism by Prof
Dr Satkan Mookerjee

3 Tume (Weekly Magazine)
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way to truth’ Insisting that there 1s also ‘spiritual
knowledge and power’ besides reason, Theodore
Roszak pleads for a return of submerged religious
sensitivities ‘Here 1s a range of experience that we
are screemng out of our expenence i the name of
what we call knowledge’ says Roszak The late
psychologist Abraham Maslow said that we have
learned to think of knowledge as verbal, rational,
logical and sensible but transcendental expenence 1s
equally important ”
And so,perhaps this 1s the most appropnate time to
make an attempt to compare the findings of philoso-
phical enquiry with the results of scientific pursuit
“In the history of human thinking” says Werner
Hesenberg, “new, interesting and the most fruitful
developments frequently take place when two diffe-
rent hines of thought-lines having their roots in quite
different parts of human culture, 1n different times, or
different religious traditions-meet”,* and mutually
mteract Synchronising the presentations of scientific
facts with that of philosophical findings 1s, however, a
very difficult task The writer may “either succeed in
being 1ntelligible by offering only superficial aspects
of the problem and thus arousing in the reader the
deceptive 1llusion of comprehension or give an
account 1n such a fashion that the reader 1s unable to.
follow the exposition and becomes discouraged from
reading any further ™1 do not know whether I have
been successful in making this presentation both
readable and intelligble, the reader who honours me
by perusing my humble effort has to decide this for
himself T have denved much assistance from the
following publications for compiling this monograph

4. Physics and Philosaphy p 161
5 Albert Einstein Foreword to The Umverse and Dr Eminstein
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CHAPTER I
ATOM IN MODERN SCIENCE

INTRODUCTORY

The world 1s composed of a multitude of things,
partly anmimate and partly inamimate But the two
orders of existence known 1n the modern times as
physical and psychical, were not clearly distinguished
by the early naive and pnmitive thought. The
recogmtion of the psychical as an order of existence
distinct from the physical belongs to a later stage of
intellectual development

The concept of matter has undergone a great
number of changes 1n the history of human thinking
Different interpretations have been given mn different
philosophical systems All these different meamings
of the word are stull present in our time as the
word ‘matter’

The problem of atom, the smallest indivisible unit
of matter 1s one of the earhest as well as one-of the
most persistent in the whole range of philosophy of
nature, as well as expenmental sciences

When experimerital sciences, which deal directly
with matenal substances and their properties, inve-
stigate the problem, 1t can do so only through a study
of the infinite vanety and mutability of the forms of
matter Its fundamental task 1s the discovery of
descriptive formulae which assist depiction and calcu-
lations of various processes and finding some natural
laws, some unmifying principles that can serve as a
guide through immense field The philosophy of
nature, on the other hand does not deal with the
particular facts amassed by experiment but with the
hypothesis used by experimental science for the
co-ordination of those facts The goal of experimen-
tal science 1s the descniption of the facts while the
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goal of philosophy 1s their interpretation The differ-
ence of aim 1s however not ultimate

Physical science draws a marked distinction be-
tween the sensible things 1e objects which are
percetved by senses , and consciousness And this
division of existence of two orders strongly domi-
nates our thought about the universe The following
pomts are generally agreed upon as the distinguish-
g marks between the two orders

A) Physical existence 1s purely matenal and 1s
devaid of consciousness, whereas psychical order
pOSSesses ConsClousness

B) Physical order 1s made up of events which
conform ngidly to certain umversal laws The ele-
ments of which it 1s composed always behave 1n the
same surroundings in the same umform way
Whereas, the sequence of events 1n psychical order is
telelogical (1e determined by reference to an end or
purpose ) that of the physical order 1s mechamcal (1 e
determined by the principle of causalhity )

C) Every element of physical order fills a position
in space and time and 1s therefore perceptible
whereas consciousness 1s imperceptible by the senses

Thus we may say that the physical order compnses
all sensible existence (1e existence of the same kind
as that percerved by the senses, whether actually so
percewved or not) as an aggregate of events in time
and space, linked together by the principle of causa-
Ity and exhibiting conformity with the general law
From this general characteristics of the physical
order anse the fundamental problems of cosmology
viz, the real nature of material existence and the

ultimate significance of the distinction between the
two orders
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DEVELOPMENT OF ATOM FROM ANCIENT
PHILOSOPHY TO MODERN SCIENCE

In this chapter we propose to review how the
exceedingly primitive way of concesving the nature
of matenal existence developed stage by stage from
the first epoch of Greek philosophy to the nuclear
physics of modern times Qur discussions, however,
will necessanily be quite imperfect and elementary
for more reasons than one Firstly, the facts of which
some account must be taken are so numerous and
complicated that they would require for their ma-
stery something Iike an encyclopaedic acquaintance
with the whole range of expenmental sciences viz.,
physics, chemuistry, etc Secondly, an adequate inter-
pretation on the cosmological side would demand a
famibhanty with higher mathematics Thirdly, full
discussion of the divergent views held by the diffe-
rent philosophers and scientists, would demand very
much more space than we are at hiberty to grant in
this article All that we can hope to do here 1s fo deal
with the broad outline of the general principles -

The early Greek philosophy from Thales to the
_Atomusts 1n seeking the umfying pnncple n the
umiversal mutability of all things, had formed the
concept of cosmic matter, a umversal substance,
which expenences all these transformations, from
which all individual things anse and nto which they
become agamn transformed This matter was partly
ident:fied with some specific natural element like
water, air or fire

There 1s .enormous difference between modern
science and ancient Greek philosophy Since the time

of Galileo (and Newton), modern sctence has been
based upon a detailed study of nature and upon the
postulate that only such statements should be made,
as have been venfied or at least can be verified by
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experiments The idea that one could single out some
events from nature by an experiment, in order to
study the details and to find out what 15 the constant
law 1n the continuous change, did not occur to the
Greek philosophers Therefore, modern science has
from its very beginning stood upon a much more
modest, but at the same time firmer, basis than the
ancient philosophy Therefore, the statements of
modern physics are i some way meant far more
seriously than the statement of Greek philosophy
When Plato says. for instance that the smallest
particles of fire are tetrahedrons, it 1s not qune easy
to comprehend what he really means

ATOM IN GREEK PHILOSOPHY

The 1dea of the smallest indivisible ulumate build-
ing blocks of matter first came up 1n connection with
elaboration of the concepts of Matter, Being and
Becoming which characterised the first epoch of
Greek philosophy The fundamental question was
‘what 1s the material cause of all things?’ Simul-
taneously. there was a demand that this question be
answered 1n conforniity with reason, without resort to
myths, mysticism or superstition

Greek philosophy and science which were not
ongmally separate were born together at the begin-
ming of the sixth century B C, with the first of the
Milesian philosopher, Thales He took his view
primanly from meteorological considerations and held
that "WATER" 1s the matenal cause of all things ”

Of all things, we know, WATER can take the most
diverse shapes, 1t can take the form of ice and snow,
1t can change 1tself into vapour and can form clouds
It seems to turn 1nto earth where the rivers form their
delta, and it can spring from the earth And to add to
all this, wateristhe condition—a must for hife to exist
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If there was such a fundamental substance at all, it
was natural to think 1t to be of water as out of this all
others are formed

Anaxmmander, second philosopher of the Milesian
school and a pupil of Thales did not accept water or
any other known substance as the fundamental
substance According to lim the primary substance
was infinite, eternal and ageless and 1t encompassed
the whole world This primary substance according
to him, was transformed into the vanous substances
with which we are familiar and these were
transformable 1nto each other

Anaximenes, the last of the Milesian trniad (500
B C) taught that AIR was the pnimary substance
“The soul 1s air fire 1s rarefied air when condensed.
air becomes first water then earth and finally stone ”
Thus he introduced the idea that the process of
condensation and rarefication caused the change in
the pnmary substance The condensation of water
vapour into clouds was an obvious example and of
course the difference between water vapour and air
was not known at that time

The Muilesian school of thought is important not
for what 1t achieved, but for what 1t attempted The
speculation of Thales Anaximander and Anaxi-
menes are to be regarded as scientific hypothesis The
next stage 1n Greek philosophy 1s more religious but
less scientific

Herachitus (500 B C) was a mystic of a pecuhar
kind He regarded FIRE as the basic element
Everything like the flame 1n a fire 1s born by the
death of something He taught that the world 1s at
once one and many There 1s unity 1n the world but 1t
1s not umty forming the combination of the oppo-
sites The stnfe of the opposites 1s really a kind of
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harmony and ‘the opposite tension’ of the opposites
constitutes the umty of the one He beheved in
perpetual change That all things are in a constant
state of flux, this flux being due to, an everlasting
conversion of matter into energy and energy into
matter, everywhere over the vast stretches of the
matenal umverse

At this point let us pause for a while and compare
the findings of the ancients with the modern Firstly,
the problem whether the pnmary substance can be
one' of the known cubstances or must be something
essentially different, occurs 1n a somewhat different
form 1n the most modern part of atomic physics The
physicists today try to find a fundamental law of
motion for matter from which all elementary parti-
cles and their properties can be denived mathemati-
cally This fundamental equation of motion may
refer either to waves of a known type to proton and
meson waves or to waves of an essentially different
character which have nothing to do with any of the
known waves of elementary particles In the first case
1t would mean that all other elementary particles can
be reduced in some way to a few sorts of ‘Fun-
damental’ elementary particles In the second case
all different elementary particles could be reduced to
some umversal substance which we may call energy
or matter, but none of the different particles could be
preferred to the others as being more fundamental
The later view of course corresponds to the doctrine

of Anaximander and in modern physics this view 1s
perhaps the cerrect one

Next, Heraclitus holds that the change 1tself 1s the
fundamental principle and 1s represented by FIRE as
the basic element which 1s both matter and a moving
force Modern physics 1s 1n some way extremely near

A T A
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to the doctrines of Heraclitus If we replace the word
‘fire” by the word ‘energy’ we can almost repeat his
statement word for word from our modern point of
view Each manifestation of energy ivolves either
matter in motion or a change n 1ts physical state,
which we designate as physical energy, a change n
the chemucal constitution of matter, which we !(now
as chemical energy, or a combination of the two

Physical energy can be converted into chemical
energy and vice versa The chemical energy stored 1n
the plant mamfests itself by an increase in the plant
as weight as compared with that of 1ts ongtnal
constituents  Symilarly, the release of the energy
manifests itself through a loss mn the total weight of
the plants as substance Energy 1s, in fact, the
substance from which all elementary particles, all
atoms and therefore all things are made, and energy
1s that which moves Energy 1s a substance since 1ts
total amount does not change, and that the elemen-

tary particles can actually be made from this subst-

ance 1s seen 1n many expenments on the creation of
elementary partcles Energy can be called the fun-

damental cause for all change in the world But

companson of Greek philosophy with the ideas of
modern science will be discussed later

Parmenides (450 B C) demied the existence of
empty space for logical reasons Since all change
required empty space, as he assumed, he dismissed
the change as an ilusion Where Heraclitus main-
tained that everything changes, Parmemides retorted
that nothing changes What the subsequent philoso-
phy accepted from Parmenides was not the impossi-
bility of all change but the indestructibility of
substance

Empedocles (440 B C), younger contemporary of
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Parmenides, changed for the first ttme from monism
to a kind of pluralism He assumed four basic
elements, Earth, Water, Air and Fire Each of these
were everlasting but they could be mixed together 1n
different proportions and separated to form the
varneties of things and thus produce the changing
.complex substances that we find in the world Here
for the first tume the idea 1s expressed that the
muxture and separation of a few substances, which
are fundamentally different, explamns the infinite
- Vvanety of things and events
* According to these views, the soil, for example, was
a combmation of earth substance and water subst-
+ ance closely mixed atom by atom A plant growing
from the soil combined earth and water atoms with
the fire atoms coming from the rays of the sun to
form composite molecules of wood substance The
buming of dry wood from which the water element
Was gone, was viewed as decomposition or breahing
up of wood molecule into the ornginal fire atoms,
which escape 1n the flame and the earth atoms which
Temain as the ashes
Anaragoras (462-422 BC) a contemporary of
~Mpedocles ook the neat step towards the concept
Ofatom He assumed an infinite varnety of infimitely
small seeds (not the four elements of Empedacles but
mnumerably many different seeds) which were
mixed together und separated again to create mult-
pheity of things the sceds mav change 1 number
and1n relatve position All seeds were 1n ey erything

only the proportion, might change from onc tlung to
another =

-

THL ATOMISTS
The Tounders of atonsm were two—LEUCIPPUS
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and DEMOCRITUS It 15 difficult to disentangle
them because they are generally mentioned together

Democntus who was a contemporary of Socrates
and who flourished about 420 B C, took the final
step towards the concept of atom, the indivisible
smallest unit of matter His atom 1s eternal and
indestructible but 1t has a finite size Thus the 1dea, of
the elementary particle as the fundamental building
block of the matter, was voiced for the first time in
the history of western philosophy twenty three cen-
turies ago ¢

The atoms of Democrnitus were all of the same
substance but had different sizes and shapes Each
atom was eternally unchanging and 1n fact a Parme-
nidean one Each atom was impenetrable and indivi-
sible because it contained no void Between atoms
there was empty space or void through which they
could move collide with each other and occupy
different posttions and may combine with each other
sometimes But they had no other physical proper-
ties They had neither colour. nor smell nor taste The
properties of matter which we perceive by our senses
were supposed to be produced by the movements
and posttions of the atoms in space

Democnitus 1s quoted to have sad “A thing
merely appears to have colour, 1t merely appears to
be sweet or bitter Only atoms and empty space have
a real existence ”

The basic 1deas of atomic theory were taken over
and modified 1n part by the later Greek philosophers
Epicurus (342-270 B C) followed Democritus in
believing that the world consisted of atoms and void,
but he did not believe, as Democnitus did, that atoms
were at all tmescompletely controlled by natural laws

6 The Jamn Theory of Paramanu 1s more ancient See Chapter I1
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Plato (428-348 B C) who was not an atomist
himself combined 1deas that were near to atomism
with the doctnines of the Pythagorean school and the
teachings of Empedocles Pythagoreans had establi-
shed the connection between religion and mathema-
tics which ever smce has exerted the strongest
mnfluence on human thought There was also much
mysticism 1n the doctrines of the Pythagorean school
which for us 1s difficult to understand But by making
mathematics a part of thewr religion they touched
upon an essential point 1 the development of human
thinking

_ Plato knew of the discovery of the regular solids
made by the Pythagoreans and of the possibility of
combining them with the elements of Empedocles
He ¢compared the smallest parts of the element earth
with the cube of air with the octahedron, of fire with
the tetrahedron and of water with the icosehedron
. and so on The common charactenstics of the regular
sohids which represent the four elements and the
atoms of Democritus was that both were indestruct-
ible But the smallest parts of matter were not the
fundamental Beings as in the philosophy of Demo-
critus but were mathematical forms Here 1t 1s quite

evident that the form 1s more important than the
substance of which it 1s the form

After this short survey of Greek plilosophy we
may come back to modern physics and compare our
modern views on the atom with this ancient develop-
ment Historically the word ‘atom” 1n modern physics
dnd chemustry was referred to the wrong object,
dunng the revival of science in the seventeenth
century, since the smallest particles belonging to
what 1s called a chemical element are stll rather
complicated systems of smaller units These smaller
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units are now-a-days called elementary particles and
it is obvious that if anything in modern physics
should be compared with the atoms of Demacritus 1t
should be the elementary particles Iike proton,
neutron, electron. meson, etc

Metaphysically, the atom of Democrnitus 1s rather
an abstract piece of matter since 1t 1s deprived of the
qualities of colour, smell, taste, etc, which are
explained by the motion and arrangement of atoms
But his atom has the primary quality of “Bemng” and
of extenston 1n space, of shape and motion It would
have been difficult to speak about the atom if latter
qualities had also been taken away from it

Elementary particle of modern science has also no
colour, no smell nor taste and 1n this respect resem-
bles the atom of the Greek philosophy Moreover
elementary particles of modern physics are as much
abstract as-the atom of Greek All atoms of Demo-
critus consist of the same substance The atoms of
Democntus are eternal, indestructible units of mat-
ter The elementary particles of modern physics are
certainly not eternal and indestructible umts of
matter, they can actually be transformed 1nto each
other All particles are made of same substance
energy .

Carrying the companson from metaphysical point
of vien to fambar objects we now kndw that air 1s
not a ssmple element as the ancients thought butis a
mixture of mtrogen oxygen carbon dionidé and
waler vapour Let us take another example illustrat-
.ing differences between ancient and modern views on
chemical transformatnons We know that different
metals are obtained by processing corresponding ores
in furnaces at hugh temperatures The ancient scien-
tists beheved that ores were made from the earth
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subsiance as other rocks So, when they obtained
strong shimng substances from these ores, they
explained the transformation by saying that the
metal was formed by a umon of earth and fire The
different qualities of different metals were accounted
by saying that different proportions of earth and fire
atoms went wnto their formation Thus, gold con-
tained more fire than iron

Reasoning that if fire atoms were added {0 1ron or
copper 1t would turn into gold, the alchemusts of
Middle Ages spent much time to make synthetic gold
from cheaper metals The fallacy of their theory and
practice lay in their behef that metals were composite
rather than elementary substances The transforma-
tion of 1ron ore 1into metalhc iron 1n the blast furnace
1s not due to a umoun of atoms as ancients beheved
but quite the reverse Most metallic ores are oxides
and the process of making metal is the separation of
oxygen atoms from the molecules of the oxide,
leaving the atoms of pure metal On the other hand
the rust which appears on the surface of iron objects
due to moisture 15 not earth substance left behind"
after the escape of fire atoms from the iron substance
but the formation of 1ron oxide resulting from the
union cf iron atoms and oxygen atoms from the
waler or air

Thus whereas, an ancient scientist would express
the processing of iron ore by the formula

(a) Earth atom + fire atom = Iron atom
and the rusting of iron by
(b) Tron = Earth + Fire
(rust)

o (b) The modern chemist would express the same
x!’

“(a) FeO:= Fe¢ + O3
(by, Fe + Oz= FeO2
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From the above discussion 1t 1s obvious that
ancient concepts of the structure of matter and the
nature of chemical transformations were basically
correct Their error lay in the misconception of what
was composite and what was the elementary subst-
ance In fact none of the four elements listed by
Empedocles is really elementary Air1s a mixture of
oxygen, nitrogen and other gases, water 1s a com-
pound of hydrogen and oaygen earth has a very
complex composition and fire atoms do not exist at
alt?

Actually there exists in nature not four but 92
different chemical elements 1e 92 different kinds of
atoms While some of these elements such as oxygen,
nitrogen, carbon, etc, are rather abundant others are
very rare In addition to 92 natural elements modern
science has succeeded i making several entirely new
elementsartlﬁaally Combining among themselves 1n
various proportions, the atoms of these basic ele-
ments form the unlimited number of vanious subst-
ances, some simple and common such as water,
others complex chemical matenals such as sugar,
starch, cellulose

7 As we have remarked earlier the word fire can be replaced by
energy but the 1dea of fire atoms itself was also partially revived 1n
Quantum theory of hght,

8 The followingelements have been artificially made by man

Atomic No Name Symbol
93 NEPTUNIUM Np
94 PLUTONIUM Pu
95 AMERICIUM Am
96 CURIUM Cm
97 BERKELIUM BL
98 CALIFORNIUM cr

99 ' EINSTENIUM E:
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STRUCTURE OF ATOMS ,

The first real step forward in an understanding of
the vanous chemical and physical properties of
different 1tems was taken when 1t was accepted that
atoms were not simple indivisible particles of vanous
shapes and sizes, but on the contrary rather complex
mechamsms with a number of independent parts in
motion

In 1904 famous Brnush Physicist J.J Thomson
successfully proved that the atoms of vanous chemi-
cal elements consist of posiively and negauvely
charged components They are held together by the
forces of electnc attraction He called the negauvely
charged particles Electrons a large number of which
were floatng in the inlerior of a mass with a
umformly distnbuted positive charge The atom on
the whole 1s electnically neutral because the total
charge of all negative particles equals the total
posiive charge The electrons were assumed to be
bound comparatively loosely to the body of the atom
and one or several of them could be removed by the
process of 1omisation Thomson was able to esimate

160 FERMIUM Fm
101 MENDELEYIUM Md
102 NOBELIUM No
103 LAWRENCIUM Lw

Lawrencium was discovered at the Universny of California in
early 1961 The above elements together with the following

natural elements are called acunide elements or elements of
actinium senes

Atomic No Name Symbof
89 ACTINIUM Ac
90 THORIUM Th
91 PROCTACTINIUM Po
92 URANIUM

) U
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the mass of an electron which turned out to be very
very small indeed According to his estimate, the
mass of an whole hydrogen atom 1s 1840 times the
mass of an electron This indicates that the man
portion of atomic mass 1s contained i its positively
charged component.

Thomson was, however, very far from the truth
concerning the uniform distribution of the positive
charge through the body of the atom Imn 1911,
Rutherford showed that almost the entire mass as
well as the positive charge of the atoms 1s concen-
trated i an extremely small nucleus located 1n the
very centre of the atom As the result of his famous
experiments on the scattering of the so-called “alpha
particles in therr passage through matter,
Rutherford came to the suprising conclusion that
both, the incident alpha particle and the positively
charged part of the atom, are thousands of times
smaller- than the atom 1tself Thus the onginally
widespread positive charge of Thomson's atom sh-
runk into a tiny atomic nucleus in the centre of the
atom, while the electrons rotated outside Thus the
picture of the atom began to look more like a
miniature solar system—nucleus bemg the sun and
electrons being the planets

The diameter of the atom 1s 100,000 times greater
than the diameter of the nucleus while its volume 1s
500,000 billion times the volume of the nucleus The
atomic nucleus contains 99 97 percentf of the total
atomic mass and the distance between the electrons
exceeds therr diameter by several thousand times
The electnc attraction forces between the nucleus
and the clectrons obey the mathematical law of
mverse square 1¢ the forces are mversely propor-

¥ 9987% of the total mass of the solar system 1s concentrated 1n
the sun
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tional to the square of the distance between them
and e electrons describe the circular and elliptical
trajectorses around the nucleus It can thus be seen
that most of the matter in the universe 1s concen-
trated 1n the nucler of the atoms The density of the
matter in the nucleus 1s such that a paise would
weigh 600 milbion tons 1if its atoms were as ughtly
packed as the particles 1n the nucleus

It was found by Rutherford that in the natural
sequence of elements arranged in the order of
mcreasing weights, there 15 a consistent increase of
one atomic electron in each element 1n the sequence
Thus an atom of hydrogen has one electron, an atom
of hehum 2, hithium 3, benlllum 4, and 50 on upto
the heaviest natural element, urammum which has
altogether 92 electrons

The numencal designation of an atom 15 usually
known as its atomic number and comncides with 1ts
positional number 1n the atomic table Thus all the
physical and chemical properties of any given ele-
ment can be charactenised simply by one figure

giving the number of electrons rotating around the
central nucleus

It was noticed that some of the properties of the
elements begin to repeat themselves after a definite
number of steps when arranged 1n a natural sequ-
ence Since each step along the sequence of elements
corresponds to one additional electron, the observed
periodicity must be due to the recurrent formation of
certain stable configuration of atomic electrons, or
“electronic shells” Tt has been estabhshed that the
first completed shell consists of 2 electrons, the next
two shells of 8 electrons each and all the following
shells of 18 each !0

We can now, having the picture of an atom, turn

10 See Appendix
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our attention to the nature of forces which bind
together the atoms of different clements ynto complex
molccules of innumerable chemical compounds The
chemical bond between the neighbouning atoms 1n a
molecule 1s due to the nteraction of the electronic
shells and the forces involved arc comparatively
small The distinction between the atomic nuclei and
the electronic shells of different clements at once
gives a proper explanation of the vanous physical
and chemical properties of the clements and also of
the fact'that they are the last units of matter The
chemical properties of atom are however. controlled
by the nucleus If one wants to change the chemical
properties of an atom, one has to change the nucleus
and this requires energies about a mullion tumes
greater

ELEMENTARY PARTICLES

Atoms of all matenal elements are complicated
mechanical systems with a number of clectrons
rotating round the central nucleus Are these atoms
the ultimate units of matter? Can we sub-divide

. them stll further into smaller and ssmple particles?
Would 1t be possible to reduce all different atoms to
perhaps a few really ssmple particles?

In the middie of the last century, William Prout, an
English chemust put forth a hypothesis that the atoms
of all elements are made up of various numbers of
hydrogen atoms This hypothesis was based on the
fact that the atomic weights of various elements were
1n most cases very nearly exact multiples of that of
hydrogen. Thus atoms of oxygen which are sixteen
times heavier than those of hydrogen, must be
~composed of 16 hydrogen atoms somehow stuck
together But the facts as found at that ume were
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unfavourable to the acceptance of this bold hypo-’
thesis Isotopes were not discovered and the chemical
atomic weight of chlonne, for mstance, being 3535
was 1n direct contradiction to Prout’s hypothesis He
died without ever learning how night he actually was
In the year 1919 the British physicist F' W Aston
discovered that ordinary chlonne was actually a
mixture of two different kinds of chlorine possessing
identical chemical properties but having different
atomic weights 35 & 37 Further study revealed the
striking fact that a mixture of several components
identical 1n chemical properties but differing 1n
atomic weights made up most of the elements They
were called 1sotopes Prout’s forgotten hypothesis was
given a new life and was reformulated by saying that
nucler of various atoms are composed of various
number of hydrogen nuclei called protons
Actually the nucle: of various elements are com-
posed of protons as well as neutrons which are
electrically neutral and not positively charged like
protons The existence of neutrons was suggested by
Rutherford 1n 1920 but they were found experimen-
tally only 1n 1932
Thus, the nuclews of an oxygen atom which 1s the
eighth element 1n the atomic table and has 16 units
of mass and 8 umits of charge must be composed of 8
protons and 8 neutrons whereas the heavy nucleus of
uranmum, atomic weight 238 atomic number 92 1s
formed by 92 protons and 146 neutrons An 1mpor-
tant fact to Leep constantly in mind about protons
and neutrons 1s that the two are interchangeable A
proton, under certamn conditions loses 1ts positive
charge by emitting a positive electron (positron) and
thus becomes a neutron Similarly, a neutron when
agitated emits a negative electron and becomes a
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proton As we shall see the latter process i1s taken
advantage of n the transmutations of non-
fissionable uranmum nto plutonium and of chromium
into fissionable uramum 233 The transmutations of
all other elements—age old dream of alchemists—1s
made possible by the interchangeability of protons
into neutrons and vice versa Protons and neutions
are thus two electrical states of the same basic
principle called nucleon

The atoms of the elements have twins, tniplets etc
known as 1sotopes The nucler of these twins etc all
contain the same number of protons and hence all
the same chemcal properties They differ however
in the number of neutrons 1n their nucler arid hence
have different atomic weights For example, an
ordinary hydrogen atom has nucleus of one proton
The 1sotope of hydrogen deuterium, has one proton

lus one neutron 1n 1ts nucleus It 1s thus twice as
eavy as ordinary hydrogen

We may now say that different combinations of
only two types of basic particles result in the infinite
vanety of the matenal world (1) electrons with a
negative electric charge and negligible mass and (2)
nucleons which can either be neutral or carry a
positive charge

However this hist of basic particles 1s obviously
incomplete For if electron represents a negative free
charge, why can’t there be a positive free charge also?
Similarly why a neutron caunnot acquire a negative
charge and become a negative proton?

Actually positive electrons called positrons have
been discovered to exist 1in nature and though
expertmental science has not yet succeeded 1n detect-
Ing negative protons, there 1s a certain possibility that
they also exist Since two equal and opposite charges
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of electricity, 1f put together, will cancel each other1if
a positron encounters an electron, the two will cease
1o exast as individual particles This process of mutual
anmihilation creates an 1ntensive electro-magnetic
radiation cdlled gamma rays which carry away the
ongmal energy of the two particles Conversely, a
pair of a positron and electron 1s created as a result of
strong gamma radiations at the cost of the energy
supplied by these rays These processes of mutual
annhilation and pair formation confirm that the
matter and energy are basically the same substance
Another kind of elementary particle called neu-
trinos have the mernt of actually participating in
various observable physical processes These parti-
cles carry no electric charge and their mass does not
exceed the mass of an ordinary electron Such
chargeless light particles could not be noticed by any
exising physical apparatus Consequently they
escaped from observation and were noticed only
because of the deficit of energy which they carnied
away during what 1s known as beta-decay process
We can now make a complete list of the elemen-

tary particles participating i the structure of the
material universe

First of all we have nucleons which represent the
basic matenal particles They are either neutral or
positively charged Plausibility of negatively charged
nucleons 1s not entircly ruled out though they are
not detected so far

Then we have the electrons and positrons
representing the free charges of negative and positive
clectnicity respectively

There are also the mysterious nutninos which ca

no clectric charge and are presumably lighter than
electrons
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Finally there are the electromagnetic waves which
account for the propagation of clectromagnetic forces
through empty space

All these fundamental constituents of the physical
world are independent and can combine 1n vanous
ways Thus a neutron can become a proton by
emitting an clectron and a neutrino and a proton
can revert to be 4 ncutron by enntting a positron and
neutnino Two electrons with opposite charges can be
transformed 1nto electromagnetic radiation or can be
formed from the radiation Finally the neutnnos can
combine with electrons forming the unstable units
observed tn the cosmic rays and known as mesons

A question which may be asked at this stage 1s “Is

1t nght to assume that these nucleons etc are really
elementary and cannot be sub-divided into sull
smaller constituent parts? Wasn’t 1t assumed only less
than a century ago that the atoms were indivisible?
Yet what a comphicated picture they present today?”
The answer js that. although there is of course no
way to predict the future development of the science
of matter, we have now much sounder reasons for
believing that our elementary particles are actually
the basic units and cannot be sub-divided further
Whereas allegedly indivisible atoms were known to
show a great vanety of rather complicated chemical
and other properties, the properties of elementary
particles of modern physics are extremely simple In
fact they can be compared 1n their ssmphcity to the
properties of geometrical points #

11 This can be 1llustrated by a match suck A large amount of

energy 15 waiting to be set free but the match wall not burn unless
heated by friction
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NUCLEUS—THE HEART OF ATOM

Let us now turn to a more detailed study of the
nucleus-the heart of every atom Whereas the struc-
ture of the outer body of the atom can be to a certain
extent compared to a miniature planetary system, the
structure of the nucleus itself presents an entirely
different picture It 1s clear first of all that the forces
holding nucleus together are not electrical, since the
protons are all positively charged, thus repelling each
other The electrical repulsion force 1n the nucleus,
known as the coulomb force, vanes mversely as the
square of the distance separating the positively
charged particles Prof E Soddy, has figured out that
two grams of protons placed at the opposite poles of
the earth would repel each other with a force of
twenty-six tons

Therefore there must exist, between the consti-
tuent parts of the nucleus, forces of some other kind,
which must be many times greater than the coulomb
force These are generally known as “cohesive forces”
and are similar to those encountered in ordinary
hquids causing the phenomenon of surface tension
In the atomic nucler we have similar forces of much
greater magmtudes acting as the cosmc cement
which prevents the breaking up of the nucleus under
the action ot electric repulsion between the protons
Thus, 1f we assume the nucler of different elements to
be droplets of a umwversal “nuclear fluid”and the
density of such a flud will be 24X 10 * tmes that of
the water Its surface tension forces will be about 1018
times larger than those of water

It must be remembered that all protons in the
nucler are positively charged and the electric forces
of repulsion between them try to disrupt the nucleus

mto its constituents These electric forces are coun-
\
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teracted by cohesive forces which tend to keep it
unified This 1s the secret of the instability of some of
the nucler If the forces of electric repulsion predomi-
nate, the nucleus will have a tendency to break-up
into two or more parts, the process bemng known as
fission On the contrary 1f the cohesive forces hold the
upper hand not only the nucleus will never break by
iself, but will also have a tendency to fuse with other
nucler coming nto 1ts contact It 1s now established
that the electric repulsion forces prevail in all heavier
nucle, while the cohesive forces hold the upper hand
i the highter elements approximately upto silver
Each proton and neutron in the elements weighs less
than 1t does 1n the free state, the loss of weight being
equal to the energy binding the nucleons This loss
becoming progressively greater for the elements in
the first half of the atomic table, reaching its
maximum 1n the nucleus of silver After that the loss
gets progressively smaller Since each loss of mass
mantfests itself by the release of energy, it can be
seen that to obtain energy from the atoms nucleus
requires exther the fusion of two elements in the first
half of the table or the fission of an element 1n the
second half

However because of the state of metastabulity,
netther the fission nor fusion would occur normally
unless something was done to start the process2And
the process of starting a nuclear reaction 1s extremely

difficult because it needs very igh activation ener-
gles

ATOMIC NUCLEAR ENERGY

We have already observed that matter and energy
are two different manifestations of one and the same
cosmic entity 1nstead of being two different entities

12 Please see Chapter 1H for discussion on this point,
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Matter instead of being immutable was energy in a
frozen state, while, conversely, energy was matter in
a flud state The liberation of energy in any form
—chemuical, electnical or nuclear— 1nvolves the loss
of an equivalent amount of mass

Tt 1s well known that most chemical reactions
hberate energy, simplest mstance bemng burning of
coal The chemical umon 1n this case, 1s that of
carbon and oxygen in the form of molecular fusion
When 3000 tons of coal are burnt to ashes, the
residual ashes and the gaseous products weigh one
.gram less than 3000 tons, that 1s, one three-billionth
part of the onginal mass will have been converted
mto energy

Thus oxygen (0) + carbon (c) = Carbon mono-
xide (co) + energy
This reaction *would give 92 units of energy per
gram of mixture If instead of molecular fusion of
these two atomic species we have a nuclear fusion
between their nucler «C? + 0' = 14S1%* + energy—
the energy hiberated per gram of mixture will be 14
% 10° Units, 1e 15,00,000 times as great In the
liberation of chemical energy by the burming of coal,
the energy comes from a very small mass 1e loss of
mass resulting from the rearrangement of the elec-
trons on the surface of atoms The nuclei of the
carbon atoms are not involved 1n any way, remaining
exactly the same as before The amount of mass lost
by the surface electrons 1s one thirteenth of one
millionth of one percent On the other hand nuclear
< energy nvolves vital changes 1n the atomic nucleus
itself, with a consequent loss of as lugh as one tenth
to ncarly eight tendhs of one percent 1n the ongnal
mass of the nucleus This means that from one to
nearly eight grams per thousand grams are liberated -
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in the form of energy, as compared with only one
gram 1n three billion grams liberated in the burning
of coal In other words the amount of nuclear energy
liberated 1n the transmutation of atomuc nucler 1s
from 3.000,000 to 24,000,000 times as great as the
chemical energy released by the burming of an equal
amount of coal, whereas most chemical reactions
would take place easily at temperatures of a few
hundred degrees, corresponding nuclear transforma-
tion would not even start before the temperature
reached many million degrees

Nuclear energy can be hiberated by two diametri-
cally opposite methods One 1s fissiton—the sphiting
of the nucler of the heaviest chemical elements nto
two uneven fragments consisting of nuclei of two
highter elements The other 1s fusion—combiming or
fusing two nuclei of the hghtest elements 1nto one
nucleus of a heavier element In both methods the
resulting elements are hghter than the ongmnal
nucler The loss of mass in each case manifests itself
in the release of enormous amounts of nuclear

energy

75 years ago Bacquere’s discovery of radio activity
indicated that a breah up process of nucleus can
really take place Atoms of heaviest element uramium
(and thonium) spontaneously emitted highly pene-
trating radiations (similar to X-rays) This process of
slow spontaneous decay of the atoms of the so called
radio active elements consists i enutting a small
segment of 1ts nucleus known as alpha particles and
internal electnc adjustment followed by emission of
two clectrons A series of emission continue untl we
come finally to the nucleus of the lead atom

Theoretically speaking all elements heavier than
silver are radio active and subject to the process of



ATOM IN MODERN SCIENCE 31

decay But the spontaneous decay 1s so slow-say one
or two atoms in a gram of gold Or mercury i many
centuries compared to several thousand per second
per gram in uranium—that the most sensitive phys:-
cal instrument cannot record 1t

The discovery of radio activity proved the comple-
xity of nuclear structure beyond any doubt and
paved the way for artificial nuclear transformations
Earlier, bombardment of the nucler by artificially
accelerated charged particles such as alpha, protons,
etc, was the method employed for nuclear transfor-
mations But the electric charges carried by such
particles caused them to lose much of its kinetic
energy while passing through the atomic bodies and
prevented them from coming sufficiently close to
nucler of the bombarded matenal The bullets to be
used for more efficient bombardment are neutrons
which because they do not have an electnic charge,
can penetrate the heawvily fortified electrical wall
surrounding the positively charged nucler Just as
coal fire needs oxygen to keep 1t going,a nuclear fire
needs the neutrons to mamtain it But uncharged
projectiles viz, neutrons are not easily available n
free form as they are tightly locked up within the
nucler of atoms and recapturcd as soon as they are
kiched out There 1s only one way to sustain the
nuclear reaction and that is to create a self-
multiphication process 1& each hombarding neutron

must hberate more than one other neutron which in
their turmn would act as bullets

Late 1n 1938 Rahn and Strassman discovered that
atorme cnergy can be released through the fission
process of urantm nucler Like the two pieces of a
broken spning, the two halies of a broken heavy
nucleus begin their existence n a state of vielent-
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vibrations. Before coming to rest, each of the frag-
ments emits a neutron

It must be remembered that. although the
neutrons are much more effective nuclear projectiles
than the charged particles, therr effectiveness 1n
producing the fission 1s, however, not cent per cent
The important condition for a sustamed nuclear
transformation 1s progressive neutron production or
a chain reaction for which 1t 1s necessary that a
hundred neutrons entermg the substance would
release many more than a hundred ncutrons

There are two types of chain reactions Controlled
and uncontrolled The controlled reaction 15 analo-
gous to the burning of petrol 1n automobile engine.
The atom sphitung bullets—the neutrons-—are first
stowed down from speeds of more than ten thousand
miles per second to less than one nule per second by
berng made 1o pass through a moderator before they
reach the atoms at which they arc atmed Thus the
liberation of neutrons 15 under complete control and
acts as a slow but sieady nuclear fire

The nnwontrolled chan reaction is onc in which
there s no moderator—and no neutron absorhers It
15 analogous 1o the Jropping of a match m a petrol
tank. In the controlled chain seaction the fastneutrons
with nothing to slow them down or to devour them,
buhd up by the 1ithon and quaaorillton n a fraction
of a mithonth of a second This leads to the sphiting
of corresponding number of atoms, resulting in the
relerse of unbehey ble quantutics of puclear encrgy
21 & fremendmeds exploane rate

Boean be congluded from the general theory of
meviear ofructure that the fisaon effectivencss of
reuttons aneveaie with the incrensing atomic weight
o the giement moquestion, Thus, the fission of
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uranium nuclei gives on the average a cent percent
result, plutonium, a still heavier element would give
a better result If with each new generation the
number of neutrons grow by, say about 50 percent,
there will be enough of them to attack and break-up
any single nucleus of the matenal This 1s called the
progressive branch chain reaction and the substance
m which such a reaction will take place 1s called
fisssonable substance Among all the vanety of
nuclear species existing in nature, there 1s only one
type of nucler to which such reaction 1s possible

These are the nuclet of the famous isotope of
uramium, U-235, the only natural fissionable subst-

n{:Je-235 does not, however, exist 1n nature 1n a pure
form and 1s always found to be strongly diluted by
the heavier unfissionable 1sotope of uramum U-238,
(07 percent of U-235 and 99 3 percent of U-238),
which hinders the progressive chain reaction in
natural uranium Two methods are adopted to
successfully utiise the atomic energy of U-235 (1)
the straight forward separation of the two 1sotopes
and (2) artificial reduction of the distributing action
of the heavier 1sotope by the use of moderators

Other fissionable substances, not existing in na-
ture, have been artificially buillt An artificial element
which 1s known as Plutonijum has the atomic number
94 and 1s even more fissionable than U.235 It 1s
obtained by transforming the nucleus of natural
uranium

Another artificial fissionable substance U-233 1s
obtained by similar transformation of the nucler of
natural radio active element Thonum (Th-232) In
fact, 1t 1s possible, 1n principle at any rate to turn the
entire supply of natural uranmum and thorium 1into
fissionable products which can be used as concen-
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trated sources of nuclear energy

ATOM IN WAR

The requirement to start the fision process of
U-235 and also the two man-made elements men-
tioned above (all these being hnown as nuclear fuels),
15 simple  All that is necessary for the spontancous
combustion. to use a famibar phrase of any onc of
the three atomic fuels 1s to assemble a lump of a
certain weight hnown as critical mass which 1s
between ten and thirty hilograms This would mean
that a lump of any of the three atomic fuels weighing
ten or thurty kilograms (exact mass 1s a secret) would
explode automatically and release an explosive force
of 20 million ttmes greater than that of TNT, (on an
equal weight basis) Such a spontaneous combustion
destroyed Hiroslima and Nagasaki on 6th & 9th
August 1945 In a conventional A-bomb a critical
mass 1s assembled by a iming mechanism that brings
together, let us say one-tenth and nine-tenths of a
critical mass 1n the last spht second

Long before it was discovered that vast amounts of
energy could be hberated by the fission of the nuclear
of U-235, scientists had hnown that fusion of four
atoms of hydrogen mto one atom of hehum would
release enormous amounts of energy In 1938 shghtly
before the discovery of uramum fission was annexed
in Germany, Dr Bethe had pubhshed his famous
hypothesis about the fusion of four hydrogen atoms
to form helium in the sun This provided the first
satisfactory explanation of the mechanmism that en-
ables the sun to radiate away staggering amounts of
energy 1n space every second While Dr Bethe was
the first to work out the fine details of the process of
hydrogen fusion as source of the sun’s radiance Prof
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FW Aston, Briish Nobel Prize winner and other
scientists indicated the possibility more than 20 years
ago We shall examine the solar process in brief a
httle later
Deutenum, popularly known as heavy hydrogen,
1s an 1sotope of hydrogen having double the weight
of common hydrogen It was found to exist in nature
constituting one five-thousandth part of the earth’s
waters Waler contaiming two deuterrum atoms 1n
place of the two atoms of common hydrogen 1s called
heavy water
The most starthng fact discovered about deuterium
was that 1t would become explosive at a temperature
of-the order of 50,000,000 degrees centigrade Explo-
sive of an A-bomb would generate such high tem-
peratures on earth and such an explosion would then
act as a tngger for the hydrogen bombs
The basic difference between the fission bomb and
the fusion bomb 1s the size The fact that as soon as a
entical mass 1s assembled, the fisstonable atomic fuel
explodes puts a defimte limit to the amount of
matenal that can be used in an A-bomb But an
H-bomb with a thousand times the power of the
A-bomb can be buiit by incorporating deuterium in
the A-bomb Since deuterium 1s not himted to
critical mass a thousand times the amount of the
U-235 can be incorporated in an A-bomb, where it
would remain quescent untl the explosion of the
A-bomb tnggers the super explosion
Fission and fusion, however, are also common 1n
everyday phenomenon that occur any time you burn
anything Both are essential whenever energy 1s
released, whether 1t 1s the chemical energy from coal
or the atomic energy from nucler of urammum or
deuterium For example when you hight a cigarette,
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the first fission and fusion occurs 1n the ighting of the
match, the cellulose 1n the match being fissioned 1nto
1ts component atoms of carbon and hydrogen These
atoms are then fusioned with the oxygen of the air
The same thing happens when the tobacco catches
fire In each case the fusion with oxygen makes
possible the fission of the cellulose

It 15 a scientific fact that man now has at his
disposal means that not only can wipe out all life on
earth but also make the earth itself unfit for life for
many generations to come Here we have indeed
what 1s probably the greatest example of irony 1n
man’s history. The very process in the sun that made
life possible on earth and 1s responsible for 1ts being
maintained here, can now be used by man to wipe
out that very life and to ruin the earth for good In
both, fission and fusion, only a very small fraction of
the mass of the protons and neutrons in the nucler of
the atoms used 1s liberated in the form of energy,
while 99 3 to 99 9 percent of the substance remain 1n
the form of matter

Scientists are even now engaged 1n finding means
of converting 100 percent of the matter into energy
i e complete annihilation of matter by the conversion
of the entire mass of protons and neutrons into
energy instead of only 04 to 0 7 percent And while
the total conversion of protons and neutrons still
seems speculative, we already know that such a
process actually does take place in the realm of the
electron This 1s the phenomenon of the mutual
annihilation of a positive electron (positron) and a
negative electron, achieved numerous times on a
small scale in the laboratory In this process the
entire mass of the two particles 1s converted into
energy Luckily each positron must be individually
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produced, sinice there are hardly any positrons in our
part of the universe But suppose a new process that
would release positrons ur large numbers 15 found
just as the process of liberatng large number of
neutrons was found Such an eventuality, by no
means beyond the realm of the possible would open
potentralities of horror alongside which those of the
hydrogen bomb would be puny For any process that -
would release a large number of positrons in the
atmosphere, m a chain reaction similar to the one
now liberating neutrons, may enevelope the whole
earth 1n one deadly flash of radio active lightning
that would mstantly kill all ife And although this1s
adnuttedly purely speculative, no one dare say that
such a discovery will not be made, not when one
remembers how remote and unhkely a process such
as fission seemed to be just before 1t was made

JOURNEY INTO THE ORIGIN OF MATTER—
ATOM FOR PEACE

We have completed the review of the development
of atom over a penod of more than 2500\years 1t
would, however, be highly mmproper to close the
chapter with a sense of utter doom which the above
paragraph may .forebode Enormous progress has
also been made 1n the direction of utiising nuclear
energy for the benefit of mankind, and 1t 1s our duty
to give the reader a ghimpse of the nuclear research
and development work 1n which some tens of thou-
sands scientists are all over the world toda

Nuclear physics 1s now also known as elementary
particle physics It 1s one of the fundamental sciences
and hke the Greek philosophers 2000 years ago, 1t
asks, the question what 1s the onigin of matter? It

objective 15 to deepen man’s understanding of the
structure of matter
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At atomic research centers 1n the United States of
America, Russia, the Umited Kingdom, France, the
Federal Republic of Germany and International
Centre at Geneva, thousands of research teams are
engaged in probing the heart of the atom We have
already learned how to create secondary cosmic-ray
paiticles of relatively low energies (350,000 electron-
volts) with our giant Cyclotrons The creation of
these particles known as mesons, which are believed
to be the cosmic cement responsible for the nuclear
forces, represent the actual conversion of energy into
matter This 1s the exact reverse of the process taking
place 1n fission and fusion, 1 which, we have seen
matter 1s converted into energy And we are now
about to complete multi-billion-volt atom smashers
that will hurl atomic bullets of energies of from three
to ten billion volts at the nucler of atoms With these
gigantic machines, known as the cosmotron (at the
Brookhaven National Laboratory of the Atomic
Energy Commuission ) and the bevatron (at the
University of California) we shall be able to smash
nucle1 into their individual component protons and
neutrons and thus get a much more intimate ghmpse
of the forces that hold the nucleir together.

We have also learnt to create protons by machines
called proton-synchrotons Any advance into the
sub-nuclear world, however, would be impossible
without machines known as accelerators These are
for expeniments 1n high energy physics to accelerate
electrons and protons to high energies All accelera-
tors operate on the same principle of raising electn-
cally charged particles to high velocities by means of
electrical fields

Protons generated 1n an 10n source are first of all
accelerated to an energy of 50 million electron volts
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(Mev) by,an electnic field in a linear accelerator Thus
energy corresponds approximately to a proton velo-
city of one-third the speed of hght1e 100,000 km/s .
The protons are then accelerated further mn a
. 200-meter diameter circular path by several radio
frequency accelerator sections arranged round the
periphery After about 500,000 orbits they reach a
final speed which corresponds to 99 94% of the speed
of light 1¢ about 300,000 km s At this velocity the
protons would cover the distance from the earth to
the moon n approximately one second Through this

process the rest mass of the protons 1s increased by a
factor of 30 ‘

Research work in the sub-nuclear world 1s based
on a law of nature that the smaller the dimensions of
_ the particles to be studied, the higher must be the
-energies of the beams serving as a probe By way of
comparison consider the forces that hold the nucleus
of an atom together The binding energy of a proton
m a nucleus 15 about 8 Mev In order to learn
something about the structure of the nucle:, one
needs energies about 100 times greater than this But
to carry out research into the structure of proton or
neutron, one requires energies 1000 times greateraie
of the order of one thousand million electron volts
Elementary parucle physics 1s, therefore, sometimes
called hugh energy physics

To conclude this section let us reproduce what
Dr Jentschke! has said 1n a recent interview '

3

13 Dr Wilhibald Karl Jentschhe s the Director General of
Curopean Organmauon for Nuclear Research (called CERN)
which 1s half 1n French soil and half tn Swiss soil Tw elve nations

have jomned hand 1n peaceful research working to a convention
that outlan milntary aims

14 Published 1n Stemens Review June 1971
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“Of fundamental imponance 1s a knowledge of the
character of the forces and interactions occuring In
nature The problems which are of current interest m
high energy physics are

“The search for new particles Of comsiderable
mmportance 1s the search for a particle-the boson

“A further question that must be clanfied 1s
whether particles with magnetic charges exist 1€ so
called magnetic monopoles

“Finally we would hke to know more about the
dynamics of elementary particle processes and the
structure of the particles themselves For instance,
what 1s the explanation for the phenomenon of the
invahdity of the law of time reversal 1n the case of
K-meson decay?

“New expenments indicate that the nucleons
probably cofitain punctiform sub-structures How 1s
that to be interpreted? For sometime now we have
suspected the existance of a minute length to which
our normal conceptions of space and time no longer
apply. specially with regard to physical causality

FUTURE FIELD OF RESEARCH

If we look at micro-structures &s known to us so far
from particle physics, they appear to be extremely
complicated It 1s of course true that attempts have
been made here and there to set up theoretical
models However, many keys must still be found for
the same to a comprehensive understanding of the
ongmn of matter So far every advance to higher
accelerator energy levels has brought new findings
and some surpnses It could perhaps be that knowle-
dge of three basic buildings blocks would suffice to
clanify the world of elementary particles Whatever
the new 300-Gev accelerator brings, one can say
without doubt that 1t will contribute greatly to our
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knowledge in this fundamental field of modern
physics ‘

Finally, if one compares elementary particle
physics with astrophysics, one obtains a clear picture
of what this science 1s and what 1ts aims are At the
present time, research into this world 1s moving in
. two main directions which, from the stand point of

the problem, tend to diverge diametrically Man 1s
querying and seeking the smallest and largest
dimensions of the universe The boundary of the sub-
nuclear world, the minute domain of the elementary
particle, lies at one thousandth of one milliardth of a
millimeter Research into the macrocosmos on the
other hand extends 6000 million light years into
outer space

The difference between these two disciplines of
science can be characterised 1n another way As a
branch of nuclear physics 1s concerned with the
structures of the fundamental building blocks, the
nucleons, and astrophysics with events taking place
m the cosmos, such as we are now experiencing with
the discovery of the mysterious pulsars and quasars

Perhaps one day the two sciences will meet at a

point at which the smallest reveals the meaning o
the largest or viceversa '

NUCLEAR TRANSFORMATIONS IN NATURE
-SOLAR PROCESSES

The problem of solar radiations remained one of
the most puzzling nddles of science untl the disco-
very of radio active transformations and the artificial
transformations of elements revealed to us tremen-
dous sources of energy hidden in the depths of
atomuc nucler We have seen that practically every
clement can become a nuclear fuel, hberating
tremendous amounts of encrgy, provided 1t can be

T
c‘r A
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heated up to mulbions of degrees Now, while such
temperatures are practically unattamable on the face
of the earth, they are rather common 1n the world of
stars In our own sun, the temperature increases
gradually from 6000 C at the surface to twenty
milhon degrees 1n the center

Two nuclear physicists, H Bethe and C Weizsa-

cker, simultaneously found out that the nuclear
process known as “carbon cycle” 1s responsible for
the energy production 1n the sun This thermonuclear
process 1s not limited to a single nuclear transforma-
tion, but consists of a sequence of transformations
forming a reaction chain A most important feature
of this process 1s that 1t 1s a closed circuit returning to
the starung point after every six steps The main
participants of the process are the nucler of carbon
and of mtrogen, together with the protons with which
they colhde

Briefly the cycle 1s (1) A proton on colliding with
an atom of normal carbon (Ci2) liberates some
subatomic energy in the form of gamma rays and
transforms the atom to the lighter 1sotope of nitrogen
(N13)

(2) The nucleus of N3 being unstable adjusts itself
by emutting a positive electron, or positive Beta
particle and becoming the stable nucleus of the
heavier 1sotope or carbon (Ci3),which 1s known to be
present in small quantities in ordinary coal

(3) This carbon 1sotope collides with another
proton and 1s transformed 1nto normal nitrogen (N14)
with additional release of energy in the form of
gamma rays -

(4) In the next step the nucleus of nitrogen collides
with still another proton (third) and gives rise to an
unstable oxygen 1sotope (01s)
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(5) Whuch very rapidly transforms into stable Nis
by emitting a positron
(6) Finally Nis receiving 1n 1ts heart the fourth
proton, sphts 1nto two unequal parts one of which 1s
the Ciz nucleus with which the process started and
the other 1s a hellum nucleus or alpha particle which
1s composed of two protons and two neutrons The
same result would have been obtained 1if the process
was started with normal mitrogen atom instead of
carbon )
The net result’of the chain of reaction’s 1s the
formation of one nucleus of helmm from the four
protons which entered the process cycle successtvely
accompanied with hiberation of energy The nuclei of
carbon and nitrogen 1n the closed circuit of reactions
are forever being regenerated Thus the whole
precess may he described as the transformation of
hydrogen (a proton 1s the nucleus of hydrogen atom)
mto helium due to very high temperatures assisted
by the catalystic action of carbon and nitrogen
It 15 shown that at the temperature of 20 million
degrees the energy hberation in the above circuit
reaction coincides with the actual amount of energy
radiated by our sun Since the astrophysical evidence
renders all other possible nuclear reactions inconsi-
stent 1t may be accepted that the carbon mitrogen
cycle descnibed above represents the process mainly
responsible for the generation of the solar energy Tt
should also be noted that at the intenior temperature

of the sun the complete circuit requires about five
million years

15. Incidentally thes parflcular reacuon 1s quite well hnown to
nuclear physicists and has< heen obtained under laboratory condi-
uons by the use of artifierally accelerated high energy protons

!



CHAPTER II

ATOM IN J AT NPHILOSOPHY
INTRODUCTORY

“Ever since men became capable of rational
thinking, therr actions have mostly depended upon
their theories about the universe and 1ts contents and
also as to what 1s good and what 1s evil This 1s an
almost eternal truth Men’s environments play an
important part to determine their way of hiving, but
conversely their philosophy does much to determine
their circumstances

“Philosophy 1s nerther theology nor science but
something of both It appeals to reason rather than
authority, like science, but like theology 1t speculates
on matters about which definite knowledge is not
ascertained Science 1s bounded by definite knowle-
dge while dogma as to what surpasses definte
knowledge belongs to theology Intermediate be-
tween them 1s philosophy

“Science will not, because 1t cannot, answer all the
questions of great nterest to human mind and 1f we
forget what we cannot know, we become insensitive
to many things of great value Are there two orders of
existence? Is the umiverse a systematic unity or a
conglomeration of multiplicity? Is reality objective or
merely subjective? Answers to thesg and many other
such questions cannot be found 1n the laboratores
On the other hand, dogmatic belief that we have
knowledge where, in fact, we have ignorance, in-
duced by theologies and the very definiteness of the
answers given by them causes modern mind to view
them with suspicion It 1s the busimess of philosophy

to study such problems and discuss them even 1f they
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cannot be solved ™!

Jain philosophy 1s one of the most ancient Indian
philosophies According to the Jamn canonical litera-
ture the same tenets are propounded again and again
by varnious Tirthankaras by whom the truth 1s
realised and whose nussion 1s to propagate night
knowledge

Rsabha was the first of the 24 Tirthankaras
References to him are found in Vedas, in rsnn
Purana and Bhagavata Purana 23 Tirthankaras
followed Rsabha Anstnemi the 22nd Tirthankara
was contemporary with Lord Krisna Parsva the 23rd
Tirthankara 1s accepted by the modern historians to
have hved 1n the 8th century B C Afier 250 years
Pariva was followed by Vardhmana Mahavira the
24th and last Tirthankara Mahavira lived for 72
years and attained Nirvana at Pavapurin Bithar 2500
years ago The discussion of physical existence in
general and of atom in particular has been very
exhaustive in the Jan canomcal hterature Other
Indian (and non-Indian) schools of philosophy have
not treated this subject with such thoroughness

In the following pages, we shall briefly put forth

the”problem of atom as discussed 1n Jain canomical
hiterature

‘

I METAPHYSICAL VIEW

SUBSTANCE (DRAV'YA} QUALITY (GUNA),
CHANGE (PAR YA YA}

NON-ABSOLUTIST REALISM

To grasp properly the Jain views regarding the
problem of atom, it 1s necessary to understand the

N

b Sir B Russell Tisom of Western Philosophy pp 13 14
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non-absolutist attitude of the Jans regarding the
nature of euistence We shall therefore verv brefly
review the non-absolutist realism of the Jain philo-
sophy

Jains have developed perhaps a umque system of
metaphysical thinking based upon their own umque
epistemology which recogmses both empincal and
transcendental expenience to be within the scope of
human knowledge According to them firstly Rea-
hty 1s selfexisting self-consistent and sel-contained
It does not depend upon something outside 1t for its
evistence Secondly the Jamn system 1s free from all
absolutism Tt does not deprecate commonscnse
interpretation of expenence in favour of abstract @
priory logic The logical attitude s intimately bound
up with their empincism

Jain defimtion of Reahty 1s “what 1s capable of
eternal continuous existence through infinite succes-
sion of creation and cessation "2 And also “what
possesses an infinite number of atinbutes™* A Subst-
ance 15 an ultimate reality and 1s therefore defined as
“that which supports (1 e possesses) both qualities
and a succession of mutations #

The development of the Jaih plalosophv s based
on the doctnine of persistence-through-modes While
the absolutist finds self-contradiction 1 asserting
both permanence and change 1n the same reahty
with reference to identical space and ume the
non-absolutist Jains mamntain that one need not be
afrad of accepting this as a truth—as the very nature

of things—since our common expenence gives this as
a fact

2 Lipdda-vaava dhranyiimahany sar—farartha Siira 5-29

3 Guninameso davvam—-Litradlivanana Siitra 28-6
4 Guna praydyasno dravyam—Jana Siddhanta Dipika, 1-3
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The Jan attitude 15, thus, that of non-absolutist

realism It neither endorses absolute nihihism nor .

absolute eternalism, but explains both these extremes
as real with reference to different aspects of the same
reality Jains do not believe 1n absolute permanence
or total cessation 'Both permanent and transitory
attributes co-exist 1n a substance Although expen-
ence never gives us mere persistence of an unchang-
ng content, neither does 1t ever give us mere change
without persistence What we actually expenence

always exhibits the two aspects of identity and
transiion logether -

Al mutation (paryaya), argue Jamns, must be
change of and i something, 1e 1t 15 nought but
succession within an identity, the identity being as
essential to the process as successton Where there 1s
no underlying identity there 1s nothing to change
Thus, change 1s as much real as permanence, but by

iself (apart from a background of idenuty ) s,
therefore, impossible

The wdentity which pervades throughout the suc-
cession of changes could be a SUBSTANCE (didvya)
orits QUALITY (guna) s A thing e g a matenal mass
possesses numerous attnibutes It 1s at once white or

green, hard or soft rough or smooth etc All these '
quahties belong (o or inhere 1n 1t* What s this IT? It

15 called substance (dravya) 1e a substratum of
nfimite quahties

A substance does not exist without qualities
because nothing can be (or exist) without bemng
some determinate way, and the qualities of a subst-
ance means 1ts exstance 1n a deferminate way One
cannot divorce the ewistence of a thing from its
Sﬁstmﬁwgixg;;am payavanam tu ubhao assiya bhave~Unradhyayana
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determinate mode of being Thus, the non-absolutist
Jains assert that the qualities cannot be absolutely
different from the substance nor can they be abso-
lutely :dentical with 1t

SIX ULTIMATE REALITIES
Jains accept the existence of six ulumate realities
as under (1) Jeevastikaya, (2) Dharmastukaya, (3)
Adharmastikaya, (&) Akasastikaya (5) Pudgalastikaya
and {6) Time ¢
The first five are called astikayas becduse each of
them are homogeneous substances composed of
mnumerable points, Kala 1 e, time 1s also included in
the list of realities as the sixth entity, but 1s not an
asttkaya We shall examine very bnefly the nature
and charactenstics of these substances before takin
up the detailed discussion on pudgalastikaya which is
the Jain name for matter
(1) Jeevastikaya 1s the psychic order of ewistence
Conslousness 1s 1ts chief charactenistic It exists i two
states (a) state of bondage and (b) state of emancipa-
tion In both these states its existence 15 real
Emancipation does not mean total cessation nor i1s
bondage merely empinical The emancipated soul 1s
the same old self which was in bondage Freedom /
means freedom from passions
Emancipation presupposes corruption of the self in
the state of worldly existence This corruption 1s due
to soul's beginmingless association with matter The
soul 1s pure consciousness 1n 1ts intrinsic nature and 1t
15 due only to 1ts association with matter that 1t comes
to generate passions
(2) Dharmastikaya and (3) Adharmastilaya are
the media of motion and rest, respectively The

6 Bhagvar Sittra 13-4-481
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existence of these two as ultimate substances 1s not
accepted by any other metaphysical system As
science, however, accepts the existence of a substance
called ether which assists the propagation of motion,
we shall, for the sake of convenience translate these
.terms as positive and negative ether respectively

Each 1s a single, mndivisible, homogeneous entity,
pervading the entire inhabited universe (loka), but
not beyond 1t In fact, they are tht cause of the
finiteness of the loka Temporally they are eternal
They are devord of smell, taste, etc and therefore
mmperceivable by the sense organs Immobile them-
selves, they assist the motion of mobile objects,

_ posttive ether 1s the medrum of dynamic state and the
negative ether 1s for the static state Not even the
minutest vibration 1s possible without these media
Hence where there 1s no ether there 1s neither psychic
nor material existence

(4) Akasastikaya—space According to Jams,
space 1s an objective reality 1t 1s the contaner of all
other substances It 1s boundless—infinite Ethers and
other substances do not inhabit the whole space as
they are finite That portion of space which 1s
inhabited by other substances 1s called loka or active
universe 7 Loka 1s fimte and 1s surrounded 1n all
direcions by Aloka or inert, empty space—a
boundless void * Actually, the space 1s one mdivis-
1ible entity The ethers determine the boundaries of
the Lokakasha by their own finiteness

7 Kimyarit bhante ! Loyen pavvuchchar ? Panchathikaya, easa
narit evatiye loyetf pavvachchai, tariyaha-dhammathikaye yiva pugg-
alathihaye,-Bhaghatr Siitra, 13-4-13

8 Sialaksanam i lokasya saddrvyasamnayarmaktvam alohasya
kevalar, akasarmakatvam B -Pravachanasara
2-36 Pradipikavrin
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(5) Pudgalasnkava-Matter What 1s commonly
known as matter 1s called pudgala by Jains The use
of this word 1s almost exclusn e to the Jain hiterature
It 1s a denivative made up of two words” *put’ which
means joining or fusion and ‘gala’ which means
dissociation or fission which charactenzes only one
substance that 1s matter The properties of fusion and
fission have given the name ‘pudgala’ to this subst-

ce.
anlll::s.hcn.xld be noted that though Dharma Adharma,
and 4Adsha do not possess consctousness they are
defimtely not matenal The charactensuc quality of
matter s that it possesses the properties which can be
perceived by sense organs ' viz. colout, smell taste
and touch Concomttance of all the four 1s empha-
sised by the Jains In other words if a thing 1s
percewved by the sense of touch 1t must also necessa-
nly posses smell taste and colour The structure of
matter is as its name imphes different from the other
substances Whereas the other four asuhayas are
indivisible matter 1s divisible The uliimate indivisi-
ble umt of matter s called PARAMANU

It should also be noted that Jains donot differen-
tiate basically between matter and energy And so
the word pudgalastihaya covers both—matter and
energy

(6) Kala—Time

Time 15 not an asttkayabutit 1s a reality That 1s
why 1t is not included 1n the hist of asnka)as but 1s
included 1n the list of sin dravias Time 1s the
necessary condition of duration (continuity) change
(modification) moton newness and oldness of sub—

9 Paranagalanamarthasanynatvat puagalah —Tainartha Rajarar-
fikam, p 190

18 Sparsa-rasa-gandha-varmavantah pudgalah—Tatnariha Siitra
5-23
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stances ' Though time by itself cannot cause a
snbstance to exist, continuity of existence imphes
duration in terms of ime Mutation or change of
modes also cannot be conceived without time
because change naturally implies temporal succes-
sion m which the modification takes place Sumlarly
motion mmphes different postions in space of an
object 1n temporal succession Lastly, ime causes the
distinction between the old and the new the before
and the after The ultimate indivisible unit of time
1¢ time-point s called Samaya

After this bnef desctiption of the six ultimate

realities we are now ready to take up discussion on
pudgalastikaya

I

PUDGALA DEFINITION & CLASSIFICATION

MEANING OF THE WORD ‘Pudgala’—

Matter 1s called pudgala by Jains The usage of this
word ‘pudgala’ 1s not found 1n any other philosophy
except Buddhist where also 1t 15 1n quute a different
sense viz, consciousness It has the following denva-
tion 2

‘Pud’ means to combine and ‘gala’ means to
separate Hence the basic meamng of the word
Pudgala 1s *That which undergoes modifications by
combination and separation’ In the words of the

modern science we can say that which 1s fissonable
and fusionable 1s pudgala’

<

11 Kalah Somayadih
Vartand parman.a kriya paran aparatvadibhnr lahsvah

~Jaina Siddhama Dipitka, } 22-23
12 Sabda Kalpadruma Koga
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DEFINITIONS

Jain canonical hiterature defines pudgalastikay a as
‘perceivable by senses by virtue of possessing sensiblc
qualities viz, five colours five tastes two odours and
eight touches, 1t has form & extension 1t 1s devoid of
consciousness and Iife, it 1s eternal in 1ts nature.
constant 1n quantity (1e neither increasmng nor
decreasing) and 1s a fundamental constituent of the
universe It pervades the whole of lokakasha*

Out of the five asttkayas which constitute the
umverse, pudgala 1s the only one which possesses
form and 1s percervable by the senses '

From different aspects the matter 1s also defined as
under - *®

1 Substantially matter (pudgala) is infimte 1n
number

2 Spatially matter fills the whole active universe
(loka)

3 Temporally matter is eternal 1 e without begin-
ming and without end

4 . Quahtatively matter possesses colour taste
odour and touch
5 Interactionwise matter 1s capable of being ab-

sorbed and asstmilated byJeeira (psychic order of
existence),

13 Bhagwartt Stirra, 2-10
14 Brhad Dravya Sarigraha, Verse 15
15 Se samasao parfichayvihe papnaite
Dawiao nari paggalathikaye anafilayuit danaynn
Khettao loyappamanamette
Kalao na kayai na ast java ychche
Gunao gahapa gune —DBhagvat: Sutra, 2-10
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CLASSIFICATION (OF MATTER)

Different types of matenal composite bodies con
stituting the physical order of existence can be
classified from various aspects Substantially matter
1s infimte'® 1e there are infimte number of compo-
site bodies as well as infinite elementary particles and
15 conversefy, therefore fissionable into infinite com-
ponents Spatally it 1s infimte because each space
point of loha 1s occupied by infimte bodies and
paramanus Temporally 1t 1s infinite because 1t 1s
indestructible And because infimte quahues inhere
m matter 1t 1s quahtatively infimte also 17 Thus there
could be infinite types of matter '® And since each of
these infinite types are capable of infimite mutations

and transformations the entire physical existence 1s
infinttely infinite 19

A UNIQUE SUBSTANCE

Non-absoluust Jains, therefore accept the infimite
diversity of physical existence and do not find any
contradiction 1n the fundamental (basic) umty and
the infimite multipheity of the matenal world On the
contrary according to their non-absolutist attitude
the reahty of infinite muluphcity emphasises the
substantial umty of matter Since the whole material
umverse 1s composed of the ultmate elementary
parucles iz paramanus, substance-wise 1t 1s a
umty All matter in 1ts ulimate analysis 1s nothing

16 Daviao pap poggalathubaye ananidyim day pamp—Bhagarat
siitra 2-10-57

17 Dmia  desena savyve poggald sapavesi vi1 appayesa v anani
Ahera desene xt evam  cheva, Rdla desena vi bhina desena vi
evanl cheva—Bhagavan Sivra 5-282

18 .inandta bhedd am pudgalih—Tatndrtha Rapartthary
§-25-3

19 Bhagaan Siitra 25-3-41 and 25-4-66
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but the elementary particle and the elementary
particle 1n 1ts free state 15 matter itself From this
aspect there 1s only one class or type iz paramanu

B TWO CATEGORIES

Elementary pariicles combine together and pro-
duce composite bodies of matter Thus a body
produced by the association of elementary particles 1s
a material aggregate called ‘shandha’ From thy
point of view the matter s classified into (wo types
1) paramany or free elementary particle and 2)
skandha e composiie bodies made up of these
particles Composite bodies are again of two types 1)
charulisparst and 2) astasparst Chatulsparst bodies
as their name indicate have only four parwa viz kot
or cold, dry or unctuous Asiasparsi bodies on the
other hand have heaviness or hightness and hardness
or softness {(or roughness or smoothness) This means
that chaithisparst bodies are aguwrulaghu y e neither
heavy nor hight In other words they are massless
The quahiy of mass s acquired when the matenal
hodies hecome a-tasparst shandhas

From some other aspedts alko matier can be
classificd into two types

One of them 15 capability of <ensuous cogmtion
which gives two tvpes 1) sul sma and 1y badara
The tipe of matter which cannot be percenved by
normal sensony equipment 1 ‘suhgma or ninule
Since sensc organs are incapable of cognising para-
mants al paramames fall s class vz, suhsma.
Structure ot some matenal bodies render them
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mcognisable by the sense organs and these also fall
i this category. while those aggregates which are
percervable by the sense organs are called badura or
gross

Only some astasparsi aggregates arc percervable
and are therefore badara Again, all aggregates
composed of two five, ten upto innumerable
(asamhhya) particles are suhsma Even those aggre-
gates which are composed of infinite particles but are
chatubisparsi are sukgsma Aggregates composed of
infimite particles and which are astasparsi are badara
aswell as suhsma -

Matter can also be classified mto two types from
yet another aspect viz,, capability of being associated
with jeeva 1¢ conscious substance We have stated
that matter 1s attracted by and becomes associated
with jeeva Thus, we have two types of matter (1)
assoctable and (2) non-associable with jeeva All
paramanus, 1n their free state, -cannot be attracted
and therefore, fall in the first category Amongst the

composite bodies some are associable while some are
not

C THREE TYPES OF MATIER

Matter can be classified into three types from the
aspect of the cause of transformaton, viz 1) pravoga
parinata n) misra parinata and ) visrasa parinata 2!
1)  The matter which 1s associated with conscious
substance Jeeva 1s pruyoga parmata 1€ being
transformed by the wital processes Bodies of the
living orgamisms are instances of tihis class

1) The matter which was associated with jeeva 1n
the past but 1s not now mm contact with 1t and

21 Twiha poggala pannati@d-paoga pangaya nusasd parnjaya,
\15asa parinayd —~—Bhagavan Sitra, 8-1-1
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therefore 1s no longer transformed by the agency of
vital processes but undergoes auto-transformation 1s
nusra (mixed) paripata Shoe-leather 1s an 1instance
of this class Transformation which 1s partly under
the influence of jeeva and partly auto-
transformation, is also nusra parinata

ut) Matter which 1s self-transforming 1e which
has no interaction with jeeva 1s wvisrasa paripata
Radio active elements are 1nstances of this class '

D FOUR TYPES OF MATTER”
From constitutional aspect, matter can be clas-
sified into four types, viz,,
1) Skandha
(1) Skandha-desa
(m) Skandha-pradesa
() Paramanu

(1) Skandha Skandha 1s defined as an individual
aggregate composition formed by an association of
elementary particles or smaller composites The
smallest skandha s a ‘dvipradestya’ sakndha produced
by’ the combination of only two paramanus and the
largest 1s ‘achitta mahaskandha’ which 1s the matenal
body extending over the whole loka

n) Skandha-desa, A part of the whole 1s desa’
Thus a portion of any individual composite 1s
skandha-desa Since an aggregate 1s divisible 1t can be
considered as made up of a number of portions It
should be remembered that division 1s merely con-
ceptual When, on the other hand, a composite
aggregate breaks up into fragments, each fragment

22 Je rint te chauvstha papnatta — Khandha Khandhadesa,
Rhandhapadcsa Paraminu poggald  — Bhazavat Sinra 2-10-66
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becomes an aggregate 1 € shandha and not skandha-
dcsa

m) Skandha-pradesa Pradesa means'a pont, 1e
indivisible part. Therefore the smallest indivisible
portion of an aggregate 15 Shandha-pradesa Again
the division 1s merely conceptual 1e the portion is
not a detached free portion but an imaginary one n
the aggregate

1v) Paramanu The word 1s denved from ‘Parama’
and Anw’ Parama means the ulumate and Anu
means small (p.rticle) According to Jain micro-
cosmology, paramanu 1s the ulumate elementary
particle, the ongin of the whole matenal existence
Thus the mnfinitesimally small, indivisible and free
1e unattached to another particle of matter 1s
paramanu  Paramanus are the ulumate bwlding
blocks which by mutual combination produce the
whole of matenal universe So long as 1t 1s considered
to be a portion of an aggregate it 1s pradesa, while in
its free 1 e unattached statc, 1t 1s paramagu

E SIXTYPES OF MATTER

From the point of view of size matter 1s divided
nto six classes »

1) Sthaila-sthitla (or badaia-badara) means very
gross

n) Sthitla (or badara) means gross

wm) Sthila-suksma or (badara-suksnia) means gross
fine

1v) Suksma-sthitla means fine gross
v) Suksma means fine
v1) Suksma-suksma means very fine

23 Gommaysara Jeevakanda gacha 602
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In Niyamsara,® Kundkunda has illustrated these
six classes thus
1) Very gross are very large solid aggregates of

matter such as mountains) which may be broken and
divided and also such bodies which can be physwally
transported (without a container)

n) Gross are large aggregates of matter which
cannot be broken and which have to be carned mn
containers1e hquds

m) Aggregates which can neither be cut nor
broken nor can be physically transported but are
visible e g light. shadow, 1mage etc arc gross fine

1v) Fine gross are those aggregates which are not
visible but can be perceived by other four senses
—ultra visible but infra sensual e g gases

v) Suksma or fine aggregates are ultra sensual1e
those which are imperceivable to any sensc organs
These are bodies of matter which function as the

media of thought and speech 1 e manall vargana and
bhasa vargana

v1) Sitkgma-sitksma or very fine are those bodies
which are even finer than those used in the process of
thinhing These are Karmanpa groups of matter,

bodies made up of less than infimte number of
particles and paramanus

F TWENTY-THREE TYPES OF MATTER
Beginming fiom paramanu vargana and ending
with the aclutta mahaskhandha vargana, there are
infimte number ot groups of matter But 1t 1s possible
to reduce the number of var ganas to twenty-three by

24, Moyamsara 22-24

1
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grouping them from certain aspects ¥ First of all
there are free unattached solitary paramanus which
form paramanu vairgana The second group contains
composite of two paiamanus The third group con-
tains composites of three paramanus and so on We
then come to a group which contains bodies of
innumerable (asamhhvat) number of paramanus All
these vargapas are not capable of being associated
with jeeva We are mainly concerned with the
following eight 1mportant vargapas which interact
with the psychic order of existence and these we shall
therefore discuss in some detail
1) Audartka Vargana All matenal compositions
large and small which are or can be made perceiv-
able by sense organs belong to this group All organic
matenal which make the cells (blood bone skin etc)
compnsing the bodies of all hving and dead orga-
nisms (including the entire vegetable kingdom) and
norganic atoms, molecules and compounds 1n short
almost all things encountered by us in everyday life
belong to Audarika Vargana
n) Vairkiiya Vargana Celestial bodies of the inha-

bitants of heaven devas and hell (naskis) are com-
posed of the matenal of this group which 1s very
much more subtle than the previous group

) Aharaka Vargana The matenal of this group 1s
very much finer than the preceding ones It1s used by
ascetics who have acquired special powers, to pro-
duce an astral body (called aharaka sarira) The
learned sage uses this type of body for wisiting

omniscient persons at far off places, for the purpose
of clanifying some doubts

25 Gommagasira Jeevakanda gatha 593 594
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) Tayas Vargana (Lumunous body) The matenal
belonging to this group 1s used by the soul to make a
subtle body which always accompames the soul 1n 1ts
mundane existence 1€ untid 1t achieves emancipa-
tion The body forms an essential link between the
soul and 1its karmana sarira  Energy required by
the vital processes of the living orgamism 1s provided
by the fayas body

v) Swasochchhvas or Anapaga Vargana Svasochch-
hvas means respiration, as indicated by 1its name,
matter 1n this group 1s what all iving organisms need
and use for breathing

vi) Bhasa Vargana Bhasa means speech Living
organisms which are capable of producing speech *
give voice to their feelings The matter of this group
1s essential for this process

26 Jains divide the entire living universe (the psychic order of
existence) jnto five classes on the basis of the number of sense
organs possessed by them thus

1) In the lowest class are beings possessing only one sense organ
viz, that of touch 1 ¢ tactile They are therefore called Ekendriya
These are agan of five types
(v) Prithwikayika 1 ¢ earth beings
(1) Apakayiha 1€ water beings
(1) Tejashayiha e fire bemngs
() Vayukdyrha 1 e air or wind beings
(v} Vanaspankayihae vegetable hingdom
These five are also known as Sthinaras or immobile

2) Dwindrna class 1s constituted by the creatures possessing two
sense organs 1 ¢ those of touch and faste 1 ¢ tacule and gustatory

3) Creatures of trindriya class possess three sense organs viz,
those of touch taste and smell1e tectde gustatory and olfactory

4) Chriurindriva class 1s constituted b/ those who possess the
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viy) Manalh or Manas Vargana Mana means
-mund According to Jains, mind 1s an instrument of
thinking which a soul makes for 1tself out of matenal
bodies and becomes capable of thinking through its
agency The matenal mn this group 1s fit for this
purpose
- vin) Karmana or Karma Vargana Matter of this
group also called Karnuc matter 1s responsible for
corrupting the soul and keeping 1t in bondage
Minutest activity of a living being—physical, mental
or oral—attracts the Karmic matter which unites
with the soul and 1s then assimilated and transformed
into Karmana sarira which is the basis of the
mundane (1n bondage) existence of the soul

It 1s to be noted that a composite body of the group
successtvely consistes of greater number of parama-
nus which are more compactly packed and thus
occupies less space Thus a body of A haraka vargana
1s more compact and occupies less space than a body
of Vaikriya Vargana whichitselfis more densely pack-
ed 1 companson with abody of Audarika vargana.

G INFINITE CATEGORIES

Colour, taste smell and touch are the innate
qualities of matter There are five pnmary colours
five tastes, two smells and eight touches A paiama-

sense organs of sight (vision) besides the three cited above

5) In the highest bracket are those who possess all five sense
organs 1e they are capable of heanng in addition to possessing
the four sense organs namedabove According to Jain scriptures
besides human bemgs and sub-human animals devas—inhabs-
tants of heaven and narkis—denizens of hell constitute this class
All except the ckendriva group are capable of taking in Bhasa
matenal and transformng 1t into speech

t
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nu has one pnimary colour one taste one smell and
twc touches viz , hot or cold and dry or unctuous Itis
easy to see that on the basis of the quality of touch
there would be four varieties of paramanus and with
permutation and combinations of other quahities we
will have 200 vaneties Then again the stiength or
intensity of each quality varies from one unit to
mfinite units Thus there would be infinite varieties
of paramanus Similarly depending upon the num-
ber of paramanus of different varieties participating
1n making a composite. we will have infinite vaneties
of compostite bodies Material universe comprised of
solids hquids, and gases atoms and molecules, hight
and darkness, sounds and shadows, i1s therefore
infinitely infinite

1 )
PROPERTIES OF MATTER

1) Matter 1s a substance 1t 1s eternal and avastinia
1 € non-transmutable (into another substance)2?

1) Matterisreal composite and devoid of con-
sciousness 2

ut) Matter possesses sensible quahues viz  colour
taste smell and touch and 15 therefore an object of
sensual cognition 2?

1v) Matter 1s (capable of being) active 30

v) Matter 1s fusionable and fissionable 3!

27 Niymvasthuanyarupian cha—Taindrtha Satra, 5 3
28 Ajnahaya dharmadharmakasa pudgalah-Ibd., 5 1
29  a) Rapmdah pudgalaha-lbid, 5 4

b) Puggala mutto rivadiguno—Brhad Druvya Samigrha,
verse 15 -

30 Pudgala Inastu Kriyavantah—Tatiavaftha Stitra 5 6
{Bhasya)

31 Poorandd galanichcha pudgalah-1bid 5 1 (commentary)
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vi) Matter1s Parmanu 1 ¢ mutable 2
vi1) Matenal atoms and bodies aré infimte 1n number
and they fill the entire loka1 e active universe
vit) Matter interacts and influences the psychic order
of existence 1 € jeeva 337

We shall now discuss the above characteristics of
matter in detail

1} a MATTER IS A SUBSTANCE

We have already discussed the general character:-
stics of a substance in the beginning of this chapter
Qualities and modes mnhere in a substance ¥ Proper-
ties and attributes are qualities charactenstics are
also quahties A substance 1s never devoid of quah-
ties and 1s cogmsable through them Distinction
between different substances can be made by the
possession Or non-possession of special qualities

Paryaya Mutation 1s the succession of modes
within the 1dentity of either the substance or the
quality While a quality inheres permanently, modes
are always transitory In other words while the
substance and its qualities are indestructible and

32 Pannama partndanmau jivapudgalau ssabhavavibhiva - pary -
mvablvam hrivid—Brihad D ya Sapgraha page 67

33 Dawao ha poggalathikaye ananatanii davyavi—Bhavagan
Sarra 2 10

34 Kheutao locppamanamerte~Ibid , 1ibid

35 Sakasmvanayhal karmano yogran pudgalanadatie- Tatnar-
tha Sittra 8 2

36 Sarinmdsimanah pranapanah pudgalanam sukhadulih hapnat
amaranopugrahischa-1bid S 19
37 Gundpanavasad drivvan —Ibed S 37

38 Bhavamaram saiynantaram cha paryiiyvah-Tatsartha Siitra
{ Bhasyva} S$-37
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inseparable,’ their permanence is through incessant
modification A mode has a beginming and an end
The end of the old mode would necessanly be the
commencement of a new one and the change 1s as
much real as the permaunence 4

yJust as a quality 1s neither absolutely different
from nor absolutely 1dentical to the substance 1n the
same way modes are not absolutely different from
quahties In fact they are nought but succession
within the identity of a quahty and tlus attnbute of
succession within an identity 1s known as mutation

Take for instance, a golden bangle and a golden nng

In both, the speafic qualiies of the element gold
inheres umformly but the mutability of the gold to be
transformed mnto different shapes and sizes makes i
possible to become sometime a bangle and sometime
a nng This transformation of shapes 15 mutability
and the shape for the nme being 1s a mode The
bangle-mode can be destroved to create the ning-
mode but the goldhood 1s permanent or 1dentical 1n
both Thus matter 15 a substance which 1s never
destroyed 1 e never becomes a non-matenal 1dentity

b MATTER IS INDESTRUCTIBLE AND
AVASTHITA (NON-TRANSMUTABLE)

Permanence and conservation are unyversal quah-
ties of all substances Permanence 1s defined as

39. Anantastrikala-rispanad apannutéh ye dharmah salhabhavi-
nak kramabhavinascha paryayah-Syadsadamarjar, Commeniary
of Sloka-22

40 Utpada-syaya-dhrawvya-yuhtam sar -Tainirtha Sittra,

5-29
2 Apaniyyukia nabhavenot  pada vyava-dhnona-sany akian

Gunaraclcha sapar yaari vatiaddr yamit bruyamit
Pravachanasara, 2-3
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‘immunity from being destroyed as substance’ Con-
servation 1s the quality which enables the matter to
continue and maintain 1ts material existence inspite
of 1ts intimate association and interaction with other
substances

Thus, although certain types of matenal bodies are
attracted, transformed and assimilated by the consc-
10us substance, at no time do they lose their matenal
wdentity but remain eternally matenal On the other
hand 1ts most intimate interaction with conscious
substance can never transform the latter into matter®

In the infinite past the matter evisted as matter n
the present 1t exists as matter and for the infimte
future it will continue to exist as matter Matter
persists through modes but 15 always cternally mat-
ter, It can never absolutely be destroyed nor be
absolutely transmuted 1 e become non-mat(er

The total quantity of matter in the umverse 1s
always constant, whatever was the quantity in the
infimite past will always remain the same 1n the
mfimte future Not a single paramanu (ulimate
particle) has been totally destroyed 1n the past nor
will 1t be destroyed n future Not a single

paramanu was newly created mn the past nor will be
created in future +

-u) a MATTER IS PHYSICAL NOT PSYCHICAL
ORDLR OF EXISTENCE

What s devoid of consciousness 1s gjeeva Matter 15

42 Jno na bhavatutyajeeral
43 Tadbhayavavyayam nityam-Tariaartha Sitra 5 30
43 Avasthura grahapidanvianadluhatsamavirbhavyare anddinidh -

ancyatablyam na svatarnam wablcharann-ibid, Siddhsena s
Commentary 53
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eternally unconscious, 1t 1s not capable of knowing
and 1s berefl of feeling 1s not psychical It belongs to
the physical order Itis gjeeva 4

b MATTER IS AN (ULTIMATE) OBJECTIVE
REALITY

Matter 1s real It1s not imaginary Real existence is
the basic inherent quality of all the five astkayas®
including matter (pudgalastikaya)

Existence 1sinherent 1n matter and not external or
mduced 71t possesses qualities and modes and it
persists through modification® Matter easts objec-
tively and 1s not merely subjective or a figment of

mind It 1s not'aupcharika’s e postulated It does east
and 1s eternal 4y

¢ MATTER IS COMPOSED OF ELEMEN-
TARY PARTICLES

When 1t 1s said that matter 1s an asttkaya 1t 15
meant that 1t 1s a composition of constituents 0 Kaya
means body and hike a body whatever 1s made up of
@ muluphcity of consttuents 1s called ‘kaya’ ! Aggre
gates (molecules) of matter 1s composed of two 0

43 Jeesadanyeajecra sata eva vastuno ablimarah Vidinpradh -
ananyt atastunastineia, bhaesu, rhantnya-mshedhd dvarenu dhar-
nitdirageera inyanushasanam

46 1l snvdha lat shnanam lak shanamekam sadit sarvagatarnt--
Pravarhansirg 2-5 {chhaya)

A7 Asunam b hida dras pasaya  ssabhaval-Pravachansam
{Commentary) 2 4

43 Sadhbhive hi sabhivo gunaih saha prayayar s hatraty
dri yasy wn ahdlamutpadvyayadhnnan avh-ibd (chhayay2 4

A A e rmipdiak  Aalraryvabhidhe Jee-Bhagvar Shrra
reommentaryy 2,10

S Advrh pralethartshyolabid 2 10 {commentary)

SV Fad B Rakn o ded tamha wioAdse aihfl dya

1M bad Dros sa Soamtreha 24
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anfimte constituents The ultimate elementary parti-
cle—paramanu 1s of course a umt But since many
umt particles assemble and constitute an aggregate,
paramanu 1s also a potential body 1e 1t can be
virtually regarded as Aaya *
m) MATTER 1S SENSUOUS AND IS PERCEIV-
ABLE

It 1s sensible and so 1s cognisable by the sense-or-
gans Colour, laste, odour and touch are the charac-
tenstic qualities of the physical existence 53 These
sense-data affect the sense organs and are cogmsed
by them and hence matter 1s perceivable by sense-
organs

Matter is the only substance in the universe which
possesses sensible qualities, others do not Only what
1s nherently sensuous 1s capable of being perceptible
under certain conditions Infimite modifications of

colour, taste odour and touch renders 1t to become
perceivable 5

Whatever 1s sensuous must necessanly belong to
the physical order ** Nothing which 1s of the physical
order could be bereft of the quahues of colour etc **
because they are not absolutely different from the
matenal eaistence—whatever 1s bereft of sensuous

32 Evapadeso i anu nanahhandhappadesdo hod: bahudeso
inavara tena va héyvo bhanant saviaehu—bid 26

53, Sprshak resal ganditah yarna wveramlakhsanily  pidgalal
hhavanri—Tattvartha surra 5 23 (commentary)

3% Rooparasagandhaspardiiy  eva vishista pargrimanugribual
santo mitring vy adeshbhdje bl avantt Siddhasena commentary of
lartvartha Sutra 5 3

3§ Pudgald «va rupino bhavann—Tamarthe Sirra S 4 com-
mentary (Bhasya)

56 Ve moormvyannhkepa pudeaiih sanu Taindirtha  Miitre.
Siddlisera v Comn ~ntary 5 4
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cognition 1s not matenal ¥ Rooparva— sensrble per-
ceptibihty—is the sum total of the four sensuous
qualities named above Colour and/or extension by
1self 1s not the cause of perceptibility of the matter
All the four quahties are concommitant ** No mod:-
fication of matter 1s such that it possesses three, two
or one of the four qualities Nor 1s there a modifica-
tion of a substance other than matter which can
pOSsess one, two or three or all the four above
qualities

All mutation of matter be 1t a single ultimate

elementary particle or an aggregate constituted by
mnumerable such particles must possess all the four
qualities

Samsthana 1s an additional characteristic besides
the above four which charactenses sensuousness of
matter It means form or shape It may be regarded
consequential to fissionability and fusionability of
matter

Five types of Black blue, red. yellow & white
primary colour are

Five types of taste Sweet, bitter pungent, acidic

(sour) astringent
Two types of odour Good smell and bad smell
Eight types of touch Hot cold, unctuous, dry, hard
Soft (or smooth rough), hght
heavy
Two types of forms are
1) Symmetrnical and
2) Assymmetncal

3) Some of the symmetrical forms are sphenical
crrcular, tnangular, square elc
——— —
5T Adroopal pudgald na bhavanti~Ibid 5 4
38 ‘Yaira reopa-parindmah
sandhalrapt bhasyam atah sahacha

tatrivshayaniaya  sparsha —rasu
ramerachehatusiavam-1bid 5 3
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- IV) MATTER IS KRIYAVAN 1e (CAPABLE
OF BEING ACTIVE)®
a Non-absolutist Jains do not beheve in absolute
permanence or total cessation They neither endorse
absolute mhilism nor absolute eternalism but explain
both these extremes as real with reference to different
-aspect of the same reahty According to them both
transitory and permanent attrnibutes co-exist 1 a
substance This 1s the fundamental or basic nature of
the entire real existence The permanence of the
substances 1s attnibutable to their underlying indenti-
ty of quahties, while incessant series of successive
states winch make up the carner of a thing are the
expression of 1ts mutable structure Thus a substance
can be considered eternal and therefore immutable if
one examines it from the view point of dravya 1 e 1ts
underlying umty and 1gnonng (but not denying) the
other aspect
On the other hand 1t must be considered as
incessantly changing 1f looked at from the view point
of paryaya®® 1 e 1ts transitional attribute which esta-
blishes its mutability And since all substances pos-
sess both attnbutes simultaneously they are both
immutable as well as changing In short they are
subject to the doctrine of permanence-through-mo-
dification
b Mutation 1s thus an innate capacity of being
active and since the mutation 1s infimite kriya 1s also
mnfinite
All modification can however be grouped under.
twotypes -
1) Artha-paryaya 1t s incessant  continuous
59 Pudgala jeevdstu hripasaniah-Tarnartha Sitra Bhasya 5 6

60 Dravyirthiha-gaunabha ¢ paryayirihiha pradhanyar
sunabhira-uipadavyaya-darsanar sakeivd anityaschen Rajavarti-
v ham 5-7-25
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(without break) and nstantaneous and a untversal
attnibute of all substances It 15 the change of state
due 1o 1ts own basic transitory clement evisting in all
substances ¢ .

1) Vyaiyana-paryaya on the other hand 15 two-
fold (a) svabhang e due to 1ts own basic nature and
(b) vibhana 1e nteractonan Only two—yeera and
pudgala—out of the six ultimate substances undergo
this type of modification The interaction mentioned
above 1s between the consciousness-in-bondage and
the matter It is neither incessant nor continuous

¢ Another type of actmaty s the capability of
becoming dynamic Some substances are capable of
different kinds of motion while some are ncapable
Dharma, Adharma and Alasha are completely
devoid of wibrations of any hind The pure ie
uncorrupted psychic substance 1s also motionless
Mundane soul “however has the power to vibrate
and by its interaction with matenal substance during
the mental vocal and bodily actuivities vibratory
mouons occur in the psychic substance Matter 1s
capable of both dynamic and static states It 1s
capable of motion with and without movement an(}
other dynamic acuvinies [is dynamic state 1s kriva
and static state 1s parmamag

d Inthe annotation of Tathvar tha Swa (5 —6) 1t has
been stated that mauer and jeeva are active (Arna-
1an) substances® whereas the other substances are
mert (Niskriva) Thas is 1n respect (o therr incapacity

Al

—_—
61 Pmmama)a-panna!mroapé arthapary iy i bhanyante Pari-

namai el -sammy avarnno arthapary & dha-£ra achanasara (iatpa-
naveuy 2 37

62 Panspa:;d&tmaka)fz hryenakhyara, uarak parmamah -
63 Pudgala jeerasiy ke ) ayamiah
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of assuming dynamic states ¢ Now jeeva 1s dynamic
only 10 1ts worldly enistence which itself 1s due to its
association with karmic matter ¢s Ultimately wien
Jeeva achieves emancipation and freedom, its asso-
ciation with physical order of existence 1s completely
destroyed In 1ts pure state jeeva 1s at complete rest in
space and does not vibrate Conversely as long as
Jeeva s spatially dynamic 1t will continue to attract
harpuc matter and cannot achieve emancipation
e Vibration is one type of dynamic actvity
Vibratory activity 1s an inherent quality of matterand
‘that 1s why matter i1s dynanuc 1n space In other
words matter 1s capable of releasing energy because
of 1ts own capacity to vibrate ¢ Consequently matter
1s dynamic 1n its own nght ¢ It 15 not absolutely
immobile static or tnert At the same time 1t should
not be construed that all matter 1s active everywhere
at all umes and underall conditions It 1s sometimes
active and sometimes inert (at rest) ® A paramanu
(free ulumate particle) can remain at rest on a single
space pommt for sometime In short the dynamic
activity of matter 1s not continuous and there are
periods of rest 7

¢

t

64 Pudgala-jeeravartinee ya visesa kriya desantara prapnlah sani
tasyaly pratisedhoyam-Tatnartha Siitra, Siddhsena’s Commentary
56

65 Karmana sanralambanatmapradesapanispandana roopa hry-

—Tatndarthasutra slohavarnha 2 25

6b Parispandana laksana hrivd Pravachanasar 2-37 Pradipiha
vt
' 67 Pravachanasar 2-37 Pradipika ri1 57

68 Samarthyat sakryau jeeva pudgalemiti  mschayah-Tatr
Slhhavartikam, 57 2

69 Paramanu poggalesiya ejain, veyanr java-pannatt spa no
evant jayano parmyati-Bhagavari Sitra, 5 7 150
70 Egpayesogadhe poggale seve tammui 1a thdane annamnu va
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There are many types of kriya (activity) and
pnmanly each Ariya 1s different from the other Bu
different types of energy mamifestations can be
grouped together on different basis On the basis of
causality there are two types of Ariya

1) Spontaneous release of energy caused by its own
mnate capacity and

1) Activation caused by external forces

In another way kriya 1s of two types 1) motion and
n) fusion- fission

Agan the motion may be vibratory or migratory.

Vibrations are again of two types 1) sumple and
11)  complex

Two types of migratory motions are 1) without
changing direction 1e 1n 2 straight Iine and n) with
change of direction In the Bhagavati Sutraa few
instances of different kinds of motions are given thus
Motion may be Spontaneous or caused by outside
forces Tt 1s not eternal e matter 1s sometime 1n
motion and sometimes at rest It sometimes vibrates
1t sometimes vibrates and also rotates and so on upto
the time when 1t changes its mode By the word ‘so
on’ here we understand that besides simple and
complex vibrations there are many other motions but
what these are 15 a matter of research Commentator
Abhayadeva Sirf also has in hs commentary sugge-
sted 1nvesugation in this field

In the Bhagvati sittra ™ motion without movement
is called ‘eyati” which means ‘kampana’ or vibration
Some types of migratory motions are (a) anusreni vs
visrent, avigraha' vs vigraha and ryu vs kutla ®)

thane jhanpepam €gam samayam, ukkosenam analiyde asamkhepai
bhagam chrramn hor—Ibid 5 7
71 Bhagavan Sttra, 2-3

72 Ibd, 5-7-150
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Pranghati vs apratighati (c) Shprist a vs asprigta and
(d) Urdhva-adhah-tiryaga

Some types of dynamic activities enumerated in
Bhagavau Siuitra are -

1) Snva eyayr (simple vibration)

2) eyay: —(comple vibration)

3) Chalay: (motion)

4) Tanday: (spandana)

5) Ghattay: ( samghatana)

6) Kouvyaw (forceful penetration) and

7) Udiray: (transformation)

V) MATTER IS FISSTIONABLE AND FUSIONA -
BLE

a) The very name pudgala 1s derived by the virtue
of 'the matter possessing the qualities of being
fusionable and fissionable ? Put (puran) means
fusion and gal (galana) means fission In other words
the processes of fusion and fisston are mherent
properties of the matenal universe

The ulimate elementary umit of matter 1s parama-
nie ™ These elementary units umte together to form
matenal composites The umon of paramanus follow
certain rules and 's subject to certain conditions
Aggregates break up mnto smaller aggregates and/or
paramanus The number of paramanus participating
in a fusion process may vary from two to infinite The
unity formed by fusion of multiphcity of paramanus
1s called skandha 1e an aggregate or composite
body *

Two or more aggregates may also unite to form
one larger body Similarly the fission of an aggregate

73 Pudgala-sabdasyartho mirdigtah pumgilanat puranagalana -
dva pudgala wi—~Tatnartha Kajvartikam.

74 Karana meva tadantyamsiihgmo nutyascha bhavati parama-
nuh-Tartvartha Stitra, (Commentary} 5 25

75 Parnprapta bandha parnindmah skandhéalr-Tattvartha Rayvarii-
kam, 5-25-16
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may give 1) paramanus or 1) smaller aggregates or 1)
paramanus and also aggregates Sometimes, one oOr
more paramanus only may separate leaving the main
aggregate 1ntact Similatly one or more paramapis
may unite with an aggregate

b) The process of fusion 1s called bandha 1e
association The process of fission 1s called bheda i e
disassocration The word process prakriya) 1s used
here to distingwmsh 1t from the (hrpa@) dynamic
activity of motion The infinite variety of the matenal
universe and colossal energy of matter 1s due to 1ts
being fissionable and fusionable

¢) Conditions for the fission and fusion of matter
are three-fold.

1) Causality (karana) n) psychic activity and 1)
elhigibility for union

1) Causality is agamn three fold a) by association
(union) b) by disassociation and c) by both 1 e partly
association and partly disassociation

1) Psychic activities are again three-fold a) wisrasa
1.e natural or spontaneous (for which no effort 1s
necessary) b) prayogic 1e synthetic and c) partly
natural and partly synthetic

) Ehgibility for union 1s again three fold a)
paramanus possessing one unit of unctuousness and
one unit of dryness will not unite b) paramanus
possessing oppostte sparsa of equal and unequal
intensitiies may unite ¢) paramapus with similar
Spaisa can unite only if their respective intensities
differ by two units or more 1e there must be a
mimumum difference of two units in the mtenéxty of
dryness or unctuousness

All forms of matter (including paramanis) possess
the qualities of unctuousness and dryness of varying
intensitics The minimum intensity 1s the umt of
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intensity and the mtensity possessed by a paramanu
can always be expressed by an integral number and
not by a fraction

d) Formation of composite matenal bodies
Clementary parucles—paiamanus—combime  toge-
ther and producc composite bodies The simplest
composites are made up by the combination of two
paramanus and are called dvipradesi a shandha Then
there are mipradesnya chutw pradesiva etc made up
by three, four and so on paramanus respectively By
this process we come to bodies made up of asamhhya
(mnumerable) and ananara "¢ (infimite) and ﬁnally
anantananta (1nfimtely infimte) number of parama-
Tes respectively called asanhhva-pradesna, ananta-
pradesnya, and anantananta pradesiya skandha Jain
sages by their profound knowledge of the structure of
matter have estabhshed that this process of combina-
tion of paramanus and production of skandhas follow
some definite rules Out of the four innate qualities
of a paramanu the quality responsible for the
combination 1s (dry and unctuous) sparsa 7’

The fundamental condition 1s that the paramanus
with unit intensity of dryness or unctuousness are not
qualified to pdrucipate 1 the composition™ This
means that paramanus participating 1n a composition
must possess more than unit intensity of dryness or
unctuousness

Combination of paramanus with same as well
opposite sparsa 1s possitble When two paramanus
possessing same sparsa (say unctuousness) combine,
the mimmum difference between the intensities of

76 Jains concene an infinute gradation of mfinity

77 SNIGDHA-rovkstvad bandhal -Tattvartha Sittra

78 Snigdha rookstad ajagnyagunanam -Jana Siddhanta Deepa-
ha,l 17
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their unctuousness must be two units ” Stmlarly the
mimmum difference of two umts of intensity between
dryness of two paramanus quahfy them to combine
On the other hand the paramanus with opposite
sparsa 1e. dryness and unctuousness would combine
without qualifying mmmmum difference between
their intensiies The 615th verse of Gommatsdra
says “An unctuous particle may combine with
another unctuous particle with a mimmum difference
of two umits of unctuousness And this also 1s the rule
in the case of dry particles The combination of an
unctuous particle with a dry one 1s always possible be
they of the same or different intensities But in all
these three the particles possessing the unit intensity
1e one umt of each sparsa are exeepted " *¢

1) Extension Since paramanu atself 1s a dimension-
less point, space occupied by a single free paramanu
1s an indivisible point (space-point) Two free para-
manus will therefore occupy two space-points But
after fusion an aggregate of two paramanus may
occupy a single space-point An aggregate composed
of nfimte paramanus, if densely packed may also
occupy a single space-point The maximum exten-
sion of an aggregate 1s equal to the number of its
constituent paramanus The maximum extension of
an aggregate with infinite paramanus 1s asamkhya
and not infinite space-points It must be remembered
that & number of paramanus may occupy the same
space at the same ume and may or may not unite

79 Drayadhikadiguntve sadpsanam-Ibid 1 18
80 MNwdhdhassa mdhdhena duhaviyena
Lukhassa lukhena duhayena
Nidhdhassa luk hena wy eyt bundho
Jahnnaayo sisumo samo vad -Gommatasara Jeevakanda,
gatha 615
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Bandha 1 ¢ umon or fusion 1s two-fold (a) natural
and (b) synthetic Natural fusion 1s agan two-fold (a)
beginningless and (b) with a beginming

It 15 two-fold from another point of view viz, (a)
partial umon and (b) total umon ®!

Natural union 1s caused by three conditions

(a) Natural umion 1s caused by the unctuous and

- dry properties of the constituents—Bandha pratyay:-
ka (b) Union caused by the contents of a common
contamner—Bhajana pratyayika (c) Umon caused by
mutation—paripama-pratyayrka 8

Five different ways of Bheda 1 ¢ fission are

a) bursting1 e due lo internal forces
b) breaking into pieces due to external forces
¢) gnnding
d) removal of layers and
e) fissures
VI) MATTER IS PARINAMI 1e SUBJECT TO

MUTATION
Matter 1s mutable and 1t undergoes transforma-

tion Mutation 1s change 1 e change of one state into
another Nothing 1s absolutely permanent nor abso-
lutely destructible *
“Avasthitsya diavyasya poorva dharma mivrraw dhar-
mantarotpanh parinamah " (Commentary by Vyas)
Destruction of the preceding state gives way to the
birth of the succeeding state
The word for mutation 1s parinama It has been
explained 1n different ways in Jain scniptures In
Rajavarnkam 1t 1s said that paripama 1s natural or
artificial mutation of a substance without affecting 1ts

N 81 Muxture and compound
s 82 Bhagavati Siitra 8~9
83 Parimamo avsthantara-gamanam, na cha sarvathd vina- sah
Syadvad Manjari,
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own fundamental 1dent1ty84 In order to make a

distinction between parinama and kriya—activity.
Siddhasena Gam has defined paripama as mutation
other than vibration etc ¥

In the Tattvartha siitra parinama 1s defined as the
inherent nature and the corresponding activities of
each substance % Five parmnamas are hsted in the
Bhagavati satiaviz .vaina (colour) rasa(taste) gandha
(odour), sparsa (touch) and samsthana (shape)”
which render the matter sensuous or cognisable by
senses Ten parpamas of unconsctous substance are
listed 1n Papnava sitra all of which are attributable
to matter Five of the ten are the same as m the
Bhagavat: Sutra and the rest are Bandha (asso-
ciation), bheda (disassociation) gatr (motion) sabda
(sound), and agurulaghu (masslessness)

Temporally paripama 1s two-fold 1) beginmngless
and n) with a beginming 8 Paripama of matter 1s with
beglnmng 8 A paramanu 1n 1its free state will have
two out of ten paripamas viz, motion (gati) and
masslessness (agurulaghu) After unmiting with other
paramanus or aggregates 1t may undergo other
parinamas also There are many vaneties of parina-

84 Dravyasya s\ajatyapaniyagena prayoga visrasa lahshano
vikdrah pariamah
Tautvartha Rajarartikam 5-22-10

85  Dravyasya svajatyaparniyagena parispandelard pra;ogaja
parydya svabhayah pnpamah—Tativartha Satra, Siddhsena s Com -
mentary

86 Tuadbhdva panpamah—Tattvartha Siitra 5 42

87. Panchavihe poggala parmame pannpatte tan jaka ranna,
gandha, rasa, fasa, santhdna panpéme —Bhagavat Sittra 8 10

88 Anadiradimanscho —Tatnartha Stira, 5 42

89 Rupipadiman—Iibid, S 43
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mas (of matter) with beginming * There are threé
. lypes of aggregates on the basis of causahty viz, 1)
natural 1) artificial or synthetic and m) mixed
VII) MATTER IS INFINITE (NUMERICALLY)
The ulumate elementary constituent of matter 1s

~ paramanu which are infimte numerncally It follows,

therefore, that substantially matter 1s also numen-
_cally mnfimte Maximum extension of matter 1s loka
Spatially matter remains in the active umverse loka)

only and 1t pervades the total space of the active
unmverse{loka)

VIII) MATTER INTERACTS WITH CON-
SCIOUSNESS

Matter 1s attracted (and assimilated) by conscrous-
ness, that 1s interaction 1s possible between the
physical and psychical orders of existence Matter 1s
incapable of imposmg tself on the psychical order
but 1s capable of reacting with 1t once 1t has been
captured by the latter Psychical substance alone has
the power to attract and assimilate matenal bodies

thus rendering itself hable to be corrupted by matter
(karmic matter)

1t has already been stated that all the different
groups (varganas) of matter do not interact with the
psyche The eight groups of matter which interact
with psyche have been brnefly described 1n the
previous section The group which 1s most inumately
associated with conscirousness 1s Aarmaua group or
karma pudgala The relation between the psychical
and the matenal i1s so concrete that they become
somehow 1dentical in the state of worldly existence
By 1ts own nature the conscious substance 1s always
changing But n the state of worldly eaistence the
change 1s determined by the nature of the Adarmuc

90 Rupigu drvyesu adunin  paringmo  aneka-vidhah —JIbid
(Bhasya) 5 43 :

-y

P,
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matter that 1s associated with 1t The nature of the
karmic matter 1s determined by the nature of the
passions and perversion of the psyche and the
mtensities of passions etc are again determined by
the nature of the Aarmic matter

The karmuc matter associated with conscrousness
determines not only the nature and intensities of
passions but also the hfe-span, the type of gross body
viz. audarika or vaihriva, during the life-span etc
The gross body 1s then the instrument of expernenc-
ing happiness and miseries of the worldly existence
The matenal of other varganas viz., syasochchhwas,
bhasa, and manah are also essential for the worldly
existence

Materal karman(dravya karmanj and yts spiritual
Counterpart (bhava karman) viz., passions and per-
versiies of the soul are thus mutually related as
cause and effect, each of the other ® Thus the
asstmulated karman begets sarira, (body), mind and
speech and thewr activities-physical mental and
vocal-attract karmic matter which then 1s insepa-
rately mixed up with the soul Only the matter which
15 fit for the purpose of being transformed by the soul
1s attracted by 1t

The space 1s filled up by the karmic matter but
only those particles which occupy the same space as
the psyche can be caputred by 1t Passions generated
by the interaction of the assimilated matter and the
corrupted psyche are the cause of attracting the
matter Thus corruption begets corruption (Pure
consciousness 1s free from passions and therefore
does not attract corrupting matter)

91 Dosavaranayor Jeeva-pudgala-paninamayor anyonyakarya-
ka‘rar]a—bhﬁva-mapamanhavar -Asstasahasry p 51
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Paramanus are not attracted by the soul nor are all
kinds of matenal composites First of all there are the
composites-bodies belonging to the karmana vargana

_which are capable of being transformed as dravya
karman which obscure and distort the punty of the
soul Then there are the composites belonging to
other varganas which are transformed nto sarira
(audarika, vatkriya etc ), bhasa (speech), pranapana
(respiration) and manas (mind)

Jain doctrine of karman as propounded by the Jain
arhats gives full details such as the matenal nature of
karman, relation between soul and karman, classi-
fication status and processes of karman eic

v

PARAMANU THE ULTIMATE INDIVISIBLE
UNIT OF MATTER

A DEFINITIONS AND PROPERTIES

The canonical hterature defines paramauu mm var-
ious ways from different angles It i1s the ultimate
particle of matter which 1s indivisible, indestructible,
impenetrable, incombustible and 1mperceptible to
sense organs %

It cannot be split by any means whatsoever The
sharpest instrument cannot divide 1t into two and the
highest temperature cannot destroy 1t by burming It
does not become wet even 1f 1t 1s drenched by the
deluge clouds (pushakravarta mahamegha) 1t will
not lose 1ts existence or identity even 1f 1t enters a
drop of water or a whirpool of water -

It 1s a true point It has no half-portion, no middle
portion and no paradesa It has no length, no breadth
and no depth It 1s demensionless It 1s the ultimate

92 Bhagmat Stira, 576
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and eternal unit 9

It 1s truly infimtesimal Its beginming, the maddle
and the end are 1dentical with the whole of iself®
Hence the sages have observed that of which the start
the centre and the end 1s the same 1¢ which jtself 15
the beginning 1tself 1s the middle and utself 15 the
end, that which 1s not perceptible (cogmsed by

sensual perception) and that which 1s indivisible 18
called paramanu ss

In the Panchastikaya-sara, paramant 1s defined by
some other characteristics viz, 1ts innate qualities
thus ’the substance which has a single taste, a single
colour, one smell and two kinds of sparsa, which 1s
the cause of sound but 15 not sound stself, which 15
not the same as skandhas (composite) though consti-
tuting them, 1s the paramaunu

According to the above defimtions, four sense data
viz, touch, taste, odour and colour are intrinsic
qualities of a paramanu Sound, being an attribute of
skandhas 1s not associated with paramagu

The qualities possessed by a paramany are one of
the five pnmary colours, one of the two smells and
one of the five tastes and two of the four touches1¢
either hot or cold and either dry or unctuous

In the commentary to the canons the paramanu 15
defined thus Paramanu 1s the fundamental subst-
ance and the cause of formation of aggregates1 e 1t1S
the ultimate elementary particle in every matenal
object, 1t 1s the smallest indivisible particle of matter,
1t 15 indestructible, 1t existed 1n the past, exists 1n the
present and will continue to exist in the future It

93 Tartvartha Rajvartka, 5251

94 Sauksmyadarmadayah dtmamadhyah atmantischa Tattvartha
Satra with Sarvarthsiddh: commentary 5-25
95 Ibid
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possesses a single colour, a single odour, a single taste
and two touches It can be perceived only by its
effects 1e a single free paramanu 1s invisible not only
to the-naked eyes but also to any other physical
mstrument Its existence 1s to be inferred by the
collective action and reaction of many paramanus
Only the omniscient (kevalajhani) and those who
possess superlative visual intwtion (paramavadhi
Jhani) can percetve and cognise the nature of a free
paramanu %

Although the four qualities are permanently pos-
sessed by a paramanu the 1ntensity or the potency of
the qualities do not remain constant A paramanu
possessing one unit of blackness at any moment may
sometimes later possess two, three or many units of
blackness It follows from this that at any given
moment there would be paramanus with different
itensities of blackness etc In the same way there
would be paramauus with vamnous degrees of other
qualities o7

Paramanu 1s the short form of drvya paramanu or

96 Bhagvat: Sttra, 1818
97 lJust as paramianu 1s an mfimtesimal mdiwvisible unit of
matter the Bhagavali Satra 20-5-12 enumerates a) Dravia
paramanu or pudgala paramdnu-mfinitestmal indivisible unit of
matter
by Kshetra paramanu or Akasa pradesa idivisible unit of
Space or spacc-point
¢) Kala paramanu-indmsible unit of tme or time-pomnt
called samaya
d} Bhara paramanuor Gupa-untt of intensity of sensuous
quahities which are of 4 kinds~v17  colour odour. taste and touch
and which are sub-divided 1nto 16

5 colours Black white blue red & yellow
2 odours Good smelis and bad <mells
S tastes Sweet, bitter pungent acudic and astningent

4 touches Hot cold dry and unctuons
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pardmanu pudgala On ultimate analysis thewhole
matenial universe 1S paramanu As we have seen
paramanus have the innate capacity of umting with
one another to form composite bodies The union of
paramanus may be the result of some psychic activity
(prayogic) or it may be natural (vaisrastka) The
union 1s subject to certain definite rules as all types of
paramanus are not ehgible to participate m the
union The composite bodies are hable to the process
of decomposition (again subject to rules) and the
united paramanus may become free particles and
thus the association and disassociation goes on
eternally The paramaunu 1s the ulumate cause karana
auny - as well as the ultimate end product - antya apu

Karanameva tadantya saksmo mtyascha bhavat para-

manu

Ekarasa - gandha - varno dvisparsaly karyalingascha

The above verse defines the paramanu 1 the follow-

ing terms

1 Ttis karana1e 1t1s the cause of the creation of the
matenal umverse

2. Itis antya 1 e 1t 1s the uliumate end product of the
matenal umverse

3 Ttissitksmai e infinitesimally fine

4 It 1s mitya 1e 1ndestructible It does not lose 1ts

individuality even when participating in a union

It possesses one rasa, one gandha and one varna

It 1s dvisparst 1 e 1t possesses two  sparsa either

dryness or unctuousness and hot or cold 1€ 1t 1s

either dry cold or dry hot, or unctuous cold or

unctuous hot

7 Itis karyalinga1e 1t can be cognised by inference
only through the effects of collective actions Its
qualities can also be cognised through the quali-
ties of the composite bodies In short, by 1itself 1t 1s

[= 3RV}
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not an object of sensuous cogmtion Only tran-

scedental and extra-sensory perception can cog-

mse its qualities

Let us now see which of the properties of maiter

which were discussed 1n detail 1n the previous section
are applicable to paramanu
1 Paramanu s a substance It 1s mitya (eternal) and
avasthita (untransmutable) This is so because para-
manu never loses 1its 1dentity even though 1t partici-
pates 1n the union to produce compostte bodies Thus
nor a single paramanu 1s destroyed nor a new one
created. The total number of paramanu 1s eternally
the same

2 It1s gjeeva—devord of consciousness It has a real
existence By itself 1t 15 not kaya because it 1s
sohtary However, when umted with other consti-
tuents of a composite body 1t 1s a participant of
kaya’ )

3 Tt possesses four pnmary sensuous qualities—co-
lour taste, smell, and touch but 1s devoid of
samsthana because 1t has no shape and 1t has no
length breadth or thickness

4 It 1s capable of being active and dynamic When
mobile 1t may have wvibratory as well as imgratory
motions The activity of a paramanu 1s not conti-
nuous but rather in the form of quantas

5 Individually 1e by uself 1t 1s not fissionable The
process of fission and fusion are attnbutes of
compostte bodies

6 Tt s parnanuy By uself 1t as agurulaghu parinanu
1 e 1t has no mass The mutation 1s 1n respect to its |
innate qualities viz, colour, smell etc

7 Tt can assumc a very hugh velocity, since 1t has no
mass there 1s no upper himst to its speed ”* It

98 Eka samaya lokhania prapiném-Bhagarair Sitna Vrin -1 6 8

e
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cannot however, cross the boundary of loka and
aloka (since there 1s no dharmastikaya in aloka)
Since 1t exists everywhere 1n the whole loka, 1t can
be said to pervade the loka

8 By itself1t1s not attracted by jecra and 1s therefore
not assimilated and does not interact with jeeva

B DETAILED DISCUSSION OF THE PROPER-

TIES OF PARAMANU

1 Nomenclature Its full name 1s paramanu pudgala
or dravya paramanu, but 1s generaly called ‘para-
manu 1n the following, paramanu means param-
anu pudgala

2 Substannially paramanu 1s a substance because 1
possesses both quality and modes

3 Spanally paiamanu pervades the whole of the loka
but 1s incapable of crossing over to aloka By tself
1t occupies a single space-point and can never
extend to more than one, a body composed of
mfimte paramanus, compactly packed may also
occupy a single point 1n space

4 Temporally paramanu existed 1n the infimte past
It exists 1n the present and 1t shall exist mn the
infimte future Temporally 1t 1s eternal

5. Quahtatively paramanu possesses colour. taste.

smell and touch These four are innate qualities of
paramanu

a Colour—paramanu possesses one of the five
primary colours (black. blue, red, yellow and
white) More than one colour or a miature of
two or more primary colours does not substst 10
a free paramanpu The intensity of the colour
possessed by a paramanu could be one umt, two
units and so on upto (asamkhyata ) umts and
even infimite units Colour (and its intensity)
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subsisting 1n each 1ndividual constituent para-
manu of a composite body determine the
resultant colour of the body
b Taste—what has been said about colour and 1ts
mtensity m the preceding paragraph holds true
about taste also There are five primary tastes
viz sweet sour pungent astnngent and bit-
ter
,¢ Smell—there are two pnmary smells—pleasant
and unpleasant For the rest every word of para
+(a) holds true by substituting ‘smell’ instead of
‘colour’
d Touch—a free paramanu possesses anyone of
the following four combinations of touches
1) hot and dry n) hot and unctuous 1n) cold and dry
1) cold and unctuous
Heaviness or ightness and softness or hardness are
not the innate quahties of paramanu These four
subsist only 1in composite bodies with gross structure
The 1ntensities of dryness etc  possessed by a para-
manu could be one umit upto infinite units
6 Quantitauvely—paramanu 1s indestructible The
total number of paramamus m the umverse
never changes Not a single paramanu s des-
troyed-—not a single new one 1s created Under
all arcumstances and for all times the total
remains constant
7 Metaphysically—paramanu 1s real It 1s subject to
the principle of permanence-through-modes
and therefore has an objective real existence It
1s neither a figment of mnd nor 15 merely a
postulation
8 Geometrnically-——paramanu (by 1tself) 1s shapeless
But 1t 1s not aroop: It 1s a true pomnt and
therefore has neither length nor breadth nor
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thickness Shape 1s quality of com posite bodies
9 Transmutation—not a single paramanu can be
destroyed or transmuted 1nto another substance
nor another substance be transmuted to create
a new paramanu But paramanus combine toge-
ther to form composite bodies and the latter
may again dissociate 1nto paramanus
10 Roopatva—though paramanu 1s beyond sensible
cognition 1t 1s roopi, 1t 1s not aroopi because 1t
possesses sensible qualties of colour, etc and
when synthesised in a composite body i1t ac-
quires the quality of samsthana (shape) also ‘
IT Classification—on the basis of the four innate
quahties of  paramanu there are,
(5X5x2x4)=200 pnmary classes of parama-
nus And on the basis of intensities of these
quaiities, there would be infinite sub-classes of
each of these 200 classes
12 Parinama (mutation)—paramanu  being a
substance undergoes mutation. Its four innate
quahties viz, colour, taste, smell and touch
undergo mutation By itself 1t 1s shapeless and
n the free state 1t does not assume any shape
In the free state all mutations are of the wisrasa
type 1e self-generated Also 1n the free state
the mutation 1s only 1n the intensities of colour
- elc, 1€ X umt black changes to Y umit black
but black does not become white or red etc but
durning and after umon with others, change in
colour (black changing to blue) etc, may also
take place
13 Agurulaghu—paramanu 1s agurulaghu 1e 1t 18
nesther heavy nor hght This 1s another way of
emphasising that 1t has no mass The quahties
of gurutva and laghutva are acquired later by
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composite bodies of certain groups and struc-
tures

14 Permanence-through-modes—paramanu  as  a
substance 1s 1ndestrucuble and theretore perma-
nent or eternal But from the point of view of ity
quahties which undergo modifications 1t1s chang-
mg That 1s why 1t has been called permanent as
well as impernanent.”

15 Interaction with psychic substence—paramanu
by itself that 1s 1n 1ts free state 15 not attracted or
assimilated by jeeva™ and therefore serves no
useful purposc ™ tor the psychic existence

16 Umity-multipheity—paramanu 1s a pnimordial
unity "It has an eternal existence of 1its own which
1s determunated by its own qualiies and modes
Paramanu as a substance 1s not a composite body
it 1s truly indivisible umity But as a substratum of
many quahties, 1t does possess multiphaity
Spatially again, because it occupies a single space
point it 1s unity

17 Knya (action) and gati (motion)—paramanii 1s
acuve and dynamuc It 1s not always active or
always dynamic Sometimes it 1s and sometimes 1t
1s not Its actions are subject to the rule of
uncertainty Paramanu 1s capable of a vanety of
actions

The Bhagavar: Sutra (5-7-150) describes the vanety

of actions of a paramanu 1%

Paramanu sometimgs merely vibrates without leav-

99 Suasas sae sud asae-Bhagasan Sitra 14 4 5

100 Agrahya-Ibid 20 5 13 '
101 Ihid 18 4 1

102 See P 73 above
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ing the space-point occupied by 1t '™ It somenmes
migrates 1e goes from one space-point to another It
sometimes vibrates and migrates simultaneoushy It
executes incar motion while continung to vibfate
Both (vibratory and mugratory) motions ceulct be
ssmultaneous All those motions are temporally rezu-
lar as well as irregular \

Paramanpu s self-activated se becomes acti
without any outside influence and also under llf‘
influence of other paramanus or composite bodies blﬁi
the psychic substance (jeeva) can not influence th
activity of a single paramanu This 1s so because
paramanu 1s never auracted by the actvities of a
jeera \

1

At what speed does a paramauu move? at what
frequency does it vibrate or if it revolves at what’
rate? We do not find any information on the rate of
frequency of vibratory motions But 1t 1s clearly
mentioned 1n the Bhagavan - Siura (16 8 7) that a
paramanu can move from one end of the loka 1o the
other in one time-pomnt This 1s of course the
maximum velocity of a paramany Its minmmum
velocity 1s one time-point for its linear motion from
one space point to the adjacent one.

Whether 1t moves to an adjacent space-point or
crosses the whole loka from one end to the other, 1f
the time taken 1s a samayu the motion will be m
anudreniie straight and without turming If theres a
bend, the time will be more than one samaya
Bending 1s always due to external forces

103 A question anses ‘how can 2 paramanu move without
leaving its rest-point’ Vibration as we know necessanly implies
change of space-pomnts A thing may ‘revolve’ round 1ts own axis

But how can there be an axis when paramayu 15 an ndivisible
pomnt? ;



ATOM IN JAIN PHITOSOPHHY 0l

Fiom the above 1t 1s clear that in some respects

kriyi and gati of paramanu follow defimte rules while
m cther respect they follow the principle of uncer-

tarty '™ We can summanse the defimte rules as
under

I Unless acted upon by external forces paramanu

2

4

5

moves n a straight hine (anusrenigat).

When acted upon by esternal forces paramanu
may change direction and speed

Jeeva has no direct influence on the motion of
paramanu

Mimmum and maxmum distances travelled by
paramanu in onc¢ samaja are, space between two
adjacent points and the entire length of the loka
respecuvely

Masimum penod of inactivity (rest) is asamkhyara
samayva Maximum period of activity 1s  asamkhy-
atath portion of an avultha

On the other hand the principle of uncertainty
governs the following

It 1s uwncertain, after what interval of time will a
paramianu at rest will become dynamic (release
energy) This ume-interval may be from one
samaya upto innumerable samayas However,
after an interval of innumerable samayas it will
become active for sure

Simlarly 1t 1s uncertain, upto what duration of
ume will a dynamic paramanu continue to be
active It (the duration) could be from one samaya
to an asamhhyatath portion of an avalika But 1t

will surely cease to be active after this maximum
interval

3 It 1s uncertain which direction will a paramanu

take al the commencement of motion It can move
104 Paramanorgati amiyata-Tattvartha Réjvarttkam.
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1n any possible direction .

4 Itas uncertain what type of dynamic aCIlVJt)in”
be commenced by an mactive paramany, 1t may
jJust wibrate or rotaie or migrate or do all nese
things simultaneously f

5 Itisuncertan again what will be the intensity of 2
paramani’s dynanmic activity: what will be Is
velocity—nunimum or masimum or intermediat

APRATIGHATI
Paramanu s enurely apranghan 1e 1t cannot &

stopped retained or hindered by anything At th

same tme 1t does not cause mnderance to others

This means that

1) The motion and activaty of paramanu cannot be
stopped or restrained by another matenal body or

Jeeva A paramanu i motion 1s capable of penetrat

ing and passing through any type of obstruction in 1ts

W ay
n) A paraménu can occupy a space pomnt which 1s

already occupied by others (paramanu, composite

bodies or jeeva)

u) A paramanu can commence and continue ils
own motion and activities irrespective of the other
occupants of the same space

W) A paramanu can leave the occupied space
without any restraint from the other occupants

Inspite of possessing the umque quabty of ‘apra-
tighatitva® as defined above the paramanu 1s subject
to pratighat (hinderance) under the following condi-
tions
| Upkarabhava pranghara (restnction due to the
absence of media)— It cannot penetrate the bounda-
ries of loha and cross over to aloka This 1s because
there 1s no dharmastikéya \n aloka and without the
awd of dharmastikaya nothing can move And so the
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paramany on reaching the boundary of loka 1s

stopped and may be thrown back

2 Bandhana-paiinam-pratighata (restrichion due to
association)—It loses its free state and the capacity
for independent acuwity for the ime being, when
1t 1s umted wath other paramapus 1e so long as 1t
remains a constituent of a composite matenal
body

3 Arn-vega-pratighata (restnction due to high velo-

aty)—Collision between two self-activated para-
manus moving at a high veloaty may cause
pratighara in the motions of both



CHAPTER III
A CRITIQUE

INTRODUCTORY

In'the orent. science became a part of religion,
and the two got so much mixed up that 1t was
impossible to extricate one from the other But n the
West, they remamed n hostile camps, poles apart
Even now, according to scholars like A Toyanbee
and others, there 1s no compromise between the two

Modern science 1n the West was born around the
12th centruy AD on the basis of inspiration 1l
recerved from the Greek philosophers who had hved
about 2500 years ago and who had provided ’reaso-
mng’ But the immediate impetus was provided by
the quest of ‘truth’ which was enshrouded 1n and
discouraged by teachings of the dominant church
The Copernican theory shook the most basic theolo-
gical and philosophical canons of the day It proved
the intellectual spark for the tremendous acceleration
of knowledge Under the prodding of Galileo
Kepler Newton and others, questions of nature were
thrust directly into the combative public arena of
empirical inquiry Experiments became crucial and
theones had to be supported by close observations
Thus the scientific method stressing reasons and logic
was born So modern science started 1n the west by
breaking away from the church teachings and since
in the ensuing battle science proved the stronger of
the two. 1t dominates the western life today more
than the church

In India, the ancient Jain and other savanis
engaged themselves mn what may appear to wester-
ners, conjectures and speculations about the origin of
matter and maternal universe based on their spiritual

1 Jain Journal, Calcutia
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insights One would search in vain for the use or
description of scientific apparatuses in the Jain
canonical literature because these were not deve-
loped at that time What then was the source of their
knowledge and spiritual 1nsight? It appears that the
capacity of profound thinking (resulting from severe
austerities), uninterrupted concentration of thought
and meditation enabled the ancient sages to acquire
transcendental and extrasensory perceptive powers

The practice of meditation——DHYANA —— was
accorded a very high prionity 1n their daily routine
and deep concentration became an easy and
effortless achievement It has been claimed that most
difficult problems can be solved by the process of
meditation, and it 1s not very difficult for us to accept
this claim as we know that the modern great
philosophers, scholars and mathematicians were
nobodies i1f they were not great thinkers

In the mediaeval period, there flourished many
Jamn scholars, whose mnterests were wholly literary or
spiritual Even though they contributed a great deal
in the fields of mathematics, logic and perhaps
astronomy, their contribution to the growth of scien-
tific knowledge was almost negligible In the mean-
time, modern sciences had become firmly established
by a wholly independent growth m the West And
now, science 1s almost wholly put to a matenal end,
thereby removing any plausible basis for comparison
between modern science of the West and traditional
knowledge of the East It 1s therefore extremely
difficult to adjudge how much scientific the Jain
thinkers have been or how far from 1t But the Jain
scholars did develop an adequate methodology and
an admirable terminology for the presentations of
their findings which one 1s free to accept or reject

¢
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It s probably true, quite generally that 1n the
history of human thinking the most fruitful develop-
ments frequently take place at those points where
two different lLines of thought meet These lines may
have their roots in quite different parts of human
culture 1n different times different environments or
different religious trachtions hence if they do meet
that 1s 1f they are at least so much related to each
other that a real interaction can take place then one
may hope thatnew, interesting and useful develop-
ments will follow The -purpose of the following
discussion cannot be to make predictions but 1t may
be possible to define some pomnts from which the
Interaction between the ideas of modern science and
the older tradition may begin

METAPHYSICAL VIEW

We have already seen that the non-absolutist
realism of the Jains neither endorses absolute eterna-
hsm nor absolute nmihilism but explains both these
extremes as real with reference to different aspects of
the same reality Thus mutation (change) 1s as much
real as permanence A substance 1s a substratum of
nfinite qualities Nothing can exist without being in
some determinate way and the qualities of a subst-
ance means 1ts existence 1n a determinate mode of
bemng Thus, assert Jains, the qualities cannot be
absolutely different from the substance nor can they
be absolutely identical with 1t

We have also seen that matter (called pudgalasit-
kaya> by them) 1s the only substance which can be
the object of sensuous cognition At the same time we
have seen that paramanu, the ultimate elementary
particle of matter and some kinds of matenial aggre-

2 W Hesenberg Phy sics and philosophy,
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gates ‘cannot be percerved by sense organs Never-
fheless all modifications of matter, be 1t a single free
elementary particle (paramanu) or an aggregate
composed of infimite number of elementary particles
do possess the four qualities of touch, taste, smell and
colour These qualities are also real and their exist-
ence does not depend upon the percipient Besides
these four innate qualities, matter possesses 1n-
numerable other qualities which are all subject to
incessant series of modes

With these views, 1t 1s obvious that Jains will refute
all types of philosophical idealism, subjectivism and
solipsism Being non-absolutists however, Jains will
almost always find points of agreement 1n the views
of most schools of thought We shall, therefore,
compare Jamm views with those of a few Western
philosophers and scientists with particular reference
to the existence of physical reality

Beginmng with Kant, while 1t 1s admutted by Jains
that thert 1s a difference between the’thing-in-
perception’ and the ’“thing-mn-1itself”’, 1t 1s partly due
to the limitations of sensory power and partly due to
the tervention of sensory equipments and not due
o any change in the objective caistence of (he
quahies themselves In this respect therefore they
do not accept Kant’s doctrine of thing-in-itself
completelv3

Jamn realism, obviously, does not accept the doc-
trine of Berkeley (the archenemy of realism) etc,
generally known as empiricism according to which
things (matenal objects) do not exist until they are
perceived “The esse of the thing 1s merely percipr’

.3 Tor detanled discussion, see, Munt Shn Mahendra Kumar

‘Driteeya’, The Theories of Reality 1n the Philosophics of the Jans,
Western Philosophors and Scientists -
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as Berhkeley 1s fond of putting Burheley takes
recourse to divine assistance to reconcile his theory
with the common sense conviction that things do not
cease to exist when our perception 1s discontinued
and also the fact that we cannot perceive what we
please and where we please He explaimns the cont-
nuity of the physical existence by saying that God
produces perception 1n a fixed order and that when
our perception is discontinued, God continues to be
aware of things

Jains accept the enistence of an ommsaent experi-
ence 1e a perfect and absolute apprehension of the
whole reality which is presented as 1t really 1s 1n 1ts
completeness or rather the whole 1s presented at once
in 1ts entirety Notwithstanding the apprent sumila-
nty, there 1s a fundamental difference between the
two views Whereas Berheley asserts that the exist-
ence of the physical order 1s dependent on its being
perceived by God, Jains believe that the existence of
things 1s real and independent of perception, things
are perceived because they exist

Sir Arthur Eddington an emient physicist calls his
philosophy ‘selective subjecivism® and asserts that
it 1s quite different from solipsism and Berheley's
empiricism He makes a distinction between the
actual existence of the external world and ‘our
expentence’ of the same Thus “in so far as we can
separate the subjective and objective elements 1n our
experience the subjective is to be i1dentified with the
physical and the objective with the conscious and
spintual aspects of experience’ This means that
though the matenal world exists 1t does not appear 1n
our expericnce or observational knowledge Thus,
although he accepts the objective existence of matter

4 CfT Ibhid
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1n the realm of metaphysics, he denies such status to
1t 1n the realm of epistemology because he does not
accept that sensory qualities east objectively
matter

This 1s 1n opposition to the Jamm view Jains
argument 1n rebuttal to Eddington’s view s af it s
the consciousness that creates sensory qualities and if
the matter itself 1s devoid of these qualities, how can
a single object be perceived 1dentically by dyfferent
percipeints with normal sensory equipments?’

Sir James Jeans another eminent physicist, 1s also a
supporter of philosophical i1dealism According 1o
him the objective and matenal universe consists of
Iittle more than ‘construct’ of our own minds The
umverse 1s created by a pure mathematician who
does not concern himself with matenal substance but
with pure thought His creations are not only created
by thought but consist of thought In his views both
subjective and objective fall within what 1s iside our
minds '

It would be rather difficult to compare Sir Jeans’
views with Jain views because unfortunately his
presentation of his own views 1s extremely ambi-
guous and obscure However, we may try to do so
on the basis of our interpretation of his views

Jeans has accepted the reality of mind (psyche),
which according to him 1s a non-mechanical reality
The Jain philosophy asserts that soul is a non-
physical reality Thus ‘mind’ of Jeans and 'soul’ of
the Jains being non-mechamical 1n nature, describe
the same reality Jeans,however, has not explamed
the nature of the structure of the non mechanical
real}ty (te mind) and therefore, we are not in a
position to compare his concept of mind with the

5 Cf Ibd. ‘
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Jamns” concept of soul Jeans. of course talks of
‘Umversal mind’ and “individual minds® The
Umiversal mind,according to hum 1s the creator and
governor of the realm of matter as well as the
mdividual minds He believes that atoms out of
which our individual minds have grown exist as
thought 1n the Universal mind

The Jain view does not agree to the existence of
any such Universal mind of which the ndividual
minds are units of excrescences According to the
Jain view, all the souls are independent mdividual
entities having real objective existence Jeans has not
given any reason for his belief which 1s akin to the
pantheistic view

Jeans behieves in the existence of God as the
creator of the Umverse For “God” he uses the terms
Great Architect of the Universe ’ Also Jeans
believes that the Great Architect of the Universe
must be a pure mathematician As we have already
seen, the Jaina philosophy does not concede to the
theory of umiverse as a creation of God It contends
that the umiverse 1s a collection of the eternal and
everchanging realities, and is, therefore. not a
creation (of any mind)

Now as we have already seen, the Jain view
concedes that the sensory knowledge of the
phenomena of the universe may not be wholly
objectivef but 1t does not conform with Jeans’ views
in considering the phenomena of the umverse as
wholly subjective

According to Jeans, the objective reality or the real
essence of Substance 1s beyond our knowledge He.
thus, seems to accept Kant’s transcendentalism 1n
which the thing-in-itself 3s considered to be tran-

6 See,bid,
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scendental We have already compared Kant’s view
with the Jain view and need not repeat here the
whole discussion In brief, 1t can be said that the Jamn
philosophy also declares that the ulimate essence of
substances cannot be comprehended through the
sensory knowledge and hence at least in this aspect,
Jeans’ view 1s consistent with the Jain view

Lastly we shall discuss the concept of substantiali-
ty Jeans defines ‘substantiabty’ as a ‘purcly mental
concept measunng direct effect of objects on our
sense of touch " Now 1if it 1s so 1€ 1f substantiahty is
not inherent i the substances, how do the objects (or
substances) exist without substantiality’” Also Jeans’
discussion of the degrees of substantiality 1s not only
equvocal but almost absurd On the other hand the
Jain philosophy furmishes us with the crystal clear
defimtions of the terms substance, substanuality, etc
and proves objectiveness of substantiality on logical
and empincal grounds Substantiality as a purely
mental concept 1s defimtely not acceptable to the
Jain philosophy Thus both views vehemently differ
from each other on this point ?

Some other scienusts, Weyl, Mach, and Poincare are
also denying the objective existence of the matenal
universe Weyl’s views are very much similar to Sir
Eddington’s selective subjectivism In Mach’s view,
even the atom 1s only a construct and in Poincare’s
view 1t 1s impossible that a wholly objective world
can exist ¥

It would be interesting to compare the eminent
philosopher-sciennst Sir Albert Einstein’s views sup-
porting the Jamn’s philosophy’s assertion regarding
the reahty of atom and the objective existence of the

7 Sec ibd,

8 Sec ihd, ‘
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external world

“The agreement of these considerations with ex-
perience together with Planck’s determination of the
true molecular size from the law of radiation (for
high temperatures) convinced the sceptics, who were
quite numerous at that time (Ostwald, Mach)of the
reality of atoms The antipathy of these scholars
towards atomic theory can indubitably be traced
back to their positivistic philosophical attitude This
15 an interesting example of the fact that even
scholars of audacious spirt and fine nstinct can be
obstructed 1n the interpretation of facts by philoso-
phical prejudices *

The dialetical materialism also very strongly re-
futes the doctrine of 1dealism saying ’the new physics
strayed into idealism by ignorance Denying the
properties of matter they ended in denying matter
itself 1€ the objective reality of the physical world
Insisting on the approsimate and relative character
of our knowledge they ended in denying the exist-
ence of object independent of the mind ’ It supports
and corroborates the realist view saying the concept
of matter epistemologically implies nothing but ob-
Jective reality existing independently of the human
mind Electrons ether etc exist as objective reali-
ties just as nature existed prior to man and organic
matter The absence of any other kind of mass 1n the
electron except electromagnetic mass, the fact that
the mechanical laws of motion are confined only to a
single sphere of natural phenomena and are subordi-
nated to the more profound laws of electromagnetic
phenomena corroboraie the objective evistence of
matter The clectron 1s to the atom as a full stop 1s to

the size of a building 200 ft long 100 ft broad and

9 Albert Emstein Philosopher-Scientist
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50 ft high (lodge) 1t moves with a veloaity as lugh as
270,000 kms per second 1ts mass is a function of 1s
velocity, 1t makhes 500 trillon revolutions in a second
All this 15 much more complicated than the old
mechanics, but 1s nevertheless movement of matter
in space and time Human reason has discovered
many amazing things in nature and will discover still
more, and will thereby increase its power over
nature But this does not mean that nature 1s the
creation of qur mind or of an abstract nind 1e of
Ward’s God 0

We have concluded that the Jain realism does not
accept philosophical 1dealism It should not,
however, be assumed that all realist views are
acceptable to Jains

Let us compare for example the views of the
so-called materialists with the Jains view Both agree
m accepting the objective realism ,as well as the
sensible qualities of mdtter ‘Matteris a 1phllosophx-
cal category designating the objective reality which is
given to man by his sensations and which 1s copied,
photographed and reflected by our sensations while
exssting independently of them ™ This definiion of
matter given by the maleriahsts comes very close to
the Jain defimton of pudgala viz ' pudgala 1s that
which possesses i atself the qualities of touch taste
colour and odour . even though the Jain philosophy
demes the possibility of direct percepuon of the
ulumate atoms (paramanu) of matter through senso-
ry means 1l accepts the quahity of miwrrarva’ being
objectively ewistent even an paramanus  Also both
recognise matter as an objective reality In the words
of Lemn ‘the sole properly of matter with whose
recogmuon phitosophical matenals 1s bound up s the

10 Matenalism and Empino eriticism pp 184-85
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properly of being an objective reality of ewisung
outside our mind

The fundamental difference between the two views
1s regarding the ulumate reality of consciousness
‘While the Jains assert 1ts independent existence old
matenalists consider it (o be identical with matter
Though dialetical matenalism considers mind and
matter to be different mund (or psyche) is not
attnbuted the status of an ulimate reahity

It 15 quite clear from the discussion in the preced-
ing paras that according to the Jain view phusical
order of existence (gjeeva) and psychical order of
existence (reeva) are entirely different substances
Consciousness 1s the charactenistic of jeeva (psvche)
and therefore a@jecva 1s devoid of consciousness
Cogmtive experience 1s the most important facet of
consciousness and only jeeva 1s capable of a cogni-
uve expernience Besides passions, emotions, sensation
of pleasure or pain memory, expenence etc are
vanous manifestations of consciousness alone Mat-
ter 1s devoid of consciousness and 1s therefore gjeeva

Mutual transformation within the two orders of

existence 1s according to Jains, absolutely imposs-
ible Matter being entirely devoid of consciousness
cannot under any conditions, be transformed into
Jeeva The greek atorusts beheved that psychical
order was created and composed of certain types of
atoms (sphercal, dynamic and smooth) Dialetical
matenahsm does not accept the separate existence of
psychical order at all According to 1t, the entire
existence is transformations of matter The scientists’
views are divided on the subject Some of them
accept the independent existence of two orders while

some of them agree with the views of the dialetical
matenahsm !
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I1 INNATE QUALITIES OF MATTER

A) THE WORD PUDGALA ‘

The almost exclustve usage of the word pudgala,
denved from pud=fusion and gala= fission, empha-
sises the Jain sages’ deep insight into the structure of
matter The discoveries of immense sources of nu-
clear energy have thrown the words fission and
fusion into popular imehght But quite apart from
this comparatively recent knowledge of the nuclear
physics we have seen that there are mnnumerable
mstances of both fusion and fission of matter even
everyday life Both are essential whenever energy 1s
released as in the common case of lighting of the
match-stick. The cellulose of the match fissions into
its components of carbon and hydrogen which are
then fusioned with the oxygen of the air, to burn and
release the chemical energy, the same thing happens
when the coal catches fire The continuous processes
of emussion and absorption by the radio-active
elements are also example of self-activated pud and
gala. Use of this unique property of the substance 1n

its nomenclature reveals the profoundness of know-
ledge

B) DEFINITIONS

According to the Jain canomcal lhiterature, every
paudgalic (material) object does possess colour, taste
smell and touch Conversely matter 1s the only
substance which 1s the object of sensuous cogmtion
The other five substances are devoid of sense-data
Thus only matter 1s riipi” while the others are ‘ariyp
The term rupt does not mean visible but perceivable
and sigmfies the concurrent existence of all the four
sense-data The physical order of existence, accord-
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ing to the modern science, compnises of all sensible
existence 1e existence of the same kind that per-
cerved by the senses, whether actually so perceived or
not Thus the Jain views broadly agree with the
modern science 1n so far as the general definition of
the physical existence 1s concerned

C) CHARACTERISTIC PROPERTIES

The objective and simultaneous existence of the
quahties of colour, taste, smell and touch in pudgala
has been amply emphasised 1n the previous section
Five elementarycolours, five elementary tastes, good
and bad smell and four elementary touches—hot,
cold, dry and unctuous—makes a total of 16 varieties

of charactenstic innate quahities of all classes of
matter 12

(I) COLOUR

First of all, we should clarify what 1s the meaning
of the statement ‘colour etc, are innate qualiies of
matter® Now what 1s colour? It 1s some structural
peculianty of a material object which interacts with
light and makes the object visible and percewable by
the sensory equipment of vision

Modern science explains the phenomenon of
colour on the basis of the wave theory of light
According to 1t the normal white light from the sun
contains the whole visible spectrum When white
hight falls on any matenzl object, 1t absorbs some of

12 This dnviston of colour 1nto 5 prmary fypes agrees perfectly
uwnh the scicntific views For instance Colonmetry Commutiee of
the Opuical Society of Amenca reported 1n 1922 as follows

“Colour may be exemplified by the enumerauon of characten-
stic instances as red yellow blue black and white ”

Omission of salty” from the list of prumary tastes 1s not properly
understandable The division of smcll appears 1o be very arbitrary
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the radiations and reflects the rest The reflected
radiations reach our eyes and we perceive the colour
of the object corresponding to wave-lengths of these
radiations Thus, when the light from the sun falls on

"the grass, 1t absorbs radiations of all other wave-

lengths except one representing green colour Conse-
quently only radiations of wave-length representing
green colour reaches our eyes They stumulate the
Oplic equipment and we see the grassas ‘green’ I3

It1s obvious that the reflection of the wave-lengths
corresponding to green colour and absorption of the
Test of the wave-lengths by grass 1s due to its own
Specific structural property Thus, on the basis of the
scientific theory of colour, 1t becomes clear that the
Perception of grass as green (or rose as red) depends
upon the fact as to which wave-length 1s reflected
and not absorbed by the object and this, 1n turn, s
decided by something inherent 1 the object—some
Structural peculianity of the object 1tself

The Jain view regarding colour 1s similar to the
above Sense-organ ‘eye’ does not come in direct
contact with the object but percerves through the
Mmedium of hght That 1s the perception of colour is
the result of the interaction between the inherent
quahty of colour possessed by the object hght and
the Sensory equipment Expressed symbolically

Cr denotes the colour percerved,

and Co denotes the objective colour,

and L denotes the function of hght

and S denotes the function representing sensory
Cquipment, then Cp = f(Co LS )
_The green colour of the grass 1s the colour

13 1t may be noted that a body which reflects all of the
radiations wil} appear white while one which absorbs all of the
adiations wj| appear black

§
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percewed by us (Cp) which 15 created mn two steps
firstly, there 15 an Interaction of hght (1) with the
objective colour of the grass {Co) and secondly the
resultant produycts interacts wiath the sensory (optical)
cquipment (s) Thus all the three factors—the obyject
hight and the subject (sensory equipment)—play an
“mportant role 1n the formation of perceived colour
If anyone of the three factors gets slightly changed
there would be 4 corresponding change 1n the
percerved colour Thus for example
D) A sees Grass in white light as Green
but A sees Rose 1 white light as Red (Exam-
ple of change 1n object)
but A sees Grass in white light as Green
2) B secs Grass 1n w e hght as Red (Example
ol change in (e observer B« colour-bhnd)
3) AseesRose in white ight as Red

but A sees Rose In yellow hight as Orange

(Example of change 1 hight)

RAMAN'S STUDY OF COLOUR )

SrCv Raman,the famous Indian scientist-and a
nobel laureate., has  made ap 1mtensive research on
the phenomenon of colour His findings published 1n
"Current Science’ ag senies of articles entitled ’The

which 15 responsible for producing colour He con-
cludes thus

“It follows that aj] aspects of vision including the
Perception of space ang form, the perception of
lummosuy and the perception of colour, can only be
understood 1n the terms of the corpscular concept of
the nature of light”” Again he clearly statex “Colour

14 Mun; Shn Mahendra Kumam ‘Dviteeya' op cn
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as seen 1n daylight 1s the sensation resulting from the
synthesis by the eye of the whole spectrum of
radiation falling upon the object and returned to the
eye after scattering or diffusion by the materal of
which 1t 15 composed »

Thus we may conclude that according to Raman
the chromatic sensation (1e the perceived colour or
Cr1n our notation) depends upon the energy of light
corpuscles reflected or transmtted by the body, 1s
dependent on some peculiar property inherent 1n the
matenal of the body, and therefore the quality
Possessed by the matenal of the body 1s the deciding
factor 1n the perception of colour It should be noted
that the percerved colour (Cp) 1s not 1dentical because
“Cy' 15 a function of Co, and s

We may summanse the above discussion thus -

The difference in emission and absorption of light
by different coloured surfaces 1s the effect of some
'nnate quality in the matenal object and light acts
merely as a medium for the perception of the colour
and not for 1ts exstence '

From the above discussion we can get a fair idea
of the characterstic quality called colour which,
according to Jain view, 1s an nseparable 1nnate
Property of all matenal objects

‘COLOUR’ IN COSMOLOGICAL STUDIES

Colour, one of the four inherent qualities of matter
has been a boon to mquisitive mankind in general
and scientists 1n particular More than that it has
been the cause of many spectacular advances in some
of the scicnces (and even arts) Astronomers in their
quest of knowledge of the umverse are able to probe

15 Cf ihd

3
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and pry mnto the macrocosmos and see millions of
distant stars and galaxies which are thousands of
mithons hight years away With the growth of know-
ledge from their insights astronomy developed a
whole new kind of study called astrophysics The
science of spectroscopy became an indispensable
branch of astronomy On its findings are based all
the modern theories about the universe

The secrets of the umverse are wntten largely in
light and can be known by deciphering hight itself
Everyb‘?dy knows that white sunlight bent apart by
a prism becomes a ramnbow of all the colours This 1s
called a spectrum It was found many years ago that
the sun’s spectrum was not a perfect rainbow but
slashed by many dark lines but nobody knew what
they meant at that time Later studies showed that
light emitted by elements at very mgh temperatures
showed bright slashes in their spectrum Today the
knowledge of atomic theory and the true nature of
light has established that each element or kind of
atom can emit and absorb energy only at the specific
wave-length determined by 1ts atomic structure Its
pattern may have many lines or a few but 1ts position
on the spectrum 1s always the same and unlike that of
any other Thus every element can reveal its 1dentity
by 1ts spectral line signature wntten by the ink of its
own unique colour or the fingerpnint of 1ts individual
personahty

The discovery of Helum, chnistened as the sun
element, by its discoverer Sir Joseph Normal
Lockyer, about a hundred years age, was the result of
the accurate interpretation of the sun’s spectral lines
with elements in 1ts atmosphere Indeed, the white

16 The prism 1s now replaced by a more efficient ight-splitting
mstrument viz.,, diffraction gratings of lines closely ruled on glass
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radiance of the cosmos shattered 1nto its component
colours can reveal the identity of atoms pulsating
thousands of millions of miles away Over the years,
the spectral lines from a star proved to hold amazing
quantities of information the composiion of the
star, the speed of the star moving towards or away
from us, the speed of its rotation, temperature of its
surface; the strength of its magnetic field etc Stars
are no longer pmn-points of inscrutable hight but
objects with individual personalities

All this 1s possible because colour 1s an inherent
quality of matter Stars emit coloured lights and each
star can be pictured as a colourful spectrum which 1s
its finger-print lts composition 1s found by identify-
g the patterns of lines that its chemical elements
cast across 1ts spectrum The speed of a star moving
towards or away from us is indicated by the so called
‘Doppler effect’or shift of 1ts spectral lines The shift
15 towards the blue, (or left) end of the spectrum 1f
the star is advancing, towards the red (or night) if
receding The greater the star’s speed the more its
Iines shift The amount of shift 1s calculated by
comparing the hnes with those of a laboratory-
specimen

(II) SPARSA (TOUCH)

The quality of sparsa (touch) 1s also of great
mmportance It should be carefully noted that besides
the four sparsa given above which are inherent in all
states of matter, there are four additional sparsa
viz heavy light, hard and soft or (sometime rough
and smooth) which are acquired by certain types of
composite bodies Thus there are two classes of
matenal objects (1) charuhspars: and u) astasparsi
Out ot the eight varganas'’ (groups) of pudgala which

17 See pp 58-61 above
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interact with the psychical existence the last four are
chatuhsparst while the first four are astasparsi

The qualities of dryness and unctuousness play a
very mmportant part in the formation of matenal
bodies and we shall discuss this important quality in
greater detail later when discussing the primary
qualities of paramanus*

Sir James Jeans defines substantiality as a purely
mental concept measuring direct effect of objects or
our sense of touch This underhnes the importance of |
the quality of touch The quahties of hotness and
coldness are equivalent to the property of tempera-
ture n science,Chatuhsparsi— bodies will, therefore,
be dry & hot or dry & cold or unctuous & hot or
unctuous & cold Heaviness and hghtness are indica-
tive of the mass of the bodies Hardness and softness
(roughness and smoothness) indicate the condition of
the surface of the body to the sense-organs of the
touch The last four types of sparfa are acquired by
astsparsi  bodies only Charulisparsi  bodies are
therefore devord of mass

(111) SMELL AND TASTE

By wvirtue of their inherent quality of smell
material objects can be perceived by the olfactory
organs There are infimte vaneties of smell but they
are broadly divided into two categories (1) pleasant
and (1) unpleasant Smellis an important attnibute of
matter for the trindripa—creatures having three
sense organs The scientific view of smell 1s that there
are volatile components in the composttion of
matenial objects, which stimulate the olfactory or-
gans of living beings Like colour, smell can be spht
and analysed by gas chromatographic and mass

13 See pp 143-45 below




A CRITIQUE 113

spectroscopic methods For instance, roasted coffee 1s
found to contain as many as 100 or more volatiles
which together give the charactenistic pleasant aroma
of coffee

Unlike smell taste 1s not given ‘out’ by matter
The object 1itself has to come in inimate contact with
the sense-organs of tasie As in the case of other
qualities there are infimite vaneties of taste which can
be grouped together to form five categories The taste
of any object 15 the resultant of all different tastes
possessed by 1ts composing elements

11T CLASSIFICATION

We have already said that according to Jains,
matenal objects are composed of elementary parti-
cles called paramanus There are infinmite types of
matter and because they are capable of infimte
mutations the entire matenial umiverse is infimtely
mfinite The fundamental reason for the nfinite
variety 1s the infimte multiplicity of the four innate

qualities, colour etc, of matter and the difference 1n
the number of paramanus

According to the modern science also, there are
infinite vaneties of organic and 1mnorganic compounds
constituted by vanous combinations of about 100
dhfferent kinds of chermcal elements The atoms of
the elements are ‘different from one another because
of the difference in the number of their constituting
elementary particles viz. protons and neutrons in the
nucleus of the atom and the electrons orbitting
round
. The 1nfinite vanety, however, can be grouped
together from various aspects to form a few classes or
types Thus the entire material universe can be
divided 1nto two or three typese g,
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By Science
1) Inorganic u) Orgamc
1) Sohds 1) Fluids
1) Elements n) Compounds
1) Atoms 11) Molecules
By Jains
1) Visrasaparinata n) Prayoga-parinata
1) Badara (gross) n) Suksma (fine)
1) Paramanus 1) Skandha
By Science

1) Sohds 1) Liquidsiit) Gases
By Jains

1) Paramanuiy) Pradesam) Skandha

Classtficathon of matter by Jains into 23 groups
called varganas in general and the matter belonging
to 8 groups which interact with and serve useful
purposes for the hiving beings 1n particular ments
further examination

Five out of the eight groups viz 1) Audartha
2) Vaikriva 3) Aharaha 4) Tayas and 5) Karmana
groups go to make five different kinds of gross and
subtle bodies (sarira) for the hving beings The first
two kinds are gross bodies and the remaining three
are subtle ones

Matenal of the audariha group 1s composed of all
the organic and inorganic objects that we encounter
in our ordinary hfe All the necessities of our daily
hfe food, clothing and shelter are made up from the
stuff belonging to this group Our own bodies and the
bodies of all ammals and plants, 1n fact of all hiving
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orgamsms known to us, organs such as brain, heart
and stomach ussues of shin, muscle etc and the
biological atoms called cells are all made up from the
audarika group When the hfebecomes extinct the
hfeless body that is left behind 1s audarika sarira 1t
either becomes food for some hving beings or else
rots putrefies and decomposes into its constituents

Bodies of celestial and infernal beings are made up
from ‘vaikriya’ group The traditional Jain term for
the word ‘celestial’ beings 1s devas or heavenly
people According to the Jain belief, sun, moon, stars
etc. are one of the four categones of devas viz,
Jvotiska deva meamng hght-radiating or luminous
deva The hfe-spans of devas, though very very long
compared to human beings are nevertheless fimte
and at the end of the hfe span a soul of deva leaves
his lifeless vaikriya body behind It 1s however
behieved that the stuff making up the varkriya body
does not rot or putrefy hke the audarika body but
disintegrates raprdly 1nto 1ts components A varkriya
body does not cast a shadow

Science also considers sun moon, planets and stars
celestial or heavenly bodies Sun 1s nothing else but a
star; planets are members of the solar family and
revolve round 1t in defimte orbits and moons are
satelhtes of the planets So the most important
heavenly bodies are stars And they are no longer pin
points of inscrutable hght but objects of the indivi-
dual personahues Stars are ‘born’ and they ‘die’
Their hfe span s of the order of 50 000 to 1,00,000
milhon years Our sun, for example, was born some
5000 mulhon years ago and quickly came to age
assumung the charactenstics it has today Far another
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5000 milhon years it wall continue to be 1n the pnme
of hfe After that it will expand and burn away
fiercely for 2000 nullion years and begin to shrnk
and dechne to a long old age After 50000 milhon-
years 1t will have turned black and heatless1e dead
The bodies of the star are made up of pnmordial gas
and dust, more than half of which 1s hydrogen which
1s transformed into hehum by nuclear fusion The
process of nuclear fusion converts matter into energy
which 1s radiated The amount of hydrogen steadily
decreases while that of hehum. increases When the
entire stock of hydrogen 1s used up there 1s nothing to
burn The star becomes black and heatless and dies
Thus the Iife span of this celestial object starts from a
cloudy birth and ends into frozen extinction Thus, 1f
the star 1s a jyotiska deva'® then the stellar dust 1s the
stuff belonging to the vaikriya group

Aharaka sarira 1s not a common body It 1s very
occasionally created by learned sages only rayas
sarira and karmana sarira are the supersubtle bodies
asstmilated by every soul from the stuff of the
appropnate group They are permanent companons
of the soul, and are abolished only if and when the
soul 1s emancipated fayas sarira 1s the ink between
the soul and the karmana sarira 1t 1s the source of
energy requred by the vital processes of all living
organism As its name suggests, fayas stuff1s probab-
ly electrical (or electromagnetical), and the electrical
characienstic mamfested by the bodies of lhving
organmsms are caused by the tayas sanra

We nave bnefly descnibed the functions of karma-
na sartra 1n the previous chapter and we can hardly

19 This statement should not be construed as a belief of the
Jamns nor that of the author [t 1s merely a conjecture emanating
from circumstantial similanties
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add anything more here because 1t 1s extremely
difficult to compare these groups with anything
discovered by the modern science

The stuff belonging to anupanavargana s used by all
hving beings for the process of respiration Breathing
1s an essential activity for sustamned life All hiving
beings from ekendriya to panchendriya, 1€, those
having a single sense organ of touch to those
possessing all the five sense organs, have to breathe
to remain alive

According to the scientific view also terrestenal and

acquatic amimals, 1nsects, and plants have to breathe
Of course the respiratory system of fish 1s different
from that of, say, a dog Plants and insects have again
quite different types of systems But whatever be the
system the stuff that is used in breathing s the
element oxygen Some take it from the air and some
take 1t from the water Is oxygen then the stuff
belonging to anapana vargana of the Jains?

The stuff belonging to bhasa vargana 1s used by
those who are able to speak According to the Jains,
ekendriya jeeva or sthavaras are unable to do so but
others have the ability to give voice to their feelings,
Though not essential for sustaimng life, this activity
1s essential for a purposeful life and to this extent the
matenal in this group 1s useful for the psychic order
of existence

According to the scientific view, the apparatus for
producing speech sounds consists of vocal cords,
pharynx (wind pipe), larynx (voice box), etc Only
those few who are quite high up 1n the ladder of
evolution possess these organs Lower animals can
only produce narticulate sounds from their throats
and some others can produce sound not from the
throat but by rubbing together other parts of the

- T e
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body Vibration s an essential condition for produc-
ing sound, which 1s transmitted 1n the form of sound
waves Whether a specific class of matter 1s necessary
for producing voice 1s not known
We now come to the mental activities The process
of thinking and other mental processes according to
the Jamns require dravyamana and bhina mana
Bhava mana(psychical mind) 1s the mnnate capacity of
rational thinking possessed by samyfin (developed)
souls, whiledravya mana (physical mind) 1s the ns-
trument of thinking which the soul makes for itself
out of the matenal belonging to the manas vargana
which 1s fit for this purpose Only the samyfin
panchendriya categories of jeeva have the ability of
forming physical mind. But the Jains assert that for
the process of rational thinking physical mind 1s as
essential as the psychical. The stuff covered by this
group (manas vargana) is very compact Composite
bodies of this group are chatubsparst and not
astasparst meaning they are agu, ulaghu i e devoid of
mass
The branch of science that deals with mental
phenomena and their classification and analysis 18
called psychology It seeks to give an account of the
way m which the mind works Unlike other sciences
(e g chemustry), however, 1t 1s concerned more with
theories than with facts and sull belongs very largely
to the province of speculations Though 1t has, in
some respects, attained defimte knowledge, it has still
to emerge from the phase of speculation with regard
to a majority of questions 1t studies
The fundamental and controversial question of
psychology 1s Is there really a mind®tostudy 1e 1s
20 The word mind does not_mean the same as the word
brain® which 15 a part of the body and 1s uncontroverually matenal
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there somethmg of an entirely different nature from
the body? Can we not explain the facts of psychology
without introducing 'mund’? The intimate relation-
ship and interaction between mind and body 1s a fact
without dispute What 1s disputable 1s the adoption
of the mental hypothesis which involves the existence
of ‘mind’ 1e something which 1s not of the same
order of bemng as the body We have, thus the two
alternatives 1) mind as an aspect of body and 1) mind
as distinct from body

(1) In the first case the mind consists entirely of
physiological instruments such as the sensory ner-
vous systems or receptor nerves which receive the
stimul1 from outside, the transference machinery to
pass on the stimuli to brain, the bram itself and the
motor system or effector nerves which govern the
movements of the body :

In this case the emotions are perceptions of a
physiological change in ourselves For example,
when we feel the emotion of fear the adrenal glands
discharge a certain amount of fluid secretion, which
produces changes 1n the tensions of the muscle and 1n
the blood, resulting in increased rapidity of the
heart-beat, etc The awareness of these bodily occtir-
ences constitute the emotion of fear

In the absence of an independent mental instru-
ment the process of thinking 1s explamned as simply
subvocal talkinganvolving as 1t does the same
muscular activities of the larynx as those which occur
n talking although these activities are not carried so
far

(1) Intheotheralternative viz. mind as distinct from
body, a unique, distinct and 1n some sense mdepen-
dent status of nund 1s contended_For contending an
independent status of mmd 1t 1s not necessary to

K
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refute the existence and working of the physiological
systems described 1n the preceding paras All that 1s
necessary 1s to insist that a living organism 1S
something over and above the physiological appara-
tus of its_body, that mind 1s an expression of the
principle of life and 1t 1s distinct from the body and
brain Mind, 1n this case, must be something which 1s
mmmaterial Wishes, desires, thoughts, aspirations,
hopes, acts of will and all such other events which
happen 1n mind are, therefore, immatenial Thoughts,
for instance, do not exert force nor do they yield to
mass, conversely, mass and material force have no
power over thoughts

From the above, 1t 1s not difficult to conclude that,
in addition to the body and brain, the composition of
the hving orgamsm includes an immatenal element
which 1s called mind that this element although 1n
very close assocration with the brain 1s 1n some sense
independent of 1t Mind so conceived 1s an active
dynamic, synthesizing force It 1s creative thatis o
carnes on activiies which are due to the presence of
a hiving creative impulse to fulfil a purpose

We shall now compare both the above scientific
theories of mind with the Jain views regarding manah
or manas The matenahst theones of psychology
which deny the existence of mind as distinct from
body. also deny the very existence of consciousness
and soul as an independent entity This 1s entirely 1n
oppostion to the Jamn views We have already
discussed the matenahsts’s concept in the metaphysi-
cal section earlier and we shall only add here a doubt
which may be raised by the Jains regarding the
matenahst theory of emotions stated above While
accepung the wnvanable accompamment of the bodi-
ly event and the mental event. a question at 1ssuc will

~
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be Dass tite fear emotion precede and cause the
gland excretion or does the gland excretion precede
and cause the fear emotion?

The concept of an independent psyche or im-
matenial mind of the mental hypothesis by the other
psychological theories is obviously equivalent to the
concept of bhava manah of the Jains Bhava manah as
we have stated above, 1s the mnnate capacity of jeeva
and 15 therefore immatenial But for the rational
mental activities, dravya manah which 1s the matenal
counterpart of bhava manah 1s also essential We
have also seen that only highly developed or saminn
panchendriya-amimals and human beings are capable
of forming dravya manah out of the matenal atoms of
manah vargana and therefore capable of rational
mental activities Thus the mental hypothesis to some
extent agrees with the Jain view

INTELLECT (BUDDHI)

It will not be out of place to mention here (very
bnefly of course) an interesung feature of the Jain
epistemology viz four buddhis or intellects Intellect
1s a varlely of Matynana 1e perceptual cogmtion
There are four categornes of matyiiana wiz , knowle-
dge 1) exclustvely due to the sense organs n) exclusi-
vely due to the mind ) due to the joint acuvity of
the senses and the mind and 1v) knowledge indepen-
dent of both mind and sense organs viz instinctive
intmtion  According to the Jain epistemology, all
cogmuons are nothing but different states of the soul
and as such are only cases of emergence and not
ongmation proper the sense and the mind being
auxthary conditions or instruments only Instinctive
inturtions of the vegetable kingdom as well as the
underdeveloped ammal orgamsms fall under cate-
gory 1v), Memory, recogmtion and discursive
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thought are cases of matyfiana under 1) and iu).
Sensuous cognition of the five fold sense data -
touch, taste, etc, are instances of 1) o

Buddu, or mtellect falls under category u) in as
much as it 1s a purely mental perception It 1s 2
special gift of nature and independent of the prev-
tous education of the perceivers Fourfold intellects
are,

Iy Awpanihs buddhi  means mmediate  com-
prehension It 15 defined as the intddlect which
comprehends the true nature of a previously unh-
nown comphcated problem and successfully solves
it Ttas by a flash of gemus that the solution of a
difticult and strange problem dawns upon the nind

2) Vainaytht buddh means intellect born of humi-
Ity and service It 1s defined as the intellect which 1s
capable- of completing a difficult task and 1s born of
humility and faithful service (and not learning)

3) Karmiki or Karmaja buddht means intellect
acquired by practice It is defined as  mtellect
which comprehends the truth due to breadth of
vision of both the practical and the theoretical sides
of actions Such an intellect 1s the result of extraordi-
nary development of talent through practical expen-
ence rather than theoretical learning e g valuation of
diamonds and other precious stones

4) Parmamiki buddh means mature ntellect It 1s
defined as the ntellect which attains its goal through
reasoming, deduction, inference and analogy deve-
loped wath the matunty of age

It can be easily seen that all these intellects are
founded on mental faculties Could flash of gemus,
humihty, reasoning, etc, be consttuted and
produced by physiologcal changes alone?

Let us return to the matenal stuff called manal
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vargana which 1s fit for the purpose of forming dravya
manah Admittedly none of the current theones of
psychology conceive the necessity of fine matenal
particles (or are they radiations of eatremely short
wave length?) for the process of thinking and other
mental activities

Many scientists, however, see drastic changes on the
honzon There would have to be some revolutionary
paradgm 2! to explain telepathy, psychokinesis and
precognition At least one serious physicist, Gerald
Femberg of Columbia Umiversity thinks that psychic
transmussions may one day be linked to yet undi-
scovered elementary particles which may be called
mindons or psychons”If modern scientific instru-
ments became really successful in detecting such
particles they could be equivalent to the group of
matter called manah vargana by Jams But since,
such matter 1s devoid of mass 1t 1s extremely unlikely
to be found 1n 1ts onginal form

PARYAYA, PARINAMA KRIYA, BHEDA, (FIS-
SION) AND BANDHA (FUSION)

The above terms are used by Jains to show various
aspects of the dynamic nature of matter They are
meant to indicate that various kinds of energies
mhere and are potentially available in the different
states of matter and each change of state 1s accompa-
nied with release or transformation of energy

Pudgalastihaya assert theJains 1san energetic and
active substance Varnous kinds of multifanious acti-
vities are attributed to 1t First of all there is the

21 Paradigm 1s the word used by Thomas Kuhn for the model

ol scientific advancement after each major conceptual shaft
22 Time (weekly) )
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artha-paryaya which 1s the change of state due to 15
own basic transitory element This type of modifict-
tion 1s incessant and continuous and affects the
structure of the substance 1tself. Secondly, there 1s the
vyarjana-paryaya which 1s mtermittent and may be
the result of interaction between the two substances
This type of modification may affect the substance or
the mnherent qualities of the substance Thirdly, we
have parinama which means mutation or transfor-
mation i e change of qualities like samsthana (shape)
etc Then we have different types of motions - simple
and complex oscilation, vibration, rotation, revolu-
tion and mugration, collectively called kriya which
describes the dynamic nature of the substance And
finally we have bheda 1e sphtting or fission and
bandha 1 e umon or fusion

PARYAYA

Now according to the atomic theory of
modern science atoms of all elements are composed
of two parts 1) the nucleus which 1s normally static
(with reference to the atom itself) and 1) electrons
which are normally revolving around the nucleus
The relative motion of electrons 1s incessant and
continuous 1rrespective of the state of the element
being solid, hiquid or gaseous It 1s an inherent
charactenistic of the structure of all atoms This then
1s an mstance of artha-paryay a

Twoormore atoms ot one element combine together
to form molecules and molecules of different ele-
ments combine together to form simple and familiar
(¢ 2 water H:O and commeon salt NaCI) or complex
and rare (¢ g phenylpinhiumchlonide) compoundsie
composite bodies But each compound has 1its own
specific chemical and physical properties under cer-
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tain conditions of temperature, pressure, etc Within
the body, the molecules themselves are 1n a state of
agitation This motion of molecules of any matenal
substance 1s known as heat motion or thermal
motion, for the simple reason that 1t 1s responsible for
the phenomenon of heat For, 1t 1s molecular motion
that produces a certamn uritation in the nervous fibres
of our sense of touch and produces the sensation that
we call heat This thermal motion exists in solid,
hquid and gaseous states of matter because the
amount of energy in every molecule 1s the same for
all substances at a given temperature and the only
difference 1s that while 1n some case the molecules
are able to move around, 1n other cases they can only
vibrate 1 fixed positton This thermal motion ap-
pears to be an instance of vyaiyana paryaya

PARINAMA

Physical properties like extension (volume) mass,
density, etc, can be changed by change in tempera-
ture and or pressure For instance water 1s solid (1n
the form of 1ce) at temperature O°C or below When
heated 1t becomes hiquid and 1ts volume shightly
increases At 100°C 1t boils and changes 1nto steam
which has very much larger volume Simuilarly air (or
oxygen) which is gaseous at normal temperature and
pressure can be hquified under very mgh pressures
The thermal motion 1n a solid body 1s quivening or 2
wvibration of molecules If the body is heated the
quivering becomes stronger and at the melting point
the molecules leave their places and begin to move
At sull hgher temperatures they fly apart in all

23 Temperature ot hquid airis 63° absolute or 210° C below
ZLro

.
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directions and the result 1s gaseous state of matter *
But the change 1s in the physical properties only Ice,
water and steam are all chemically the same com-
pound H>O and molecules retain their molecular
identiies The modification of physical properties
and the consequent transformation of one kind of

energy mnto another 1s perhaps a typical wnstance of
parinama

KRIYA MATTER IS ENERGY

Kriya ss charactenised by motion » Oscillation and
vibrations are mherent attributes of matter and that
1s why pudgala 1s dynamic Actually all types of
motion come under Arya, but motion is only one
type of krya Fisston and fusion are also kriya In
fact, transformation of energy of any kind 15 kriya,
and thus krryavan means capable of exerting forces
and producing energy

24 If the temperature 1s raised still farther, thermal dissociation
takes place and the moletules zre broken up 1mnto separate atoms
For 1nstance molecules of water will be broken up at a tempera-
ture over a thousand degress But when the temperature rises to
several thousand degrees the matter will be a gaseous mixture of |
pure elements At sull higher temperatures thermal jomzation
tates place when outer electrons are chipped of from the atoms
At a few million degrees (temperature common 1n the ntenors of
stars) all electronic shells are completely stmpped off and matter
becomes a muxture of bare nucler and free electrons If the
lemperature goes up to several bilion degrees the nucle: them-
selves break up into protons and neutrons Thus the eflect of
thermal agitauon 1s to destroy step by step the elaborate architec-
ture of matter into parucles rushing around without any apparent
law ‘

25 Parispandana-laksana kriva~Pravachansira Pradipika Vi,
2-37.
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Because matter 1s inherently acive Galileo, New-
ton and Einstein were able to descnbe and explain
many mysteries of the umverse by formulating laws
of mechanmics Motion of matter evolved a mecham-
cal universe of forces, pressures tensions oscillations
and waves Two fundamental forces exerted by
matter are gravitation and electromagnetism Save
for gravitation, nearly all other forces in the matenal
umverse—frictronal forces chemical forces which
hold atoms together in molecules cohesive forces
which bind particles of matter elastic forces which
cause bodies to maintain their shape-are of electro-
magnetic ongin, for all these involve the interplay of
matter which 1s composed of electrical particles

To describe the mechamcs of dynamic matenal
umverse, three parameters are necessary, distance 1n
space, time and mass % In classical physics the mass
of any body 1s a fixed and unchanging property But
Einstein established the relativity of mass, asserting
that the mass of a moving body increases with its
velocity according to the following equation,
when mo 1s the 1aass of a body at rest

m 15 1ts mass when moving
v 1s the velocity of the body

and c1s the velocity of hight

m = Mo -

A
V1 -(5)

It can be readily seen that if v 1s small the
difference between mo and m 1s practically zero But
when v approaches the value of ¢ then the increase of
mass becomes very great reaching infinity when the
velocity of the moving body reaches the velocity of
hght

26 Mass 1s not heaviness or weight but denotes a fundamental
property of matter namely resistance to a change of motion
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By further deduction of this principle of relativity of
mass, Emstein concluded that energy has mass and
disciosed a fundamental truth about physical reality
viz,, matter and energy are not different elements as
pictured by pre-relativity scientists — the former
intert, tangible and charactenised by a property
called mass and the latter active, invisible and
without mass He established that mass 1s simply
concentrated energy In other words matter 1s energy
and energy 1s matter He expresses the inter-
changeability of matter and energy by the most
famous equation 1 history E = mc* It explains
how radioactive substances are able to eject particles
at enormous velocities for millions of years It reveals
the magnitude of energy that slumbers in the nuclet
of atoms Translated in concrete values 1t shows that
one kgm of coal if converted entirely into energy
would yield 25 billions kilowatt hours of electrical
energy Inter-changeability of matter and energy
explans the dual role of the electron as a umt of
matter and a umt of electnicity and the baffling
interplay of matter and radiation waves and particles
becomes more understandable

The inter-changeability of matter and energy
estabhished by modern science 1s analogus with the

Jain concepts of paryaya, parpama, hriya etc, bemng
mnherent attnibutes of pudgalastikaya The energy of
electromagnetic radiations and the particles ejected
from radroactive substance are but two different
paryayas of the same attnbute viz, kriyavaiva We
shall have occasion 1o examine the point again while
dealing with the nature of paramanu a little later

Finally we come to the processes of Bandha

(fusion) and Bheda (fission) which are the basis for

the nomenclature of matier viz. pudgala These
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processes are, according to Jain views (as we have
seen)?”’ nherent properties of the matenal umverse
Paramanu, being indivisible 1s, of course, not fission-
able but all other categornes of matter undergo both
these processes

Modern science, also, (as we have seeny?accepts that
fission and fusion are essential whenever energy is
released, whether 1t 1s the chemical energy from coal
or the atomic energy from nucler of uramum or
deuterium Again, the process of spontaneous decay
of the atoms consisting of emussion of alpha particles
1s not restricted to the so called radio active element,
all element heavier than silver (which, as we know,
occupies the central position in the atomic table) are
subject to the process of decay but the process 1s very
very slow Release of enormous atomic energy
through the fission grocess of Urantum nucler and -

fusion process of the (heavy) hydrogen nucler 1s
already described 1n the previous chapter

v
ATOMIC THEORY AND PARAMANUVADA

HISTORICAL DEVELOPMENT OF ATOMIC
THEORY

In the West, Greek philosophy and science were born
together at the beginming of the 6th century B C with
the first Milesian philosopher Thales As we have
seen, the idea of the smallest indivisible ulumate
building blocks of matter came n connection with
the elaboration of the concepts of being and becom-
ing which charactenised the first epoch of Greek
philosophy But the atomic theory of matter was
propounded much later by Democntus about 420

27 Chapter ll pp 73-80
28 Chapter | pp 29-30
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B C The Jain doctnine of paramanu 1s undoubtedly
much more ancient than the Greel atomists Bhag-
wana Parsvanith (B C877-777) and Bhagwina
Mahavira (B C 599-527) propounded the paramanu
as the ulumate indivisible ongin of matter and the
Jain canons Viahapannattt (Bhagvat stra) and
Thananga Siar- contain claborate and detailed
discussions on the nature, structure and behaviour of
matter in general and paramanu in particular

STRUCTURE OF ATOM-ELEMENTARY PAR-
TICLES

Atoms of Democritus were all of the same subsi-
ance but had different sizes and shapes They were
eternally unchanging (Parmenidian), umpenetrable
and indivistble Atoms themselves had neither colour
for smell nor taste, the sensuousness of the matenal
objects being produced by the motion and arrange-
ment of atoms in space “Swect and butter, cold
and warm as well as all the colours, all these things
exist but in opinion and not in reality. what really
exists are unchangeable particles, atoms and their
motions in empty space” wrote Democritus

We now know that the objects which were referred to
as ‘atoms’ histonically and later during the revival of
science in seventeenth century, are not indivisible
units of matter According to the modern science the
atom of a chemical element 15 rather a complicated
system of smaller units such as protons, neutrons,
electrons, etc which are now called elementary
particles The number of such elementary particles
has now become twenty

It has been established beyond doubt that atoms of
vanous chemucal elements are mechanical systems
very much similar to our solar system, with a number
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of negatively charged particles (electrous) rotating

-round the central nucleus which itself 1s composed of
a number of positively charged particles (protons)
and electrically neutral particles (ncutrons) Protons
and neutrons are much heavier than electrons so that
the nucleus contam 99 97% of the total atomic mass
The number of protons, neutrons, electrons are
different 1in different elements but the atom on the
whole 1s electrically neutral because the total charge
of all negatively charged particles equals the total
posiive charge The simplest and hightest atom 1s
that of hydrogen It 1s composed of a single proton as
the nucleus and a single electron orbitting round 1t
Tts chameter 1s 10 “® cenumeter and mass 1 64 x 10
grammes The distance between the nucleus and the
rotating electron 15 such that the atomic diameter 1s
100,000 times greater than the diameter of the
nucleus In the atom of Uramum there are as man
as 92 protons and 146 neutronsinthenucleus and 92
electrons rotate round it 1n different orbits

PARAMANU INDIVISIBLE UNIT OF MATTER

‘ Paramanu, as defined by Jain philosophy, on the
other hand 1s a truly indivistble fundamental unit of
matter and therefore has no components It 1s not
composed of many particles and is dimensionless

Like a true geometrical point, 1t has no length, no
breadth, and no thickness Its centre 1s identical with
its ends Thus it has no extension and occupies only
a sigle space pomt It has no shape and it has no
mass It 1s, however, not an abstract ptece of matter
depnived of the quahties of colour, smell etc, like the
atom of Democnitus It has a real objective existence
and does possess colour, smell, etc Inspite of this, a
paramanu by itself 1s not percervable by sénse organs
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and can only be cognised by inference through the
effects of collective actions or by direct expenence of
a transcendental knowledge This apparent paradox
of bemng in possession of sensuous qualities ke
colour. etc on the one hand and yet not being an
object of sensuous cognition on the other is beauti-
fully resolved by the explanation of quantum
phenomena and the principle of uncertainty Quan-
tum physicists do not concern themselves with the
properties of an individual electron because 1t 1s
impossible to ascertain them On the other hand
electron behaviour can be accurately defined when
dealt with collectively 1n great numbers The indivi-
dual electron 1s indeterminate and the indeterminacy
1s not a symptom of mmmature science but an
ultimate barrier of nature For. by the very act of
observing 1ts position 1ts velocity 1s changed. and
conversely the more accurately 1ts velocity 13 deler-
mined the more definite 1ts position becomes
Thus, 1t 15 1mpossible to determine the position and
velocity of an electron at the same time

A paramanu nits unattached free stateisasreal as a
paramanu within matenal aggregate and the qualities
of colour etc, are as much real 1n a free paramanu as
they are in an attached one A free paramanu when
captured by an aggregate, loses 1ts free state and 1s
changed to become a component of the aggregate
Similarly its qualities also undergo changes of inten-
sity Thus the same paramanu (as substance) which
possessed one unit blackness can change to become
infinitely black

Two or more paramanus mutually combine together
to produce matenial compositions and the entire
matenial world 1s composed of paramanus The
aggregates composed by paramauus have shape and
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extension 1n-space although the paramauu mself is
devoid of shape and has no extension By this 1t 1s
meant that a single {ree paramanu does not occupy
two or more space points The elementary particles of
modern science are presumed to be sphencal 1n
shape Their diameters though very small are measu-
rable and therefore their extension in space cover
mnumerable space points This, according to Jains,
means that the elementary particles of science viz,
protons, clectrons, etc, are not indivisible but com-
_posed of innumerable paramaygus Thus an electron 1s
mfinitely more gross than a paramanu

QUALITIES AND ATTRIBUTES )

Paramanu is eternal (mitya) indestructible” (anas-
war), non-transmutable {avasthita), and imdivisible
(avibhajya) A paramanu cannot be split or scattered
or fisstoned nor can it be composed or created by
fusion v N

When 1t was sa1d that the word pudgala 1s denved
from the properties of fission and fusion 1t was meant
that the formation of matenal aggregates by the
natural association of a number of paraminus 1s
fusion and the sphtting of aggregates into 1ts compo-
nents 1s fission Paramanu itself, though-subject to

mutation, 15 unfissionable and maintains its indivi-
dual existence permanently

The atom of a chemical element as well as its
constituents, the elementary particles electrons
protons, etc, are on the other hand, fissionable, and
fusionable radioactive elements emt alpha and

-other particles and lose enerey b
radiation,
and neutrons are mutua o proons

Ly t
or acqmrmg 4 posiive J mnsromable by 1osmg

charge Other elementa
particles get transformed into electromagnetic waves
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and radiaton Thus according to Jain view the
elementary particles are not fundamental umts of
matter but masses composed of innumerable {or
infimite) paramanus

The totality of paramanus 1n umverse cannot be
expressed by numbers It1sinfinite Since a parant-
anu can neither be destroyed nor created, totahty of
paramanus 1 the umiverse 1s unchangeable This 1
comparable to the law of conservation of matter and
energy which states that the total amount of matter
and energy 1n the umverse 1s constant and unchan-
geable Modification of this law 1s mooted as a result
of some very recent observations and we shall revert
to this point in the succeeding paragraphs. )

Earlier, we had seen that colour, taste, smell and
touch, etc, are intrinsic qualities of all matenal
objects A paramanu bemg the fundamental unit of
matter must alsopossess each of these qualinies Thus
a paramanu will possess the following five qualities

One (either good or bad) smell

One of the five elementary colours

One of the five elementary tastes and

Two of the four elementary sparsa Viz either hot
or cold and dry or unctuous

Thus 1n respect to the qualty of sparsa alone there
are four types of paramanus
I Unctuous-cold
2 Unctuous-hot
3 Dry-cold
4 Dry-hot

And with different combination of colour. etc. we
have 5X2X5X4= 200 types of paramanus. Now
since the intensities of colour, taste, etc vary from
mimmum one unit to maximum infinite umnits, there
will be infinite varieties of paramanus with different
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mfensities and combinations of colour, taste, etc e g
in respect to colour, there will be paramanus with
one umt blackness, two umts of blackness upto
mfimite umts of* blackness The intensities of the
qualities of any given paramanu 1s subject to increase
or decrease by 1ts mutations mto different states of
association and dissociation within aggregates

Now we should be quite clear about the meaning
of the'statement ‘a paramanu possesses one colour’
We have already said that an individual paramanu
by 1tself 1s never an object of sensuous cognition and
we have also said that paramanus are cognised b
therr collective or group behaviour only Then what
do we mean by saying that this individual paramanu
15 ‘red” What we mean here 1s that a red paramanu
will always vibrate with a frequency correspon-
ding to the red colour The colour of a composite
body would thus be determined by the resultant of
the frequencies of 1ts components

Comparnng these intnnsic qualities of paramanus
with those of elementary particles protons neutrons,
etc we find that mass and an electncal charge(+ve
or-ve) are imherent quahties of the latter if we
equate the dryness.and unctuousness with positive
and negative electnc charges and heaviness and
hghtness with mass, then a paramanu has no mass
but possesses an electric charge Fine chatuhspars
compositions of some varganas also have no mass
The quahty of mass is mherent only n astaspars:
vargan@s of pudgala viz. audarika, vaihriva aharaka
and rayas The existence of matter in a state of
masslessness may be unacceptable to the modern

science But some recent observations pomnt to the
possibility of such an existence

[
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MECHANICS AND MATHEMATICS OF PARA-
MANU
Berkeleyattrnibuted the functional harmony of na-
ture to God Modern physicists(whodonothke to
take recourse to God) prefer to emphasise that nature
operates on mathematical principles In 1900 Max
Planck put forth his Quantum theory, dealing with
the fundamental umits of matter and energy It
provides equations that define with great accuracy
the laws goverming the propagation of radiant
energy The extraordinary feature of this theory was
that 1t rested on the assumption that radiant energy 1s
emitted not in an unbroken stream but in diseonti-
nuous bits or portions which Planck termed ‘quanta’
On purely theoretical grounds he concluded that
each quantum carries an amount of energy given by
the equation E= hv where v 1s the frequency of
radiation and h 1s Planck’s constant?®a small but
inexorable number which has since proved to be one
of the most fundamental constant in nature All
forms of radiant energy-hight heat X-rays-actually
travel through space in separate and discontinuous
quanta and the amount of emitted energy divided by
the frequency 1s always equal to h Thus sensation of
colour anse from the bombardment of our optic
nerves by hight quanta which differ from each other
Just as the frequency vanes in the equation E=hv.
Another umversal constant 1s the velocity of hight
which was accurately deterrined 1n 1849 to be
186,284 mules per second *° The velocity of light 1s
unaffected by the motion of earth, sun moon, star or

29 The latest value of Planck’s constant 1s determined to be
662517 x 10->% joale-second
30 The latest corrected value 1s deterntined to be
2997925 x 10% meters per second 1n vacuum



A CRITIQUE 137

other system moving anywhere n the umverse1e 1t
1s constant-throughout the umverseand 1s unaffected
either by the motion of 1ts source or the motion of the
receiver We are already famihar with Einstein’s
equation giving the increase in mass with veloaity of
a moving body. where this constant is used

ma When m,, 1s mass of a stationary
object or rest mass

S m 18 1ts mass when 1n motion
-V V 1s 1ts veloaity
o2 C 1s the velocity of hight
From the above equation we can see that as V
mcreases the mass also increases and when V 1s equal
to Cmasswill be winfimity. We had come across an
mstance of increase 1n mass while discussing the
production of high energy particles by proton-
synchroton machine * There we had learnt that as
the speed of accelerated protons approached that of
light, 1ts mass increased rapidly When protons
reached a speed which corresponded to about 99% of
the speed of light, the rest mass of the particles was
found to have increased thirty times From this 1t 1s
clear that the speed of a particle of matter 1s always
lower than the speed of light and other radiations

Mechemcs and mathematics of paramanu as
discussed 1n the Bhagvat, Satra® shows that the
acuvities and movements of paramanu are both
complex and unpredictable It1s particulaily empha-
sised that there 1s an element of periodicity in the
activities of the paramanu 1t 1s sometimes at rest and
sometimes in motion after remaimng at rest for a
certain penod of time, 1t must commence motion and

m".-:

31 Seechaptert p 3b
. « 32 Scechapterll pp 9192

&
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certain period of motion The maximum and mini-
mum periods of rest and motion are defimite Such
alternate periods of rest and motion to a certan
extent agrees with the Max Planck’s quantum
physics the frequencyof vibration of the paramanu
being determined by 1ts ‘colour’

Dafference 1n the kinds of motions of a paramanu
are, shown by different terms such as eyan, veyat,
etc, what exactly each term means 1s not easily
comprehensible Simple oscillation, vibration, com-
plex vibration and linear motion are some of the
kinds of motion Rotation is ruled out because in a
point there cannot be an axis to rotate around.
Revolutionary motion Or stationary-wave 1n a space
point are possibihties It probably means linear
motion accompanied with vibratory motion or state
of vibration with changing frequency

Linear motion of a paramanu means moving about
from one space pomnt to another This motion or
change of motion may take place under the influence
of outside forces exerted by another paramanu or an
aggregate or it may be spontaneous Jeeva, however,
can never exert any influence on the motion of a
paramanu

While discussing the movements of a paramaniu as
descnibed in the Bhagvati Sutra, we had mentioned
that while 1n some respects movements (gai1) of a
paramanu follow definite rules, in many other res-
pects they are indeterminate and uncertain Now,
principle of uncertainty 1s also a half century old
scientific dictum enunciated by an eminent physicist

Werner Heisenbergin 1927 At that time quantum
physics had defined with great accuracy the mathe-
maucal relatonships governing the basic units of
radiation and matter But i1t had failed to reveal the
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true nature of either Emnent physicists Werner
Hessenberg amongst them, declared that there 1s an
element of ¢aprice in atomic behaviour which stems
from the very nature of matter and cannot be blamed
on man's coarse-grained 1mplements They added
further that there 1s an element of indeterminacy
about the events of the atomic umverse which cannot
be dispelled by the refinement of measurements and
hence 1t 15 futle to hope that mnvention of more
delicate tools may enablc us to penetrate further into
the microcosm A physicist can give an accurate
account of electron behaviour so long as he 1s dealing
with great numbers- of them collectively but he
cannot locate an individual electron in space in
respect of 1ts posiion and velocity The Pninciple of
Uncertainty asserts that 1t 15 1mpossible to determine
the position and velocity of an indvidual electron at
the same time because by the very act of observing its
position, its velocity 1s changed and conversely, the
more accurately its velocity 1s determined, the more
indefinite 1ts position becomes

The motion of paramanu 1n space 1s subject to the
following rules also —

Spontaneous molion 1s m ‘anusren:’” which literally
means straight line but which really means the
mimmum distance between the two space points If
the geometry of the Lokakasa 1s Euchidian then it
will be a straight hne but if thus geometry 1s
non-Euchdian then the mimmum distance may be a
curved hine Since the space of Lokakasa 1s accepted
to close upon 1tself, the latter alternative 1s a greater
possibility According to the rules and propagation of
radiation 1n space light also travels in a straight hne
(1f free from the influence of external forces) But the
modern cosmology accepts the geometsy of the space
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as non-Euchdian 1 € 1t closes upon iself Motion of a
paramanu under the influence of eaternal forces may
also be in vidrem 1e curved hine But if the time of
motion 1s one tirhe point only, the motion 1s always in
anusreni

The mimmum velocity of a paramanu 1s one space
pomnt 1 one samaya 3 (time pomnt) while the

33 Samaya and Loka are two terms unique to the Jam
Philosophy Samaya 1s the mnfinitesimal indivisible unit of ime A
comparatvely larger unit of tume whwh4 1s measurable 1s called
AVALIKA and 1s equal to 17 X 107~ seconds One dvabhz
covers ‘Jaganya-Yukta-Asamkhyata® samayas This number 1s
mmpossible to be expressed in numencal figures but 1t can be
shown to have defimte measurable value and 1ts lower hmit can be
calculated Jam mathematcs express this number as greater than

- 143
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x where x =y and y = 10

A comparnison of this Jain view with the most modern sctentific
attempts and vanous methods for the accurate measurement of
time nught be interesting

SECOND, the present umit of time, was earher defined with
teferencetgthe time taken for the rotation of earth and n 1954 the
International Commuttee of Weights & Measures standardised the
second as 1731, 556,925.975 of the tropical year 1900 The second
thus defined was known to vary to the extent of 1 part 1n 103 and
did not entirely satisfy the present scientific quest Subsequently
other considerations compelled them to switch over to 2 different
form of time standard which ultimately led to the advent of
atomuc standards In 1964 the above Commuttee adopted the
trau%ﬂ.mn between two specified energy levels of cessium 133 for
the purpose of defimng the basic unit of time Cesstum beam
oscillators were developed and i 1967 thc Commuttee defined the
nwt of fime as follows
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maximum velocny 1s the entire length of the unmiverse
:in one samaya When in motion. the nnmmum
1slance travelled by a paramanu in one samaya
(1nf11\'1§)ble unit of ime or ime point) 1s one space
pomt 1e the distance between two adjacent space
pomnts And the maximum distance travelled bv a
paramanu 1n one samaya 1s between the extremities
of the Ioka
How s this Jain view compatible with the Einste-
Man equation of the increase of mass and the
inference that nothing can travel faster than the
speed of light the theoretical speed limit of the
universe?
If we accept the value me=0, 1¢ a paramanu has
no mass then the equation of the increase in mass

“the second 1s the duration of 9 192 631 770 periodsof the
radiation corresponding to the transition between the (wo
hyperfine levels of the fundamental state of cesstum 133 atom ”

Varions methods of standardisation of time n terms of the
frequency of hydrogen maser are also available but the order of
accuracy does not seem to exceed that of the former cases

Recently a new and simple method for standardisation of ttme
5 suggested by M/s SK Mukheree and A Choudhury of
Jadavpur Umversity It 1s based on the velocity of electrons under
the action of crossed electric and magnetic fields It has been
shown that under certain conditons the electron will move 1 a
rectihinear path at a coustant velocity and the hme taken to
traverse a distance of 1 cm 15 0.533 168 432 x 10 ~ 7 second This
Suggestion leads to the conception of a umt of time very much

" smaller than the second It will be 533 168 432 x 10 ~° second
In other words one second will contain 187557997 x 10°and one
avalikd wll contain 300 000 (app ) of these umts

34 The maximum distance between two extrermties of Loka 1s
14 Rajjus where a Rayu covers asamkhyat yojanas and can be

196

roughly expressed as R(Ragu) jg0° light-years Thus the maxi-

mum velocty of a paramanu 15 not less than N hght-years per
second where N = ¥ ¥ x R

e

s "\*‘\
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with velouty becomes inapplicable Now we have
seen that ‘mass’ 1s not an intrinsic quahty of
paramanu Mass, according to the Jain view 1s one of
the four pairs of sparfas which are 1)hot-cold n)
unctuous—dry m) heavy-light and iv) hard-soft
Paramanus (and even matenal aggregates of some
varganas though composed of innumerable parama-
nus) are chatubisparst 1e are agurulaghu (hiterally
neither heavy nor hght) which means they are
massless It would be interesting to mention here that
some scientists like Gerald Feinberg think that there
are particles (such as tachyon) which always travel
faster than the speed of light **

Can the enmistence of massless matter and speed
faster than that of hght be defimtively refuted by
modern science especially in view of the prohfera-
tion of we'rd subatopuc particles (more than 15)
discovered by 1t? “The new generation of qunatum
physicists not accepting the atom as simply a4 minia-
ture solar system in which negatively charged elec-
trons circle the positively charged nucleus, have
found the electrons keep jumping from one orbit into
another without passing through the intervening
space They have also succeeded 1n producing such
ghosthike particles as the neutrino, which has no

35 There are particies, which at rest, would have no mass at
all-a rest mass of zero light 1s made up of ‘photons’
particles that have a proper mass of zero Other particles such as
‘neutninos’ and ‘gravitons’ also have a proper mass of zero
Particles with zero mass means that their inertia 1s zero and they
can be accelerated to any velocity upto nfinite In 1967, physicist
Gerald Feinberg 1n discussing these faster-than-light particles
called them “tachyons from a Greek word meaning speed "{-Isaac
Asimov  SPAN magazine 16th July 1973 ) °
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mass, no electnical charge and can hurtle with ease
through the entire earth *2**™

SYNTHESIS OF PARAMANUS INTO COMPO-
SITE BODIES

We had discussed the nature of various for¢es W hich

36 ‘The Roots of Coincidence™ by Arthur Koestler
37-  Unns of measurement

There are three fundamental umus of modern <crentific
measurement They are units of length mass and uime The umt of
length metre, was defined earlier as on¢ ten-mullionth part of a
quarter mendian In 1967 this was replaced by the wave-length ot
orange-red radiation of Kryplon86 The present valid definition of
the unit of length 15 © 1 650 763 73 wave-lengths of orange-red
radiation of Kryplon3 1 vacuum | Imially the unit of mass
‘gramme’ was constdered the mass of a cubic centimetre of water
at1its maximum density Later on wn MIS system this was changed
to kilogram 1.e the mass of a cubic aecime.cr of water But this
suffered from the nherent uncerfainty associated tith the
measurement of volume and temperature In 1960 kilogram was
mdependently defined as the mass of 2 platinum-mdium cyhnder
which 1s preserver at International Bureau of Weights & Measures
at Sevres Parns

This defimtion of mass has been considered m a mode rather

_ than a rule So the defining of both mass and length 1n terms of a

certain wave-length of light may provide a cohercnt means The
wave and particles nature of hight mspires M7s S K Mukherjee
and A Choudhury to concewve the mass-equivalence of the
particle associated with the orange-red radiavon of Krypton8°and
a suggestion 1s put forward by them to define kilogram 1n terms of
the mass of a particle whose De Broghe wave-length 1s already
taken for standardisation of length Thus the kilogram can be
considered 1n terms of the number of particles associated with the
radation 1n order to follow the international convention of stan-
dards A precise esimation of the number of particles assumes the
value 2 741 18798 x 103°

We have already discussed the unit of ume a ltle earher



{44 THL JAINA PHILOSOPHY

are responsible for the fisston and fusion of material
objects First, there are forces which bind together
the atoms of different elements :nto complex mole-
cules of innumerable chemical compounds. and are
the interaction of electronic shells of the component
atoms Then there 1s repulsive electrzcal force in the
nucleus, known as the coulomb force And finally
there are the cohesive forces which are many times
greater and which act as the cosmic cement prevent-
ing the breaking up of the nucleus of an atom under
the action of coulomb force The qualities smgdha
and ruksha sparsa, according to the Jain view play
the most mmportant role 1n the synthesis of different
paramanus for the formation of atoms, molecules
and small and large objects of matter The intensity
of these two primary qualities varnes from a single
unit to infimite umts in different paramanus-that s at

a given moment some paramanus-have a single unit

of unctuousness some are with two umts some with

three and so on upto infimty At the same ume there

will be some paramanus with a singleumit of dryness,

some with two units and so on upto wmfimty A

summary of the rules 1n respect of the synthesis of
different paramanus s as under

I Synthesis of paramanus having single umts of
dryness or unctuousness 1s not possible either with

one another or with paramanus of higher intens:-
ties

2 Synthesis of paramanus having two or more umts
of dryness 1s possible with other dry paramanus
provided there 1s a difference of two or more umts
between them Similarly mutual synthesis of
unctuous paramanus 1s possible only 1f the differ-
ence of their intensities 1s tw o or more umts
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3 Synthesis of paramanus having two or more units
of dryness with all unctuous paramanus (ex-
cept those with a single unit) 1s possble 38

The following pomts of sumlanty between the
views of Jains and the modern science emerge from
the above

The dryness and unctuousness may in some res-
pect be equated with the + ve and -ve electnc
charges of the elementary particles The interaction
of the electronic shells of neighbouring atoms 1n a
molecule, which createsthechemucal bond necessary
to keep them umted, 1s then -equvalent to the
mnteraction and umon between paramanus of same
type of sparsa 1e sparfa equivalent to -ve charge

+ The first completed shell consists of two electrons
The mmimum difference between the umiting para-
manus of sunilar sparsa 1s two units The quality of

mass does not play any sigmuficant role 1n the process
of synthesis

38 The followng table shows the permissible for otherwise)
combination of paramanus with different intensities of dryness and
unctuousness
Intensity of Sparsha  Dry (-) with Dry(-)  Dry (-) with

Unctuous (-+) with Unctuous (+)

) Unctuous ( +)

Umt + Umt No No
Unit + 2 Unats Ne No
Unnt + 3 Unts No No
Unit + 4 ormore

units No No
X units + X units No Yes
X units + (X+1) units No Yes
X unnts + (X+2)units Yes Yes
X unts 4+ X+3 or

more units Yes Yes

X 1s greater than one
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On the other haad the folfon g questoan vnsee
I« the wan of spipdha yrraria for b o2 ) paaivalen
o the umil 4+ ¢ for -v2)ehvrpe?

DENSITY OF MATHER

We hadseen thal the matter w the van et 1+ more
dens. i some ploges thn i othere Thas e the
nucleus 6f an atom the matter s sodenae that 1 pase
would venh 600 wulbion tons i HC g wers ns
ughtly packed av the particlesin the nucleus

N paianymn gvae htve <oad s the plusoi mldeos
ible unit of matter It has no extension ard therelore
15 equnvalent to a pomt Lopweall, therefory, a
paramimu at rest will ovcupy one tpree pont, How
much space vill be accupied by shandhas which are
composed of two  three, four, mulhon  hullion, or
asamhhyata mnumerable) paramimes? The maxi-
mum number of space pointy uecupied by a dandba
15 cqual to the number of s poranigus A réandha
with nfinite ppramanus wall oowupy  asam Ay Jiu
points When more tightly pacted hawever, a com-
position would extend to space pomts less than the
number of paraméayus And m the extreme case a
composition with mfinte paramanus may occup)
only a single space pomnt

We have sad that not a angle paramanqe can be
created or destroyed 3¢ whatever be the total
number of paramanus in the umverse 1s a constant.
what 1s this number? It 1s 1nexpressible 1n numerical
figures Itisinfinite times the total number of Jeevas

which 1s 1tself infinite The number of skandhas
(composition) 1s also infimte

DUALITY OF PARAMANU
Atthisstage we may raise some fundamental que-
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stions, what is the true nature of paramanu? Is 1t a
particle or a wave? Is 1t matter or energy (radiation)?
Does 1t have an electromagnetic field or a gravita-
tional field?

In the final section of the previous chapter we had
discussed the “apranghan® property of paramanu
wnere 1t was stated that a paramanu 1s capable of
penetrating and passing through any type of obstruc-
tion Now, we know that the penetrating power of an
electromagnetic radiation 1s inversely proportional to
Its wave-length 1e shorter the wave-length of the
radiation, gher 1s 1ts penetrating power From the
stand point of physics the only difference between
the long radio waves (between 10% & 10’ cm) at onc
end of the electromagnetic spectrum  wvisible hight
(between 1074 & 10~ (cm)1r the middie, and cosmic
rays (10-" tc 10~12 cm) at the other end hes in their
wave length Vistble hight can “pass through® only a
few subsiances like glass The wave length of red
light 1s 00007 cm and that of violet hght 00004 cm
X-rays which are shorter (10-¢ to 10-# cm) than
visible hght can pass through many more substarces
which are opaque to hght waves Shorter than v-ravs
are gamma rays (10% " 1o 107" cm) of radium etc
which can penetrate several feet of cement concrete
The shoriest known electromagnetic radiations are
cosmuc tays with wave lengths of 10- 10 107" which
€an penetrate even more Thus shorter the wave-
lengths, higher 1s the penetrating power of a
radiation. Now, 1f paramanu 1s accepted to possess
infinitely more penetrating power than the gamma
rays or even cosmic rays, it must be regarded as
radiant energy with an ifimitesimally small wave-
length This aspect, then, compels us to visuahse
paramanu as radiant energy
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On the other hand it 15 more rational to regard
Paramanu, the ultimate umt of matter to be an
mdividual particle The properties attnibuted to
paramanu compels us to visualise 1t as a particle, or 4
corpuscle rather than a wave For nstance, 1t has
been stated that paramanpu s sometimes at rest and
sometimes 1n motion What 1s the meaning of ‘at
rest’ here? Does 1t mean a stationary wave 1n space
or a stationary particle? Thus we cannot decide
whether paramanu 1s a particle or a wave It some-
tmes behaves as a particle and sometimes as a wave
It has therefore a dual character

A remarkably strange and deep duality pervaded
the physical universe of pre-Einstein age One aspect
of this dualism was the question - Is matter ‘waves’
or 1s 1t ‘particles’ Light for example 1s classically
regarded as electromagnetic waves and the difference
in the colours 15 explained by the difference 1n
wave-lengths, and electron commonly was a particle
with a negative electnic charge On the other hand,
certain peculiar effects of hight could be explamed
only by assuming that 1t 1s composed of individual
particles or grains of energy called photons and 1t
has been proved by expenments that electrons
actually do exhibit wave charactenistics Not only
electrons but whole atoms and even molecules pro-
duce wave patterns when diffracted by a crystal
surface Another aspect of the strange dualism of the
physical order of existence 1s the concept of two
elements, matter and energy The former 1nert,
tangible and massive and the latter active, invisible
and without mass The two fundamental forces
cxerted by matter—gravitaion and electro-
magnetism—are yet another aspect of the deep
duality of matter Almost all the phenomena of
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physieal universe are produced by these two primor-
dial forces While the gravitational forces dominate
sucli phenomena of macrocosm as the motion of
planets and stars, the electromagnetic forces are
predominant in the microcosm of the heart of atoms
Today Einstein’s Unified Field Theory has unified

the physical laws governing the two primordial
forces The famous equation E=md has shown that
matter and energy are mutually transformable, the
distinction being simply one of temporary state The
paradox presented by the waves of atoms and
Particles of light has been resolved by a new
mathematical apparatus that permutted accurate des-
cription of quantum phenomena either 1n terms of
waves or 1n terms of particles as one wished Today
the whole complex of the physical universe 1s almost
resolved 1nto homogenous fabric in which matter and
€nergy are indistinguishable, the abyss between
macrocosm and microcosmos 1s almost bridged, and
all forms of motions tend to become simply changes
In the structure and concentration of the single
primordial field
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