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Introduction

Where did the universe come from and where is it going? Did
it have a beginning? How and why did it begin? What happened
before that? Will it come to an end, or not? Did anybody create the
universe ? Is it static and unchanging or dynamic and mutable?

These and many other questions regarding space, time, .
animate and inanimate orders of existence have been before
mankind ever since man became capable of thinking. Theories
about the origin of universe and its contents have been put forward
by theologists, metaphysicists, philosophers as well as modern
scientists. In the orient, such questions were mostly dealt with by
philosophers.

The enigina of the physical universe has also been pondered
alike by recligion (theology), phliosophy 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
varied with the viewer as well as the age. It would, therefore, be not
surprising if the answers to the problem are found to be radically
divergent. Answers given by theology, for instance, are based
mostly on dogmatic belief that we have knowledge, where, in fact,
we have ignorance. Scicnce, on the other hand, cannot answer many
guestions of great interest raised by the inquisitive human mind.
“Philosophy is intermediate between theology and science™ says Sir
Bertrand Russell, *and it is the business of philosophy to study
such problems in order that we do not become insensitive to many
things of great value.™

India’s philosophical culture is characterised by a sincerity of
purpose and seriousness of outlook as well as freedom of thought
which was unknown in the western countries. State persecution and
censorship of thought was conspicuous by its absence because

Indians did not seek to make political capital out of their religious
persuasion.

1. History of Western Philosophy, p.13
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At the same time, unlike in the Woest, 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
personality is not cntirely denatured by the scientific objectivity
nor has mystery and sacredness been taken away by its rationality.
In short, science, in spite of its spectacular achievements, did
never become a new religion here as it in effect did in the West.

Systematization of Jain philosophy is comparatively a recent
event though it has its moorings in the canonical literature i.e.
Agamas. According to Jain belicf, the doctrincs promulgated by
" Bhagavan Mahavira, whose 2500th Nirviga was celebrated 15
years ago, arc even more ancient and were preached by a
succession of 23 Tirtharkaras thousands of years before him. The
earliest Jain literature, though not extant, is much more ancient
than Bhagavin Mahavira. Commentaries on Agamas and
independent treatises by great savants between 8th to 12th
centuries systematised and connected the divergent clements into
logical doctrines remarkable for their originality, acuteness and
subtlety.

Jain philosophy does not swecar by mysticism, though it
culminates in it. But the mysticism is not the result of dogmatic
faith. Philosophical speculation is a necessary discipline of the
mind for attenuating doubts. But the ultimate truth cannot be
realised by philosophical discipline alone. The terminus of
philosophy is the beginning of spiritual career. The plenum of
knowledge can be attained by the developmeat of a superior
power of vision which is not satisfied with the negative findings
of reason and seeks infinite perfection. “The Jains are emphatic
that omniscience is the condition as well as the result of
perfection and however rmauch we may advance in our
philosophical enquiry and scientific pursuit, which are not
antagonistic in their aim in spite of their difference in method and
lines of approach, it cannot by itself unlock the mystery of
ultimate reality and bring about the final consummation.™!

. From Preface 10 Jain Philosophy of Noen-absolutism by Prof. Dr. Satkari
Mookerjee. : )
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Eastern mystics in general and Jains in particuiar cmphasize
the systematic unity of Reality which does not mean that all
things are identical, but they are aware that all differences and
contrasts arc relative (and not absolute) within an all-embracing
unity. It is difficult to accept the paradoxical unity of opposites in
our normal state of consciousness and cven some philosophies
either bypass or conceal the problem. Jain philosophers, on the
other hand, by their remarkable insight, reveal the relativity and
polar relationship of all opposites which not only include unity
and multiplicity, moticn and rest, but also the fundamental
attributes of existence and non- existence. The Jain doctrine of
non-absolutism (anekdntavada) solves the problem by affirming
the possibility of diverse attributes in a unitary entity. A thing
cxists in some context and does pot exist in some other context. In
atomic physics, we can never predict the absolute existence or
absolute non- existence of a subatomic particlc. We can never say
that it docs not exist, but the particle has tendencies or
probabilities to exist in various places and this manifests a strange
kind of physical reality between existence and non-existence. In
this book, we shall briefly discuss the Jain philosophy of non-
absolutism and how it can be applied to properly understand the
paradoxical behaviour of subatomic particles. Readers will
recognise many paraliels between the notions of atomic physics
and Jain views.

“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
discdvered 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 into the mysteries
of the macrocosm, discovered the mechanisms of heredity and
compounded the miracle of modern medicine. With utmost daring
and immense resourcefulness, they capped their achievements by
landing man on the moon to gather first-hand knowledge of the
earth’s nearest celestial body.

“Ironically this very age of unprecedented scientific progress
has also become the dawn of a new age of doubts, regarding the

1 . Time (Weekly Magazine)



vi Microcosmology : Atom

future benefits to the human race of bold new scientific ventures,
because technological advances seem to accompany environmental
ravages. On the philosophical level, there is a new mood of
scepticism about the absolute objectivity and utter rationality of the
scientific methods. Says Harvard Biologist- Historian E.L
Mendelsohn, ‘Science, as we know it, has outlived its usefulness.’
There is a new fascination with the mystical and even irrational. In
the recent years, there is a loud and insistent chorus for antiscience.
Declares Richard H. Bube, a professor of materials science and
electrical engineering at Stanford, ‘One of the most pcrnicious
falschoods ever to be almost universally accepted is that the
scientific method is the only reliable way to truth. Insisting that
there i1s also spiritual knowledge and power besides reason,
Theodore Roszak pleads for a return of submerged religious
sensitivitics. ‘Here is a range of experience that we are screening out
of our experience in the name of what we call knowledge’, says
Roszak. The latc psychologist Abraham Maslow said that we have
learncd to think of knowledge as verbal, rational, logical and
sensible but transcendental experience is equally important.

Recently, however, some eminent physicists like Geoffrey
Chew and David Bohm find it necessary to regard consciousness
as an essential aspect of universe that will have to be included in
a future theory of physical phenomena.

And =0, perhaps this is the most appropriate time to make an
attempt to compare the findings of philesophical enquiry with the
resulis of scientific pursuit. “In the history of human thinking™ says
Werner Heisenberg, “new, interesting and the most fruitful
developments frequently take place when two different lines of
thought —lines having their roots in quite different parts of human
culture, in different times, or different religious traditions —meet
and mutually interact.””! Synchronising the presentations of
scientific facts with those of philosophical findings is, however, a
very difficult task. The writer may “either succeed in being
intelligible by offering only superficial aspects of the problem and
thus arousing in the reader the deceptive illusion of comprehension
or give an account in such a fashion that the reader is unable to

L. Physics and Philosophy, p. 161
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follow the exposition and becomes discouraged from reading any
further.”! 1 do not know whether [ have been successful in making
this presentation both readable and inteiligible, the reader who
honours me by perusing my humble efforts has to decide this for
himself. T have derived much assistance from the following
publications for compiling this monograph :

() One, Two, Three Infinity by George Gamow.

(2y Jain Padartha Vijiana Men Pudgala by Mohanlal
Banthia.

(3} History of Western Philosopity by Sir Bertrand Russell
(4) Physics and Philosophy by Werner Héiscnberg_.

(5) Vishva Prahelika by Munishri Mahendra Kumariji.

©) Srudies in Jain Philosophy by Dr.N.M. Tatia.

(N The Tao a}' Physics by Fritjof Capra.

(8) The Dancing Wu Li Masters by Gary Zukav.

(9 The Jain Philosophy of Non-absolutism by Dr. Satkari
Mookerjee.

(10) A Brief Historoy of Time by Stephen W. Hawking,

I am extremely grateful to Acharya Shri Tulsi, who has been
the main source of inspiration and but for his blessings, the
present work would not have been accomplished.

I am also grateful to Munishri Mahendra Kumarji (my son
in worldly relation) for his valuable assistance.

17th October, 1991 (Dushera) J 8. Zaveri
263, SION (East)
Bombay-400 022

i. Albent Einstein : Foreword to The Universe and Dr. Einstein.
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CHAPTER 1

Atom in Modern Science

INTRODUCTORY

The world is composed of a multitude of things —animate and
inanimate. But the two orders of existence known in the modern
times as physical and psychical, were not clearly distinguished by
the early naive and primitive thought in the West. The recognition
of the psychical as an order of existence distinct from the physical
helongs to a later stage of intellectual development.

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

The problem of atom, the smallest indivisible unit of matter,
is one of the earliest as wcll as one of the most persistent in the
whole range of philosophy of nature, as well as experimental
sciences. When experimental sciences, which deal directly with
material substances and their properties, investigate the problem, it
can do so only through a study of the infinite variety and mutability
of the forms of matter. Its fundamental task is the discovery of
descriptive formulae which assist depiction and calculations of
various processes and finding some natural laws. The philosophy of
nature, on thc other hand, does not deal with the particular facts
amassed by experiment but with the hypothesis used by
experimental scienec for the co-ordination of those facts. The goal
of experimental science is the description of the facts while the goal
of philosophy is their interpretation. The difference of aim is,
however, not ultimate,



2 Microcosmology : Atom

Physical science draws a marked distinction between objects
which are perceived by senses, and consciousness. The following
points are generally agreed upon as the distinguishing marks
between the two orders :

(A) Physical existence is purely material and is devoid of
consciousness, whereas psychical order possesses consciousness,

(B) Physical order is made up of events which conform rigidly
to certain universal laws; the elements of which it is composed
always behave in the same surroundings in the same uniform way.
Whereas, the sequence of events in psychical order is teleological
(.e. determined by reference to an end or purpose), that of the
physical order is mechanical (ic. determined by the principle of
causality).

(C) Every clement of physical order fills a position in space
and time and is, therefore, perceptiblc whereas consciousness is
imperceptible by the senscs.

Thus, we may say that the physical order comprises all
existence perceivable by the senses, as an aggregate of events in
time and space, linked togcther by the principle of causality and
exhibiting conformity with the laws of physics. From this general
characteristics of the physical order arise the fundamental
problems of cosmology viz., the real structure of material
existence and the ultimate significance of the distinction between
the two orders.

In this chapter, we propose to review how the exceedingly
primitive way of conceiving the nature of material existence
developed stage by stage from the first epoch of Greek philosophy
to the sub-atomic physics of modern times. Our discussions,
however, will necessarily be quite imperfect and elementary for
more reasons than one. Firstly, the facts of which some account
must be taken are so numerons and complicated that they would
require for their mastery somcthing like an encyclopaedic
acquaintance with the whole range of experimental sciences viz,
physics, chemistry, cte. Secondly, an adequate interpretation on
the cosmological side would demand a familiarity with higher
mathematics. Thirdly, full discussion of the divergent views held
by the different philosophers and scientists would demand very
much more space than we are at liberty to grant in this book. We
shall deal with the broad outline of the general principles.
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SECTION 1

ANCIENT DEVELOPMENT

The word *physics’ is derived from the Greek word "physis’
which means the "essential nature’ or "real constitution of things'.
The roots of phys:cq are to be found in the first pertod of Greek
philosophy in the sixth century B.C. At that time, science, physics
and religion were not separated, and the earliest Greek
philosophers saw no distinction between animate and inanimate,
spirit (consciousness) and matter. All forms of existence were
supposed to be endowed with lifc and spiritvality. And they did
not even have a proper term for what we now call matter.

The early Greek philosophy from Thales (Sixth Century B.C)
to the atomists (420 B.C) in seeking the unifying principle in the
universal mutability of all things, had formed the concept of cosmic
matter, a universal substnace, which experiences all these
transformations, from which all individual things arisc and into
which they become again transformed. This matter was partly
identified with some specific natural element like water, air or fire.

There is enormous difference between modern science and
ancient Greek philosophy. Since the time ot Galileo (and Newtan),
scicnce has been based upon a detailed study of nature and upon
the postulate that only such statements should be made. as have
been verificd or at least can he verified by experiments. This way
of basing all theories firmly on experiment is known as the
scientific method. The idea that one could single out somc events
from naturc by an experiment, in order to study the details and
to find out what is the constant law in the continuous change, did
not occur to the Greek philosophers. Therefore, 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, in some way, meant far
more seriously than the statements of Greek philosophy. When
Plato says, for instance, that the smallest particles of fire are
tetrahedrons, it is not quite casy to comprchend what he really
means.
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ATOM_IN GREEK PHILOSOPHY

The idea of the smallest indivisible ultimate building blocks
of matter first came up in connection with elaboration of the
concepts of Matter, Being and Becoming which characterised the
first cpoch of Greek philosophy. The fundamental question was
'what is the material cause of all things? Simultaneously, there
was a demand that this question be answered in conformity with
reason, without resort to myths, mysticism or superstition.

Greek philosophy and science which were not originally
separate were born together at the beginning of the sixth century
B.C.,with the first of the Milesian philosopher, Thales. He took
his view primarily from meteorological considerations and held
that “WATER is the material cause of all things.”

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

Anaximander, second philosopher of the Milesian school
and a pupil of Thales, did not accept water or any other known
substance. According to him the primary substance was infinite,
eternal and ageless and it encompassed the whole world. This
primary substance, according to him, was transformed into
various substances with which we are familiar and thesc were
transformable into cach other.

Anaximenes, the last of the Milesian triad (500 B.C.) taught
that AIR was the primary substance. “The soul is air, fire is
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 primary
substance. The condensation of water vapour into clouds was an
obvions example and of course the difference between water
vapour and air was not known at that time.
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The Milesian school of thought is important not for what it
achieved but for what it attempted. The speculations of Thales,
Anaximander and Anaximencs are to be regarded as scientific
hypothesis. The next stage in Greek philosophy is more religious
but less scientific.

Heraclitus (500 B.C)) was a mystic of a peculiar kind. He
regarded FIRE as the basic element. Everything like the flame in
a firc is born by the death of somcthing. He taught that the world
is at once one and many. There is unity in the world but it is not
unity forming the combination of opposites. The strife of the
opposites is really a kind of harmony and ‘the opposite tension’ of
the opposites constitutes the unity of the one. He believed 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
material universe.

At this point, let us paase for a whilec and compare the
findings of the ancients with the modern. Firstly, the problem
whether the primary substance can be one of the known
substances or must be somcthing essentially different, occurs in a
somewhat different form in the most modern part of atomic
physics. The physicists today try to find a fundamental law of
motion for matter from which all elementary particles and their
properties can be derived mathematically. This fundamental
equation of motion may refer either to waves of a known type,
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, it would mean that all
other elementary particles can be reduced in some way to a few
sorts of '"Fundamental’ elementary particles. In the second case, all
different elementary particles could be reduced to some universal
substance which we may call encrgy 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 is
perhaps the correct one.

Next, Heraclitus holds that the change itself is the
fundamental principle and is represcnted by FIRE as the basic
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element which is both matter and a moving force. Modern physics
is, in some way, extremely near 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 invalves either matter in
motion or a change in its physical state, which we designate as
physical energy; a change in the chemical constitution of matter,
which we know as chemical energy; or a combination of the two.
Physical energy can be converted into chemical energy and vice
versa. The chemical energy stored in the plant manifests itself by
an increase in the plant as weight as compared with that of its
original constituents. Similarly, the release of energy manifests
itself through a loss in the total weight of the plants as substance.
Energy is, in fact, the substance from which all elementary
particles, all atoms and therefore all things are made, and energy
is that which moves. Energy is a substaace since its total amount
does not change, and that the elementary particles can actually be
made from this substance is seen in many experiments on the
creation of elementary particles. Energy can be called the
fundamental cause for all change in the world. But comparison of
Greek philosophy with the ideas of modern science will be
discussed later.

Parmenides (450 B.C.) denied the existence of empty space
for logical reasons. Since all change required empty space, as he
assumed, he considered change to be impossible, and regarded the
changes perceived by us as mere illusions of the senses.
Parmenides was in strong opposition to Heraclitus, and where
Heraclitus maintained that everything changes, Parmenides
retorted that nothing changes. What the subsequent philosophy
accepted from Parmenides was not the impossibility of all change
but the indestructibility of substance. The concept .of an
indestructible substance as the substratum of varying properties
grew out of this philosophy, and became one of the fundamental
concepts of western thought.

Empedocles (440 B.C.), younger contemporary of
Parmenides changed for the first time 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
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together in different proportions and separated to form the
varieties of things and thus produce the changing complex
substances that we find in the world. Here for the first time, the
idea is expressed that the mixture and separation of a few
substances, which are fundamentally different, explains the
infinite varicty of things and events.

According to these views, the soil, for example, was a
combination of earth substance and water substance closely
mixed, atom by atom. A plant growing from the soil combined
earth and water atoms with the firc atoms coming from the rays of
the sun to form composite molecules of wood substance. The
burning of dry wood from which the water element was gone, was
viewed as decompaosition or breaking up of wood molecule into
the original fire atoms, which escape in the flame and the earth
atoms which remain as the ashes. :

Anaxagoras (462 - 422 B.C)), a contemporary of Empedocles,
took the next step towards the concept of atom. He assumed
infinite variety of infinitely small seeds (not the four elements of
Empedocles. but irnumerably many different seeds) which were
mixed together and separated again to create multiplicity of
things. The seeds may change in number and in relative position.
All seeds were in everything, only the proportions might change
from one thing to another.

THE ATOMISTS

The founders of atomism were two—Leucippus and
Democritus. It is difficult to disentangle them because they are
gencrally mentioned together. They drew clear line between spirit
and matter, picturing the latter as being made up of “basic building
blocks”

Democritus 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 is eternal
and indestructible but it has a finite size. Thus the idea, 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 centuries ago.!

1. The Jain Theory of Paramanu is more ancient. See Chapter 11
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The atoms of Democritus were purely passive and
intrinsically dead particles moving in the void. They were all of
the same substance but had different sizes and shapes. Each atom
was eternally unchanging aund, in fact, a Parmenidean one. Each
atom was impenetrable and indivisible, 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 positions, and may combine with each other sometimes,
according to some natural laws. But they had no other physical
properties. 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 positions of the
atoms in space.

Democritus is quoted to have said: "A thing merely appears
to have colour, it merely appears to be sweet or bitter. Only atoms
and empty space have a real existence”.

The basic ideas of atomic theory were taken over and
modified in 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 Democritus
did, that atoms were at all times completely controlled by natural
laws,

Plato (428-348 B.C.) who was not an atomist himself
combined ideas that were near to atomism with the doctrines of
the Pythagorcan school and the teachings of Empedocles.
Pythagoreans had established the connection between religion and
mathematics which ever since has exerted the strongest influence
on human thought. There was also much mysticism in the
doctrines of the Pythagorean school which for us is difficult to
understand. But by making 'mathematics a part of their religion,
they touched upon an essential point in 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 part 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 characteristics of the regular solids which
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represent the four elements and the atoms of Democritus was that
both were indestructible. But the smallest parts of mattar vere
not the fundamental Beings, as in the philosophy of Democritus,
but were mathematical forms. Here it is quite evident that the
form is more important than the substance of which it is the form.

The Democritean atoms were assoc¢iated with external forces
which caused their motion. These were assumed to be of spiritual
origin and different from matter. In subsequent centuries, the
dualism between mind and matter became an essential element of
western thought.

WESTERN SCIENCE : CARTESIAN DIVISION

Further development of Western science came after
renaissance, when the influence of the church was greatly
diminished. In the late 15th century, cxperiments were undertaken
to test speculative ideas. Later on, with the development of
mathematics, proper scientific theories were formed and expressed
in mathematical formulae. Galileo was the first to combine
empirical knowledge with mathematics and is considered as the
father of modern science.

In the 17th century, Rene Descartes’ views led to an extreme
formulation of the spirit/matter dualism, and is known as *Cartesian
division of matter and mind’. This resulted in viewing the matcrial
world as a huge machine and Sir Isaac Newton’s "Laws of
Mechanics’ formed the foundation of classical physics. The
mechanistic Newtonian model of the universe dominated all
scientific thought for nearly three centuries. Thus, the Cartesian
division and the mechanistic world-view were extremely successful
in the devclopment of classical physics and technology.

After this short survey of development of theory of atom,
let us compare our modern views on the atom with the ancient
development. Historically the word "atom’ in modern physics and
chemistry was referred to the wrong object, during the revival of
science in the seventeenth century, since the smallest particles
belonging to what is called a chemical element are still rather
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complicated systems of smaller units. These smaller 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 Democritus, it should be the elementary particles like proton,
neutron, electron, meson, ete.

Metaphysically, the atom of Democritus is rather an abstract
piece of matter, since it is deprived of the qualites of colour, smell,
taste, ete. which are explained by the motion and arrangement of
atoms. But his atom has the primary quality of “Being” and of
extension in space, shape and motion. It would have been difficult
to speak about the atom, if latter qualitics had also been taken
away from it

Elementary particle of modern science has also no colour, no
smell, no taste, and in this respect resembles the atom of the
Greck philosophy. Moreodver, elementary particles of modern
physics are as much abstract as the atom of Greeks. All atoms of
Democritus consist of the same substance. The atoms of
Democritus are eternal, indestructible units of matter. The
elementary particles of modern physics are certainly not eternal
and indestructible units of matter, and they can actually be
transformed into each other. All particles are made of same
substance: energy.

Carrying the comparisen from metaphysical point of view
to familiar objects, we now know that air is not a simple element
as the ancients thought it to be but is a mixture of nitrogen,
oxygen, carbon dioxide, water-vapour and other gases. Let us take
another example illustrating differences between ancient and
madern views on chemical transformations. We know that
different metals are obtained by processing corresponding ores in
furnaces at high temperatures. The ancient scientists believed that
ores were made from the earth substance as other rocks. So, when
they obtained strong shining substance from these ores, they
explained the transformation by saying that the metal was formed
by a union of earth and fire. The different qualities of different
metals were accounted by saying that different proportions of
earth and fire atoms went into their formation. Thus, gold
contained mare fire than iron.
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Reasoning that if fire atoms were added to iron or copper,
it would turn into goid, the alchemists of Middle ages spent much
time to make synthetic gold from cheaper metals. The faliacy of
their theory and practice lay in their belief that metals were
composite rather than elementary substances. The transformation
of iron ore into metallic iron in the blast furnace is not due to a
union of atoms as ancients believed, 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,
Ieaving the atoms of pure metal On the other hand the rust which
appears on the surface of iron objects due to moisture is not earth
substance left behind after the escape of fire atoms from the iron
substance but the formation of iron oxide resulting from the
union of iron atoms and oxygen atoms from the water or air.

1. 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) Iron=Earth (rust) + Fire
2. The modern chemist would express the =ame by :
(a) FeOa=Fet+(>

(b) FetQ2=FeO;
(Fe=Ferrum (iron), O=Oxygen).

From the above discussion it is 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 substance. In fact, none of the four elements listed by
Empedocles is really elementary. Air is a misture of oxygen,
nitrogen and other gases; water is a compound of hydrogen and
oxygen; earth has a very complex composition and fire atoms do
not exist at alll

1. As we have remarked earlicr, the word fire can be replaced by energy but
the idea of fire atoms itself was also partially revived in Quantum Theory
of Light. '
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There exist in nature 92 different chemical elements i.e. 92
different kinds of atoms. While some of these elements such as
oxygen, nitrogen, carbon, etc., are rather abundant, some others
such as lanthanum, cerium, ctc. are very rare. In addition to 92
natural elements, modern science has succeeded in making several
entircly new elements artificially.! Combining among themselves
in various proportions, the atoms of these basic elements form
the unlimited numiber of various substances, some simple and
common such as water; others complex chemical materials such
as sugar, starch, celiulose.

1. The following elements have been antificially made by man:

Atomic No. Name Symbol
93 NEPTUNIUM Np
94 PLUTONIUM Pu
95 AMERICIUM Am
96 CURIUM Cm
97 BERKELIUM Bk
og CALIFORNIUM Cf
99 EINSTEINIUM Ei
100 FERMIUM Fm
101 MENDELEYIUM Md
02 NOBELIUM No

103 LAWRENCIUM Lw
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SECTION 1i
MODERN SCIENCE

A. MECHANICS AND ELECTRODYNAMICS

CLASSICAL PHYSICS

As we have seen, Philosophy and Scicnce were not separate
until the first half of the seventeenth century when Rene
Descartes based his view of nature on a fundamental division into
two realms — mind and matter. The Cartesian division helped the
scientists to study the physical universe as an independent
abjective reality. And they treated the material world as a huge
machinc composed of different objects. It was Isaac Newton who
constructed his mechanics on its basis and his laws became the
foundation of the classical physics. From the second half of the
seventeenth to the end of the nineteenth century, scientific
thinking was very largely dominated by the Ncwtonian model of
the universe which supported all of science as well as Natural
Philosophy for almost three centuries.

Newton was the first person to discover “Laws of nature”
which unify many aspects of common experience. Newton's Laws
of Motion were, in fact, based upon sound experimental evidence
and nothing else. They predict and depict events which are simple
to understand and easy to picture, because they pertain to
ordinary objects of daily experience. Besides the laws of motion,
Newton’s great contribution to science was the *law of gravity’ —a
remarkable Natural phenomena, though it is generally taken for -
granted. It is the same force which pulls objects downwards and
also keeps the celestial bodies like the moon and the planets
rotating in the orbits, The laws of motion not only give us a fore-
knowledge of eclipses, seasons etc., but we can also know
precisely where the moon will be in relation to the earth, and the
earth in relation to the sun at any given moment. Without
Newtonian physics, the space-programmes might not have been
possible. '
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The stage of the Newtonian universe was (1) the three
dimensional absolute space — “always similar and immovable” and
(2) absolnte time, a separate dimension—“flowing uniformly
without regard to anything external”. Material particles (actors) ot
mass-points —small, solid and undestructible objects, out of which
all matter was made —moved in this asbolute space, filled with
ether (medium of motion), strictly obeying the laws of motion in
respéct to the absolute time. It can be seen that this modcl was’
not very much different from that of Greek atomists. The
important difference between the Democritean and Newtonian
atoms is that the former were moved by external forces, which
were assumed to be of spiritual origin, and therefore, were
fundamentally different from matter while in the case of
Newtonian particles, the moving force acting between them is an
innate quality of matter, depending upon the mass and the mutual
distance of the particie. It is the force of gravity.

Physicists upto the [9th century firmly believed that the
universe was indeed a huge machine worknig in accordance with
the Newtonian equations of motion which were the basis of
classical mechanics. In fact, these laws of motion were accepted
as the ultimate theory of natural phenomena. But, alas, a new
physical reality viz electromagnetic phenomena which was
discovercd in less than a hundred years dethroned the supremacy .
of the Newtonian laws and exposed their limitations, and also
established that none of their features had absolute validity.

DISCOVERY OF ELECTROMAGNETIC PHENOMENA

In the nincteenth century, the first persons to go beyond the
Newtonian Physics were Michacl Faraday and James Clerk
Maxwell. This radical change in scientific outlook was brought
about by the discovery of a new type of force which the
mechanistic model failed to describe. This was the ‘electomagnetic
phenomena’. In fact, Faraday was the first person to bring science
and technology to a turning point by producing an electric current
in a coil of copper by moving a magnet near it. The colossal
technology of electrical engineering was the result of this
fundamental experiment converting mechanical energy into
electrical one. At the same time, it formed the foundation of the
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theory of electrodynamics. The fundamental difference between
the Newtonian laws and Electrodynamics is the concept of "field
of force”, i.e. an electric charge produces a 'condition® in space
around it so that another charge feels a force. This was a much
subtler concept than that of Newtonian *force’ and eliminated the
existence of ether. It produced a most profound change in the
basic concept of physical reality. It was Einstein who clearly
recogniscd this fact 50 years later, when he declared that no ether
existed and the electromagnetic fields were physical entities
which could travel through empty space and could not be
explained mechanically. Ultimately, it resulted in the realization
of the electromagnetic nature of light.

ELECTROMAGNETIC RADIATION —LIGHT

Much earlier, there were two theories about light : One which
Newton favoured was that it was composcd of particles, called
corpuscles; the other was that it was made of waves. A proper
theory of the propagation of light did not come until 1865, when
Maxwell succeeded in unifying the forces of electricity and
magnetism. Maxwell's equations predicted that electromagnetic
waves travel at a fixed speed. Thus, light is a rapidly alternating
electromagnetic field travelling through space in the form of
waves at a fixed speed.

In due course, it was established that radio-waves, light, and
X- rays are all waves forming the electromagnetic spectrum, a tiny
fraction of which—the visible spectrum —is visible in the form
of light. This remained the accepted and proven theory of light
upto 1905,

Einstein's theory of light was that it is composed of tiny
particles called photons. A beam of light is analogous to a stream
of bullets. To prove his theory, Einstein referred to a phenomenon
called the photo-clectric effect, in which when light impinges on
a metal surface, it sends electrons flying off. If a photon hits an
electron, it knocks it away just as one billiard ball hitting another
one knocks it away.

It was also found that the velocity of the rebounding
electrons did not depend upon the intensity of the impinging light,
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but on its colour. Thus each photon of a given colour, say, green,
has a certain amount of energy. Reducing intensity only reduces
the number of photons, but each green photon has the same
amount of energy. This brings us to the problem of colour.

Newton had discovered that if sunlight passes through a
triangular-shaped piece of glass, one of the most beautiful
phenomena occurs. From the other side of the glass comes not
white light but every colour in the rainbow from red to violet with
orange, yellow, green, blue, and indigo in between. This display of
colours is called visible spectrum. When white light, which is a
mixture of different colours, passes through prism, different
colours arc bent by different amounts —red the least, violet the
most. Each colour has its own specific wave-length and frequency.
The wave-length of red is longest while that of violet is shortest.

All the colours of visible light (together with infra-red and
ultra-violet radiations) represent only a small portion of a band of
radiations from high-energy X-rays to low-energy radio waves.
The higher the energy, the shorter is the wave-length. Thus, high
frequency light such as violet has a short wave-length and a high
energy; low frequency light such as red has a long wave-length and
a low encrgy. Velocity is the product of wave- length and
frequency. The velocity of all electromagnetic waves —lights of all
colours radio-waves, X-rays, and all the other forms of
radiation —is always 1,86,000 miles per second (i.c.3,00,000
kilometers per second). This constant speed of light is usually
represented by the letter "c”

In the beginning of the 20th century, thus, there were two
successful theories :
(1) Newtonian mechanics, and

(2y Maxwell's electrodynamics; the Newtonian monropoly of
being the basis of all physics was destroyed.

B. STRUCTURE OF ATOM

For fully understanding the structurc of matter, we have to
descend from the macroscopic to the mieroscopic level This has
to be done in two stages — first, at the atomic level and second, at
the subatomic level
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The first real step forward in an understanding of the
structure and the various chemical and physical properties of
matter was taken when it was accepted that atoms were not simple
indivisible particles of various shapes and sizes, but on the
contrary rather complex mecchanisms with a number of
independent parts in motion,

At the turn of the century, inexplicable phenomena conne-
cted with the structure of atom were discovered. Discovery of a
new radiation — X-ray —gave the first indication that the atom had
some structure. Radio activity gave definite proof of the complex
nature of atom, when it was discovercd that radioactive
substances not only emit radiations but also transform themselves
into atoms of new substance.

PLANETARY MODEL

In 1904, famous British physicist J.J.Thomson successfully
proved that the atoms of various chemical elements consist of
positively and negatively charged components. They are held
together by the forces of electric attraction. He called the
negatively charged particles electrons, a large number of which
were floating in the interior of a mass, with a uniformly
distributed positive charge. The atom on the whole is electrically
neutral because the total charge of all negative particles equals the
total positive 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 ionisation. Thomson
was able to estimate the mass of an electron which turned out to
be very small indeed. According to his estimate the mass of a
whole hydrogen atom is 1840 times the mass of an electron. This
indicated that the main portion of atomic mass is contained in its
positively charged components. Thomson was, however, very far
from the truth concerning the uniform distribution of the positive
charge through the body of the atom.

In 1911, another British scientist Ernest Rutherford, called
the father of modern atom, realized that so-called alpha particles
emanating from radio-active substances can be used as high speed
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projectiles to explore the interior of the atom. He bombarded
atoms with alpha particles in his now famous experiments called
"scattering of the alpha particles in their passage to the matter”.
He obtained totally unexpected resuits. It was established that the
atoms, far from being solid particles, (they were believed to be
since antiquity), consist of cxtremely small particles and vast
empty space. Rutherford also showed that almost the entire mass
as well as the positive charge of the atoms is concentrated in a
nucleus located in the very centre of the atom. The nucleus is, in
fact, thousands of times smaller than the atom itself. Thus the
originally widespread positive charge of Thomson's atom shrunk
into a tiny one in the ccntre of the atom, while the electrons
rotated outside.

Thus, the model of the atom created by Ernest Rutherford
was somewhat akin to our solar system : at the centre of an atom is
the nucleus, just as the sun is at the centie of our solar system.
Almost all of the mass of the atom is located in the positively
charged particles called protons at the centre. Orbiting about the
nucleus, as the planets orbit the sun, are electrons, which have
almost no mass compared with the nucleus. Each clectron has one
negative charge. The number of electrons is always the same as
the number of protons, so that the positive and negative charges
cancel each other and the atom, as a whole, has no charge. The
space occupied by the atom is so huge, compared with the size of
its particles, that the electrons orbiting the nucleus are "like a few
flies in a cathedral’, according to Rutherford

The magnitude of atoms is so far removed from our
macroscopic scale that it is very difficult to visualize the size of
this microscopic entity. The diameter of an atom is about one
hundred-miilionth of a centimeter. If an object of the size of a
cricket ball is magnified to the size of earth, its atoms wiil then
have the size of grapes. An atom, therefore, is extremely small
compared to macroscopic objects but it is huge compared to its
nucleus in the centre. The diameter of the atom is 1,00,000 times
greater than the diameter of nucleus, while its volume is 5,00,000
billion times the volume of nucleus. To see the nucleus, the atom
will have to be blown up to the size of the biggest dome in the
world. In an atom of that size, the nucleus would have the size of
a grain of sand!
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In the planetary model of the atom, the nucleus contains 99.97
percent! of the total atomic mass and the distance between the
electrons exceeds their diameter by several thousand times. The
electric attraction forces between the nucleus and the electrons
obey the mathematical law of inverse square i.e. the forces are
inversely proportional to the square of the distance between them
and the electrons deseribe the circular and elliptical trajectories
around the nucleus. It can, thus, be seen that most of the matter in
the universe is concentrated in the nuclei of the atoms. The density
of the matter in the nucleus is such that a paisa would weigh 600
million tons if its atoms were as tightly packed as the particles in
the nucleus.

It was found by Rutherford that in the natural sequence of
elements arranged in the order of increasing weights, there is a
consistent increase of one atomic electron in each element in the
sequence. Thus an atom of hydrogen has one electron; an atom of
helium 2; lithium 3; berillium 4; and so on upte the heaviest natural
element —uranium which has altogether 92 clectrons.

The numerical designation of an atom is usually known as its
atomic number and coincides with its positional number in the
atomic table. Thus, all the physical and chemical properties of any
given element can be characterised simply by one figure giving the
number of electrons rotating around the central nucleus.

BOHR’S THEORY OF ATOM

it was noticed that some of the propertics of the elements
begin to repeat themselves after a definite number of steps when
arranged in a patural sequence. 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 “eletronic shells”.

1. 97.87 percent of the total mass of the solar system is concentrated in the
Sumn
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In 1913, Neils Bohr, a Danish physicist, won the Nohel prize
by showing that electrons do not revolve round the nucleus of an
atom at any random distance, but in dcfinite orbits or shells which
arc at specific distances from the nuclcus. A certain number of
electrons, but no more, can be accommodated in cach of these
shells thus :

Shell number - 12 3 4 5.
Maximum number of electrons 2 8 18 32 50...

Thus, an atom with 3 clectrons will have 2 in shell no. | and
I in shell no. 2. If the atom has more electrons than the combined
capacity of the {irst two shells, viz. 10, then the third shell begins
to fill up and so on.!

Bohr also discovered that whenever an atom absorbs encrgy,
its electrons jump to onc of the outer shells. They return to the
inner shells (ground state) by emitting the energy absorbed earticr
and normally stay as close to the nucleus as they can.

We can now, having the picture of an atom, turn our
attention to the nature of forees which bind together the atoms of
different elements into complex molecules of innumecrable
chemical compounds The chemical bond between the
ncighbhouring atoms in molecule is due to the interaction of the
electronic shells and the forces involved are comparatively small
The distinction between the atomic nuclei and the electronic
shells of different elements at once gives a proper explanation of
the various physical and chemical propertics of the elements and
also of the fact that they are the ultimate units of matter. The
chemical properties of atom are, however, controlled by the
nucleus. If ene wants to change the chemical propertics of an
atom, one has to change the nucleus and this requires encrgies
about a million times greater.

CONSTITUENTS OF ATOM

With the creation of the planetary model of atom by E.
Rutherford, ‘proton’ and “clectron® emerged as the smallest units
of matter. The questions asked by the physicists were: Are these

1. See Atomic Table in the appendix.
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the “basic building blocks” — the ultimate units of matter? Can we
subdivide them still further into smaller and simple particles?
Would it be possible to reduce all different atoms to perhaps a
few really simple particles?

in the middle of the last century, William Prout, an English
chemist put forth a hypothesis that the atoms of all clements arc
made up of various numbers of hydrogen atoms. This hypothesis
was bascd on the fact that the atomic weight of various clements
were in most cases very nearly exact multiples of that of
hydrogen. Thus atoms of oxygen which are sixteen times hecavier
than those of hydrogen, must be composed of 16 hydrogen atoms,
somehow stuck together. But the facts found at that time were
unfavourable to the acceptance of this bold hypothesis. Isotopes
were not discovered and the chemical atomic weight of chlorine
for instance, being 35.5 was in direct contradiction to Prout's
hypothesis. He died without ever learning how right he actually
was.

In 1919, British Physicist F.W. Aston discovered that ordinary
chlorine was actually a mixture of two different kinds of chlorine
possessing ideatical chemical propei‘tics but having different
atomic weights: 35 & 37. Further study revealed the striking fact
that a mixture of several components, identical in chemical
properties but differing in atomic weights, made up most of the
clements. They were called isotopes. Prout’s forgotten hypothesis
was given a new life and was reformulated by saying that nuclei of
various atoms are composcd of various number of hydrogen nuclei
called protons. |

An important step towards a better understanding of nuclear
structure of atom was the discovery of neutron as the sccond
constituent of nucleus. It is a particle which has roughly the same
mass as proton, but does not carry an electric charge. Actually the
nuclei of various elements are composed of protons as well as
neutrons. The existence of neutrons was suggested by Rutherford
in 1920, but they were found experimentally only in 1932,
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Thus, the nucleus of an oxygen atom which is the eighth
element in the atomic table and has 16 units of mass and 8 units
of charge must be composed of 8 protons and 8 ncutrons, whereas
the heavy nucleus of uranium, atomic weight 238, atomic number
92, is formed by 92 protons and 146 neutrons. An important fact
to keep constantly in mind about protons and neutrons is that the
two are interchangeable. A proton, under certain conditions, loses
its positive charge by emitting a positive electron (positron) and
thus becomes a neutron. Similarly, a neutron, when agitated, cmits
a negative clectron and becomes a proton. As we shall see, the
latter process is taken advantage of in the transmutations of
nonfissionable uranium into platonium and of chromium into
fissionable uranium 233. The transmutations of all other
elements —age-old dream of alchemists —is made possible by the
interchangeability of protons into neutrons and vice versa.
Protons and neutrons are, thus, two clectrical states of the same
basic particle called nucleon.

The atoms of the elements have twins, triplets, etc., known
as isotopes. The nuclei of these twins etc, all contain the same
number of protons and hence all the same chemical properties.
They differ, however, in the number of neutrons in their nuclet
and hence have different atomic weights. For example, an
ordinary hydrogen atom has nucleus of one proton. The isotope
of hydrogen —deuterium has one proton plus one neutron in its
nucleus. It is, thus, twice as heavy as ordinary hydrogen. We may
now say that different combinations of two types of basic
particles (called elementary particles), participating in the
structure of the material universe, result in the infinite variety of
the material world : First of all we have electrons with a negative
electric charge and negligible mass. Then, we have nucleons which
represent the basic material particles. They are either neutral,
called neutrons, nr positively charged, called protons.

But, as we shall see presently, many more particles have
been discovered, and the number of particles increased from three
to six by 1935, then to eightecn by 1955, and today we know over
200 “elementary particles”.
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SECTION 111
NEW PHYSICS

DUAL NATURE OF MATTER

As stated above, the planetary model showed that atoms,
instead of being hard, indestructible and indivisible particles,
consisted of vast regions of empty space, in which extremely
small particles —electrons — moved around the nucleus, bound to
it by electromagnetic forces. But, later development in Quantum
physics established that even these particles were not solid objects
of classical physics. They appear sometimes as particles, and
sometimes as waves.

QUANTUM PHYSICS .

The Quantum physics forced itself upou the scientific world
at the beginning of this century with a discovery made in 1900
by Max Planck. He was trying to solve a specific problem, dealing
with energy radiation. He wanted to know why objects glow bright
and change colour when the temperature is increased (or
decreased). Classical physics failed to give explanation 1o this
simple phenomenon. Planck discovered that energy is not radiated
(or absorbed) smoothly and continuously, but in spurts of specific
amount or quantal (discrete packets). It was difficult 1o accept the
concepts of the new theory, even after its precise and consistent
mathematical formulation, because their implications were
practically unbelievable.

In 1905, at the age of 26, Albert Einstein exploded upon the
field of science with a force seldom exerted by a single scientist.
He constructed the ‘Theory of Relativity’ in its complete form,
entiretly by himself. In the same year, he also declared a new way
of studying the electromagnetic radiations which was to become
the basis of Quantum Physics. It took several years’ work by a

1. Planck himself was very unhappy with the implications of his discovery as
he had no intention to destroy the foundation of the NMewtontan Physics
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whole team of International groep of physicists! to complete the
mathematical formulation of the Quantum Theory.

The dual nature is alse exhibited by light which can take
the form of a particle (photon) or an electromagnetic wave.
Radiation must be in the form of waves, because it produces
well-known phenomena-interference associated only with waves.
On the other hand, however, light also produces photo-electric
effect. It was Einstcin’s theory of light that a beam of light is
composed of tiny particles, like a stream of bullets, each bullet
being a photon. The probiém is that we are talking about particles
(photons) in terms of waves (wave-length and frequencies) and
waves in terms of particles, thus producing the wave-particle
duality paradox. Thus, while Planck described the processes of
energy in terms of 'quanta’, Einstein theorized that energy itself
is quantized. Photons are particles of special kind. They are
massless and also travel with the speced of light.

In the early stages of atomic theory, physicists were puzzied
by the dual nature of matter : how can anything be simultaneously
particle (i.e. confined to 2 very small space) and a wave (which is
spread out over a large arca of space)? This apparent contradiction
gave rise to a paradox. Physicists were confronted with two sets
of repeatable experiences, each of which seemed to disprove the
other. This resulted in the famous ‘wave-particle duality’ which
1s fundamental to Quantum theory.

The paradox became more paradoxical when Louis de
Broglie (in 1924) dropped a bomb which demolished what was left
of classical view. He proposed, “Not only are waves particles, but
particles are also waves”. It was bewildering enough when
electromagnetic waves (light) behaved like particles, but when
electrons which are particles, were found to behave like wavesZ,
the effect was stunning. Subsequent experiments revealed that not
only subatomic particles but atoms and molecules also have

I. The team consisted of (i} Neils Bohr, Denmark, (i) Lowms de Broglile, France
@ii) Erwin Schrodinger (v) Wolfgang Pauli, Austria, (v) Wemer Heisenberg,
Germany and (vi) Paul Dirac, England.

2. The famous Daviszon-Germer-Experiment showed electrons reilecting off
a crystal surface in a way that could be explained only if they were waves.
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associated matter-waves. Theoretically, everything —tables, ¢ars,
men —has a wavelength but their wavelengths are so small that
they are not noticeable,

THE NEW ATOMIC MODEL

Let us return to the discussion of the structure of atom. At the
atomic level, the planetary model cannot explain some puzzles
which arose in connection with the structure of atom. The Quantum
theory has shown that the astonishing properties of atom arise
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from the wave-nature of the electrons, i.e. the electrons are not
spherical objects but patterns of standing waves.!

Whenever a particle is confined to a small region of space, it
reacts by moving around. Smaller the region of confinement,
faster is the speed of the particle. Hence, while the electrons are
bound to the nucleus by electric forces (which keep them as near
as possible), they respond to their confinement by whirling
around. Tighter the bond, higher is their velocity, which is about
1000 km. per second.

Due to dual nature of the electrons, they can no longer be
compared to ’planets’ in the solar system. Instead they produce
what is called ‘electron clouds® which are made up of a various
standing waves which surround the nucleus.

Just as a fast-rotating fan appears as a disc, the high speeds of
the electron-wave make the atom appear as a solid sphere. Thus,
they have to settle in orbits in such a way that there is a dynamic
balance between attraction of the nucleus and their tendency to
escape. This means that they can rotate only in certain atomic
orbits, with definite diameters. For example, the single electron of
a hydrogen atom can remain in first, second or third orbit, but
nowhere in-between Normally, it will always be in its lowest orbit
called ‘ground state”, It can jurnp to a higher orbit, if it is excited by
receiving energy. After a while, however, the electron gives off the
extra energy by emitting a photon and returns back to its ground
state. For all atoms with the same number of electrons, the shapes
and mutual distances of their orbits are exactly the same. This is
why any two atoms of hydrogen or oxygen will be totally identical
The wave nature of the electrons, thus, clarifies the puzzle of the
great mechanical stability and the identity of the atoms. We can
now enumerate the unusual features of the atomic level of physical
reality which are not found at the macroscopic level :

L Standing waves ¢an be produced on a rope, tied to a pole. When the rope is
pulled tight, there is no wave, but & flick of wrist sharply downwards and
then upwards creates a hump which travels down the rope to the pote, where
it tums upside down, and returns to our hand. This is a travelling wave. By
sending a series of humps down the rope, we can set up differen1 patterns
of standing waves. The widest point in the wave and the points 2t the ends
of the waves remain stationary. They are called nodes. Plucking a guilar's
string also produces patterns of standing waves on it.
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{) reaction with fast motion to confinement in small space.
{# tendencies to exist, instead of definite existence.

(%) sudden jump from one quantum state to another.

{iv) inter-connectedness of ait phenomena.,

On the other hand, there is nothing peculiar or special about
the basic force of electric attraction between the nucleus (with +
ve charge) and electron (with — ve charge), which is responsible
for all atomic phenomena. It is the same old familiar force
experienced at macroscopic level, between any two opposites. It
is the interplay of this familiar electric charge force with the
unfamiliar electron waves that is responsible for all chemical
reactions and for the formation of a tremendous variety of
aggrepates of scveral atoms bound to each other by mutual
attraction. Thus, the basis of the entire physical existence and the
bodies of the living organisms and their biochemical processes is
the interaction between the atomic nuclei and electrons. It must
be remembered that inspite of the electrons constituting only a
very tiny fraction of the total mass of matter in the universe, their
wave-like nature gives a solid aspect to it and also provides the
links necessary to build up molecular structures. They are also
responsible for and are involved in the chemical reactions. On the
other hand, nuclear reactions, as we shall see, generally do not
take place because of extremely stable nuclear equilibrium and
tremendous energies required for carrying them out

HEISENBERG’S UNCERTAINTY PRINCIPLE

Newton’s Laws of Motion, which, for three centuries, were
the basis of physics, do not apply to the subatomic realml.
Probability (and not absolute certainty) is a major characteristic
of quantum physics because events of individual subatomic
particles cannot be determined precisely/accurately. The
concepts of position and momentum (mass x velocity) are
intimately bound up with our idea of an entity called a moving
particle. Werner Heisenberg, a German physicist, proved that even

1. Strictly speaking, Newton's laws remain valid in some experiments involving
sub-atomic particles and may be taken as good approximations with descrip-
tion of what iz happening.
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if we had the best possible mcasuring devices, time and
determination, it is not possible to know both the position and
momentum of a subatomic particle (say, an electron) with absolute
precision. Both can be known approximately, but the more
accurately we know about one, the less accurately we know about
the other. For instance, given a beam of electrons, quantum theory
can predict the probable distribution of the electrons over a given
space at a given time, but cannot predict the course of a solitary
clectron. The precise mathematical form of the relation between
the uncertainties of position and momentum of a particle is
known as Heisenberg’s Unecertainty Principle. It has undermined
the whole idea of a causal universe.

SUBATOMIC LEVEL : THE HEART OF THE ATOM

Let us now descend to the subatomic level for a more
detailed study of the nucleus-—the heart of every atom. It is not
necessary to know more about the nucleus than its charge and its
mass to understand the great variety of molecular structures. But
to unravel the nature of matter, f.c. to comprehend what matter
is ultimately made of, the study of nucleus is ecssential because it
contains almost the entirc mass of the atom. Whereas the
structure of the outer body of the atom can be, to a certain extent,
compared to a miniature solar system, the structure of the nucleus
itself presents an entirely different picturc. The main task of the
post-quantum theory physicists was to study the structure, ie. the
constituents of the nucleus as well as the forces which bind them
together as a stable cntity.

First of all, it is clear that the nuclear forces which tightly
bind the nucleus together cannot be of the familiar electro-
magnetic origin, since the protons are all positively charged, thus
repelling each other.!

It must, therefore, be an entirely new force of nature, not
encountered anywhere outside the nucleus and must be many

1. The eleciromagnetic repulsion force in the nucleus varies inversely as the
squrare of the distance separaling the positively charged particlest Prof. E
Soddy has figured out that two grams of protons placed at 1he opposite poles
of the carth would repel each other with a force of twenty-six tons.
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times stronger than the repelling electromagnetic force. In fact, it
is one hundred times stronger than the electromagnetic force and
is the strongest force known in nature.

We have already seen that the nucleus is about one hundred
thousand times smaller than the atom itself but it contains almost
all of the atom’s mass. A nucleon has the same quantum nature
as an electron and, therefore, reacts, to its being squeezed into a
much smaller space, morc violently than electron. It races about
in the nucleus with an incredible velocity of about 40,000 to 50,
Q00 miles per second. We have already seen that the nuclear
matter is extremely dense? compared to matter at macro-level. The
high velocity and high density of the nuclear matter is, thus,
entircly different from any thing experienced at the macro-level

The exclusively unigue aspect of the strong nuclear force
that makes the nucleus an extremely stable unnit is that it acts as
an attractive force when the constituent nucleons are at a distance
of two to three times their diameter. The very same force is
strongly repulsive when the distance becomes less so that the
constituents cannot get any closer. Thus the equilibrium is
dynamic and yet extremely stable.

The comparative instability of the radio-active elements is
explained thus. The electromagnetic force of repulsion between
the positively charged protons tries to disrupt the nucleus into its
constituents. This force is countered by the strong nuclear force
which tends to keep it unified. Now if the repulsive force
predominates, the nucleus will have a tendency to break up into
two or more parts, the process being known as ‘fission’. On the
contrary, if the strong nuclear force holds the upper hand, not only

1. This strong force can be compared to that encountered in ordinary liguids
causing the phenomenon of surface tension. In the atomic auciei, we have
similar force of much greater magnitudes acting ag the cosmic cement which
prevents the breacking up of the nucleus under the action of electric repul-
sion between the protons Thus. if we amsume the nuclei of different ele-
ments Lo be dropleis of a universal “nuclear fluid”, the density of such a
fluid will be 24x10° times that of the water. [ts surface tension forces will
be about 10™® times larger 1than those of waler.

2. If a mass of about 100 kgs. were to be compressed to nuclear density, it
would take less space than an ordinary pin-head
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the nucleus will never break by itself, but will also have a
tendency to fuse with other nuclei coming into its contact. It is
now established that the electric repulsion forces prevail in all
heavier nuclei, while the cohesive forces hold the upper hand in
the lighter elements from hydrogen approximately upto silver in
atomic table! Each proton or neutron in the elements weighs less
than it does in the free state, the loss of weight 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 in the nucleus of silver. After that the loss gets
progressively smaller. Since each loss of mass manifests itself by
the release of encrgy, it can be seen that to obtain energy from the
atoms, nucleus requires either the fusion of two elements in the
first half of the table or the fission of an element in the second
half.

However, because of the state of metastability, neither the
fission nor fusion would occur normally unless something was
done to start the process2. And the process of starting a nuclear
reaction is extremely difficult because it needs very high
activation energies.

The available energies. when the temperature is not too high,
are not high enough, to disturb the nuclear equilibrium, and as we
have stated earlier, mostly electrons are responsible for the diverse
nature of physical existence on earth.

The multitudes of shapes and molecular architecture can
exist only on earth where temperature is not too high.

In the stars, where the thermal energy increases a
hundredfeold and where most of the matter in universe exists, the
state of the matter is radically different from that on earth.

In the centre of stars, where temperatures are very high, the
matter exists in large accumulations of nuclear matter and nuclear
processes which are rare on earth, predominate there. Of
particular importance to us are nuclear reactions in the sun
because they supply life-supporting encrgy on earth. The

L. See appendix.
2 Please see Chapter III for discussion on this point.
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discovery that the constant energy-flow from the sun is the result
of nuclear reactions is one of the significant achicvements of
modern sciencel.

FORCES KNOWN IN NATURE

The universe, according to physicists, is held together by
four fundamental types of glue (force). In other words, all known
forces in nature can be grouped into four categories according to
their strength. This division is empirical (i.e., man made) for the
convenience of explaining partial theories. It is quite possible that
all the four types of foarces are but different aspects of a single
force.

In order of the decreasing strength, they are :
1. Strong nuclear forcc

2. Electromagnetic force

3. Weak nuclear force

4. Gravity (gravitational force)

1. The strongest force is the ‘strong nuclear force’ that is the
binding force of the nucléi. It not only binds the nucleons, protons
and neutrons together in the nucleus of an atom, but binds the
constituents (quarks)? of these nucleons together. The strong force
deserves its name, because it is 100 times stronger than the
familiar electromagnetic force. In fact, it is the strongest force
known in nature. It has to be strong because it has to keep
mutually repulsive protons, not only in ciose proximity, but also
keep them bound together very tightly. It has the shortest range of
all the forces known in nature. For example, only if a free proton
comes within about one tep-trillionth 1013 of a centimeter of the
nucleus, it is suddenly sucked iato the nucleus with a force one
hundred times more powerful than the repulsive electromagnetic
force. One ten-trillionth of a centimeter is about the diameter of
the proton itself. At a distance, only slightly greater than its
magnitude, the proton is relatively unaffected. Strong force

1. Further description of solar processes is given at the end of this chapter.

2. Quarks are dealt with in a later pan of this chapter.
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interactions are very very fast ie., they take about 10-22 seconds.
(Weak force reactions take about 10-1° seconds).

Becausc of the short range, it can never appear as a force at
macroscopic level and cannot be experienced in the everyday
world.

2. Electromagnetic Force is encountered in everyday world
and holds together the atoms and molecules. Every subatomic
particle has a positive or a negative charge or it is neutral
Positively and negatively charged particles are attracted to
particles with opposite charge and repelled by those with the same
charge. It varies inverscly as the square of the distance separating
the particles. It enables atoms to join together to form molecules
and it keeps electrons in orbit around nuclei. At this level, it is
the fundamental glue of the universe.

It is much stronger than the gravitational force. For instance,
the force between two electrons is 1040 times bigger than the
gravitational force. ’

3. Weak (nuclear) force is the least known of the four forces.
Its existence was inferred from the time required by certain
subatomic interactions. Whereas strong force interactions happen
in about 1023 seconds, weak interactions take a much longer time
i.e. about 1010 seconds. In ail probabilities, this force and the
electromagnetic force are different manifestations of the same
force operating at distances between particles.

4. Gravitational force : The weakest of the four is the
gravitational force which is universal, i.e., every particle
exerts/feels it. it is essentially a long range force, ie., it acts over
large distances. whereas the other three forces are sometimes
attractive and sometimes repulsive, this one is always attractive.
It holds together the solar systems, galaxies, etc. On the subatomic
level, its effect is so acgligible that it is ignored altogether.

PARTICLE PHYSICS

The picture of atom which emerged from the study of its
nuclei showed that the matter was concentrated in microscopic
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drops, separated by huge distances. In the vast ocean of space
hetween the fast moving nuclear drops, moved the electrons
which gave matter its solid aspect. Historically, during the course
of our descent into the subatomic world a landmark was reached
in 1930s when physicists thought that they had finally discovered
the “basic building blocks” of matter consisted of atoms and that
all atoms consisted of “elementary particles”, viz. protons,
neutrons and electroas. These were accepted as the ultimate
indestructible units of matter. With farther refinement of
techniques and development of new devices for particle-detection,
their number increased from 3 to 6, and then to 18 by 1955. By
1970s, over two hundred elementary particles were known to exist.
How can such a large number be called elementary? In fact, a
widespread belief among physicists that none of them deserves
this title, prevailed.

Theoretical developments which paralieled the discovery of
new particles, reinforced the belief. It became increasingly clear
that nuclear phenomena demanded the incorporation of relativity
theory with the quantum theory, mainly because of the high specd
of the subatomic particles, coming close to the speed of light.
Relativity established unification of mass and energy which was
summed up in the famous equation E=mc2 This unification of
mass and energy by the relativity theory forced the physicists to
radically modify the concept of a particle. In classical physics,
where matter and energy were separate entities, mass was
associated with some “stuff” of which all matesial objects were
made, Relativity showed that mass was a form of ecnergy. Now
energy being a dynamic entity, the particle can no longer be
conceived as a static object but as a dynamic pattern. In 1930, this
new view of particles was put forth by Paul Dirac, an English
physicist, who imposed the requirement of relativity on quantum
physics, and formulated relativistic equations, describing the
behaviour of electrons. His theory revealed a fundamental
symmetry between matter and anti-matter. It predicted the
existence of an “anti-electron® with the same mass as the electron,
hut wiih a positive charge. Two years later, in 1932, Carl Anderson
actually discovered this new particle and called it ‘positron’,
Physicists later discovered that every particle has a counterpart
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which is exactly like it but opposite in several major aspects.
These counterparts were called antiparticles (equal mass but
oppositc charge). An anti-particle, despite, its name is a particle.
Some particles have other particles as anti-varticles. A few
particles are their own anti- particles (like the photan).

Whenever a particle meets its anti-particle, they annihilate
cach other. When an clectron meets a positron, for cxample, both
of them disappear and in their place are created two photons
which instantly depart from the scene at the speed of light. If there
is sufficient encrgy, a pair of particle and anti-particle can be
created conversely, they can be made to turn into pure energy by
mutual annihilation. Thesc processes of particle-creation and
annihilation, predicted from Dirac's theory have since been
observed millions of times by experiments.

HIGH-ENERGY PHYSICS

The most spectacular proof of relevance of relativity theory
in particle physics was the creation of material particles from pure
energy. Uptil now, the basic question was whether the matter can
Le divided again and again until one arrived at the smallest
indivisible unit. In relativistic particle physics, the only way to
further divide subatomic particles is to bang them together. When
they collide with high encrgics, they de break up but the pieces
are not smallcr than the original particles, but particles of the same
kind. We can never obtain smaller pieces because new particles
are constantly created out of the energy involved in the process -
of breaking up. The subatomic particles are thus divisible but at
the same timc indestructible. Such a paradox is incvitable with
the static view of matter composed of basic building blocks. But
it disappears when particles are viewed as ‘processes’, which
involve cnergy appearing as their mass. Because of the high
energy collision process, “particle physics® is also called
‘high-energy physies’.

Most of the particles created by collisions have an extremely
short life —less than a millionth of a second, after which they
disintegrate into one of the three stable particles, viz, protons
ncutrons and electrons. In spite of this, they can be detected,
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photographed and their propertics can be measured. They can be
produced in the laboratory in the so-called bubble-chambers. The
high energy-scattering experiments of the last few decades have
firmly cstablished that matter is completely mutable,

All particles can be transmuted into other particles, they can
be created from energy and can vanish into energy. In this
subatomic universe, classical concepts such as “elementary
particles”, "basic building blocks”, “material stuff” or “isolated
object” become meaningless. “A dynamic web of inscparable
energy pattcrns” is a fit description of this world. This means that
the properties of a particle can be known only in terms of its
interaction with surrounding environment, and therefore, the
particle has to be understood as an integrated part of the whole
and never as an isolated entity. All particles contradict each other
in many ways but all of them reflect the basic unity and
intrinsically dynamic character of matter.

Relativity theory has not only affected our conception of
particles but alse our picture of the forces between these particles.
Relativistically the forces between the particles are also other
particles. This four-dimensional space-time character of the
subatomic world is very difficult to visualize nor can our language
deal with this concept adequately. And yet it is essential for
understanding the subatomic properties where force and matter,
which had seemed two entities, are wvnified. Subatomic particles
are both matter and force, and this fact is a reason why they can
be never subdivided into elementary components. As we shall sec
later, even protons and neutrons are not elementary but composite
objects; but the classical distinction between the force and matter
vanishes when the forces are also particles and cannot be
decomposed into components.

But old ways die hard and there are physicists who continue
the old way of thinking and continue their scarch for the
elementary building blocks of the material universe. The most
likely canditate for this title is the ‘quark’. It is a type of
hypothetical particle theorized by Murray Gell Mann in 1964,
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ORDER BENEATH CHAOS

Thus the answer to the fundamental question about a
material object “what is it made of” would be a series of similar
questions, e.g., what is a chair made of 7 It is made of wood and
what is the wood made of 7 It is made of fibres. Then fibres are
madc of cells and cells are made of molecules. Molecules, under
high magnification are found to bc patterns of atoms and lastly
atoms have turned out to be patterns of subatomic particles. Now
what are these (particles) made of? Energy! But subatomic
particles are not made of energy. They arc energy and subatomic
interactions are interactions of energy with energy. At this level
there is no longer a clear distinction between what is and what
becomes, being and becoming become one. Pure energy can
perhaps qualify to be called the ultimate stuff of the physical
universe. It is energy that assumes the form of a wave or a particle,
and what is called a particle is being created, annihilated and
created again. High-energy physics is the study of colliding,
transmuting, appearing and disappearing particles.

How does this new physics compare with the old classical
physics? While the old world-view was the picture of "order
beneath chaos”, the new one is that of "chaos beneath order”.! The
rational laws which govern falling objects also govern the motion
of planets and there is still, of course, much truth in this as far
as the macrocosm is concerned. But in subatomic world-view of
relativistic particle physics, there is an unending tumultuous
dance of creation, annihilation and transformation.

As Jack Sarfatti wrote : "Particles deo not move formally in
predetermined paths. Rather it is Marx Brothers’ hyperkinetic
pandemonium, Charlie Chaplin slapstic, now you see it, now you
don't. Infact, it is not even clear what is that has a path Its
psychedelic confusion until one sees the subtle order.”2

Is there absolutely no law 7 There, of course, is law of
conservation. In fact, the two separate conservation laws of mass
and energy of the Classical Physics is replaced by a single

1. The Dancing Wu Li Masters by Gary Zukav, p. 213.
2 Ibid, p. 213
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conscrvation of mass-energy. For a major revelation by Elastein's
theory of relativity is that mass and encrgy are not scparate
cntitics (like space and time) but different forms of the same
thing. What, then, is the single law of conservation? It says that
the total amount of mass-cnergy in the universe always has been
and always will be the same. Mass may he converted into the
encrgy and vice versa but the total amount of mass-encrgy does
not change.

In spite of what has been said abave, the enormous varicty
of paiterns fall into a few distinet categories and reveal a great deal
of order. All atoms, and conscquently all forms of matter in our
environment, are composed of only three particles with mass —the
proton, the ncutron and the electron and a fourth massless
one — the photon which is the unit of clectromagnetic radiation.
Except the neutron, all arc stable particles, i.e. they live for ever
uniess they are involved in a collision process. The neutron can
spontancously disintegrate into a proton by cmitting an electron
and a new type of massless particle called neutrino through a basic
process of radicactivity called “beta decay”, The electrons, which
are emitted in this process, become powerful radiations and are
used in bielogy, medicine and industry. The ncutrinos, or to be
precise, the amti-neutrinos! are very difficult to detect as they have
neither mass nor electric charge.

Except the ahove four which are only a fraction of the total
numbcer of particles given in the table? are unstable, and decay again
and again until a combination of stable ones remains. These
unstable particles live for less than a millionth of 2 second. Some
of them have different ‘charge-states® as can be scen in the table.
Again they have different mass—electron has the least mass,
muons, pions and kaons are a few hundred timmces heavier, the
others arc one to three thousand times heavier. AH particles (except
photon} fall into two broad groups : ‘leptons’ and *hadrons’. The
leptons do not participate in strong interactions as the hadrons do.
The hadrons are again divided into mecsons and baryons which
differ in various ways, one of them being that all baryons have

. Every particte has an anti-panticle. Photon is its own anti-pamicles.

2. See the table in the appendix.
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distinct anti-particles, while meson can be its own anti-particle.
The leptons are involved in weak interactions which manifest
themselves only in certain kinds of “particle collisions’ and in ‘beta
decay’.

"Thus, the universe is made of both particles and
antiparticles. Qur part of it is, howcver, made almost entirely of
regular molecules which compose regular atoems, to produce
regular molecules which make regular matter which is what our
physical world i madc of. Leptons, mesons, barvons., mass.
charge, and anti-particles are some of the man-made concepts that
the scientists use to describe the subatomic world.

CHARACTERISTICS OF SUBATOMIC PARTICLES

Fundamentai thing to know ahout the subatomic particles is
that every particle of the same species looks exactly alike. Every
clectron, proton and ncutron looks exactly like every other
clectron, proton and neutron respectively.

Mass : Particles of different types, however, can be
recognized by their distinguishing characteristics. Mass is the first
distinguishing characteristic. A proton has about 1980 times more
mass than an clectron’. Mass of a particle at rest is called its
rest-mass. The mass of a moving particle increases with its
velocity and at 99% of the speed of Hght it is soven tiwes lareer
than the rest-mass. At velocities above 99% of the speed of light,
particle-masses incrcasc dramatically. Ap clectranvelt is a unit of
cncrgy but it is also used for measuring a particle’s mass (the
encrgy that an eleetron gains from an electrie field of one volt is
called an clectron-velt). Thus the rest-mass of an clectron s 0.5]
million electron vaolts (Mcv) while the rest-mass of a praton is
938.2 Mev, It is customary to usc the mass of an clectron as a unit,
This arrangement makes the mass of a proton 1836.12 and the mass
of 2 neutron 1837. By this system it is easy to seec how much
heavier a particie is than an clectron: A photon has zero rest-mass,
and is, therefore, called massless? particle.

1. This does nol mean that a proton s 1800 times larger than clectron. A
kilogram of iron has the same mass as a kilogram of cotton.

2. "Massless” iz actually a clumsy translation from the langnage of mathematics
1o English Janguage.
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All 1ts energy is the encrgy of motion at the speed of light.
It can neither be slowed down nor made to run faster.

Electric Charge : The second characteristic of a subatomic
particle is its charge. Every subatomic particle has either a positive
charge or a negative charge or is neutral Its charge determines
how the particle will behave in the presence of other particles. A
neutral particie will be utterly indifferent to all other particles.
Two positively charged or negatively charged particles will repe!
each other and will put as much distance between them as
possible. On the contrary, a negatively charged particle and a
positively charged particle will be irresistibly attracted to each
other and will move nearer to it if they can,

A subatomic particle can have zero charge (neutral) or 1 unit,
either positive or negative, or in certain instances 2 units of
charge, but nothing in betwecn. No particle can have 1.25,1.5 or 1.7
units of charge. In other words, electric charge is also quantized
like energy, and all the charge quanta are of the same size. A
particle with mass and charge emerges as a particle- personality.

Spin : The third characteristic of a subatomic particle is its
‘spin.’ A particle spins about a theoretical axis at exactly the same
rate, neither slower nor faster. The spin of a particle is related to,
but not identical to, our everyday concept of a spin of a top
because it does not have any well-defined axis. Like every
phenomenon in quantum mechanics, spin is also discontinuous ie,
quantized like energy and charge.

The spin of a subatomic particle is calculated in terms of
angular momentum which depends upon the mass, size and rate of
rotation of a spinning object. Although spin is a major
characteristic, it is too complicated to explain in the present work,
We shall try to explain spin in a slightly different way.

A particle of spin zero (o) is like a dot and looks the same
from every direction. A particle of spin (I} looks different from
opposite directions (like an arrow) but looks the same if turned
round a complete revolution (360 degrees). A particle of spin two
(2) is like a double-headed arrow, and looks the same if turned
round 180°. But a particle of spin i has to be turned two complete

revolutions for looking the same. Particles of spin 1 make up the
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matter in the universe (proton, electroa, etc.); particles of spin 0,1,
and 2 give rise to forces between matter-particles. In quantum
physics, forces or interaction between matter-particles (spin 1) are

all supposed to be carried by particles of integrated spins —0,1,2.
These force-carrying particles can be grouped into four categories
as we have scen. Graviton, a particle of spin 2, carries the force of
gravity. Electromagnetic force is carried by photons, the massless
particle of spin 1. The strong nuclear force is earned by another
spin-! particle called ‘gluon’™ which interacts only with itself and
with quarks,

SELF-INTERACTION OF PARTICLES

Subatomic particles do not just sit around being subatomic
particles. They are beehives of activity. An electron, for example. is
constantly emitting and absorbing photons. These photons, again,
are neot ‘real’ photons but now-you-see-it-now-you-don’t
variety —virtual photaons (virtual means being so in effect or
essence, although not in actual fact). They are exactly like real
photons except that they don’t fly off on their own. They are
reabsorbed almost as soon as they are emitted by electrons. {n other
words, first there is an electron, then there is an electron and a
photon and then there is an electron again. Lifetime of a virtual
photon is 103 of a second.

Protons and neutrons, like electrons interact with themselves
in more ways than one. The simplest proton self-interaction is the
emission and reabsorption of a virtual neutral pion. In addition, a
proton ¢can emit a positive pion and transforms itself inte a neutron.
So there is a neutron plus a positive pion. Reabsorption of the
positive pion transforms the neutron again into a protoun. In other
words proton continually changes into a neutron and back into a
proton again. In a similar manner, neutrons emit and reabsorb
neutral pions or negative pions and momentarily transform into
protons and back again into neutrons.

Particle self-interaction becomes quite intricate when virtual
particles themselves emit virtual particles which again emit virtual
particles in a diminishing sequence. For instance, 2 negative pion
transforms itself into two virtual particles —a neutron and an
anti-proton (anti-protons were discovered at Berkeley in 1955). This
is the simpicst example of scif-interaction,
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Thus, a proton never remains a simple proton and a neutrca
never remains a simple neutron. A negative pion mever remains a
simple negative pion. A proton alterpates between being a proton
and a ncutral pion on the one hand and being a neutron and a
positive pion on the other hand. A neutron alternates between
being a neutron and a neutral pion on the onc hand and being a
proton and a negative pion on the other hand. A negative pion
alternates between being a neutron and an anti-proton on the one
hand, etc. etc. Eleven particles make their transient appearance
between the time the original proton transforms itself into a
ncutron and a pion and the time it becomes a single proton again.!

QUANTUM FIELD THEORY

Our natural assumption that ‘particles’ are real things is
repudiated by quantum mechanics, which is the most successfui
theory of physics. it has explained successfully everything from
subatomic particles to stellar phenomena

Quantum theory tells us that ‘particles’ are actually
interactions between fields. When two fields interact with each
other, they do it instantaneously and at one single point in space.
These instantancous and localized interactions are *particles’. The
countinual creation and annihilation of particles as discusscd above
1s the result of the continual interaction of different fields and the
theory which deals with these interactions is called ‘quantum’ field
theory. Quantum field theory merges quantum mechanics and
relativity, albeit in a limited way. It is an ad hoc but a successful
rhysical theory premised on the assumption that physical reality is
essentially non-substantial and fields alone aré real Fields, and not
particles, arc the substance of the universe.

A quantum is an indivisible whole —a picce of something
while a field is a whole area of something. Thus, a ‘quantum field’
is the juxtaposition of two irreconcilable concepts —a paradox.
Whereas our logical mentality would demand that something is
either this or that, but not both, the quantum theory boldly
states that something can be this as well as that (a wave as well
as a particle). The language of quantum theory is considered to be

1. Compare the arthaparyiya of pudgala as per Jain Physics in Section III of
Chapter ITL
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precise but tricky. It docs not state that something, for instance,
light can be wave-like and particle-like at the same time.
According to Bohr's ‘complementarity’, light reveals a particle-like
aspect or a wave-like aspect, depending upon the context, i.e., the
nature of the expertment. It is not possible to observe both —the
wave-like and the particle-like aspects in the same situation.
However, both of these mutually exclusive (complementary)
aspects are needed to fully understand ‘light”. [n this sense light is
both — particle-like and wave-like.

Complementarity is the concept developed by Niels Bohr
(one of the founders of the quantum theory) to explain the
wave-particle duality of light. Although one of them always
excludes the other, both uf them arc necessary to understand (the
nature of} light. Light or anything else cannot be bath wave-like
and particle-like in the same context.! Individual events are
always particle-like; wave behaviour is detected as a statistical
pattern —interference. However, in the words of Paul Dirac
(another founder of quantum mechanics), even a single subatomic
particle interferes with itself. But how a single subatomic particle,
like an electron, can interferc with itself is a basic quantum
paradox.

CHARACTERISTICS OF ELEMENTARY
PARTICLES

INHERENT SYMMETRIES OF PARTICLES

The continual change and constant movement in the
subatomic world is not arbitrary and chaotic but is symmetrical
and rhythmic. Firstly all particles of a given kind have exactly the
same mass, electric charges and other characteristic properties.
The electric charges carried by them are exactly equal (or opposite)
to that of eleetron or exactly twice that amount. The definite and
clear patterns in the structure of particles follow the same
reguiarity observed in the world of atoms, For example, all
hadrons which are the strongly interacting particles and which
include protons and neutrons, seem to fall into sequences whose
members have identical properties except for their masses and

L. This precisely is the Jain position with regard to any two opposites. For
further discussion, see chapter IH of this book.
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the mmasses also increase in a well-defined way within cach
scquence. These regularities suggest an analogy to the excited
states of atoms. The similaritics between the atoms and hadrons
suggest that the latter too are compaosite structures capable of
absorbing energy to form a varicty of patterns.

Now, it should he ciarified that the classical notion of
“composite objects” consisting of “constituent parts” cannot be
applied to subatomic particles. For cxample, two protons when
they collide with high velocities, can hreak up into *fragments’,
hut there will never be fractions of a proton among them. The
fragments will always be entire hadrons whicl are created out of
the cenergies and massces of the colliding protons. The
decomposition of a hadron into its “constituents” depends on the
cnergy involved in the breaking-up process. In the sixtics,
thercfore, when most of the presently known particics were
discovered, most physicists concentrated their efforts on mapping
out the emerging regularities rather than finding out the
constituents.

The notion of symmetry played an important role in this
scarch. All material processes are governed by conservation laws.
There are roughly twelve conservation Jaws! and most of them can
he called the laws of symmetry.? E.g. all interactions are
symmetric 10 gpace and look exactly the same whether they take
place in Bombay or Sydney; they are also symmetric in time and
will occuy in the same way on any day of the week. The law simply
states that the "lotal momentum and the total energy (including
masses)” will be exactly the same before and after the interaction.

L There are twelve Conservation Laws : () Energy i) Momentum (i) Angular
momentum v} Charge () Electro-family number (i) Barvon famidv number
(viiy Tine-reversal ) woiij Confined space inversion and charee conjusation
(PC 63) Spawye inversion aloue (P} oy Charge conjugation atone (C) (X0 Stran.
geness and (i) Isotopic Spin

Strong Interactions are restrained by all the twelve. Electromagnetic inter
actions by all excem 1the ks, Weak interactions lose () Strangeness (x}
Charge conjugation and (ix) Spuce inverzion but the Combination PC
remaing valid,

2. Somerhing is symsnetrical if cettain aspecis of it remain the same under
varving conditions. A mirror reflection is the most common case and one
half of a circle always mirrors the other half. Regardless of how we tum a
circle the right half always mirrors the left helf. The position changes but
the symmetry remains
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The other laws correspond to such quantum numbers! as isospio
and hypercharge which are too complicated for our discussion.
Suffice is to say that these are used to arrange particles into
familics forming neat symmetrical patterns calied ‘'meson sextet’
and "baryon octet” etc.

Now, if one assumes that all hadrons are composed of smaller
clementary cntities, most of these regularities can be represented in
a very simple way. Such entitics have been called “quarks™ by
Murray Gell Mann who postulated their existence in 1964 as stated
carlicr. Strong nuclear force binds and holds the guarks together in
the proton and ncutron and holds the protons and neutrons tightiy
together in the nuclei of atows. It is belicved 1hat this force is
carried by a “spin-1” particle, called the ‘gluon® which interacts only
with itsclf and with guarks. A curious property of the strong nuclear
force called ‘confinement’ prevents once from obscrving an isolated
quark or‘gluon” and might scem to make the whole notion of quarks
and gluons as particles somewhat metaphysical, and a few years
ago, it was believed that quarks are permancntly ‘confined’ within
badrons and will never be detected. However, there is another
property of the strong nuclear force called ‘asymptotic freedomy’
that makes the eoncept of quarks and gluoons well-defined. At
normal cnergies, the strong nuclear force is indeed strong and it
binds the quarks tightly together. However, at high encrgies, it
becomes much weaker, and the quarks and gluons behave almost
like free particles, By collision hetween a high-encrgy proton and
anti-proton, several almaost frec quarks have been produced.

On the theoretical side, the quark model is very successful in
accounting for the regularities found in particle-waorld. From three
kinds of quarks in the original model of Gell Mann, the number
hag increased to at least eighteen quarks plus eight gluons to
account for the observed patterns in the hadron spectrum. The
terms ‘colours® and ‘flavours’ have heen introduced to distinguish
different kinds of quarks and so there are quarks of different
‘colors” and *flavours’?

L The basic quuntum numbers are spin, isotopic spin, charge, strangeness,
charmn, baryon aumber and lepton number.

13

The {anciful name caught the fancy of i1s postulatar from a line in fames
Joyee's book “Finnegan's Wake”

3. Thix is vomparable 10 the laws of combination of paraménes which will be
discuswed in Chapter Ik
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Property of confinement always binds particles together into
combinations that have no colour, e.g.,, one cannot have a single
quark because it would have a single colour (red, green or blue).
Instead a red quark has to be joined to a green and a blue quark
by a string of gluons (red+greent+blue=white). Such a triplet
constitutes a proton or a neutron.

Another possibility of combination is a pair. consisting of a
quark and an anti-quark (red+anti-red and so on=white). Such
combinations make up the particles known as mesons which are
unstable. Similarly, confinement prevents one having a single
gluon on its own, because gluons also have colour. Instead, one
has to have a collection of gluons whose colours add up to white.
Such a collection forms an unstable particle called a 'glucball’.

Inspite of scvere theoretical difficulties for accepting the
existence of physical quarks, the fact cannot be denied that
hadrons do often behave exactly as if they consisted of pointlikc
clementary constituents.

Inspite of all these difficulties, many physicists still hang on
to the idea of classical *building blocks’ of matter which is so
deeply ingrained in western scicntific tradition.

UNIFICATION OF FORCES FOUND IN NATURE

In 1967, theories for unifying the electromagnetic force and
weak nuclear force were proposed by Abdus Salam and Steven
Weinberg, just as Maxwell had unified electricity and magnetism
about a hundred years earlicr. They suggested that in addition to
photon, there were three other “spin 1’ particles, known collectively
as “massive vector bosons” that carried weak force. Each had a
mass of around 100 Gev.l At energies much greater than 100 Gev
the three new particles and the photon would all behave in-a
similar manner. Particle-accelerators were not powerful enough to
reach the energies of 100 Gev. at that time. But over the next 10
years or so, the other predictions of the theories at lower energies
agreed so well with experiment that in 1979, Salam and Weinberg
were awarded Nobel Prize for Physics together with Sheldon
Glashow whe had suggested similar unified theories of the

I Gev. stands for giga-electron-volt or 1000 million electron volt.
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electromagnetic and weak nuclear forces. In 1983, the three massive
partners of photon were discovered at ECNR (European Centre for
Nuclear Research) in Switzerland,

The success of the unification of the electromagnetic and
weak nuclear forces led to 2 number of attempts to combine these
two forces with the strong nuclear force. The basic idea is : At high
energies, the strong nuclear force gets weaker (as mentioned
earlier), while the other two forces which are not ‘asymptotically*
frce, get stronger. At some very high energy called the ‘grand
unification energy.’ these three forces would all have the same
strength and so could just be different aspects of a single force. It

is also predicted that at this energy {at least a thousand miilion
1s

Gev), the different ‘spin-2” matter- particles like quarks and

electrons would also all be essentially the same, thus achieving
another unification.

At ‘grand unification energy’, there is no esscatial difference
between a quark and a positron (anti-election). There is, thus, a
possibility of spontaneous decay of protons which make up the
most of the mass of ordinary matter, into lighter particles such as
positrons. ‘Grand Unified Theories” (GUT) do not include the force
of gravity. This does not matter too much, because gravity is such
a weak force that its effects can usually be neglected when we are
dealing with microcosmos ie., sub-atomic particles or atoms.
However, the fact that it is both long range and always attractive
means that its effects all add up. So, for a sufficiently large number
of matter-particles, gravitational forces can dominate over all other
forces. This is why it is gravity that determines the evolution of the
Universe. For macrocosmos i.e., dbjects of the size of stars, gravity
can win over all the other forces and cause the star to collapse.l
Already there arc first hints of a quantum theory of gravity yet to
come,

Since the postulation of quark in 1968, quarter of a century
has passed during which a spate of new theories— S-matrix,
bootstrap, Bell's theorem, quantum field theories,
guantum-electrodynamics, Gauge theory etc. have appeared in
the field. All these are too complicated, though relevant for

1. See, “Nuclear Transformatian in Nature”™ in the last Section of this Chapter.
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discussion in the present book. in the meantime physicists have
hecome philosophers as was the case 2500 years ago. For instance,
according to Geoffrey Chew, who is the originator of the bootstrap
idea and has been the unifying force and philosophical leader in
S-matrix theory for the past two decades, the extension of
bootstrap approach beyond hadrons may lead to the possibility of
being forced to include the study of human consciousness.

Since he wrote these words, almost twenty years ago, the
new developments have brought them (the physicists and
philosophers), considerably close to dealing with consciousness
explicitiy. David Bohm has perhaps gone further than anybody
clse in studying the relations between consciousness and matter in
a scientific context. We shall further discuss this phenomenon of
reversing the Cartesian division in the succeeding section.
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SECTION 1V

UNIFICATION OF PHYSICS AND
PHILOSOPHY

A. INHERENT UNITY OF PHYSICAL
REALITY

The aspect of inherent unity and connectedness of the
physical reality manifests itself in scveral ways in modern science.
In the ‘double-slit experiment’, when bhoth slits are open, the
light-waves going through them interfere with each other to form
a pattern of alternating light and dark bands on a screen. When
only one slit is open, the light-waves going through it illuminate
the screen in the ordinary way. The great multitude of photons,
of which a single photon eventually will be a par, distributes
itself in one way if both slits are open. The question is, assuming
that a single photon goes through one of the two slits, how does
it know whether or not the other slit is open? Somehow it
does. An interference pattern always forms when we open both
slits, and it never forms when we close one of the slits.

E.P.R. EFFECT

The connectedness is even more perplexing in another
experiment. In twin-particle-system of Zero spinl, spin of each of
the particles cancels the other. If one of the particles has a spin
‘wp’ the other particle has spin ‘down’. If the first particle has a
spin ‘right’, the second one has a spin ‘left’. No matter how the
particles are oriented, their spins are always equal and opposite.
Now, if these particles are made to go off in opposite directions,
ie., if one goes to New York, and the other to Bombay or onc on
the earth and the other on the moon, their combined spins wiil still
always be Zero. Suppose the particle in New York is given? a spin
‘up’, we do not have to make a measurement on the other particle

l. In some sense, pariiclespin is & rotation about its own axig, but this
classical concept is limited. The clectron can spin clockwise or counter-<clock-
wise, and these two values are denoted by spin ‘up® and spin ‘down’.

2. A pariicle can be given a desired spin through a Stern-Gerlach device, in
which electrons are made to pass through a magnetic field.
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in Bombay, because we know that its spin is equal and opposite to
its twin, i.e. ‘'down”. Somchow, the particle in Bombayv knows that
its twin is spinning up. In other words, what was done in New
York affccted what happened in Bombay. This strange
phienomcenon is known as the Einstein-Podosky-Rosen (EPR)
cffect. How docs the particle in Bombay know which axis has
been chosen? There is no time for it to receive the information
from the other particle by any conventional signal. EPR’s thought
cxperiment is the Pandora’s Box of modern physies, It
inadvertently illustrated an inexplicable connectedness between
particles in two far away different places. This is the crux of the
EFPR experimem, and this is where Einstein disagreed with Bohr.

EINSTEIN VS. BOIIR

Einsicin asscried that no signal can be instantancous ic.
faster than the speed of light. According to Bolir, the twin-particle
svstem is an indivisible whole, even if they are separated by a
great distance. But the connections are not “signals’ in the
Einstcinian scnse; they transcend our conventional notions of
‘infarmation-transfer. EPR’s thought cxperiment indicates that
‘the signal between the two particles is transmitted at superluminal
speed, i.c. faster than the speed of light. The concept of a
“faster-than-light” communication between events, which cannot
be connceted by a signal (the definition of space- like), is as much
a radical departure from current physical theory as Einstein's
special Theory of Relativity was for the accepted (classical)
physics of 1905, Noncthcless, it is logically consistent with
canonical physical thought. In fact, it can be derived from the
indivisibility of Planck’s quantom for action, which is the basic
cloment of quantum theory.

Relativity permits the hypothetical existence of particles
called “tachyons”, which come into existence alrcady traveiling
faster than light. In the formalism of the special theory of
relativity, tachyons have an imaginary rest-mass. Unfartunately,
it is difficult to interpret what an “imaginary rest-mass” means in
physical terms, or what the interaction forees would be between
tachyons and the ordinary particles with real rest-mass.
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Dr. Bell's! theorem supports Bohr's position and proves
rigourously that Einstein’s view of physical reality as consisting of
independent, specially separated clements is incompatible with
the laws of quantum theory. Dr. Bell's theorem is 2 mathematical
construct which is indecipherable to the non-mathematician, It
wag reworked and refined over the following ten vears, until] it
emerged in its present form which i1s dramatic, to say the least.
Some physicists are convinced that it is the most important singlc
work in the history of physics. Onc of the implications of Dr.
Bell's theyoem is that at a deep and fundamental Ievel, “the
scparate parts” of the universe arc connected in an intimate, and
timmediate way. it unambiguously proves that the Universc is
fundamentally inter-connected, inter- dependent and inscparable
system.

B. TOWARDS PHILOSOPHY

LIMITATION OF KNOWLEDGE

In 1927, 1he most famous group of international physicists in
history decided that it might never he possible to explain all
aspects of physical reality. Since then a tidal wave of knowledge
has swept over us for more than half-a-cc'nturyA

Recently, a small group of physicists found it necessary to
acknowledge that it might not be possible to constuct a model of
physical reality. This acknowledgement is a recognition emerging
throughout the west that knowledge itself is limited. Tn other
words, it is a recognition of the differcnce between knowledge and
wigsdom. In fact most physicists today side with Bohr rather than
with Einstein, on the question of the utility of sceking a model of
a physical reality. that can be conceived of independently of our
expericnce of it. Effort to understand the quantum theory more
deeply is not productive for scicnce but leads to perplexity which
appears to most physicists to be more philosophical than physical.

To summarize, classical science had concerned itself with
how separate parts which together constitute physical reality are
rclated. Newton's great work showed that the earth, the moon

L. Dr. Bell is a phvsicist at the European Centre for Nuclear Research (ECNR}
in Switzerland.
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and the planets are governed by the same laws as falling apples.
The most fundamental difference between Newtonian physics
and quantum mechanics is the fact that the latter is based upon
observations (measurements). [t constitutes a philosophy of
science, unlike any before it. Bohr's principle of complementarity
addresses the underline relation of physics to consciousness.
Likewise, Heisenberg’s Uncertainty Principle demonstrates that
we cannot observe a phenomenon without changing it

BOHM’S PHYSICS

David Bohm, Professor of Physics at Birkback College,
University of London, proposes that quantum physics is based
upon a perception of a new order. According to Bohm, instead of
starting with parts and showing how they work together (the
Cartesian division), we must start with the whole.

Bohm's theory is, thus, compatible with Dr. Bell's theorem
as stated above.! Bohm asserts that the most fundamental level
is an unbroken wholeness. All things, including space, time and
matter are forms of “that-which-is”, There is an order which is
enfolded into the very process of the universe. But that enfolded
order may not be readily apparent. Bohm points out, "Description
is totally incompatible with what we want to say.” Actually hoth
being and non-being are “that-which-is’. There is nothing which is
not “that-which-is". This way of looking at Reality requires a new
instrument of thought, and raises the question of ‘consciounsness’
of the observer. Such requirement upon which Bohm’s physics is
to be based may not be as much of an obstacle as it first appears,
because there already exists a number of sophisticated
psychologies, distilled from 2500 years of practice and
introspection, whose sole purpose is to develop this
*thought-instrument”.

These psychologies are what is commonly called *Eastern
Mysticism® of Eastern Religions’. All of them in general and
Jainism? in particular ate compatible in a very fundamental way

L See,p. 2

2. We shall elaborate this comparison is chapter IIf.
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with Bohm’s physics and philosophy as they are based upon the
experience of a pure reality which is ‘that-which-is.’

The question is: “If pure awarcness is considered distinct
from the content of awareness, in what ways specifically does the
latter affect the realization of the former?” It is rather difficult o
answer this question, because the mind deals in forms of
limitation. Nonetheless, therc is a relationship between the
content of awareness and ability of the human mind to transcend
itself.

To summarize, the development of Physics in the 20th
century has already transformed the consciousness of those
involved with it. The study of the complementarity, the
"Jncertainty principle, quantum field-theory, and the Copenhagen
nterpretation of Quantum Mechanics produces insights into the

1ature of reality very similar to those produced by the study of
Zastern philosophies.

If Bohm’s physics, or one similar to it, should become the
pain thrust of physics in the future, it is possible that physics-
:urricula of the 21st century include classes in meditation.!

1. Gary Zukav; Dancing Wu-Li Masters, p. 327.
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SECTION V

APPLICATION OF NUCLEAR
TRANSFORMATIONS

A. NUCLEAR ENERGY

We have already observed that matter and energy are two
different manifestations of onc and the same cosmic entity,
instead of being two different entities. Matter instead of being
immutable was energy in a frozen state, while, conversely, energy
was matter in a fluid state. The liberation of energy in any form —
chemical, electrical or nuclear—involves the loss of an equivalent
amount of mass,

LIBERATION OF ENERGY

It is well known that most chemical reactions liberate
epergy, simplest instance being burning of coal. The chemical
union, in this case, is 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 gascous products weigh one gram less than
3000 tons, that is, one three-billionth part of the original mass
will have been converted into cnergy.

Thus oxygen (O) + carbon (C) = carbon monoxide (CO) +
cnergy.

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 nuclei ¢C!2 + gO!6
= 148i?% + energy - the encrgy liberated per gram of mixture will
be 14 x 10% Units, i.e. 15,00,000 times as great. In the liberation of
chemical energy by the burning of coal, the energy comes from a
very small mass i.c. loss of mass resulting from the rearrangement
of the electrons on the surface of atoms. The nuclei of the carbon
and oxygen atoms are not involved in any way, remaining exactly
the same as before. The amount of mass lost by the surface
elcctrons is one thirteenth of one millionth of one percent. On the
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other hand, nuclear energy involves vital changes in the atomic
nucleus itself, with a consequent loss of as high as one tenth to
nearly eight-tenths of one percent in the original mass of the
nucleus. This means that from one to nearly eight grams per
thousand grams are liberated in the form of energy, as compared
with only one gram in three billion grams liberated iu the burning
of coal. In other words, the amount of nuclear energy liberated in
the transmutation of atomic nuclei is from 30,00,000 to
2,40,00,000 times as great as the chemical energy released by the
burning of an equal amount of coal. Whereas most chemical
reactions would take place easily at temperatures of a few hundred
degrees, corresponding nuclear transformation would not even
start before the temperature reached many million degrees.

Nuclear energy can be liberated by two diametrically
opposite methods. One is fission-—the splitting of the nuclei of the
heaviest chemical elements into two uneven fragments consisting
of nuclei of two lighter elements. The other is fusion —combining
or fusing two nuclei of the lightest elements into one nucleus of a
heavier element. In both methods the resulting elements are
lighter than the original nuclei. The loss of mass in each case
manifests itself in the release of enormous amounts of nuclear
energy. '

At the turn of the century, Bacquere’s discovery of radio-
activity indicated that a break-up process of nucleus can really
take place. Atoms of heaviest element uranium (and thorium)
spontaneously emitted highly penetrating radiations {similar to X-
rays). This process of slow spontancous decay of the so-called
radio-active elements consists in emitting a small segment of its
nucleus known as ’alpha’ particles and internal electric adjustment
followed by emission of two electrons. A series of emission
continues until 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 decay. But the
spontaneous decay is so slow—say one or two atoms in a gram of
gold or mercury in many centuries compared to several thousand
per second per gram in uranium--that the most sensitive physical
instrument cannot record it.
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As we have already seen, the discovery of radio-activity
proved the compliexity of nuclear structure beyond any doubt and
paved the way for artificial nuclear transformations. Earlier,
bombardment of the nuclei by artificially accelerated charged
particles such as alpha, protons, ¢te. was the method employved for
nuclear transformations. But the electric charges carried by such
particles causcd them to lose much of its kinetic energy while
passing through the atomic bodies and prevented them from
coming sufficicntly close to nuclei of the hombarded material
The bulicis to be used for more efficicnt hbombardment are
neutrons which, because, they do not have an electric charge, can
penctrate the heavily fortified electrical wall surrounding the
positively charged nuclei. Just as coal fire needs oxygen to keep it
going, a nuclear firc needs the neutrons to maintain it. but
uncharged projectiles viz., neutrons are not easily available in free
form as they arc tightly locked up within the nuclei of atoms
rccaptured as soon as they arc kicked out. There is only onc way
to sustain the nuclear reaction and that is to create a
scif-multiplication process i.e. cach bombarding neutron must
liberate more than one other neutron which in their turn would act
as bullets.

Late in 1938, Rahn and Strassman discovered that atomic
energy can be rcleased through the fission process of uranium
nuclei. Like the two picces of a broken spring, the two halves of a
broken heavy nucleus begin their existence in a state of violent
vibrations. Before coming to rest, each of the fragments cmits a
neutron.

It must be remembered that, although the neutrons are much
more effective nuclear projectiles than the charged particies, their
cffectiveness in producing the fission is, however. not cent
pereent. The important condition for a sustained puclear
transformation is progressive neutron-production or a chain-
reaction for which it is necessary that a hundred neutrons entering
the substance must relcase many more than a hundred neutrons.

There are two types of chain reactions : controlled and
uncontrolled. The controlled reaction is analogous to the burning
of petrol in automobile cngine. The atom-splitting bullets — the
neutrons —are first slowed down from speeds of more than ten
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thousand miles per second to less than one mile per second by
being made to pass through a maoderator befare they reach the
atoms at which they are aimed. Thus the liberation of neetrons is
under complete control and acts as a slow but steady nuclear fire.

The uncontrolled chain reaction is one in which there is no
moderator —and no ncutron-absorbers. It is analogous to the
dropping of a match in a petrol tank. In the uncontrolled chain
rcaction the fast neutrons with nothing to slow them down or to
devour them, build up by the trillion and quadrillion in a
corresponding number of atoms, resulting in the release of
unbelievable gquantities of nuclear cnergy at a tremendously
cxplosive rate.

It can be concluded from the gencral theory of nuclear
structure that the fission effectivencss of ncutrons increasces with
the increasing atomic weight of the element in question. Thus, the
fisston of uranium nuclei gives on the average a cent percent
result; plutonium, a still heavier element would give a betier
result H with cach new generation the number of ncutrons grows
by, say, about 30 percent, there will be cnough of them to attack
and break-up any single aucleus of the material. This istcalled the
progressive branch chain reaction and the substance in which
such a rcaction will take place is called fissionahle substance.
Among all the variery of nuclear species existing in nature, there
is only one type of nuclei where sucl reaction is possible. These
arc the nuclei of the famous isotope of vranivm, U-235, the onlby
natural fissionable substance.

Other fissionable substances, not existing in nature, have
been artificially built. An artificial clement which is known as
Piutoninm has the atomic number 94 and is cven more fissionable
than U-235. 1t is obtained by transforming the nucleus of natural
uranium.

Another artificial fissionable substance U-233 is obtained by
similar transformation of the nuclei of natural radio-active
element Thorium (Th-232). In fact, it is possible, in principle at
any rate to turn the cntire supply of natural uranium and thorium
inte fissionable products which can be used as concentrated
sources of nuclear energy.
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ATOM IN WAR

The requirement to start the fission process of U-235 znd
also the two man-made elements mentioned above (all these being
known as nuclear fuels), is simple. All that is necessary for the
spontaneous combustion, to use a familiar phrase, of any one of
the three atomic fuels, is to assemble a lump of a certain weight
known as critical-mass which is between ten and thirty kilograms.
This would mean that a limp of any of the three atomic fuels
weighing ten or thirty kilograms {exact mass is a secret) would
cxplode automatically and release an explosive force of 20
millioin times greater than that of TNT, (on an equal weight basis),
Such as, spontaneous combustion destroyed Hiroshima and
Nagasaki on 6th & 7th August 1945, In a conventional A-bomb, a
critical-mass is assembled by a timing mechanism that brings
together, let us say, one-tenth and nine-tenths of a critical-mass in
the last split second.

Long before, it was discovered that vast amounts of energy
could be liberated by the fission of the nuclei of U-235, scientists
had known that fusion of four atoms of hydrogen into one atom of
helium would release enormous amount of energy. In 1938, slightly
before the discovery of uranium, fission was announced in
Germany, Dr. Bethe had published his famous hypothesis about
the fusion of four hydrogen atoms to form helium in the sun. This
provided the first satisfactory explanation of the mechanism that
enables the sun to radiate away staggereing amounts of energy in
space every second. While Dr. Bethe was the first to work out the
fine details of the process of hydrogen fusion as the source of the
sun’s radiance, Prof.F.W. Aston, the British Nobel Prize-winner
and other scientists indicated the possibility more than 20 years
ago. We shall examine the solar process in brief a little later.

Deuterium, popularly known as heavy hydrogen, is an
isotope of hydrogen having double the weight of common
hydrogen. It was found to exist in nature constituting one
five-thousandth part of the carth’s waters. Water containing two
deuterium atoms in place of the two atoms of common hydrogen
is called heavy watet.

The most startling fact discovrred about deuterium was that
it would become explosive at a temperature of the order of
5,00,00,000 degrecs centigrade. Explosive of an A-bomb would
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generate such high temperatures on earth and such an explosion
would then act as a trigger for the hydrogen bombs.

Fission and fusion, however, are also common in everyday
phenomenon that occur any time you burn anything. Both are
essential whenever energy is released, whether it is the chemical
energy from coal or the atomic cnergy from nuclei of uranium or
deuterium. For example, when you light a cigarette, the first
fission and fusion occurs in the lighting of the match, the cellulose
in the match being fissioned into its components carbon and
hydrogen. These 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 is 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 is probably the greatest example of irony in
man’s history! The very process in the sun that made life possible
on earth and is responsible for its 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 nuclei of the atoms
used is liberated in the form of energy, while 993 to 929.6% of the
substance remain in the form of matter.

Scientists are even now engaged in finding means of
converting 100% 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 0.4 t0 0.7% And
while the total conversion of protons and neutrons still seems
speculative, we already know that such a process actuaily does
take place in the realm of the electron. This is 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 which we have already discussed. In this process the
entire mass of the two particles is converted into energy. Luckily
each positron must be individually produced, since there are hardly
any pasitrons in our part of the universe. But suppose a new
process that would release positrons in large numbers is found,
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just as the process of liberating large number of neutrons was
found, then in such an eventuality, by no means beyond the realm
of the possible, would epen potentialities 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, in a chain reaction similar to the one now liberating
neutrons, may envelope the whole earth in one deadly flash of
radio-active lightning that would instantly kill all life. And
although this is admittedly purely speculative, no one dare say
that such a discovery will not be made, not when one remembers
how remote and unlikely a process such as fission seemed to be
just before it was made.

ATOM FOR PEACE

We have completed the review of the development of the
theory of atom over a period of more than 2500 years. It would,
however, be highly improper to close the chapter with a sense of
utter doom which the above paragraph may forcbode. Enormous
progress has also been made in the direction of utilising nuclear
energy for the benefit of mankind, and it is our duty to give the
reader a ghimpse of the nuclear research and development work in
which some tens of thousands of scientists are busy all over the
world today.

At Atomic Research Centers in the United States of
America, Russia, the United Kingdom, France, the Federal
Republic of Germany and International Centre a‘ Geneva,
thousands of research teams are engaged in probing the heart of
the atom.

Research work in the sub-naclear world is 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
prebe. By way of comparison, consider the forces that hold the
nucleus of an atom together. In order to learn something about the
structure of the nuclei, one needs energies about 100 times greater
than the binding energy of a proton in a nucleus. But to carry out
research into the structure of proton or neutron, one requires
energies 1000 times greater i.e. of the order of one thousand
million electron volts. No wonder elementary ‘particle physics’ is,
therefore, sometimes called “high energy physics.’
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B. NUCLEAR TRANSFORMATIONS
IN NATURE

ORIGIN OF UNIVERSE !

There are many theories or models regarding the origin of
universe. According to what is known as the “hot big bang model”,
which is the generally accepted one, the universe, at the time of
origin, is thought to have had 'zcro® size, and so to have been
infinitely hot. But as the universe expanded, the temperature of
the radiation decreased. One second after the big bang, it would
have fallen to about ten thousand million degrees. This is about
a thousand times the temperature at the centre of the sun, but
temperatures as high as this are rcached in H-bomb explosions.
At that time, the universe would have contained mostly photons,
electrons and neutrinos (extremely light particles that are affected
only by the weak force and gravity) and their antiparticles,
together with some protons and neutrons. As the universe
continued to expand and the temperature to drop, the rate at
which elcctronfanti-clectron pairs were being produced in
collisions would have fallen below the rate ar which they were
being destroyed by annihilation. So most of the clectrons and
anticlectrons would have annihilated with each other to produce
more photons, leaving only a few electrons left over.

About one hundred seconds after the big bang, the
temperature wouid have falien to one thousand million degrecs, the
temperature inside the hottest stars. At this temperature protons
and neutrons would no longer have sufficient energy to escape the
attraction of the strong nuclear force, and would start to combine
together to produce the nuclei of atoms of deuterium (heavy
hydrogen), which contain one proton and one ncutron. The-
deuterium nuclej then would have combined with more protons and
neutrons to make belium nuclei, which contain two protons and
two neutrons, and zalso small amounts of a couple of heavier
elements lithium and beryliium. One can calculate that in the hot
big bang model, about a quarter of the protons and ncutrons would
have been converted into helium nuclei, along with a small amount

L A Brief Histroy of Time by Stephen Hawking, pp, 117-121.
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of heavy hydrogen and other elements. The remaining neutrons
would have decayed into protons, which are the nuclei of ordinary
hydrogen atoms.

Within only a few hours of the big bang, the production of
helium and other elements would have stopped. And after that,
for the next million years or so, thc universe would have just
continued expanding, without anything much happening.
Eventually, once the temperature had dropped to a few thousand
degrees, and electrons and nuclei no longer had enough energy to
overcome the electromagnetic attraction between them, they
would have started combining to forin atoms. The universe as a
whole would have continued cxpanding and cooling, but in
regions that were slightly denser than average, the expansion
would have been slowed down by the extra-gravitational
attraction. This would eventually stop expansion in some regions
and cause them to start to recollapse. As they were collapsing, the
gravitational pull of matter outside these regions might start them
rotating slightly. As the collapsing rcgion got smalier, it would
spin faster-just as skaters spinning on ice spin faster as they
draw in their arms. Eventually, when the region got small enough,
it would be spinning fast enough te balance the attraction of
gravity, and in this way disclike rotating galaxies were born. Other
regions, which did not happen to pick up a rotation, would become
oval- shaped objects called elliptical galaxies. In these, the region
would stop collapsing because individual parts of the galaxy
would be orbiting around its centre, but the galaxy would have
no overall rotation.

As time went on, the hydrogen and helium gas in the galaxies
would break up into smaller clounds that would collapse under their
gravity. As these contracted and the atoms within them collided
with one another the temperature of the gas would increase, until
eventually it became hot enough to start nuclear fusion reaction.
These would convert the hydrogen into more helium, and the heat
given off would raise the pressure, and so stop the clouds from
contracting any further. They would remain stable in this state for
a long time as stars like our sun, burning hydrogen into helium and
radiating the resulting energy as heat and light. More massive stars
would need to be hotter to balance their stronger gravitational
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attraction, making the nuclear fusion reactions proceed so much
more rapidly that they would use up their hydrogen in as little as a
hundred million years. They would then contract slightly, and as
they heated up further, would start to convert helium into heavier
clements like carbon or oxygen.

The earth was initially very hot and without an atmosphere.
In the course of time, it cooled and acquired an atmosphere from
the emission of gases from the rocks. This early atmosphere was
not one in which we could have survived. It contained no oxygen,
but a lot of other gases that are poisonous 1o us, such as hydrogen
sulfide (the gas that gives rotten eggs their smell). There are,
however, other primitive forms of life that can flourish under
such conditions. It is thought that they developed in the oceans,
possibly as a result of chance combinations of atoms into large
structures, called macromolecules, which were capable of
assembling other atoms in the ocean into similar structures. They
would thus have reproduced themselves and multiptied.

A process of evolution was started that led to the
development of more and more complicated, self-reproducing
organisms. The first primitive forms of life consumed various
materials, including hydrogen sulfide, and released oxygen. This
gradually changed the atmosphere to the composition that it has
to-day and allowed the developient of higher forms of life such
as fish, reptiles, mammals, and ultimately the human race.

This picture of a universe that started off very hot and
cooled as it expanded is in agreement with all the observational
evidence that we have today.

EVOLUTION OF A STAR!

In the "hot big bang model" as the universe expands, any
matter or radiation in it gets cooler. At very high temperatures,
particles would be moving around so fast that they could escape
any attraction toward each other due to nuclear or
clectromagnetic forces, but as they cooled off, they attract each
other and start to clump to-gether. A star is formed when a large
clump of gas (mostly hydrogen) starts to collapse in on itseif due

1. A Brief History of Time by Stephen Hawking, pp. 82-84.
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to its gravitational attraction. As it contracts, the atoms of the gas
collide with each other more and more frequently and at greater
and greater speeds — the gas heats up. Eventually, the gas will be
so hot that when the hydrogen atoms cellide, they no longer
bounce off each other, but instead coalesce to form helium. The
heat released in this reaction, which is like a controlied hydrogen
bomb explosion, is what makes the star shine. This additional heat
also increases the pressure of the gas until it is sufficient to
balance the gravitational attraction, and the gas stops contracting.
It is somewhat like a balloon —there is a balance between the
pressurc of the air inside, which is trying to make the balloon
expand, and the tension in the rubber, which is trying to make
the balloon smaller. Stars will remain stable like this for a long
time, with heat from the nuclear reactions balancing the
gravitational attraction. Eventually, however, the star will run out
of its hydrogen and other nuclear fuels. Paradoxically, the more
fuel a star starts off with, the sooner it runs out. This is because
the more massive the star is, the hotter it needs to be to balance
its gravitational attraction. And the hotter it is, the faster it will
use up its fuel. Our sun has probably got enough fuet for another
five thousand million years or so, but more massive stars can use
up their fuel in as little as one hundred million years, much less
than the age of the universe. When a star runs out of fuel, it starts
to cool off and so to contract,

After it had used up all its fuel, a star could still support
itself against its own gravity. When the star contracts and becomes
smaller, the matter particles get very near each other but they
must have very different velocities.! This makes them, again,
move away from each other and so tends to make the star expand.
It can, therefore, maintain itself at a constant radius by a balance
between the attraction of gravity and the repulsion that arises
from the exclusion principle, just as earlier in its life gravity was
balanced by the heat.

There is, however, a limit to the repulsion that the exclusion
principle can privide. The theory of Relativity limits the maximum
difference in the velocities of the matter particles in the star to

1. According 10 Pauli's exclusion principle.
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the speed of light. This means that when the star got sufficiently
dense, the repulsion caused by the exclusion principle would be less.
than the attraction of gravity. A massive star would not be able to
support itself against its own gravity.

There are three possible final states of a star. If a star is not
very massive, it ean settle down to a possible final state as a *white
dwarf® with a radius of a few thousand miles and a density of
hundreds of tons per cubic inch. A 'white dwarf’ is supported by
the exclusion principle repulsion between the electrons in its
matter. We observe a large number of these ‘white dwarf’ stars,
One of the first to be discovered is a star that is orbiting around
Sirius, the brightest star in the night sky.

There is another possible final state for a star, also with a
limiting mass of about onc or two times the mass of the sun but
much smaller even than a 'white dwarf.” These stars would be
supported by the exclusion principle repulsion between neutrons
and protons, rather than between clectrons. They were, therefore,
called “neutron stars”. They would have a radius of only ten miles
or so and a density of hundreds of million of tons per cubic inch.
At the time they were first predicted, there was no way that
‘neutron stars’ could be observed. They were not actually detected
until much later.

For the very massive star, however, the final state is the
third alternative, viz, the ‘black hole.”

SOLAR PROCESSES

The problem of solar radiations remained one of the most
puzzling riddles of science until the discovery of radioactive
transformations and the artificial transformations of elements
revealed to us tremendous sources of energy hidden in the depths
of atomic nuclei. We have seen that practically every element can
become a nuclear fuel, liberating tremendous amounts of energy,
provided it can be heated up to millions of degrees. Now, while
such temperatures are practically unattainable on the face of the
earth, they are rather commeon in the, world of stars. In our own

1. See, Chaptcr,_;‘ ill, Section IL
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sun, the temperature increases gradually from 6000° C. at the
surface to twenty million degrees in the centre.

Two nuclear physicists, H. Bethe and C. Weizsiacker,
simultaneously found out that the nuclear process known as
“carbon cycle” is responsible for the energy production in the sun.
This thermounuclear process is not limited to a single nuclear
transformation, but consists of a sequence of transformations
forming a reaction chain. A most important feature of this process
is that it is a closed circuit, returning to the starting point after
every six steps. The main participants of the process are the nuclei
of carbon and of nitrogen, together with protons with which they
collide.

Briefly the cycle is: (1} A proton on colliding with an atom
of normal carbon (C(2) liberates some subatomic energy in the
form of gamma rays and wansforms the atom to the lighter isotope
of nitrogen (N13).

(2) The nucleus of Nz being unstable adjusts itself by
emitting a positive electron, or positive beta particle and becoming
the stable nucleus of the heavier isotope or carbon (C13) which is
known to be present in small quantities in ordinary coal

(3) This carbon isotope collides with another proton and is
transformed into normal nitrogen (Ni4) 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 isotope
(O153

(5) Which very rapidly transforms into stable Nj5 by emitting
a positron.

(6) Finally Ni5 receiving in its heart the fourth proton, splits
into two unequal parts one of which is the Cj2 nucleus with which
the process started and the other is a helium nucleus or alpha
particle which is composed of two protons and two neutrons. The
same rcsult would have been obtained if the process was started
with normal nitrogen atom instead of carbon.
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The net result of the chain of reaction ! is the formation of
one nucleus of helium from the four protons which entered the
process cycle successively accompanied with liberation of energy.
The puclei of carbon and nitrogen in the closed circuit of reactions
are forever being regenerated. Thus the whole process may be
described as the transformation of hydrogen (a proton is the
nucleus of hydrogen atom) into helium due to very high
temperatures assisted by the catalystic action of carbon and
nitrogen.

It is shown that at the temperature of 20 million degrees the
energy liberation in the above circuit reaction coincides with
actual amount of energy radiated by our sua. Since the
astrophysical evidence renders all other possible nuclear reactions
inconsistent, it may be accepted that the carbon-nitrogen cycle
described above represents the process mainly responsible for the
generation of the solar energy. It should also be noted that interior
temperature of the sun, the complete circuit requires about five
million years.

1. Incidentally this particular reaction is quite well known to nuclear physicists
and has been obtained under labamtory conditions by the use of artificially
accelerated high energy protons
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CHAPTER 2

‘Atom In Jain Philosophy

INTRODUCTORY

“Ever since men became capable of rational thinking, their
actions have mostly depended upon their theorics about the
universc and its contents and also as to what is good and what is
evil. This is an almost cternal truth. Men's environments play an
important part to determine their way of living, bur conversely
their philosophy does much to determine their circumstances.

“Philosophy is neither theology nor science but something
of both. It appeals to reason, rather than authority, like science,
but like theology it speculates on matters about which definite
knowledge is not ascertained. Science is hounded by definite
knowledge while dogma as to what surpasses definite knowledge
belongs to theology. Intermediate between them is philosophy.

“Science will not, because it cannot, answer all the questions
of great interest to human mind and if we forget what we cannot
know, we become insensitive to many things of great value. Are
-there two orders of existence? Is the universe a systcmatic unity -
or a congiomcration of mulitiplicity ? Is reality objective or merely
subjective? Answers to these and many other such questions
cannot be found in the laboratories. On the other hand, dogmatic
belief that we have knowledge, where in fact, we have ignorance,
induced by theologies and the very definiteness of the answers
given by them causes modern mind to view them with suspicion.
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It is the business of philosophy to study such problems and
discuss them even if they cannot be solved.” !

Jain philosophy is one of the moast ancient Indian
philosophics. According to the lain canonical literature the same
tenets are propounded again and again by various Tirthankaras
by whom the truth is realised, and whose mission is to prapagate
right knowledge.

Bhagawian Rsabha was the first of the 24 Tirthankaras.
References to him are found in Vedas, in Visnu Purana and
Bhagavata Purana. 23 Tirthankaras followed Bhagawin
Rsabha. Bhagawin Aristnemi, the 22nd Tirthankara was
contemporary with Lord Krsna. Bhagawan Parsva, the 23rd
Tirthankara, is accepted by the modern histrorians to have lived
in the 8th century B.C. After 250 years, Par$va was followed by
Vardhamana Mahivira, the 24th and the last Tirthankara.
Bhagawan Mahivira was a senior contemporary of Lord Buddha.
He lived for 72 years and attained Nirvana at Pavapurl in Bihar
in 527 B.C. Like all other Tirthankara Bhagawan Mahavira was
also omniscient,? which means that he had developed the
capability of an absolute all-containing coherent experience of the
Reality. Consequently, his philosophy was based on an unbiascd
Truth which is fortunatcly available to us in the Jain canonical
litcrature which dates back to the 5th-6th century B.C. The
discussion of physical existence in general and of atom in
particular has been very exhaustive in the Jain canonical
literature. Other Indian (and non-Indian) schools of philosophy
bhave not treated this subject with such thoroughness.

In the following pages, we shall bricfly deal with the theory
of atom as discussed in Jain canonical literature and its
commentaries by ancient Jain saints and seers,

L. Sir B. Russell, History of Western Philosophy, pp. 13, 14.

2. Omniscience can be defined as a pure and perfect (ie. all comprehensive
and all barmonious) extra-sensory experience 1o which the whole Universe
of Reality is presented in the form of a "complete system“as it really is in
ns entirety. Thus conscinusness of an omniscient directly embraces Lhe
totality of existence in the form of a perfect systematic unit as the conteats
of a single experience.
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SECTION 1

METAPHYSICAL VIEW

IDEALISM VS. REALISM

To grasp properly the Jain views, regarding the theory of
atom, it is necessary to understand the Non-absolutist attitude of
the Jains regarding the nature of Reality. We shall, therefore, very
briefly discuss the Non-absolutist Realism of the Jain Philosophy.

The Jains have developed, perhaps, a unique system of
metaphysical thinking based upon their unique epistemology
which recognizes both empirical and transcendental experience to
be within the scope of human knowledge. According to them,
reality is self-existing, self-consistent, and self-contained. It does
‘not depend upon somcething outside it for its existence. Sccondly,
the Jain system is free from all absolutism. It does not deprecate
common sense interpretation of experience in favour of abstract a

priori logic. The logical attitude is intimatcly bound up with its
empiricism. This realistic view stands in a close relation of
kinship not only to the other realistic philosophies but also to
scicnce. :

Since we want to make an attempt to compare the findings
of Jain philosophical inquiry with the results of scientific pursuit,
it would not be improper to devote a little space to a brief study of
Western philosophical views, both ancient and modern.

Jain Philosophy, however, has the misfortunc of not being
able to attract Western scholars to rediscover it for its
interpretation in terms of modern scientific concepts, unlike
Buddhbism and other systems of Indian Philosophy.

Over the centuries, the philosophical attitude in the west has
never been constant but undulated between idealism and realism.
The difference betwecen these two appears to be irreconcilable,
being more or less bound up with the innate difference of
predispositions and tendencies varying from person to person. The
result is an uncompromising antagonism. The Western scholars,
who were brought up in the tradition of Kant and Hegel, and who
studied Indian Philosophies, were more sympathetic towards the
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Idealistic systems of India. in the 19th century, there was a
predominant wave of Monism and scholars like Max Miller were
naturally attracted towards the metaphysical views of Sarikara,
etc. and the uncompromising Monism of Veddanta was much
admired as the cream of the oriental wisdom.

REALISM OF JAINS DESERVES MORE ATTENTION

Recently, however, a set-back to Idealism has been
observed, and staunch Idealists like Bradley are being openly
challenged. Idealism is now virtually condemned because it does
not satisfy the philosophical curiosities. It is generally accepted
that the mind, even with its active contribution is, after all, an
instrument of discovery and not a crcator of facts. Vedanta
appears to be the perfect philosophy from the Idealistic
standpoint, and Jain Philosophy, being the complete anti-thesis of
Vedanta, should be entitled to equally extensive study. New-
Realism, (the real opponent of Tdealism), is further intensified
because it is intimately associated with modern science. Can
anybody remain blind to the claim of science to be a safe means
of revealing Truth, specially when it is substantiated by its
achievements ? Hence any system of Metaphysics which aspires
to unlock the secrets of Reality cannot afford to totally disagree
with modern science. We shall see in the following pages that the
ancient Jain system of thought is more consistent with modern-
science than any other Indian philosophy.

The Non-absolutist realism — Anekantavada —of Jain is,at
least, 2500 years old, if not older. The discussion on physical
existence in general, and atom in particular, is very exhaustive in
the Jain canonical and other literature. Other Indian (and
non-Indian) philosophies have not treated this subject with such
thoroughness. It is, therefore, ironical that when physicists
referred to ancient theories of atom, they talked about Democritus
and Kanada, the propounder of Indain school of Vaisesika
Philosophy, while the Jain philosophy is hardly mentioned.

NON-ABSOLUTIST CHARACTER OF REALITY

Jains assert that if philosophy is not to stulitify itself in its
mission to organize our thought and experience into an ordered
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whole, it must directly approach and study its character and
behaviour free from preconceived bias. Dispassionate study
reveals reality to be a synthesis of opposites—change and
permanence, universal and particular —and we have no warrant to
override the plain delivery of experience in deference to abstract
considerations. In this respect, the other Indian Philosophies,
particularly Vedanta and Buddhism, are regarded as absolutists by
the Jains. For instance, the Vedantists maintain that Reality is one
universal existence and the multiplicity is only an illusory
appearance called into existence by the inherent nescience of the
percipient; on the other hand, the Buddhist Fluxists believe in
atomic particulars, each absolutely different from the rest, and
having nothing underlying them to bind them together. The Jains
differ from them both, and maintain that the "universal” and
"particular’ are qualities, (and not substances), i.e. they are
distinguishable traits in a substance (real). A real is neither a
particular nor a universal in an exclusive (absclute) manner but a
synthesis embracing both of them in its fold. A real is sui generis,
and therefore, answers all demands of experience and all the
srequirements of thought. Thus, the Jains insist that the nature of
reality must be determined in conformity with the evidence of
experience, undeterred by abstract logic. Loyalty to experience
and to fundamental concepts of philosophy alike makes the
conclusion inevitable that absolutism is to be surrendered

“Our Universe”, emphatically assert the Jains, “must be an
orderly whole or system. To be a system, it must most certainly
be one. But again, because it is a system, it must be the expression
of a single binding principle in and through a multiplicity of
constituents (and not a medley of independent particulars as
asserted by the fluxists). In practice, a thing is one or many
according to the point_of view from which it is looked at ie.
according to the purpose in the light of which it is studied. Not
only must it be both-—-one and many, but it must be many
precisely becaunse it is many. Taking a further most important step
forward, the Jains maintain that in the all embracing systematic
whole, the unity and the multiplicity must be equally real, and
each must be real through the other (and not an illusionary
appearance as asserted by the Vedantists).
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SUBSTANCE, QUALITIES, MODES

SUBSTANCE

In the Jain metaphysical terminology, ‘dravya’ (substance)
denoted a real cxistence which is characterized by persistence-
through-change. The Non-absolutist Realism of Jains is based on
the doctrine of persistence-through-change. While the absolutists
find scifcontradiction in asserting both permanence and change
in the samc reality with reference to identical space and time, the
Non-absolutist Jains maintain that one need not be afraid of
accepting this as the Truth, as the very nature of things —since
our comimoen experience —gives this as a fact. They, therefore,
reject both —an unchanging permanent real of Vedantist and
Parmenides and also mere eternal flux of Nihilists and Heraclitus.
An unchanging permanent as well as mere change without a
substratum are impossible abstractions. The Jains therefore,
define substance (dravya) as “what is capable of eternal
continuous existence through infinite succession of origination
and cessation.” ! They also define it as "what possesses an infinite
number of attributes.” 2 and alternately as “the substratum of both
qualitics and modes.”?

According to the Jains,”Substance is a real” becausc they
assert the dynamic reality of dravya with permanent
substantiality manifesting itscif through (change in the form of)
origination and cessation. The trinity of utpada (orignination),
vyaya (cessation), dhrauvya (permanence) form the triple
characteristics of reality.

QUALITIES AND MODES

Thus, the dynamic substance i.e. dravya is always
associated with certain intrinsic and unalienable attribates called
gunas (qualities). A substance does not exist without qualities
because nothing can be (or exisf) with being in some determinate

L. (@) Bhagavatl, uppannei vi, vigamei va, dhuvei vi
(b) Tat. SG. 5.30: wpdda-vyaya-dhrauvya yuktam sat
2. Uunaridhyayana, 28-6: gundnémaisao dravvam

3. LIT, -3 "guna-paryiyasravo-dravyam”
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way and the possession of qualities by a substance means its
cxistence in a determinate way. One cannot divorce the existence
of a ‘real’ from its determinate mode of being. Again, a substance
and its quality must exist in some state or form, and so each one
of them is a substratum for infinite modes called paryaya.
Parydya like guna is another technijcal term demanding careful
understanding. The modes subsist in both substance and quality.!
They are infinite in number and transitional in nature. In other
words, cessation of the precedent mode is followed by the
origination of the succceding one.?

The intrinsic change in substance is called arthaparydya (or
intrinsic mode) which is subtle and continues without any
external influence. Thus molecular disintegration and aggregation
that occur every moment in a physical object is an intrinsic mode.
A particular gross mode of existence, on the other hand, which is
stable, and lasts for some time is called vyafijana paryidya or
‘extrinsic’ mode. A physical object may have a particular

~mode -~ say, as a pen— for a certain duration of time. This state of
pen is vyafjana-paryava of puadgala. Similarly, the continuous
change that takes place in consciousness is jiva's artha-parydya
while its existence as a particular organism —say, a man --is jiva's
vyadjana parydya which is with a determinate life-span. It should
be noted that jiva and puadguala have both kinds of parvdya
whereas the other four substances have got only arthaparydya.

As we shall presently see, we have to deal with six distinct
substances or dravyas and each dravya has its own characteristic
attributes. Thus, “colour” is an attribute of the physical substance
(pudgala) and "yellowness” is a paryaya of the colour.

In the Non-absolutist Realism, all change must be change "of”
and ‘in® somcthing, i.e. a succession within a permancnt identity.
Thus, while a modec originates and ceases, the constitutive
substratum of change can neither be destroyed nor created.

I Viar, 28-6: “Lakkhanam pajavanam tu, ubhao assiyda bhave”

2. Approximate parallel conceptions in the Western thought are Spinoza’s
substance, gualitics and modes. The term "attribute’ which is used in a tech-
nical sense by Spinoza, mercly means quality (gund) in the Jain Metaphysics.
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This brings us to an irritating problem in metaphysics, viz.,
~ the problem of relation. We shall discuss this in greater detail in
the succeeding chapter of this book. Herc, we shall only mention
that the reality of relation is a fundamental concept of the Jains. A
“dravya”is the identity of an infinite multiplicity of modes. It is a
unity and diversity in one, and the relation involved is neither one
of absolute identity nor one of absolute otherness, but something
different from both. It is suf generis which does not permit of
being determined by absolute criteria. A substance exists *in’ and
"through’ its attributes, and the latter, related and organized,
constitutes a ’substance’. In simple language, quality (gzna) and
‘mode’ (paryaya) cannot be absolutely different from the
substance nor can they be absolutely identical with it. The
difference is only that of reference and not that of cxistence.

Earlier, it has been stated that the Non-absolutist Jains assert
that while the universe is an order by whole, it is, at the same
time, a plurality of its constituents. The six substances to be
described below are deductions from experiential data. Each
substance is distinct from another by virtue of possessing one or
more particular qualities which are not possessed by the others.
Besides, since all substances are constituents of a single Reality, a
thread of unity runs through all of them in the form of universal
qualities. [n subsequent pages, we shall first deal briefly with the
particular qualities of each substance, which shall be followed by
the discussion of universal qualities.

SIX ULTIMATE SUBSTANCES

Jains believe in the existence of -six ultimate real substances
as under —

(1) Dharmdstikd ya — Medium of Motion.

) A.dharmésn'kci ya—Medium of Rest.

(3 Akdsastikaya— Space.

(4) Jivastkaya— Psychical Existence (Soul).

(3) Pudgaldstikdya—Physical Existence (Matter and
Energy).

and (6) Kala—Time!

1. Bhagavart Siitra, 13-4-55, 1.V.R. Edition.
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The first five substances are called astikéva, because each
of them is a homogencous continuum composed of multiple parts.
Kala (i.c. time) is also included in the above list as the sixth
substance, but it is not an  "astik@ya” The term astikaya is a
compound word made up of ‘asti’ and *kdya’, which respectively
mean '(real) existence’ and ‘extensive body’] The term astikdya
thus means a real extensive magnitude, ie. having plurality of
parts (pradesa) in its constitution. The primal attribute of
‘Existence, i1s the foundational element of the nature of an
astikaya (existent). An existent is not a mental phenomenon or a
figment of imagination but an extra-mental or objective reality.
While such concepts as : substance, attribute ete. are, no doubt,
the ways in which the mind works up the dala of expericnce, but
this does not mean that they are only mental and have no extra-
mental reality. Kdla, the sixth substance, has neither extension in
space nor plurality of parts and is, therefore, not an astikg@ya. Each
of these substances continues to exist as an entity eternally, and
though they co-exist spatially and temporally, they are mutually
inconvertible.

We shall examine very briefly the nature and characteristics
of these substances before taking up the detailed discussion on
pudgalastikdya which is the Jain name for "physical substance”.

(1) PHARMASTIKAYA & (2) ADHARMASTIKAYA

These are the non-physical real substances as the media of
motion and rest respectively. The existence of these two as reals
is not accepted by any other metaphysical school of thought, The
classical physics, however, had accepted the cxistence of
substance called ether as a medium of motion. We shall, for the
sake of convenience, translate these terms as positive and negative
ethers respectively.

Each of them is a single, indivisible, homogeneous continuum
pervading the entire occupied universe (loka}, but does not extend
beyond it. In fact, they are the causes of the finiteness of the loka.
Temporally, they are beginningless and eternal Being non-physical

1. Hlluminator of Jain Teners, 1-1 igloss).
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and non-corporeal (amirta), they are deviod of sense-qualitics of
smell, taste, etc., and, therefore, imperceptible to the sense-organs
and physical instruments. Immobile themselves they passively
assist the motion or rest of mobile statiopary objects; positive ether
{dharmastikdya) is the medium of dynamic state and the negative
ether {adharmdstikdya) is that of the static state. Not even the
minutest vibration is possible without the assistance of positive
ether. Hence, where there is no ether, there is ncither psych1cal nor
physical existence.

(3) AKASASTIKAYA (SPACE)

According to the Jains, space is a real substance, because it
satisfies the requirement of substance as well as a real It is the
container of all other substances. It is boundiess/infinite. Ethers and
other substances do not occupy the whole space as they are finite.
That portion of space which is occupied by other substances is
called loka (cosmos).! Loka is finite and is surrounded in all
direction by aleka which is inert, cmpty pure space —a boundless
void.? Beyond loka, there is no object —animate or inanimate, Not
a single tiny atom of matter nor a Jiva would be able to cross the
boundary and go beyond the limit of leka Actually, the space is one
indivisible entity. The ethers determine the boundary of the

" loka-~dkdsa by their own finiteness.

Before proceeding further, let us emphasize the utmost
importance of the three reals mentioned above viz.
Dharmdstikdya, adharmdstikdya and akdsastikdya (space).
Dharmastikaya and adharmastikaya are  mutually
inter-penetrating and concomitant with loka-@gkasa. They are real
constituents of the cosmos. Their existence and influence do not
cxtend beyond the loka-@kdsa, but within cosmos they are
all-pervading and co-extensive, Their separate existence cannot be
inferred from their difference of locality as there is no such
difference, but they have fundamentally different functions. In
other words, they have a unity of locality with diversity of
functions. Being devoid of physical qualities as well as
consciousness, they can he distinguished by their respective
functions.

1. Bhagavali Sitra, 13-4-60.
2. Pravacanasiia, Pradipika Vrni, 2-36.
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Conception of these is essential to the conception of motion,
If one accepts the reality of the physical object, one must also
accept the reality of motion. Although looked upon with suspicion
by idealistic metaphysicians, the doctrine of reality of motion is
accepted by both realistic philosophers as well as scientific
thought,

[n order to accept the reziity of motion of physical objects,
the reality not only of space but media of motion and rest must
also be postulated. None of the non-Jain Indian schools of thought
has paid attention to this problem. Ved@nta uses the ierm dkdsa
rather indifferently to denote space and ether. It is to the credit
of the ancient Jain sages alone that they boldly attacked the
problem with significant success.

In the scientific world, the problem of motion was first dealt
with by Galileo, considered as father of modern science and later
on by Newton, Before them, Aristotelian tradition of ahsolute rest
was generally believed But Newton's theory got rid of the idea
of absolute rest and introduced conception of a substance called
the "ether”, that was present everywhere, even in the empty space.
Einstcin pointed out that the conception of ether was unnecessary
provided that one was willing to abandon the idea of absolute
time.

The discoveries of modern science —the dual nature of
matter, the standing wave-patterns of electrons —are all associated
with the reality of space and its contents. Now the space itself,
according to the Jains, is infinite extension and only a portion of
it is filled with other real substances. It is this finite portion
(which must curve upon itself as per Einstein’s suggestion), which
1s the theatre of all the drama of cosmic dance. And the finiteness
of the cosmos is due to the two other substances viz media of
motion and rest. Without these two, the systematic structure of
the cosmos would have been a chaos. We shall have occasion to
revert to this in the following chapter.

(4) JIVASTIKAYA

Jivastikaya is the psychic order of existence and cetand or
consciousness is its chief characteristic. Individual jiva is the SELF,
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ultimatic Reality of which is self-evident. [t is the central
conception of Jain thought. Life and consciousness are
co-extensive. Wherever there is life, there is consciousness, and the
vice versa, But there are degrees of explicitness or manifestations
of cetand in different organisms. In the lowest class of organisms,
it is very much latent; while in human beings, it is very much
manifest. It is entircly distinct from all inanimate existence.
Characteristic qualities viz. colour, odour, etc. inherent in physical
existence have no relevance in the case of jiva, and hence, it cannot
be cognized by sense-perception. Cetand manifests itself in several
ways : intuition, perception.(cognitive elements), emotions, will,
attitide and behaviour, awareness of pleasure and pain.

(UNION OF) SOUL AND BODY

Every animate erganism is an organic union of non-physical
Jiva—soul—and physical body. This is the state of soul in
mundane exisience. But in the state of emancipation, (or moksa
which literally means freedom) the union of the self (soul) with
the non-self (body) ends once and for all. In both these states, the
existence of jiva is real. Bondage in not merely empirical, and
emancipation does not mean total cessation of the individual jiva
but freedom from passions, cycles of births and deaths and
worldly cxistence. It is the pure and perfect state of the SELF—the
same old self which was once in bondage.

Emancipation presupposes contamination (which in itself is
beginningless) of the self by non-self called karmic matter or
karma sarira.

It is beyond the scope of this book to discuss the modus
operandi of karma comprising the processess of attraction,
assimilation, risc, fruition and dissociation of kdrmic matter.
Suffice to say here that the association of sclf and non-self
generates passions and the passions reaffirm the association. The
Doctrine of Karma explains the diversities and inequalities
that undeniably exist in the world. Worldly happiness or
misery, good or bad health, high or low status, riches and
poverty of an individual are all results of karma. But the soul
can free itself from the contamination and become
emancipated. Until then, the soul and body interact and a
change in one (or the other} always involves both physical and
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psychical antecedents. If this is not admitted, ethical value will
remain unintelligible.

(5) PUDGALASTIKAYA —-PHYSICAL EXISTENCE
(MATTER & ENERGY)

Matter and encrgy of modern science are called pudgala by
Jains. The use of this word is almost exclusive to the Jain
literature. It is a derivative made up of two words: pud meaning
combining or fusion and gale meaning dissociation or fission.!
The properties of fusion and fission which characterize all matter
are also responsible for the name pudgala given to this subtance.
They are also responsible for giving it an atomic constitution.

The characteristic attribute of pudgala is that it posscsses
the properties which can be perceived by sense-organs viz colour,
smell, taste and touch.? Concomitance of all the four is
cmphasized by the Jains. In other words, if a thing is perceived
by the sensc of touch, it must also necessarily possess smell, taste
and colour. The atomic structure of pudgala is, as its name
implies, absent in the other astikdyas. Whereas the other four
astikdayas arc indivisible i.c. not disintegrable, pudgala is
divisible. The ultimate indivisible unit of pudgala is called
paramanpu or ultimate primary atom. This atomic structure of the
physical universe is the most interesting part of the Jain physics.
The paramdnu can neither be created nor can it be destroyed. It
is eternal. Although it possesses sense-qualities, it cannot be an
object of sense-perception. It is the subtlemost physical entity. By
itself it transcends the sense cxperience, though it is basic
constituent of all perceivable objects. We shall deal with this
primordial physical existence, at length, in the section five of this
chapter.

(6) KALA— TIME

Time is not included in the list of astika@yas but is included
in the list of six dravyas.

Time possesses the characteristic of ‘persistence-
through-change’ and is, therefore, a dravya. It is the necessary

L. Tat Raj, p. 190G
2. Tav St 5{23,
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condition of duration (continuity), change (modification), motion.
newness and oldness of substances. Time by itself cannot cause
a substance to exist, but continuity of existence implies duration
in terms of time. Mutation or change or modes also cannot be
conceived without time, because change implies temporal
succession in which meodification takes place. Similarly, motion
implies different positions of an object in space in temporal
succession. Lastly, time causes the distinction between the old
and the ncw, the “before’ and the “after’. Ultimate indivisible unit
of time ie. time-point is called samayea.

Notions of space and time figure prominently on the map of
Reality, and are, therefore, of paramount importance in our
efforts to understand it (Reality) through philosophy as well as
science. It would, therefore, be more appropriate to discuss this
elaborately in the next chapter.

SIX UNIVERSAL QUALITIES

The following are the six universal qualitics (sdmdnya guna)
ie. they are possessed by all the six substances :

1. (Eternal) Existence (Astirvag)

2. Causal 'Efficiency (Vastutva)

3. Substancchood (Dravyatva)

4. Objectivity (Prameyatva)

5. Extension-in-space (Pradesavatva)

6. (Eternal) Persistence/Permanence (Agurulaghutva)

1. (ETERNAL) EXISTENCE (ASTITVA)

Eternal existence means continuous duration by rcason of
which each substance maintains its ‘“BEING"” and is never
confronted by extinction. It is by virtue of this quality that a
substance is neither created nor destroyed, but maintains its
identity eternally.

While emphasizing the plurality of the six substances, it is
also emphasized by the Jains that plurality is not an unrelated
chaos but a system, inasmuch as each substance is cemented with
the rest by definite bonds of relationship.
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The Non-absolutism of Jains is not the result of negation of
absolute and extremes but their unification and integration as a
system. Absolutism consists in maintaining either unity or
multiplicity as absolute truth and holding that one is in absolute
opposition to the other, e.g. Vedantists hold the unity (of Reality)
as the whole truth, whereas the Buddhist nikilists accept
multipticity as the only truth, but the non-absolutist Jains accept
both unity and multuplicity as the true determinations of the
Reality. Thus, while propounding the division of Universal
Rcality into six substances cach with its own particular
characteristics, the Jains also emphasize their unity by
propounding certain universal attributes possessed by all of them.
The universal atiribute "Existence” may be regarded as the highest
universal, and is proclaimed by the Jains to be Mahdsastd i.e.
essence of Reality.! This means that inspite of their multiplicity,
the six substances comprise one universal system. This aspect of
unity (viz. Mahasattd) is emphasized not only in the individual
substance’s constitution as an individualistic trait (i.e.
Avantarasattd) but the unity of all Reals. Existence, however,
should not be abstracted and postulated as the unitary substance
of which the other substances may be taken as parydyas (modes).
The six snbstances, in spite of their common characteristic of
existence, are fundamental and irreducible one to another.

Thus, the metaphysical system propounded by Jain
philosophers is not a hopeless chaos of pluralism but a pluralism
integrated into a system.

2. CAUSAL EFFICIENCY (VASTUTVA}

The wastutva is the second universal guality, which
emphasizes the dynamic nature of the six substances.

We have already discussed in the previous section that a
substance is characterized by permanence-through-change. The
quality vastutva emphasizes the aspect of *change’.

Both ‘being’ and ‘becoming’ are necessary concomitants of
Reality and one is as uitimate as the other. Becoming or change

1. Paiicastikiya-Sarhgraha, with Tattvapradipiki, p. 8
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presupposcs causality, which is again reducible to
identity-cum-difference, which is the fundamental nature of all
Reals, But what is the occasion or rather the raisen d'etre of
change ? According to the Jains, change is intcgral in a substance
and the stimulus of change is scated in the very nature of
substance. This is vastarva or causal efficiency. As regards the
question, whether causal efficiency is different from or identical
with substance, the answer is—it is diffierent, and at the same,
identical.

3. SUBSTANCEHOOD (DRAVYATVA)

The quality of substancehood enables a substance 10 be the
substratum of qualitics and modes. As we have scen before, the
qualitics and modes cannot cxist without any support. Such
support is the substance. in other words, they will have no basis,
if they do not rest in something real This does not mean, however
that dravya is merely a prop, supporting an alien fact, the quality.
The quality characterizes the substance and the substance has the
guality. It should also be remembered that the attributes alone are
not sufficient to constitute substance, because for the Jains, esse
is not identical with percipi. Qualitics, in order to be objective and
not merely subjective, do require an objective base. Such a bage
the dravya is.

The problem of relation between a substance and its
atfributes has already been discussed.

4. OBJECTIVITY (PRAMEYATVA)

By the virtue of this quality, 2 substance can become an
object of knowledge. The Jains arc realists and not idealists. A
substance is a real and a constituent of the Universal Reality. This
quality i.c. prameyaiva enables the substance to be an objective
reality. Realism of Jains has already been discussed carlier.

S. EXTENSION IN SPACE (PRADESAVATTVA}

By virtue of this guality, the substance extends in space.
Pradesavattva is also called as ‘kgetratva’ (Le. quality of occupying
space). This enables us to predicate a substance by the
determinant ‘ksetra’
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6. (ETERNAL) PERSISTENCE/PERMANENCE
{AGURULAGHUTVA)

While discussing the universal causal efficiency (vastutva),
it was stated that a substance is characterized hy
persistencefparmanence-through-change. While the quality ‘causal
efficiency’ emphasizes the aspect of change, this quality viz.
agurulaghutva emphsizes the aspect of persistence/ permanence.
1t is precisely this quality which prevents the substance from
surrcndering its own specific substancehood and prevents the
quality from abandoning its ‘qualityhood’. Further, both the
substance and the quality undergo infinite modifications,
intrinsically as well as extrinsically. But they do not lose their
identity. Secondly, the interaction between two substances can
never change the specific nature of cither substance. Thirdly, each
substance which is the substratum of infinite qualities of its own,
continues to support its substance and they do not scatter away.
The inalienability of the respective qualities of each substance
also is due to this quality of agurulaghutva All these mean that
each substance and its characteristic qualities maintain their
individuality in-spite of not only the interaction between two or
more substances but ‘self-intcraction’ also. The phenomena of
ceascless self-interaction has its parallel in the ‘self-interaction of
‘nucleons’ very recently discovered in the subatomic reactions.
According to Jains, such self-interaction is not restricted to
physical existence {pudgala} only, but also extends to all the
substances. It is called “sadguna-hdni-vrddhi’, i.e. “six-steps of
infinitesimal changes in descending as well as ascending order”.
We shall revert to this important phenomena in the next chapter.

After this brief description of six real existents, we shall take
up detailed discussion on pudgala i.c. physical existence.

The quality aguruiaghutva is thus responsible for
maintaining the individuality of the substance and its
characteristic properties. The intrinsic modifications of the
‘substance is in the form of “self-interaction” and takes place in 12
steps —6 upwards and 6 downwards (sad-guna vrddhi and
sad-guna hani or sat-sthana- patita-vrddhi-hani). An infinitesimal
chage takes place in each step and can be mathematically
explained and expressed as under.
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The six steps upwards are:
(I} infinitesimal increasc
(2) by a countless fraction,
(3) by a countable fraction,
(4) numerable times

(3 innumerable times

(6 infinite times

The six steps downwards are in exactly reverse order,



Atom in Jain Fhilosophy 85
SECTION 11

PUDGALA : ATTRIBUTES

(A) DEFINITIONS

PUDGALA : REMARKABLY MEANINGFUL
NOMENCLATURE

Physical substance is called pudgalal by Jains. The
etymological meaning of the word pudgaia is that it has the
property of intergration and disintergration. It has the following
derivation? :

‘Pud' means to combine/integrate and ‘gala’ means to
separate/disintegrate. Hence, the basic meaning of the word
pudgala is : “That which undergoes modifications by integration
and disintegration™ In the words of the modern scicnce, we can
say that “what is fissionable and fusionable is ‘pudgala’™

CHARACTERIZATION

Many definitions of pudgala are possible on the basis of
numerous varied gualities possessed by it and also numerous
aspects® from which it is perceived.

There are particular qualities possessed exclusively by
pudgala which distinguish it from the other substances. Out of
these, there are some qualities which are found in all forms and
modifications of pudgala, while some of them are found in some
forms of pudgala and are obsent in other. Characteristic qualities
are those which distinguish it from other substances and are
found in all modifications of pudgala

According to Jain canonical literature, physical substance
(pudgaldstikaya) is characterized by four qualities viz. colour,
taste, odour, and touch, Possession of these qualities makes

I The terms physical existence or pudgala used in the book stand for the
entire range of sub-atomic particles, atomsfelements, molecules and material
bodies as well as all forms of material energy of science.

2. Sabdakalpa-druma-kosa.

3. “Aspect’ implies that Lhe perception of an object is a quality inherent in the
thing perceived —a guality that is drawn out into focus by the percipient.
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pudgala perceivable by sense-organs of an animate organism. Out
of the five astikdyas, which constitute the universe, pudgala is
the only one which possesses the quality of mirtatva, that is, it is
perceivable by the sense-organs.! '

In Bhagavatt Sarra, which is one of most ancient and
important canons, padgala is elaborately described from many
aspects, In Jain philosophy, a typically frequent method of
describing the character of an object is the use of fourfold
determinants : substance (dravya), location in space (ksetra) time
(kdla) and atwributes (bhdva)

Thus,

1. Substantially, pudgaia is infinite in number, that is to say,
there are infinite number of different physical entities.

2. Spatially, pudgala fills the whole cosmic space fokikésa).

3. Temporally, pudgala is eternal i.e. without beginning and
without end.

4, Qualitatively, pudgala possesses colour, taste, odour and
touch.

5. Interactionwise, pudgala is capable of being taken in and
transformed by jiva (psychic order of existence). The
interaction between the psychic order and the physical
existence is threefold:

(a) Karma : A specific group of matter called
karmavargand is attracted and assimilated by jiva. Each
individuai jiva, during its worldly existence, con-
tinuously interacts with karma-pudgala.

() Body : Each jiva must have a body as the instrument -
for the experience of pleasure and pain during its world-
ly existence. Four groups of padgala are assimilated by
Jjiva for this purpose. They are —auddrika, vaikriya,
Ahiraka, and taijas.?

{¢} Vital Functions : Breathing, natrition, speech and
thought —all these physiological functions of a living

. Brhad-dravya-samgraha, verse 15.
2. See, aluo section IV of (his chaper.
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oranism arc possible only with the help of different
groups of pudgaia possessing specific properties useful
for specific function.

Besides, pudgala has form and cxtension, it is devoid of
consciousness and life, it is eternal in its pature, constant in
quantity (i.e. neither increasing nor decreasing) and it is a
fundamental constituent of the universe. It pervades the whole of
lokdkasa!

(B) PUDGALA : CHARACTERISTIC
ATTRIBUTES

The characteristic qualitics (laksana) of a substance are those
which distinguish it from other substances. As we have already
seen, pudgala is the only substance which is perceivable (ie.
cognizable by sensc-organs, miarta),?2 whereas all other five
substances are impereeptible (@miirtec) through sense-organs. This is
because only pudgala possesscs the qualities of colour, smell, taste
and touch.® Each of these qualities is capable of stimulating a
specific sensory equipment of an animate organism.

The stimuli arc then conveyed by the respective sense-organs
to the congnizing apparatus, cnabling it to perceive the physical
object.

Ali the other five substances are totally incapable of any of
these qualities and are, therefore, incapable of being the objects of
sense-data and being perceived by the sense-organs. Thus, whatever
is perceived or is perceivable must nceessarily belong to the
physical order of existence.* Conversely, whatever is bereft of
sensory qualitics is non-physical’

Ripatva/mitrtatva or sensory perceptibility is the sum total
of the four sensuous qualities named above. Colour and/or
extension by itself is not the cause of perceptibility of the matter.
All the four qualities are concomitant.® No modification of matter
is such that it passesscs three, two or onc of the four qualities. Nor

. Bhagavat SGira, 1/19/129,

2. Tat. $a1. Siddhasena’s Commenitary. 5/3.
3. Ibid, 523.

4. 1bid, 5/4 (Bhasya),

5. Ibid, 5/4 (Siddhasena's Commentary).

€. Yatra ropa-parinimah tatrdvasyartaya sparéa-rasa-gandhairapi byavyam;
atah sahacarametlac catustayam —Tat. Sat. Siddhasena’s Commentary, 5/3.
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is there a modification of a substance other thag matter which can
possess one, two or three or all the four above qualities.

All mutation of matter, be it a single ultimate atom or an
aggregate constituted by innumerable such ultimate atoms, must
possess all the four qualities.

TYPES OF CHARACTERISTIC QUALITIES

Five types of : Black, blue, red, yellow

primary colour & white

Five types of taste :  Sweet, bitter, acrid, acidic
{sour) and astriagent.

Two types of odour : Good smell and bad smell.

Eight types of touch :  Hot, cold; gluey, dry; hard, soft and
light, heavy.

C. OTHER IMPORTANT ATTRIBUTES
(MODES)

Some important modes of the physical subsiance (pudgala)
are : sound, light and darkness; integration and disintegration;
microscopicness and macroscopicness & shape or configuration.!

1. SOUND:

Sound is produced by collision or separation of two or more
physical objects. It is the agltatlon set up by knocking together or
splitting of two aggregates.? An ultimate atom cannot produce
sound by itself®> It is of two kinds (in respect of genesis) — ()
Natural or spontaneous, e.g. thunder and (ii) that produced by
conscious effort. The latter is again of two kinds — (i} lingual and (i)
non-lingual® The lingual sound is again of two kinds — (i) articulate
i.e. made up of alphabetical composition, and (ii) inarticulate ie.
sound produced by subhuman animals.

Non-lingual sound i produced with the help of {musical)
instruments and is of four kinds :

1. Tat. Sut., 5/24.
2. {a) Utt, 2812, 13.
) LIT., 215
3 Pafica., verse 79,

4 Tat. R3j. 5/24.
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@)  rata—sound produced by percussion instruments like
drom.

(@  vitata—sound produced by stringed instruments like
violin,

(©) ghana—sound produced by bells, etc.

) susira—sound produced by flute, and such other wind-
instrumentsZ,

Classification of sound can be tabulated as under :

Sound
I
M I
Natural Produced by living
(vaisrasika) beings (prayogika)
I l
Lingual non-lingual
(bhasatmaka) (abhig%tmaka)
I 1
| ] |
articulate inarticulate '
(aksaratmaka) (anaksardtmaka) !
I
|_ +
Percussion-instrument
(tata)
Stringed-instrument
(vitata)
Bells etc.
(ghana)
Wind
instrument
{susira)

1. There is slight difference between the Jain and lexicographers terminology
for sound of musical instruments. Acconding to the latter, tata stands for
the sound produced by stringed instruments, while anaddha stands for that
by percussion instruments.

2. Sarvanhasiddhi, 5724,
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From a different aspect, sound may be divided into three
kinds :

(i} Sound produced by animate organisms.
(i) Sound produced by inanimate objects.
{(iii) Sound produced jointly by both.

Thus, sound is not a quality (guna) but modification
(paryayay of pudgala. Sound is in the form of waves produced by
the vibrations of sound-producing aggregates and is propagated
by material medium such as air or water but not by space ie. in
vacuum. Sound is perceived by the seuse-organ of hearing.

The Vaisesika philosophy does not accept sound as the
modification of pudgala, but an attribute of space. This view is
patently untenable. Firstly, sound is mirta—perceivable by a
sense-organ, while space is amirta—devoid of sense-data. The
attribute of an amirta substance can never be mirta. For the
sound to be an attribute of space, either the space must be
considered as murta of the sound to be amizrta which is obviously
not the casc. Moreover, sound-waves are propagated, and
therefore, dynamic, while space is static (niskriya. According to
science, sound-waves cannot be propagated in vacuum (space). If
it was an attribute of spacc, it must inhere everywhere in space.

2. LIGHT AND DARKNESS

Light is an attribute of pudgala and is the cause of visibility.
Darkness, the anti-thesis of light and the cause of invisibility is
also an attribute of pudgaial. Darkness, according to Jain belicf,
is not mercly absence of light but is a specific combination of
physical bodies in which black colour is predominant.

There are three kinds of light radiations : —
() Hot effulgence (atapa)
(i) Cold effulgence (udyota)

(iii) Lustre (prabhi)
I. Sarvarthasiddhi, 5/24,
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Hot effulgence is the sun-light or light from a fire or a lamp
etc. The emission from such sources is composed of a largar
proportion of heat radiations than kight, e.g. sun-light is only 35%
light; lamp-light is 7 to 10%. Cold effulgence, on the other hand,
predominates in light radiations, and there is very little heat, if at
all. Reflection of sun-light by moon etc, falls into this kind. Light
radiated from the tiny body of a glow-worm is 99% light and only
1% heat. Lustre is light rays emitted by certain gems and the like.

Shadows (chhayad) and images are also produced by light,
and are, therefore, physical objects.

3. INTEGRATION (BANDHA) AND DISINTEGRATION
(BHEDA)

The ultimate atom is the permanent basis of the physical
existence. All physical objects are constituted by the ultimate
atoms which combine together to form composite bodics or
aggregates. Smaller and simpler aggregates also combine together
to form larger and more complex objects. Conversely, large and
complex objects break up into smaller and simpler components.
This synthesis or fusion and break-up or fission are eternal
phcnomena in the physical universe. All physical objects are the
result of either integration (bandha) or disintegration (bheda).

{a) The intcgration is of two kinds — () Natural (vaisrasika)
and (i) Made by animate organisms (prdyvogika). The natural kind
is again of two types (in respect of time) : with a definite beginning
and (ii) without a beginning. Some instances of natural integration
which have a beginning are ; clouds, lightning, rainbow ctc. As far
as the physical existence is concerned, there is no integration
without a beginning, either natural or made by organisms. The
only instances of eternal or beginningless integration are
dharmdstikdya (positive cther), adharmdstikdyd (negative ether)
and dkdsastikdaya (Space) which are non-physicall

Integration made by living organisms is necessarily with a
definite beginning and can be divided into two kinds from another
aspect.

(D) Integration of one kind of matter with another, e.g.,
production of chemical compounds.

1. Satkhanda., 14/5, &/30429, 37434,
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(ii} Combination of matter with living beings (jiva).

The last one is again of two types : (i) karma-bandha—
Bondage or Combination of karma-vargand with jiva; and
(if) No-karma-bandha— Combination of other groups! of pudgala
with jiva in vital functions,

(b) Disintegration or break-up of physical bodies is also of
two kinds: (i) Natural and (i) Made by animate organisms.

Natural disintegration is the spontaneous decay of the
physical substances e.g. radioactive elements due to their own
inherent structural propertics. This kind also includes
disintegration by natural forces such as wind, rain, flow of water,
etc.

Disintegration produced by animate organisms is of many
varictics depending upon the methods of division and separation.
Some typical methods of break-up are :

(i) division by sawing or splitting (utkara).

(ii} division by brcaking into smaller pieces (khanda).
(iii} division by grinding (ciraq).

(iv) layer-by-layer separation (pratara)

(v} division by fissures (anutatika)

4. MINUTENESS (MICROSCOPICNESS) AND
LARGENESS (MACROSCOPICNESS)

The physical universe is composed of innumerable varieties
of physical objects, from a microscopic sub-atomic particle to a
macroscopic giant star. Both these opposite qualities are,
therefore, special atuributes of the physical substance (pudgala).
Largeness and minuteness are, however, mostly relative. An object
is large because there is another one which is smaller than it
Largeness of the former is strictly relative to the minuteness of
the latter. An ultimate atom (paramdn) is the smallest indivisible
form of pudgala, and there is nothing more minute than it And
hence minuteness (microscopicness) is of two kinds :

I See also section iv of this chapier.
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(i Relative
and (ii) Ultimate.

Similarly largeness {macroscopicness) is also of two kinds :

(i) Relative and

(ii) Ultimate,

The ultimate macroscosmic object is called acitta
mahdaskandha ie. great aggregate which pervades the entire
cosmic space {lokékdsa).

5. SHAPE/CONFIGURATION (SAMSTHANA)

This also is an important attribute of the physical existence.
It is related to the capability of the physical objects to extend in
the three dimensional space. Shapes have infinite varicties, but
they can be divided broadly into two groups :

() Regular or Symmetrical
(ii} Irregular or Non-symmetrical.

Some regular configurations are : sphere, cube, pyramid, etc.
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SECTION III

GENERAL PROPERTIES OF PUDGALA

1. Pudgala is
() an astik@yal
(b) a real,?
(c) a substance,?
(d) eternalfindestructible,?
(¢} avasthita® (non-transmutable).

2. Pudgala is physical order of existence, not psychical.®

3. (a) Pudgala possesses qualities of colour, taste, smell and
touch.”

(b) Pudgala is sensiblefperccivable.®
4. (a) Pudgala s kriyavan (ie. incessantly active).?
() Pudgala is parindmi (i.c. subject to mutation).!©
8. Pudgala is fusionable and fissionable-V
6. (a) Pudgala is numerically infinite.12
() Spatially it fills the entire universe.!3

7. Pudgala interacts with and influences psychic order of
existence, i.e., jiva or conscionsness. 4

- |. Bhagavaii Siitra, 13/4/55 (J.V.B. Edition)
2. Ibid., ibid.
3 Uit 2878
4. Tat. Sut. 5/4
5 Tid., ibid
. Thid,, 51
7. Bhagavati Sitra, 2/10/12%
8. @) Tat. Sot, 5/4;
(b} Brh. Dra. Sari, verse 15
9. Tat sut. Bhasya, 5/6
10. Brh. Dra Sarh. 2/1 p. 67
li. Tat. SGt. Commentary, 51
12. Bhag. Stt. 27104129, Utt. 28/8
13. 1bid, ibid
14, (a) Tat. 8aq1. §f2
(b Thid,, 519
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We shall now discuss the above properties of pudgala in
detail :

1. (a) PUDGALA IS AN ASTIKAYA

Earlier, astikdya was defincd as —

() a homogeneous continuum composed of multiple parts,
and

(i1} having an extended body.

Pudgala is an astikdya, as all aggregates of pudgala are
composed of multiple parts (pradesa). The composite bodies
(aggregates) of pudgala consist of numerable or innumerable or
infinitc number of pradesa! depending upon the structure and
composition of the bodies. An ultimate atom is a single pradesa,
and has no constituents,

As regards extension-in-space, there is remarkable similarity
between Jain view and modern science. The extension-in-space of
pudgala varies from aggregate to aggregate depeading upon its
density. Since a free ultimate atom is an indivisible point, it will
always occupy a single space-point, but a composite of two such
atoms —a diatomic aggregate —can extend to two space-points, or
after fusion can occupy a single one. Similarly, an aggregate
composed of numerable, innumerable or even infinite number of
pradesa, can be accommodated in a single space-point on account
of its quality of compressibility or may extend to numerable or
innumerable space-points.2

The extension (number of space-points occupied) of an
aggregate cannot exceed the number of its constituent atoms. But
the maximum extension of an aggregate of infinite atoms is
innumerable, and not infinite space-points. It must be remembered
that a number of atoms may occupy a single space-point at the

1. (a} Br. Dr. 8arn, verse 25
() Niy. Sir, verse 35
(c} Tat. Siit, 5/10
2. Tat. SGt. Sarvanhasidhi, 5/14
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same time without being fused. Thus, infinitely infinite ultimate
atoms in the free state together with infinitely infinite number of
aggregates are all accommodated in lokakdsa which has
innumerable pradesa only, and not infinite’! This is because of the
unique attribute of tremendous compressibility of pudgala. This
view of Jains is in [ine with the discoveries of modern science that
99.97% of mass of an atom is condensed in its nucleus which
occupics 500,000 billionth part of the space of the whole atom.

1 () PUDGALA 1S A REAL EXISTENT

(c) PUDGALA 1S A SUBSTANCE

The subject of Non-absolutist Realism of Jains as well as that
of Substance, Quality and Modes have been already dealt within the
previous section. Besides, it is proposed to deal with this again in
the subsequent chapter. Hence, suffice here to repeat that pudgala
is a real existent as well as a substance. As a real, it is both
permanent as well as changing, and the change in attributes that
occurs at every moment is due both.to its internal dynamic
constitution as well as its interaction with other reals. The Jains
emphasize that all these modifications are events in time, but as a
substance, pudgaldstikdya has timeless continuity of
substancehood which is not an event in time. Whether it is ultimate
free atoms or aggregates, the continuity of the substancehood in all
its modifications is a fact,

A very simple example to explain the relation between the
substance and its modes is that of conversion of a golden bangle and
a golden ring by a goldsmith. In both, the specific qualities of the
element gold inheres uniformly but the mutability of the gold to be
transformed into different shapes and sizes makes it possible to
become sometime a bangle and sometime 2 ring. This
transformation of shapes is mutability and the shape for the time
being is a mode. The bangle-mode can be destroyed to create the
Iing-mode, but the goldhood is permanent or identical in both,

L LIT. (Gloss), 1/34.
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(b) PUDGALA IS ETERNAL/INDESTRUCTIBLE

(e) PUDGALA IS NON-TRANSMUTABLE

Permanence (eternal existence) and nen-transmutability are
universal qualities of all substances including pudgala Earlier, we
had stated that ‘temporally® pudgala is eternal, ie. without a
beginning and without an end. In the Bhagavati sitra, this
attribute of pudgala is described cxtensively thus : “4dlac na
kavdi na asi, na kaya: natthi, na kaydi ng bhavissai — bhavimsu
va, bhavari ya, bhavissaf ya— dhruve, nivyae, sdsae, akkhae, avvae,
avatthie, nicce."!

In this Sutra, the cternal existence of pudgala is described
by a group of apparent synonyms with subtle nuances, It would be
extremely difficult to translate cach term of the sitra by an exact
English word. We shall, try to give an appropriate group of words
which gives the same sense as the sitra:

* Kalao....bhavissai ya&" means —“Temporally, in the past,
there was never any time when pudgala did not exist; in the
present, there is no time when pudgala does not cxist; in the
future, there will not be any time when pudgala will not exist;
(stated in positive words, it means) — pudgalz did exist at all times
in the past; pudgala does exist in the present; pudgala shall exist
at all times in the future,”

“Pudgala is dhruva i.c., it is perpetual/persistent which
emphasizes its endless continuity without pause.”

“Pudgala is niyata i.e., it is quantitatively immutable or
fixed which indicates that the law of conservation is strictly
applicable. It means that? the total quantity of pudgala in the
universe is always constant; whatever was the quantity in the
infinite past will always remain the same in the infinite future,
Not a single paramanu (ultimate atom) has been destroyed in the
past nor will it be destroyed in future. Not a single paramanu was
newly created in the past nor will it be created in future.*?

1. 2f104129.
2. Tat Si: Siddhsena's Commentary, 5/3.

3. A parallet conception of thisx quality is the “Principle of Conservation of
Matter and Energy” in modemn science.
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“Pudgala is S$asvatdl, ie. it is eternal/timeless, which
emphasizes that pudgala exists irrespective of time, and further
implics that it had always existed in the past also; thus, it has
neither beginning nor end.”

“Pudgala is aksaya, i.e., it is imperichable/indestructible,
which means that prdgala never ccases to exist, and its existence
is not affected by the passage of time, and it ts immune from
extinction.”

“Pudgala is avyaya, ie., it is immune to loss, which again
emphasizes the quantitative stcadiness/conservation of pudgala™

“Pudgala is avasthita i.e., it is non-transmutable.”

“Pudgala is nitya ie., it is permanent/continuous, which
emphasizes its uninterrupted continuity.”

NON-TRANSMUTAERILITY OF PUDGALA

Although the term avasthita is generally a synonym of
dhruva, etc., its meaning carrics a profound significance, [t means
that pudgala never becomes a non-pudgala? Now, we have been
repeatedly saying that Jains emphasize the ‘persistence-through-
change’ as the fundamental naturc of a real, and thercfore,
pudgala must positively be subject to change. But the term
‘change’, generally, refers to ‘the process of differentiation, slight
or great, in appearance or essence.’ Hence, the term avasthita does
not deny the mutability of pudgala in its own modifications but
denies the transmutability into another non-pudgala substance.
-That is to say — pudgala does persist through modes, but is always
eternally pudgaia It can never absolutely be destroyed nor be
absolutely transmuted i.e. it can ncver become non-pudgala.

Thus, although certain groups (vargana) of aggregates of
pudgala intimately interact with and are attracted, taken in and

L The word ddsvaia could also be translated as ‘everlasting’. But, this is not
appropriate here.

In Christian Theclogy, the soul is everlasting but niot eternal, because the
soul of each new-born infant is a fresh creation which is immonal, and
therefore, everlasting In Jainism, each mdividual soul has no beginning and
need never end, and is, therefore, eternal

2 Pruv. 851 23
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transformed (but not transmuted) by the conscious substance (jTva),
at no time, do these groups lose their own identity and they remain
eternally pudgala. In short, pudgala is mutable, but not
transmutable.

2, PUDGALA IS PHYSICAL, NOT PSYCHICAL
ORPER OF EXISTENCE

What is devoid of consciousness is gjiva. Pudgala is eternally
ajiva ; it is not capable of knowing; it is bereft of feeling; it is not
psychical It belongs to the physical order.!

3. (a) PUDGALA POSSESSES QUALITIES OF
COLOUR, TASTE, SMELL AND TOUCH.
(b) PUDGALA IS SENSIBLE/PERCEIVABLE.

These propertics of pudgala have already been dealt with
under the heading “Characteristic Attributes™ in Section I1,

4. (a) PUDGALA 1S PARINAMI i.e. SUBJECT
TO MUTATION.
(b) PUDGALA IS KRIYAVAN i.e. INCESSANTLY
ACTIVE.?

Pudgala has the propensity for being dynamic/active. All
forms of pudgaia— paramdnu as well as composite bodies —do not
Just sit around doing nothing. They arc always bechives of activity.
Activity is of two kinds* —

(@) Parindma (mutation) which does not involve motion in
space.

{b) Kriya (motion) which involves movements in
space —motion, vibration, oscillation, ete.

(a) Mutation (Parindma)

The word parindma means change or mutation ie., change
of one state into another. Nothing is absolutely permanent nor
absolutely destructible.’

L Tat Skt Bhd, Commentary, 5/1 : Jivaddnyo(a)jiiva iti paryudasah sat cva
vasianofa}bhimatah, vidhipradharatvat, atastul yastitvesq bhavesu,
caitanya-nisedhadvirena dharmadisvaffvd ityanusisanam.

2. Tal Sat Bha. 5/3
3 Ihid 5/8
4. Tar. Raj 522 : “Parispandandtmakah krivetyikhwivate, itarah parindmah.”

5. Syddvddamarijari : “Paripdmah avasthantara-gamanam, na ca sarvatia
vinasah.”
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Destruction of the preceding state gives way to the birth of
the succeeding state.!

_ Parindma, 1.e. change is a universal quality of all substances

including pudgala and it has been explained in different ways
from different aspects in Jain scriptures. In Rdjavartikam it is
said that parindma is mutation of a substance, natura!l or
otherwise, without affecting its own fundamental identity.? In
order to make a distinction between parindma and kriya,
Siddhasena Gani has defined parindma as mutation other than
vibration ctc.3

In the Tattvdrtha Sitra, Parindma is defined as the inherent
nature and the corresponding activities i.c. the change in the
character of attributes of each substance.? This means that
parindma and parydya are almost synonymous. Thus mutation is
not different from modification.

Referring to pudgala, five parinamas which are listed in the
Bhagavati Satra are the main attributes of pudgala viz., varna
(coleur), rasa (taste), gandha (odour), sparsa (touch) and
samsthdana (shapey which render the pudgala sensuous or
cognizable by senses. Ten parinamas of pudgala are listed in
Parnnavana Sitra. Five of the ten are the same as in the
Bhagavati Sidtra and the rest are : bandha (association), bheda
(disassociation), gati (motion), sabda (sound), and agurulaghu
(masslessness), most of which have already been dealt with earlier.

Temporally perindma can be two-fold : (i) beginningless and
(1) with a beginning.® Parindma of pudgala is always with a
beginning.” There are many varieties of parindmas (of pudgala)
with a beginning ®

L“Avasthitasya dravyasya pirva-dharma-nirvrtau dharmantarotpattih
parinamaf” (Commentary by Vyas).

. Tat. Rdj, 5-22-10.

. Tat. Sit. Siddhasena’s Commentary, 41

. Tat. Sit, 5.42: “Tadbhdvak parinamah.”

. Bhag Sit, 8{10{467.

. (@) Tat Sut, 5!’42 Seanadiradimamsca.”
) Tat. Raj 5/42

. Tat. Sir, 343 : * Rupisvadiman.”

8. Ibid, (Bhadsya). 5/43.

thoW B Wk
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MODIFICATION

We have seen that Non-absolutist lains do not believe in
absolute permanence or total cessation. According to them, both
transitory and permanent attributes co-exist in a substance. This
is the primal nature of the entire real existence. Thus, a substance
can be considered eternal and, therefore, immutable, if one
examines it from the view-point of dravyai.c. its underlying unity
and ignoring (but not denying) the other aspect. On the other hand,
it must be considered as incessantly changing, if looked at from
the view-point of pravdyd ie. its transitional attribute which
establishes its mutability. And since all substances possess both
attributes simultaneously, they are both permanent as well as
changing. In short, they are subject to the doctrine of permancace
through-modification.

TYPES OF MODIFICATION

Modification is, thus, a primal property of pudgala which,
therefore, has a propensity of being active (parindmi). And since
the medification is infinite, activity is also infinite.

All modifications can, howcver, be grouped under two types:
() Artha-parvaya (Impl.icit Mode)
(ity Vyarjana-parydya (Explicit Mode)

() ARTHA-PARYAYA : It is the intrinsic change in Pudgala
It is instantaneous, continuous (without pause), and incessant
{timecless). This continuous flow of pudgala is parallel to the
continuous flow of time. It is total self-interaction,? and not
caused by anything external. The implicit mode is neither
perceivable nor expressible, _

(i) VYANJANA-PARYAYA : Vyafjana-paryiya, on the other
hand, may be, intringic as well as extrinsic, and it has a duration,
It 1s, in fact, an event in a particular part of space at a particular
time. Besides the molecular integration and disintegration, that

I Tat. Raj 3775,

2. Cf. the discussion on self-interaction of sub-atomic particles in the first
chapter.
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occur every moment in a physical object, the object may have a
determinate state of existence —say, as a pen—for a certain
duration of time. This state of being a pen is a vyaijana paryaya
of pudgaia

The explicit mode is gross, lasting for some time and
amenable to verbal expression. The implicit mode, on the other
hand, is subtle, lasting for only one samaya (the time-point), and
inexpressible,

From another point of view, the modes may be said »f two
types :

(D svabhava paryaya--that is due to self-interaction.

(ii) vibhava parydya*that is due to interaction with other
substances.

Thus, arthaparydya is always svabhdva paryayva, while
vyanjana- paryiya is both svabhava and vibhdva.

(3) MOTION (KRIYA}

Parin@ama and kriyd are, but, two facets of the dynamic
nature of pudgala Kriyq differs from parindma in a subtle way
because it involves motion/movement of some kind or other.
Actually, both are manifestations of dynamism, and therefore,
gati (ie. motion) has been included as one of the ten parinama
as we have seen. However, motion in which kriyi is involved is
gross as well as subtle, while mutation (paryiya) involves,
perhaps, very subtle type of gati We shall now discuss various
kinds of motions which explain pudgaia as being incessantly
active.

In the annotation of Tattvartha Sutra, (5/6), if has been stated
that pudgala and jiva are active (kriydvan) substances,| whereas
the other substances are niskriyah i.e. motionless2. This means that
out of the six substances, dharma, adharma and dkisa are
completely devoid of motion of any kind. }iva is dynamic only in
its worldly existence and its dynamism is due to (i} its association
with karma pudgala, and (ii) its interaction with other groups

L Tat Sit Bha, 5i6

2. Tar Sat, 56
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(vargand) because of its vital functions of pudgala Ultimately,
when jiva attains emancipation, its association with physical order
of existence comes to an end once for all. In its pure state, jiva
becomes motionless.

Pudgala is, thus, the only substance which has motion as
its inherent attribute. At the same time, it should not be construed
that the entirc physical existence is active everywhere at all times
and under all conditions. A physical body is sometimes in motion
and sometimes at rest,?

Pudgala remains at rest on a single space-point for sometime
before moving. Ia short, the dynamic state of pudgala is not
continuous, but there are periods of intermittent rest.*

Vibratory motion is one type of dynamic activity, being an
inherent attribute of prdgala. In other words, pudgala releases or
absorbs energy because of its own competence to vibrate, and is
thus dynamic in its own right>.

There arc many types of kriyd (activity) and primarily each
kriya is different from the other. But different types of cnergy-
manifestations can be grouped together on different basis. On the
basis of causality, there are two types of kriyd:

(i) Spontaneous release of energy caused by its own innate
capacity, and

(i) Activation caused by external forces.
[n another way, kriva is of two types :

() motion, and (if) fusion-fission.

L Just after emancipation, the emancipated soul goes straight upward in one
sumawa 1o the top of the cosmic eniverse. This ultimate upward movement
of 1he emancipated soul is perfectly straight and due to combined causes of
i) an upward push giver by the tinal release from the bodies (as a seed
springing upwards from 2 dry pod when released), and (D Jiva's inability of
sinking downwards, because of masslessness or going in any other d‘.l!'ECllOIl,
because it is bereft of ils own motion.

2. Bhag Si:, 5153-155.

3 Bhag Siac, 170

4. Prav. Sar., Prad. Vrii, 2/37.
5. Tat. Sloka Var, 5/772.
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Again the motion may be vibratory or migratory.

Vibrations arc again of two types : (i) simple, and (iD)
complex. '

Two types of migratory motions are :
(i) without changing direction i.c. in a straight line, and
(1i) with change of direction.

In the Bhagavari Sitra,! a fow instances of different kinds
of motions are given thus : “Motion may be spontaneous or causced
by outside forces. It is not cternal i.e. matter is sometime in
motion and sometime at rest. It sometimes vibrates, and also
rotates and so on upto the time when it changes its mode. By the
word ‘so on” here we understand that besides simple and complex
vibrations, there arec many other types of motion but what thesc
arc is a matter of research. We shall again deal with different
kinds of vibrations later on in this chapter.

5. PUDGALA IS FISSIONABLE AND FUSIONABLE

(@) As stated before, the very name pudgala is derived by the
virtue of the pudgala possessing the qualitics of being fusionable
and fissionable.? Put (parand) means fusion and gal (galana)
means fission. In other words, the processes of fusion and fission
arc inherent properties of the physical universe.

The process of fusion is called bandha ic. integration. The
process of fission is called hheda i.e. disintegration. The word
‘process’ (prakriya}is used here to distinguish it from the dynamic
activity of motion (kriyd). The infinite variety of the physical
universe and colossal energy of pudgala is due to its being
fissionable and fusionabhle,

The process of fusion results in the formation.of physical
objects. The number of paramdnus— ultimate atoms —combining
together in a fusion process may vary from two to infinity. The
objects formed by fusion of paramdnus are called skandhas, ie.
aggregates or composite bodics.3 Two or more aggregates may

I. Bhag Suat, 2-3.
2 Tat R&j, S/
3 Ibid. 5725/16
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also unite-to form one larger object. Sometimes a few paramdnus
only may unite with an aggregate.

In fission, aggregates break up and may result in — (a) smaller
aggregates, (b) smaller aggregates and free paramdnus, and (c) free
paramanus. Sometimes a few paramanus only may separate from
the main aggregate.

For instance, an aggregate composed of four primary atoms
(paramanus) may break up in the following four ways :

@ - o]
—[o‘+[o‘+‘ool
- o]+ o]« [ o]+ o]

1. One free atom and a tri-atomic aggregate.
2. Two di-atomic aggregates.
3. Two free atoms and a di-atomic aggregate.

4, Four free atoms.

LAWS CONTROLLING THE PROCESS OF FUSION

Out of the four characteristic qualities of pudgaila, viz.
sparsa, rasa, gandha and varna, only the first one, ie. the sparsa
is mainly responsible for the process of fusion.

Jain sages by their profound knowledge of the structure of
pudgala have established that the process of fusion of paramdnus
and production of skardhas follow some definite mules.

All forms of pudgala including paramdnus possess the
qualitics of glueiness (snigdhatva) and dryness (riksatva) of
varying intensities. The minimum intensity is the unit (quantum)
of intensities, and the intensity possessed by a composite body
or a paramdnu can always be cxpressed by an integral number
and not by a fraction.
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Fusion of paramdnus with same as well opposite sparsda is
possible.

But the fundamental rule is that the paramdnus with unit
intensity of dryness or glueiness cannot participate in the process.!
This means that paramanus participating in a composition must
possess more than unit intensity of dryness or glueiness.

When two paramdnus possessing same kind of sparsa (say,
gluciness) combine, the minimuem difference between the
intensities of their glueiness must be two units.2 Similarly the
minimum difference of two units of intensity between dryness
of two paramdpus enable them to combine. On the other hand,
the paramanus with opposite sparsa ie. dryness and glueiness
would combine without qualifying minimum diffcrence between
their intensitics. The 615th verse of Gommatsara says. “A gluey
particle may combine with ansther gluey particle with a minimum
difference of two units of glueiness. And this also is the rule in
the case of dry particles. The combination of a gluey particle with
a dry onc is always possible, be they of the same or different
intensities. But in all these three, the particles possessing the unit
intensity ie. one unit of each sparsa are excepted.

Thus, the eligibility of paramdnus for the process of fusion
can be summarized as follows :

(4) paramanus possessing one unit of glueiness and one unit
of dryness will never unite.

(b) paramdnus possessing opposite sparfa of equal and
unequal intensities may unite.

(c) paramanus with similar sparsa can unite only if their
respective intensities differ by two units or more ie. there must
be a minimum difference of two units in the intensity of dryness
or gluciness.

L LT, [i7 “Snigdha-riksatvad ajaghanya gunanam’
2. LLT, 118 “Dvwdhikadigunaive sadsanam”.
3. Niddhassa niddhena dubayivena, lukhassa likkhepa duhayivena.

Niddhassa lukkuenauvei bandho, pphnnavajo visame sano va.
— Gommataesara, Jivakanda, gathd 615
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The following table shows the permissible (or otherwise)
zombination of paramdnus with different intensities of dryness
and glueiness.

Dry(+) with Dry(+) with
Intensity of Sparsa Dry(#) Gluey (—) Gluey {(—)
with Gluey (—)
Unit+unit No No
Unit+2 units No No
Unit+3 units No No
Unit+4 or more units Nao Na
*X unit + X units No Yes
X unit + (X+1) units No Yes
X unit + (X+2} units Yes Yes
X unit + (X+3) or more units Yes Yes

*X is greater than one

Finally, the process of fusion can be classified from various
aspects as under :

Fusion is two-fold: (a) natural, and (b) produced by an
organism.

It is two-fold from another point of view viz, (a) partial
union, and (b) total union.

There are three causes for natural union :

{a) Union caused by the giuey and dry properties of the
constituents — handha pratyayika.

{b) Union caused by the contents of a common
container — bhajana pratyayika.

(¢) Unjon caused by mutation — parinagma-pratyayikal

. Bhag. Siut 8/9{351-353
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6. (a) PUDGALA IS INFINITE (NUMERICALLY).
(b) SPATIALLY, IT FILLS THE ENTIRE UNIVERSE.

The ultimate clementary constituents of pudgala are
paramdnus which are numerically infinite. It follows, therefore,
that subtantially pudgale is also numerically infinite.

Maximum extension of entirc physical existence is cosmos
(loka) i.c., spatially pudgala remains in the cosmos (loka) only and
it pervades the total space of the cosmos.

7. PUDGALA INTERACTS WITH AND INFLUENCES
PSYCHIC ORDER OF EXISTENCE.

Psychical and physical orders of existence act and are acted
upon by cne another. Pudgala has the propensity for being
attracted (and transformed) by conscious substance {or jiva). Each
individual jiva, in its worldly existence or unemancipated state,
continuously interacts with karma-pudgala or karmic matter.

It has alrcady heen stated that all the different groups
(vargandsy of pudgale do not interact with the jiva. The eight
groups of pudgala which do interact with jiva will be briefly
described in the next section.

Out of these, the group which interacts ccaselessly with jiva
is karmana group or karma pudgaie. The union between the
psychical and the physical is devoid of priority and posteriority,
and so intimate, that for all practical purposes they appear to be
identical and inseparable in the state of worldly existence.

By its own nature, the jiva is always changing, but in the
state of worldly existence the change is determined mostly by the
nature of the karma that is associated with it. Again, the nature
of the karma itself is determined by the nature of the passions
and perversion of the jiva and the intensities of passions, etc., are
again determined by the naturc of the karma Thus, they are
mutually interdependent.

The karma matter associated with jiva determines not only
the pature and intensities of passions, but also the life-span  type
of gross body viz, auddrika or vaikriya, during the lifc-span etc.
The gross body is then the instrument of experiencing pleasure
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and pain, happiness and miseries of worldly existence. The
pudgala of other vargands viz. audarika, svasa-ucchvasa, bhasa,
and manas are also cssential for the vital functions of life viz
metabolism, respiration, speech and thought respectively, which
keep the body and soul together.

Physical karma (dravya karma) and its spiritual countecpart
{bhdva karma) viz, passions and perversities of the soul are thus
mutually related as cause and effect, each of the other.! Thus the
bound-karma begets sarira (body), mind and speech and their
activities —physical, mental and vocal —attract karma-puadgala
which then is inseparably bound up with the soul

The entire space is filled up by the pudgala of karma
vargand, but only those aggregates which occupy the same space
as the jiva can be associated with it. Passions generated by the
interaction of karma and contaminated jiva are the cause of
attracting the new karma-pudgala. Thus corruption begets
corruption., (Emancipated jive is free from passions and,
therefore, does not attract contaminating karma-pudgala).

It should be remembered that the free paramanus (ie. the
ultimate atoms) do not interact with the psychic existence.

Although the detailed discussion of Jaina Doctrine of Karma
is important and interesting, it is, however, far beyond the scape
of this book.

L. Astasahasri, p. 51
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SECTION IV
PUDGALA : CLASSIFICATION

Classification means grouping of similar things in
accordance with some system or aspect. The jnfinite varieties of
matcrial objects constituting the physical order of existence can
be classified in various ways, and from various aspects, both
systematic and arbitrary. As we have already scen, the Jain
philosophy describes the character of an obgct through fourfold
determinants; the substance (dravyd), space (ksefra), time (kdld)
and attributes (bAdva).

Thus, to emphasize infinitely infinite multiplicity of the
physical substance, it is described as under :

() Substancewise : Pudgala is infinite. That is to say that
infinitely infinite numerically different ultimate atoms
{paramdnus) exist either independently (in free or unattached
state) of in combination making infinite composite bodies
(skandhas). Conversely, infinite composite bodies break up into
infinite smaller components or infinitely infinite ultimate atoms.

(ii) Spacewise : Each and every space-point of loka (cosmos)
is occupied by infinitc number of ultimate atoms and composite
bedies. There is not a single space-poini where there is neither an
ultimate atom por a composite body. According to Jain cosmology,
there is no vacuum anywhere in the cosmos. That is, the entire
cosmic space is ‘plenum®. It is only the aloka (non- cosmic space)
which is totally vacuum.

(iii) Timewise : The physical existence is eternal and
indestructible, not a single new ultimate atom is created nor
destroyed. Inspite of infinite fissions and fusions -occuring at
every time-point, the total existence persists; it has neither
beginning nor end.

(iv) Qualitywise (Attributewise); It is a substratum of
infinite qualities making infinite types. Again, since each of these
infinite wvarieties is capable of infinite mutations and
transformations, the entrire physical existence is infinitely
infinite.
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{A} Mono or single Type

We have already scen that non-absolutist Jains do not find
any contradiction in the basic unity and the infinite multiplicity
of an existent (real) In this case, the rcality of infinitely infinite
diversity of the physical existence does not contradict its inherent
unity, since it is composed of ultimate atoms. The atomic
structure of physical substance means that ‘paramdnu’ is the
ultimate unit of the entire physical reality. Paramanu is the
indestructible physical reality and in this respect there is only one
or single class of pudgala,

It should be remembered that this unity is substancewise
(dravyarthika) and not modificationwise (paryd yarthika). Jains do
not accept the concept of "absoiute monism® that all ultimate
atoms are abselutely identical

(B) Two Types

Paramanu is the ultimate building block of the physical
reality. It can exist in a free state and becaunse it has innate
capacity to combine with other paramdinus, they unite together
and produce composite bodics, which are called skandha. Any
modification in this would be due to fission or fusion of
paramdnu. In this respect, therefore, the physical reality can be
classified into two types:

() Paramanu or freely existing ultimate atom, and

(ii) Skandha or composite aggregate composed of two to
infinite number of atoms.

Composite aggregates (skandhas) are again of two types: (i)
catuhsparsi and (ii) astasparsi. Catuhsparst bodies, as the name
indicates, have only four sparsa viz, hot or cold, dry or glutinous.
Astasparsi bodies, on the other hand, have in addition heaviness
or lightness and hardness or softness {or roughness or
smoothness), This mecans that catuhsparsi bodies are agurulaghu
ie. neither heavy nor light. In other words, they are massless. The
quality of mass is acquired when the material bodies become
astasparsi skandhas.

From some other aspects, also, pudgala can be classified
into two types:
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One of them is its capability of being perceived by
senscorgans, which gives two types : (1) siksma and (2) badara.
The type which cannot be an object of sensory perception is
suksma or subtle. While those aggregates which are perceivable
by the sense-organs are called bddara or gross. It should be noted
that siksma type is not devoid of senscdata, but it is 5o miniscule
that normal sensc-orgaus arc incapable of being stimulated by
them. Since scnse-organs arc incapable of perceiving paramdnus,
all paramanus fall in this class, viz siksma. Again, all aggregates
composed of two, five,.. ten upto innumerable (asamkh ya)
paramdanus are also siksma. ie. catuhsparsibodics are also always
sikstma. Aggregates composed of intinite particles and which are
astasparsi are badara as well as sitksma. Only some astasparsi
aggregates are perceivable and are therefore badara.

Pudgala can also be classified from yet another aspect, viz.,
capability of being associated with jiva (i.e. conscious substance).
We have stated before that some kinds of pudgala interact with
Jiva and become associated with it. Thus, we have two types of
pudgala—(i) capable of interaction or associable and (ii) not
capable of interaction or unassociable. All paraménus in their free
state fall in the second category. Amongst the composite hodies,
seme can interact, while some cannotl.

(C) Three Types

The pudgala can be classified into three types in respect of
the cause of transformation viz.,

(0} prayoga-parinata

(iiy misra-parinata

(iii) visrasd parinata

() The pudgala which is taken in and transformed by jiva is
pudgala-jiva-prayoga-parinata. Bodies of all categories of living
beings and those which are being transformed by their vital
processes are instances of this class.

(i) The pudgala which was associated with jiva in the past,
but is now abandoned by it, and therefore, is no longer being

L See, “"Twenty-three Types™ of this section.
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transformed by the agency of vital processes, mentioned above
but undergees auto-transformation is misra (mixed) — parinata.
Shoe- leather is an instance of this class. Transformation which
is partly under the influence of jiva and partly auto-
transformation, is also misra-parinata.

(ii) Matter which undergoes auto-transformation ie. which
has no interaction with jiva is visrasd-parinata. Clouds, rainbow,
meteors, ctc. arce instances of this class.!

(D) Four Types

From structural aspect, physical reality can be classified into
four types:

() Skandha

(iiy Skandha-desa
(111} Skandha-pradesa
(iv) Paramanu

These are the four basic structural modification of pudgala,
out of which infinite modes are produced.

() Skandha : Skandha is defined as an individual aggregate
formed by combination of ultimate atoms or small composite
bodies. The smallest skandha is a ‘dvipradesiya skandho
(diatomic aggregate) produced by the combination of only two
paramanus and the largest is ‘acitta mahdskandha which is the
material body extending over the whole cosmos (loka).

(ii) Skandha-desa : Desa means a fraction, und not a whole.
A skandha is divisible, because it is made up of number of parts.
Thus, if a skandha is mentally divided, any fractional portion (1/2,
/4 and so on) is skandha-desa. This is an example of physical
division. Chemically a substance may be a compound of two or
more elements. In this case, each element is a skandha- desa. For
example, a molecule of water is a compound of two elements viz.
hydrogen and oxygen. A molecule of water is a skandha, while
atoms of hydrogen and oxygen unit are skandha-desa. This is an
example of chemical division. it should be remembered that

1. Radto-active substances are also the instances of this class.
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division is merely conceptual. When, on the other hand, a
skandha breaks up physically or chemically into fragments, each
fragment becomes a whole aggregate i.e. skandha and not
skandha-desa.

(1if) Skandha-pradesa : Pradesa means an indivisible
undetached part of a skandha

The smallest desa which is further indivisible is thus a
pradesa. Like desa, pradesa is also merely conceptual In other
words, a pradefa is an undetached part of a thing whose
dimension is equal to that of a paramanu.

Another term vsed for pradesa is avibhagi pariccheda (ie.
indivisible fragment). A paramanu, however, being a separate
entity is different from a pradesa. The former is an objctive
entity, whereas the latter is only an ideal construct

(iv) Paramanu : The word is derived from ‘parama’and ‘anu’
Parama means the ‘ultimate’ and anu means *atom’. According to
Jain Microcosmology, paramdnu is the eternal and indestructible
ultimate atom and also the primary constitutive cause of the entire
physical universe. Thus, the infinitesimally small, indivisible and
free i.c. unattached to another particle of matter is paramanu.
Paramanus are the ultimate building blocks which by mutual
combination produce the whole of physical universe. So long as
it is considered to be a portion of an aggregate, it is pradesa, while
in its free ie. unattached state, it is paramdnu.

(E) Six Types

Generally, largeness is equated with grossness (sthaulya) and
smallness is equated with subtlety (sauksm ya). However, size is
not the criterjon in this classification. Gross is that which prevents
othcr subtances to pass and which can be stopped by others; or
which cannot occupy space which is already occupied by others
or which cannot pass through others and which does not allow
others to occupy the space occupied by it.

Conversely, subtie is that which does not hinder others and
cannot be hindered by others (or which can occupy the space
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which is already occupied by others or can pass through others),
E.g. a mustard-seed is smaller in size compared to a drop of water
but whereas water can pass through a cloth, the mustard seed
cannot. Therefore, water is subtle, mustard is gross.

From the point of view of penetrability pudgala is divided
into six classes!.

. Badara-badara means gross-gross, i.e., very gross. This
kind consists of very large solid aggregates of pudgala such as
mountains, rocks, wood, etc. which do not unite by themseclves
when broken or divided, and also such bodics which can be
physically transported without a container.

2. Badara means grods. This kind consists of large aggregates
of pudgalain liquid-form such as water, oil, milk, juice, ete. which
become united again by themselves when broken or divided, and
which have to be carried in containers.

3. Badara-siiksma means gross-subtle. This kind consists of
aggregates which can either be cut nor broken, nor can be,
physically transported, but are visible, e.g, light, shadow, image,
ete.

4. Siksma-bddara means subtle-gross. This kind consists of
aggrepates which are not visible, but can be perceived by other
four senses —ultra-visible, but infra-sensual, e.g., gases.

5. Siksma means subtle. This kind consists of aggregates
which are wltra-sensual, i.e., they are not perccivable by any
sense- organ. However, they interact with jiva and are transformed
by it in the form of thought, speech, karma, etc. -

6. Skksma-saksma means extra-subtie. This kind consists of
aggregates which are so subtle that they do not interact with jiva.
They include the aggregates which are composcd of less than
infinitc number of ultimate atoms upto two atoms.

Five and or Eight Types

The most important types of physical ordeT of existence
(pudgala) are those which interact with psychic order of existence

I Gommatasdra, Jivakianda, verse 602; Niyamasdra, verses 22-24
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(jiva) and are, therefore, mostly encountered by us. There are five
types of pudgala which are associated with jiva in the form of
‘body’. In addition, there are three types which are associated with
the jiva to carry out the vital functions of life, viz, breathing,
speaking and thinking.

The word vargand means a category and applies to the group
. having the same definable attributes-in-chief.

(i) Auddrika Vargapa

The word auddrika can etymologically be explained in two
ways 1 (i) wddrapa meaning gross, qudarika thus means
‘constituted by gross matter” and (ii) udara meaning womb,
auddrika thus means ‘what is produced from the womb'. All
organic bodies —human, animal and vegetable arc audarika.

All physical compositions, large and small, which arefcan be
marde perceivable by sensc-organs belong to this category. All
organic material which make the cclls(blood, bone, skin, etc.)
comprising the bodies of all living (including the entire vegetable
kingdom) and dead organisms and inorganic atoms, molecules and
compounds, in short, almost all things, encountered by us in
everyday life belong to Auddrika Vargana.

(iiy Vaikriya Vargana

The term vaikriya means a “protean” body, ie. ‘what is
capable of transformation at will'. The term vaikriya implies
transformations (of the body) which are associated with g divine
being or deva who can transform the body from minute to huge,
and vice versa. Celestial bodies of the inhabitants of heaven
(devas) and hell (r@rakis) are composed of the material of this
group which is very much more subtle than the previous category.

(iii) Ahdraka Vargana

The structure of this category is much more subtle than the
preceding ones. It is used by ascetics who have acquired special
powers to create a unique subtle body (called ahdraka sarird). The
learned sage uses this type of body for visiting omniscient persons
at far off places, for the purpose of clarifying some dounhbts about
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intricate facets of truth. The subtle body stretches out so as to be
in communication with the omniscicnt (kevali) from whom the
information sought for, is seccured. Thus, ahdraka-sarira
means —communication body.

(iv) Taijas Vargana : (Luminous Body)

The material belonging to this group is used by the soul to
make a subtle body which always accompanies the soul in its
mundane existence ic. until it achieves emancipation. The body
forms an esscntial link between the soul and its kdrmana sarira.
Energy required by the vital pracesses of the living organism such
as effulgence and digestion is provided by the taijas body.

(v) Karmana or Karma-Vargapa

Matter of this group also called karmic matter is responsible
for contaminating the soul and keeping it in bondage. Minutest
activity of a living being — physical, mental ot oral —attracts the
karmic matter which unites with the soul and is then transformed
into karmana sarira which is the basis of the mundane existence
(in bondage) of the soul Every jiva roaming through the cycles of
births and deaths (samsdray carries the karma-sarira with itself
until it is finally cmancipated.

Out of the above five bodies, the first alone is perceptible by
the sense-organs and the others are subtle and imperceptible
bodjes. Each succeeding one is more minute than the preceding
one in order’,

(vi) Svasocchvasa or Anapina Vargana

Svdsocchvasa means respiration, as indicated by its name,
matter in this group is what all living organisms need and nsc for
the vital function of breathing.

(vii) Bhasd Vargana

Bhasd means speech. Living organisms which are capable of
producing speech give voice to their feelings. The matter of this
group is essential for this process.

L Tar Sit. 2/38 :"Param param siksmom.”
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(viii) Manah or Minasa Vargana

Manalr means mind. According to Jains, mind is an
instrument of thinking which a soul makes for itself out of
material bodies and becomes capable of thinking through its
agency. The material in this group is fit for this purpose.

It is to be noted that a composite body of the group
successively consists of greater number of paramanus which are
more compactly packed and thus occupy less space. Thus, a body
of dharaka vargand is more compact and occupies less space than
a body of vaikriya vargana which itself is more densely packed
in comparison with a body of auddrika vargana.

F. Twenty-Three Types

In Jain Canonical literature, its commentaries, and other
literature, most of the above eight important categorics are
gencrally included in twenty-three types. Beginning from most
minute puramdnu vargand and ending with the largest achitta-
mahaskandha-vargand, there are infinite number of groups of
pudgala. But it is possible to reduce the number of vargands to
twenty-three by grouping them together from certain aspects!.

. In the first category, there are free (unattached) solitary
paramanus, which form “anuvargana” .

2. The second category contains composite bodies (skandha)
composed of from twe paramdanus to the limit of "numerable
paramdnus.”

3. We, then, come to the category of composite bodies made
up of “innumerable (asamkhyatd) paramanus’.

4. Next comes-the category of the composite bodies
constituted by "infinite (ananta) paramdnus’.

All these four categories are incapable of being attracted,
assimilated and transformed by the psychical order of existence.
It has been emphasized that it is an immutable physical law of the
universe that the quality of associability is for ever absent in the

. (@) Gom., Jiva-kanda; verses 594, 595; .
(b} Dhavald, book XIV, pant V, VI, siitra 97, verses 7,8 p. i17.
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composite bodies constituted by less than infinitely infinite
(anantdnanta) paramanus. Only when the number of constituent
ultimate atoms exceeds the threshold of non-associability, then
and only then they could be used by the psychic order of
existence. This does not mean that all the composite bodies with
larger number than mentioned above possess this attribute. Some
of them can be associated and some of them cannot be, as we shall
see below.”

5. Ahdra-vargana

The fifth category is the first one which crosses the above-
mentioned threshold of associability. In this category fall the
groups of audarika, vaikriya, aharaka and svasocchvdsa Ahara
literally means association. Hence, @hdra vargand stands for the
category of pudgaia endowed with associability.

6. Prathama agrahya (i.c. First unassociable category)

7. Taijas (Luminous)

8. Second wnassociable category.

9. Bhdsa (Matter essential for function of speech).

10. Third unassociable category.

11. Manas (Matter essential for the function of thinking).
12. Fourth unassociable category.

13. Karmana (Matter responsible for contaminating souls).
This is the most subtle category of pudgala which has any
practical significance,

14-22. These categories are of little practical significance and
are merely of academic interest.

23. The 23rd category is mahdskandha i.e. the largest
aggregate which pervades the entire cosmic space.
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SECTION V

PARAMANU : THE ULTIMATE
INDIVISIBLE UNIT OF
PHYSICAL EXISTENCE

A. DEFINITIONS

Paramanu can neither be created nor destroyed. [t is eternal,
ie, it existed in the past, exists in the present and will continue to
exist in the future. It is the permanent basis of the physical
existence. The entire physical cxistence is composed of these
ultimate atoms.

The canonical litcrature, in general, and the Bhagavati Sitra
in particular, defines paramdnu in various ways from different
angles. It is the basis (ultimate “building blocks”) of physical
universe. It is indivisible, indestructible, impenetrable,
incombustible and imperceptible to sense-organs. It cannot be split
or destroyed by any means whatsoever. The sharpest instrument
cannot divide it into two and the highest temperature cannot
destroy it by burning. It does not become wet even if it is drenched
by the deluge clouds (puskardvarta mahamegha). It will not lose its
existence or identity even if it enters a drop of water or a whiripool
of waterl,

Paramdnu is a true point. It has no half-portion, no middle
portion and no pradesaZ. It has no length, no breadth and no depth.
It is dimensionless. It is the ultimate and eternal unit3.

It is truly infinitesimal Its beginning, the middle and the erd
arc identical with the whole of itself%. Hence the sages have
observed : “That of which the start, the centre and the end is the
same i.e. which itself is the beginning, itself is the middle and itself

1. Bhag. Sit, 20/6/38.
2. Thid. 5/7/160.

3. Tat. Rij 5/25/1.

4. Tat. Sdt. Sarva, 5-25
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is the end, that which (though possessed of sensual qualities) is noc
perceptible (cognised by sensual perception.), and that which is
indivisible is called paramdnut.

Paramanu is defined by some other characteristics viz., its
innate qualities thus?, “the substance which has a single taste, a
single colour, one smell and two kinds of sparsa, which is the
cause of sound but is not sound itself, which is not the same as
skandhas {composite) though constituting them. is the
paramdanu”

B. CHARACTERISTIC ATTRIBUTES

Earlier, it had been stated that colour, smell, taste and touch
are the characteristics (laksana) of physical substance (pudgala).
This mcans that these qualities are innate in all forms of pudgala.
Paramdnu, being a form of pudgaia, therefore, must possess these
qualities. Thus four sense-data viz., touch, taste, odour and colour
are intrinsic qualities of a paraménu. Sound, being an attribute
of skandhas, is not the characteristic quality of paramdanu,

The qualities possessed by a paramdinu are : one of the five
primary colours, one of the two smells, one of the five tastes and
two of the four touches ie. either hot or cold and either dry or
gluey*. However, it can never be an object of sense- perception.
By itself it transcends the sense-experience though it is the basic
constituent of the entire perceptible physical universe.

It can be perceived only by its effects ie. a single free
paramanu is invisible not only to the naked eyes but also to any
other physical instrument. Its existence is to be inferred by the
collective action and reaction of infinite paramdnus. Only the
omniscient (kevala Jaani) and those who possess superlative
visual intuition (paramavadhi jiiani can perceive and cognise the
nature of a free paramdnu®.

1. Tbid. 525

2. Pafich. 8§3r., verse 8l.
1 Bhag. Siat. 20/6{26.

4. Bhag. Siv. 18/8/178-181.
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Although the four qualities are permanently possessed by a
paramanu, the intensity or the potency of the qualities does not
remain constant. A paramdnu, possessing one unit of blackness
at any moment, may sometimes later possess two, thrce or many
units of blackness. It follows from this that at any given moment
there would be paramdnus with different intensities of blackness
etc. In the same way there would be paramdnus with various
degrees of other qualities.

The term paramanu is the short form of dravya paramanu
or paramdnu-pudgala. The Bhagavarl Sitral enumerates four
types of paramdnus—indivisible units, just as paraménu pudgala
is the indivisible unit of pudgala. The four types are :

(a) dravya paramanu or pudgala-paramanu —the indivisible
unit of pudgala substance.

(b) ksetra puramdnu — the indivisible unit of space ic. space-
point or dkdsa-pradesa,

(c) kala paramanu—the indivisible unit of time or
time-point called samaya.

(d) bhdva paramdnu—the indivisible unit or quantum of
intensity of sensuous qualities, viz. colour, odour, taste and touch.

Thus, paramdnu is the direct unit of the physical substance
(pudgala) and also the indirect unit of space, time and
modification. The quantitative difference in matter-space-time as
well as the qualitative difference in physical objects may
ultimately be traced to constitution of paramanu. Thus, being the
counstituent element of physical composite bodies, it may be
considered to be the determinant of the difference of aggregates,
and for the same reason, it is also their substantial cause. By its
own motion (vibration, oscillation, etc), it becomes the measure of
time, ie., a samaya (time-point) corresponds to a unit shift of a
paramanu from one position to the immediately next. (It should
be remembered that time itself is quantized, and a samaya a
quantum of time and is, therefore, indivisible.)

1. Bhag SGr. 20/6/37-41
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Since its associated space-point is the constitutive element
of space, it is indirectly the cause of quantitative difference of
space {ksetra-sathkh ya).

Since its motion from point-to-point corresponds to duration
of time, it is also the basis of quantitative difference of time
(kdla-samkh ya).

Again, because it is the basis of modification of physical
objects through combination or separation, it is also the condition
of the quantitative difference of modes (bhava-sarmkhya)l.

It may be added here that inter-dependence of matter, space
and time as described above is comparable to the representation
of the movement of a physical object, say, a particle by so-called
space-time diagrams in modern physics. We shall discuss this in
more detail in the subsequent chaptes.

On ultimate analysis, the whols physical universe is
paramanu. As we have seen, paramdnus have the innate capacity
of uniting with one anather to form composite bodies. The union
is subject to certain definite rules, as all types of paramdnus are
not eligible to participate in the union2. The composite bodies are
liable to the process of disintegration (again subject to rules) and
the united paramdnus may become free atoms and thus the
association and dissociation goes on eternally. The paramanu is
the unltimate cause ‘kdrapa apw’ -as well as the ultimate end-
product —‘antya anu.’

The following verse succintly summarizes the fundamental
nature of paramanu:

Karanarneva tadantyam, stksmo nityasca bhavati paramanuh /
Ekarasa- gandha-varpo, dvisparsah karyalingasca //

L. It is kdrana i.e. the cause of the creation of the physical
universe,

2. It is antya i.e. the ultimate end-product of the physical
universe.

L Pafi. Sar. verse 80, with Pradipikd Vo, p. 69
2. We have already discussed this at length. See pp- 106-107
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3. It is saksma i.e. infinitesimally subtle.

4. It is nitya, i.e. indestructible. It does not lose its
individuality even when participating in a union,

5. It possesses one rasa, one gandha and one varna.

6. It is dvisparsiie. it possesses two sparsa—either dryness
or glieiness and hot or cold i.e. it is either dry-cold or dry-hot, or
gluey-cold or glhucy-hot.

7. It is kdryalinga ie. it can be cognised by inference only
through the effects of collective actions. Its qualities can also be
cognised through the qualities of the composite bodies. In short,
by itself it is not an object of sensuous cognition. Only
transcendental and cxtra-sensory perception can cognise its
qualities.

C. PROPERTIES

Let us now see which of the propertics of pudgala which
were discussed in detail in the previous section are applicable to
paramanu :

l. @ Paramdnu is a real and a substance. By itself it is not
kaya (extensive body), because being a single point, it is
singularity. However, when united with other paramdnu in a
composite body, it is a constitucnt of kaya.

(b It is eternal (nitya) and non-transmutable (avasthita). This
is so because paramanu never loses its identity even though it
participates in the union to produce composite bodies. Thus not
a single paramdnu is destroyed not a new one created. The total
number of paramanus is eternally the same.

2. Paramdanu belongs to the physical order of existence and
not psychical, because it is devoid of consciousness.

3. It possesses four primary sensuous qualities —colour.
taste, smell, and touch, but is devoid of samsthdna because it has
no shape and it has no length, breadth or thickness.
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4. (a). Paramdnu is subject to mutation (parindmi. By itself,
itis agurulaghu parindmi! The mutation is in respect to its innate
qualities viz., colour, smell, etc.

4. (b). Paramanu is capable of being dynamically active
(krivavam). When mobile, it may have vibratory as well as
migratory motions. The activity of a paramdanu is not continuous
but rather in the ferm of quantas. When dynamic, it can assume a
very high velocity, since it is completely massless, there is no
upper limit fo its speed, and it can travel from one cnd of the {oka
to the other within onc time-point (samaya)?. It cannot, however,
cross the boundary of loka (since there is no dharmdstikayu
beyond it).

5. Paramapu is fusionable and not fissionable, because by
itself it is indivisible. It unites with other paramanus to form
composite bodies, and therefore, it is fusionable. Fissionability
strictly is an attribute of composite bodics only.

A single paramdnu cannot be attracted by jiva, and
therefore, it does not interact with jiva.

D. EXPOSITION

l. Nemenciature—Its full name is paramanu pudgala or
dravya paramdnu, but is generaly called 'paramanu .

Etymologically, the word paraménu is made up of two terms
parama and anu. The extreme limiting unit of the process of
division of any material object is anw. Such ultimate anu is
paramarnu. Thus, paramanu is an ultimate or primary atom.

2. Substantially— Paramanu is the substance pudgaldsti-
kaya which is one of the six ultimate substances comprising the
Universal Reality. It is a substance because it possesses qualities
and modcs. There are infinite number of individual paramanus,
each numerically different from one another. Since each
paramdnu is a substance, number of pudgala-substance is
infinite.

3. Spatially— A paramanu occupies a single space-point and
can never extend to more than one, a body composed of infinite

1. For discussion on “‘agurulaghu”, see “Six Universal Qualities” in the first
section of this chapter.

2. Bhag. 8Gu, 1/61 : “Eka—Samayalokanta— prapinam.”
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number of densely packed paramdnus may also occupy a single
space-peint. There is not a single space-point in the whole of the
loka which is not occupied by paramanus Thus, paramdanus
pervade the whole of the loka, and are confined within their
boundary.

4. Temporally— Paramdnu existed in the infinite past, exists
in the present and shall exist in the infinite future, it is eternal.

5. Qualitatively— Paramdnu possesses colour, taste, smell
and touch. These four are innate characteristics of paraméanu.

(a) Colour—Each paramdnu possesses one of the five
primary cclours (black, blue, red, yellow and white), More than
one colour or a mixture of two or more primary colours does not
subsist in a free paramanu. The intensity of the colour possessed
by a paramanu could be one unit, two units and so on upto
innumerable (gsamkhydra) units and even infinite (ananta) units.

(b) Taste— What has been said about colour and its intensity
in the preceding paragraph holds true about taste also. There are
five primary tastes viz.,, sweet, acidic (sour), acrid, astringent and
bitter, and each paramdnu possesses one of them.

(¢} Smell-There are two primary smells—pleasant and
unpleasant. For the rest, every word of para (a) holds true by
substituting ‘smell’ instead of ‘colour.

(d) Touch—A free paramdnu possesses anyone of the
following four combinations of touches. (i) hot and dry (ii) hot and
gluey (iii} cold and dry, and (iv) cold and glaey.

Heaviness or lightness and softness or hardness are not the
innate qualities of paramanu. These four subsist only in
compasite bodies with gross structure. The intensities of dryness
ete., possessed by paramdanu could be one unit upto infinite units,
On the basis of these four innate qualities of paramdnu, there are
(5x5x2x4)=200 primary classes of paramanus. And on the basis of
intensities of these qualities, there would be infinite subclasses of
each of these 200 classes.

6. Ripatva/Miirtatva i.e. Corporeality—though paramanu is
beyond sensible cognition, it is riZpi— (corporeal) because it can be
cognised by extra-sensory perception (such as avadhi jigna or
kevala jAiand). it is not aripl, because it possesses sensible
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qualities of colour, etc. and when syathesized in a composite body,
it acquires the quality of samsthdna (shape) also.

7. Quantitatively—The total number of paramanus in the
universe (loka) never changes. Not a single paramdnu is
destroyed —not a single new one is created. Under all
circumstances and for all times, the total remains constant.

8. Metaphysically— Paramdnu is real and a constituent of
the physical reality. It is subject to the principle of permanence-
through-change, and therefore, has an objective real existence. It
is neither a figment of mind nor is merely a postulation.

9. Geometrically-- Paramanu (by itself) is extensionless, but
not ariapl It is a true point and, therefore, has neither length nor
breadth nor thickness; extension is a quality of composite bodies
enly.

10. Parindma (mutation)— Paramdnu being a substance
undergoes mutation. Its four innate qualities viz., colour, taste,
smell and touch undergo mutation. In the free state, all mutations
are of the visrasa type ie. self-generated. Also in the free state the
mutation is only in the intensities of colour, etc., i.e. X unit black
changes to Y unit black but black does not become white or red
etc., but during and after union with others, change in colour
(black changing to blue) etc., may also take place.

11. Non-transmutation—Not a single paramdnu can be
destroyed or transmuted into another substance nor another
substance be transmuted to create a aew paramanu. But
paramdnus unite together to form composite bodies and the latter
may again dissociate into paramagus.

12. Agurulaghu—Paramdnu is agurulaghu ie., it is neither
heavy nor light. this is another way of emphasizing that it has no
mass. The qualities of gurutva and laghutva are acquired later by
composite bodies of certain groups and structures.

13. Permanence-through-change— Paramanu as a substance
is indestructible and therefore, permanent or eternal But from the
point of view of its qualities which undergo modifications, it is
changing. That is why it has been called permanent as wel!l as
impermanent!,

1. Bhagavail Sitra, 14-4-49.
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Y4, Interaction with jiva— Paramanu by itself, that is, in its
free state, is agrahya, i.e., not attracted or transformed by jiva!
and, therefore, serves no useful purpose? in its free state for the
Jiva,

15. Singularity-piurality—Paramanu is a primordial
singularity. It has an eternal existence of its own and is -
determinatc by its own qualities and modes. Paramdnu as a
substance is not 2 composite body; it is truly indivisible
singularity, But as a substratum of many qualities, it does possess
plurality. Spatially again, because it occupies a single space-point,
it is singularity.

16. Gati (motion) and Kriyd (dynamic activity)

Paramanu has a propensity to become dynamically active.
This docs not mean that all paramdnus are active everywhere and
at all times under all conditions. There is an element of
uncertainty in the origination and cessation of the dynamic
activity of paramdnu. A paramanu can remain at rest on a single
space-point for sometime. Maximum period of inactivity is
innumerable (asamkhydf) samaya, after which it must move. On
the other hand, maximum period of activity is innumerableth
portion (asamkhydtamsd) of an dvalikd Minimum period of
activity and inactivity is one samaya. In short, the dynamic
activity of Param@nu is not continuous, that is, there are alternate
periods of rest and motion.

The Bhagavati Sitra describes the variety of dynamic
actions of a paraminu; some of these arc as follows: —

() "Siya eyari

(2) Siva veyati

(3) Siya calai

(4) Siya phandai

(5) Siya ghattai

(6) Siva kouvayai

() Siya udirai
and so on*3

1. Ibid, 20-5-38.

2. 1bid., 18-4-86.
3. 5/7/150.
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Thus, more than one type of motion could be simultaneous.
Tempotally, all these motions may be regular or irtegular.

Puramanu may be secif-activated i.e. may undergo
self-interaction without any external influence. Tt may also be
acted upon by other paramdnu (s) or composite bodies. (It may
be recalled that jive can never influence the activity of a single
paramanii}

At what speed does a paramdnu move? At what frequency
does it vibrate or if it revolves, at what rate? It is clcarly
mentioned in the Bhagavati Sutra that a paremanu can move
from onc end of the loka to the other in one time-pointl. This is
the maximum velocity of a paramdnu. lts minimum velocity is
one time-point for its linear motion from one space-point to the
adjacent one.

Whether it moves to an adjacent space-point or crosses the
whole loka from onc cnd to the other, if the time taken is a
samaya, the motion will be in aausreni ie straight and without
changing the direction. if there is a turning, the time will be more
than onc samaya Turning is always due to external forces.

Laws of Motion and Principle of Uncertainty

From the above it is clear that in some respect kriydand gati
of paramanu follow definite rules, while in other respects they
follow the principle of uncertainty?. We can summarise the
definite rules as under:

1. Unless acted upon by external forces paramdnu meves in
a straight line (anasrenigati.

2. When acted upon by external forces paramdnu may
change direction and speed.

3. Jiva has no direct influence on the motion of paramdanu.

4, Minimum and maximum distances travelled paramanu in
one samaya are, space between two adjacent points and the entire
length of the loka respectively.

1. Bhag Sat E§/&116.
2. Tal, Rij, "Paraminorgati aniyala”
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5. Maximum period of inactivity (rest) is asamkh yata
samaya. Maximum period of activity is asamkhyatamsa of
fraction of an @valikd’

On the other hand, the principle of uncertainty governs the
following :

L. It is uncertain, after what interval of time will a paraminu
at rest will become dynamic (release energy). This time-interval
may be from one samaya upto innumerable sama yas. However,
after an interval of innumerable samayas, it will become active
for sure,

2. Similarly, it is uncertain, uptoe what duration of time will
a dynamic paramdnu continue to be active. It {the duration} could
be from one samaya to an asamkhydtamsa (innumerableth)
portion of an dvalikd But it wiil surely cease to be active after
this maximum interval

3. It is uncertain, which direction willa parama@nu take at the
commencement of motion. It can move in any possible direction.

4. It is uncertain, what type of dynamic activity will be
commenced by an inactive paramdanu. It may just vibrate or rotate
or migrate or do all these things simultancously.

5. It is uncertain, again what will be the intensity of a
paramanu’s dynamic activity: what will be its velocity — minimum
of maximum or intermediate ?

RESTRICTED AND NON-RESTRICTED MOTION OF
PARAMANU (PRATIGHATI AND APRATIGHATD

Paramanu is generally apratighart i.e. it cannot be stopped,
retained or hindered by anything (except under the condition
mentioned hereinafter). At the same time, it doecs not cause’
hindrance to others. This means that:

() The motion and activity of paramanu cannot be stopped
ot restrained by another material body or jiva. A paramanu in
motion is capable of penretrating and passing through any type of
obstruction in its way.

i. See, glossary
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(i) A paramanu can occupy a space-point which is alrcady
accupied by others (paramdnu, composite bodics or jiva), without
losing its free state.

(iii) A paramdnu can commence and continue its own
motion and activitics irrcspective of the other occupants of the
same space. '

{(iv) A paramdanu can leave the occupied space without any
restraint from the other occupants.

Inspite of possessing the unique guality of ‘apratighdtitva
as defincd above, the paramdanu is subject to pratighdta
(hindrance) under the following conditions:

1. Upkarabhidva pratighdta (restriction due to the absence of
media) — It cannot penetrate the boundaries of loka and cross over
to aleka.This is because there is no dharmastikéya (medium of
motion) in aloka and without the aid of dharmastikdya, nothing
can move. And so the paramdnu on reaching the boundary of
loka is stopped and may be thrown back.

2. Bandhana-parindma-praiighdara (restriction due to
association)—1It loses its frce state and the capacity for
independent activity for the time being, when it is united with
other paramdanus ie., so long as it remains a constituent of a
composite material body.

3. Ati-vega-pratighdata (restriction due to high velocity)—
Collision between two sclf-activated paramanus moving at a high
velocity may cause pratighdta in the motions of both.



CHAPTER 3

A CRITIQUE

GENERAL INTROCUCTION

In the Crient, science became a part of religion, and the two
got so much mixed up that it was impossibie to extricate one from
the other. But in the Cccident, they remained in hostile camps,
poles apart. Even, now, according to scholars like A. Toynbee and
others, therce is no compromise between the two.

Science in the West was born around the 12th century A.D.
on the basis of inspiration it received from the Greek philosophers
who had lived about 2500 years ago and who had given place to
‘reasoning’. But the immediate impetus was provided by the quest
of ‘truth® which was enshrouded in and discouraged by teachings
of the dominant church. The Copernican theory shook the most
basic theelogical 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 inguiry. Experiments became crucial
and theories had to be supported by close observations. Thus, the
scientific method stressing reasons and logic was born. So science
started in the West by breaking away from the church teachings
and since, in the ensuing battle, science proved the stronger of
the two, it dominates the Western life today more than the
Church.

In course of time, classical science—particularly
physics —was replaced by modern science. Under its influence
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technology made tremendous progress, and the Industrial
Revolution fundamentally changed the lifestyle in both good and
bad ways. Beyond technalogy, it extended to the realm of thought
and culture. Rescarch, in subatomic field, revealed scrious
limitations of Newtonian Physics and necessitated revision of
some fundamental concepts. Not only the concept of matter
radically changed, but the world-view underwent radical
transformation also, The most unsuspected result was to reveal
surprising paralicls to the rcligious philosophies of the Far East
and India. Some of the eminent Physicists during their tours to
Far Eastern countries natice closed relationship between the
ancient and traditional philosophical ideas and the philosophical
substance of Quantum Theory!.

In India, the ancient Jain, Buddhist and other savants
cngaged themselves in what may appear to Westerners,
conjectures and speculations about the origin of matter and
material universe based on their spiritual insights. One would
scarch in vain for the use or description of scientific apparatuscs
in the Jain canonical litcrature hecause these were not developed
at that time. What then was the source of their knowledge and
spiritual insight ? [t appears that the capacity of profound
thinking (resulting from scvere austerities), uninterrupted
concentration of thought and meditation enabled the ancient sages
to acquire transcendcatal and extra-sensory perceptive powers.
The prantice of meditation — DHYANA—was accorded a very high
priority in their daily routine and deep concentration became an
easy and effortiess achievement.

In meditation, dircet insights into the true nature of things
cxtend to long periods and result in a constant non-conceptual
awareness of Truth and Reality. Meditation inactivates the
thinking mind and shifts the awareness from the rational to the
intnitive mode of consciousness. Concentrated perception of a
single item (i.g, one’s own breathing) silences the conceptual
activity of the mind, which is emptied of all thoughts. Constant
practice of such meditation results in the ability of eliciting direct
answers to the enquirics into the Nature of the universe.

L W. Heisenberg, Physics and Philosophy, p. 202.
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Such an experience is not totally unknown to scientists also.
In fact, many new scientific discoveries have their origin in
sudden non-verbal flashes of intuition, when reality is
experienced in a direct way without the hindrance of conceptual
thinking. Thinking is considered a distraction in such a state of
awarcness, and is, therefore, eliminated. Thus in a way,
meditation can be compared to a highly sophisticated modern
experiment in subatomic physics. The, comp.lch‘ity and efficiency
of the physicist’s technical apparatus is not only matched but even
surpassed by that of the practitioner’s consciousness in deep
meditation.

PROBLEM OF LANGUAGE

- Now both the ancient meditators and the modern physicists
must communicate the knowledge gained by cach of them to
others. Both the problem of language to interpret knowledge
gained from a direct insight or the obscrvations of an experiment
is exactly the same. Thus, whenever the knowledge about reality
from whatever source is analyzed by inteliect, it thust appear
absurd or paradoxical

The knowledge about matter, particularly at the subatomic
level is not derived from sensory experience and therefore,
ordinary language is not adequatc to describe the observed
phenomena. Like the meditator, the physicist deals with a
non-sensory experience of Reality, and thus, modern physics
bccomes akin to philosophy. But the question of nature of
language is a fundamental problem that underlies all discussions
of knowledge, be it scientific or philosophical. Language is a
useful tool] for conveying information, but if one tries to
communicate one’s experiences through it, it simply does not
work. All, a language can do is to talk abeut an experience, but
even the hest description of an experience is not the experience,
but a talk about it. )

In atomic physics, as we have secn in the 1st chapter, many
paradoxical situations arise because of the dual nature of
electro-magnetic radiation. The question which puzzled physicists
was how radiations conld simultaneously consist of particles
which are confined to a very small space and also of waves which
are spread over a large area. Neither language nor imagination
could deal with this kind of reality satisfactorily.
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The Jain Philsosphers, as we have seen in the 2nd chapter,
have developed a unique way of dealing with paradoxical aspect
of the Reality.

The most striking parallel between the notions of atomic
physics and those of Jain philosophy is the principle of the
unification of the opposites. In philosophy, the problems of ONE
and MANY as well as of permanence and change are as old as
philosophy itself. In modern science, the recent exploration of the
subatomic world has revealed unification of concepts which had
hitherto seemed opposite and irreconcilable.

Ancient Jain philosophers have been aware of the relativity
and polar relationship of all opposites. "Opposites” assert Jains,
"are abstract concepts belonging to the realm of thought and as
such are relative.” Awarcness that only what is permanent can
change is the mainstay of the law of Non-absolutism (anekdnta-
vada). Similarly, large and small, heavy and light, cold and hot,
hard and soft are polar opposites. The Jains always emphasized
the paradoxical opposites, instead of by passing or concealing
them as done, usually, by the absolutist philosophies of Vedanta
and Buddhism. Thz dual and paradoxical aspect of matter at:
atomic and subatomic level can be properly understood if one
applies the principle of anekdntavada. Since this is a
metaphysical subject, it would be more appropriate to deal with
it in the succeeding section.

In the mediaeval period, there flourished many Jain scholars,
whose interests 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 scientiific
knowledge was almost negligible. In the meantime, modern
sciences had become firmly established by a wholly independent
growth in the West, and was almost wholly put to a material end,
with utter disregard to the existence of consciousness, thereby
removing any plausible basis for comparison between modern
science of the West and traditional knowledge of the East.
Surprisingly, however, as we have seen in first chapter (see p. 51),
some of the eminent physicists (e.g. David Bohm and Goeffrey
Chew) have come to recognise that (non-material) consciousness,



136 Microcosmology : Atom

an essential constituent of the universe, will have to be included
in the fature theory of physical phenomena.

In this regard, the words of an eminent physicist Werner
Heisenberg seem to be very relevant. He writes : “It is probably
true, quite gencrally, that in the history of human thinking, the
most fruitful developments frequently take place at those points
where two different lines of thought meet These lines may have
their roots in quite different parts of human culture, in different
times, different environments or different religious traditions :
hence if they do meet, that is, if they are at least so much related
to cach other that a real interaction can take place, then one may
hope that new, interesting and useful developments will follow.”}
It is however extremely difficult to adjudge how much scientific
the Jain thinkers have been or how far from it But the Jain
scholars did develop an adequate methodology and an admirable

terminology for the presentation of their findings which one is
free to accept or reject.

The purpose of the following discussion cannot be to make
predictions but it may be possible to define some points from
which the interaction between the ideas of modern science and
the older tradition may begin.

1. W. Heisenberg, Physics and Phitosopyh, p. 202



A Critique 137

SECTION 1

METAPHYSICAL VIEW : NON-

ABSOLUTISM —LAW OF
ANEKANTA

INTRODUCTORY

We have alrcady seen that the non-absolutist realism of the
Jains neither endorses absolute eternalism nor absolute fluxism,
but explains both these extremes as real with reference to
different aspects of the same reality.

While dealing with the quantum ficld theory in the fiyst
chapter, we had seen that the paradox of wave-particle-duality of
light could be explained by the concept of complementarity.
introduced by Neils Bohr (one of the founders of the quantum
theory). This concept states that both the wave-aspect and the
particle-aspect of light are necessary to fully understand the
nature of light. Light or anything else cannot be both wave-like
and particle-like in the same context.

This precisely is the Jain position with regard to any two
opposites. Ncils Bohr visited China in 1937 and was deeply
impressed by ancient Chinese notion of the polar opposites. Some
other physicists also visited Far Eastern countries and India and
were, no doubt, deeply impressed by Vedanta, and Buddhist
philosophies. In the following discussion, we shall see that the Jain
Theory of Non-absolutism (anekantavada) offers the best
explanation of wave-particle paradox. Unfortunately, however, the
eminent physicist could not contact the Jain scholars who could
have shown to them the excellent merits of anekdntavadd\. In the
last fiftcen years, a number of books on modern physics have
revealed the most striking parallels between some schools of
Eastern mysticism and scientific concepts of space and time,
cause and effect, etc. In such books, we find the mention of

I. The Jain Philosophy of Nen-absolutism by Dr. Satkari Mookeriee, Head of
the Sanskrit Department, Calcutia University, published by Motilal
Banarasidass, New Delhi, Second Edition, 1978 is recommended for critical
study of anekdntavada. In the following pages, the views expressed in this
book are summarized. ’
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Hinduism, Buddhism, Taoism, etc., but hardly anything about
Jain philosophy. Through the bricf discussion in the following
pages, we hope to convince the scientists in general, and the
physicists in particular, that the study of Jain Philosophy deserves
much more attention than it has reccived so far.

D. WHAT IS ANEKANTAVADA 7

Anekantavida is basic to the structure of Jain metaphysics.
it seeks to reorient our logical attiude and asks us to accept the
unification of contradictions as the true measurc of reality. It is
the key to unlock the mystery of the paradoxical Reality.

The law of anekdnta affirms that there is no opposition
between the unity of being and plurality of aspects. The identity
of a real is not contradicted by the possession of varying
attributes. No one can deny that light, foT instance, produces
multiple effects, viz, the expulsion of darkness, the illumination
of the field of perception, radiation of heat and energy and so on.
If a plurality of the energies can be possessed by a self-identical
entity without offence to logic, why should the spectre of logical
incompatibility be raised in the case of a permancnt cause
possessing diverse powers (i.e. producing diverse effects) ? The
law of anekdanta affirms the possibility of diverse and even
contradictory attributes in a unitary entity, i.c., a thing is neither
an absolute unity nor a split-up inte a irreconcilable plurality, A
thing is one and many at the same timec—a unity and a plurality
rolled into one.

Anekantavida also asserts that there is no contradicion
between identity and otherness, as they are not absolute
characteristics. The contradiction would be unsurmountable if the
two opposites were affirmed to be identical in an absolute
reference {i.e,, same context). But the identity and otheraess
asserted by the law of anekanta are ounly partizl and limited, and
not complete and unqualified.

Thus Anekintavida—non-absolutism—is the law of the
muliiple nature of Reality. It corrects the partiality of philosophers
of supplementing the other side of Reality which escaped them.
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Non-absolutism pleads for soberness and insists that the nature of
Reality is to be determined in conformity with the evidence of
experience undeterred by the considerations of abstract logic.
Loyalty to experience and to tundamental concepts of philosophy
alike makes the conclugion inevitable that abselutism is ta he
surrendered. A thing is neither cternal nor non-cternal, ncither
permancnt nor perishable in the absolute sense but partakes of both
the characteristics, and this does not mcan any offence to the
canons of logic,

B. EXPERIENCE VS. PURE (4 PRIORI} LOGIC

The Jains who are noted for their firmness and sobriety of
outlook, maintain that if the nature of reality is allowed to be
detcrmined by o priorilogic, in defiance of experience, the resules
would be faial Certainly logic is not competent to tell us whether
amyvthing exists at all. It is only perecption which can assure us
that anything exisis,

Thus, the position that is adopied by the Jains is this : Pure
logic. prior to and independent of experience, is a blind euide to
the determination of Truth. Logic is to ratinnalize and systematize
what experience offers. All our knowledge is ultimately derived
from experience. Even the knowledge that something exists is not
capable of being derived from anv other source. The existence
and hehaviour of things and their mutual relationship can be
aseertained only an the basis of expericnee and the function of
reason or purce logic is only 1o reduce the data of experience to
order and system. To allow logic to work in vacuo and to dictate
icrm to the data of experience to hehave in a way different from
theiy own is neither a sound philosophical procedure nor a safe
coinrse ot thought. The unfeucred excreise of Jogic in defiance of
the testimony of experience, has been responsible for the
hopelessly chaotic results achieved by metaphysical speculations.
That philosophy lias not made progress commensurate with the
progress of science is duc to the illegitimate freedom usurped by
reason by deposition of empirical evidence. The laws of thought,
if they are 1o be the laws of being and becoming must be
propounded 1n a fashion that they may be really helpful to the
progress of knowledge.
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MUTATION (PARINAMA)

Non-absolutisin being the foundation of Jain Philosaphy,
mutation {change) is as much real as permanence. A substance is
a substratuin ef infinite qualities. Nothing can exist without *being
in some determinate way' and the qualities of a substance mceans
its existence in & “‘determinate mode of being'. Thus, assert Jains,
the qualitics (guenas) and modes (parvdyas) cannot be absolutely
different from the substance nor can they be absolutely identical
with it.

Change or maodification is a fundamental characteristic of all
that is real. The problem presented by unceasing muotability of
cxistence is onc of the carliest as well as one of the most persistent
ones in the whole range and history of Eastern as wel as Western
Philosophy. There is an ominous hint of the ceniral paradox
implied in all mutability --namely, that only the idenrical and
permancnt can change.

This paradoxical thought has affected philosephy in
different ways at different periods of its history. In the West, at
the very dawn of Greck Plilosophy, it was the guiding principle
of the "Tontan physicists.” Later on, Parinenides and his Eleatic
successors swung to the extreme view that change, being
impassible in 2 permancnt homogencous substance, must be a
more iHusion of our deceptive senses.

Later again, Empedocles sought to reconcile the apparent
mutability of things with the criticism of Parmenides by the
thecory of regrouping of atom in space.

At a more developed stage of Greek thought, Plato drew the
momentous distinction bhetween two worlds or orders of
heing —the real with its eternal vavarving sceli-identity, and the
merely apparent, where all is change, confusion, and instability. In
the Oricent also, there have not been wanting attempts to get rid of
the paradox by denying its truth. Vedintists, like the Eleatics,
sought to cscape it by reducing change itself to a basless illusion.
On the other hand, Buddhists (fluxists), like the disciples of
Heraclitus, have evaded it by refusing to admit an}-"permanent
identity in the changcable, and they have not been entirely
without imitators in the modern world. '



A Crtique i41

Incessant change without underlying unity has had its
defenders in the history of Metaphysics. The argument in favour
of the doctrinc that only incessant change is real seems to be the
appeal to direct expericnce. In any actual experience, it is
contended, we arc always presented with the fact of change and
transition, we never apprehend an absolutely unchanging content.

Now there can, of course, be no gainsaying these facts of
expericnce, but the conclusion based on them evidently goes
much farther than the premises warrant. Expericace never gives
us mere persistence of an unchanging content. Nor does it cver
give us mere change without persistence. What we actually
experience always exhibits the two aspects of identity and
transition together. Usually there will be, side by side with the
elements which sensibly change others which remain sensibly
constant. And even the successive states of the changing content
arc not mercly momentary, each has its own sensible duration
through which it retains its character without perceptible changes.
Expericnce, thus, entircly fails to substautiate the notions of mere
change apart from a background of permanent identity.

The positive disproof of the notion must, however, he found
in its own inherent absurdity. Change by itself, apart from a
background of identity, is impossibie for the rcason that where
there is no underlying identity, there is nothing of change. All
change must be change of and in something. And where you have
not merely a change of perception but an actual perception of
change, the case is even clearer. What we perceive in such a case
is the two successive states being held together by the fact that
they are successive states of some more permanent unity. Mostly
you have not merely a change of perception, but an actual
perception of change. What we perceive is the two successive
states being held together by the fact that they arc successive
states of some more permanent unity.

Change, thercfore, is a succession within an identity, the
identity heing as essential to the character of the objcct as the
succession. in what way, then, must we think of this identity which,
is present throughout the whole succession of changes? This
question —how that which changes can be permanent 7— is similar
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to the old problem of quality and substance, how the many states
can belong to one thing, considered with special reference to the
case of states which form a succession in time. Thus, whatever is
the true nature of the unity to which the many states of one thing
belong, will also be the true nature of the identity which connects
the successive stages of a process of change.

A group of states is the embodiment of coherent structure.
The carlier and later stages of the process are differences in an
identity precisely beeause they constitute one process. The
succession of stages is thus welded into a unity which we express
by saying that whatever changes possesses an underlying
permanent identity of character.

TRIPLE CHARACTERISTICS OF REAL

In order to fully grasp the signficance of Jain view regarding
physical existence in the context of new physics, we think it is
necessary to allow a little more space to discuss the character of
Reality as asserted by the Jain Philosophy of Non-absolutism. We,
therefore, apologize to the readers for being repetitive to some
extent,

We have scen in the previous sub-scction that the Jain
conception of Reality avoids the Scylla of fluxism and the
Charybdis of illusicnism. One cannot conceive of any other
philosophy which can maintain realism against the onslaugths of
idealists without endorsing the Jain conception. Existence,
cessation and persistence are the fundamental characteristics of
all that is real This concept of Reality is the only one which can
avoid the conclusion that the world of plurality, which is the
‘world of expereince, is an illusion. Either the world is to be
accepted as real or dismissed as an unreal appearance.

The affirmation of origination, cessation and persistence as
the triple characteristics in the constitution of reals has to be
substantiated. We have seen that change presupposes the
persistence of an underlying permanence. So permanence is to be
accounted as an element in a real together with change. But change
means the cessation of a previous mode or attribute and the
coming into being of a new mode. The affirmation of the triple
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characteristics has, therefore, nothing paradoxical about it. They
are a natural deduction from the reality of change. The Jains
believe in the dynamic nature of reals and, in deference to the
demands of reason and cxperience alike, they sum up the triple
characteristics as the component factors of the constitution of
Reality. One can avoid this triple characteristic only by the
declaration of change as appearance, which is the position of the
Vedanta. One must offer one’s allegiance cither to Vedintic
monism or affirm the multiple nature of Reality, which is the
teaching of Juina unckintavida (non-absolutism). .

Viewed from the Jaina standpoint, 2 real is a continuum
through the infinite variation of its modes at cvery moment of its
heing. The continuum is a reality as much as the variation. Thus,
there is unity as welil ax multiplicity in per{cet harmony. The real
vicwed as identical with the changing modes is thus coming into
being every moment and perishing every moment. That it comes
to evolve a new mode imiplics that the previous mode has ceased
10 exist. So a real gua its modes is becoming into something new
by ccasing to be its old self. The birth of the new is thus the
logical concomitant of the death of the old. The affirmation of
the three apparcntly incompatible clements as making up the
constitution of a real is thus the result of a logical analysis of a
real as it is. Either pure {zhsolutc) negation or pure {absolute)
affirmation are the only alternatives left for acceptance. The
former is the position of the Buddhist Sanyavddin and the latter
is that of Veddnta. Is the paradox greater in the Jain view than
in the two other systems? Is the Sinyavadin who dismisses the
whole world of experience as an unfounded illusion, less
paradoxical ? ks the Vedantic view, which cndorscs the
Snvevddiny repudiation of the whole world of pluralitics,
calculated 1o satisfy the abhorrence of paradox in a more
satisfying manner 7 The paradox is only apparent as it alone
provides a satisfactory experience and thought The eriterion
should be whether or not it succeeds to explain the world as we
know 1.

Again, the Jains assert the non-absolutistic position in
respect of the rejation of modes with substance. The mode is a
made of the substance because the identity of substance is



144 Microcosmology : Atom

focussed in it and is not annulied. So a mode is identical with
substance in that respect. To take an example, clay is transformed
into a jar, and so the former is regarded as the cause of the fatter.
The jar is different from clay, no doubi, but the jar could not be a
jar unless it were the same substance as clay. The moede and the
substance may be viewed as identical and also as different, as they
are both in one, Thus the consequences, are not inevitable, as they
are based upon exclusive identity and exlusive difference. But
the identity is not exclusive of difference and vice versa, as both
are the attested traits of Reality. If identity is to be asserted on the
evidence of experience, difference also should cqually be asserted
on the strength of the same evidence. The compartmental way of
fooking at things leads ta the affirmation of one and to the
negation of the other. The besetting sin of philosophers has been
the habit to put the telescope upon the blind cye and then to
deduce that the other aspect is not real. The Jain Philosopher
voices the necessity ef using both the eyes and of seeing the
obverse and reverse of the coin of Reality.

The triple charcteristics gives out the internal constitution
of Reality. A rcal persists through time and thus has these
three — past, present and future —temporal determinations. So a
rcal is real for all time. [t was real in the past, is real in the present
and will be real in future, A ‘real” which has no past and no fulure
is a fiction and a non-entity.

Let us sum up the results of our investigation into the nature
of Reality. The Jain philosopher has proved that absolute
unqualified affirmation of existence is not in conformity with the
nature of Reality. He has also proved that absolute negation of
existence is scif-contradictory. He has further proved that fidelity
to experience and thought demands that existence and
non-existence both are to be accepted as equally valid traits in the
make-up of a real.

In order to guard against the absolutist habit of bclieving
existence and non-existence as whole-characteristies excluding
each other from their respective orbit, the Jain Philosopher
prefaces each proposition by the limiting phrase “in samc respect’
or ‘in one particular aspect’ (sya+). The insertion of this phrasc is
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a warning against reading an absolutist sense into the predicates.
It is true that the two characteristics —‘is’ and ‘is not —are not
capable of being expressed by one word at a time. The
co-cxistence of these two predicables is sought to be implied by
the phrase ‘inexpressible’ (avdcyq) by some others. But according
to the Jains, the word ‘inexpressible’, used as a predicate, asserts
a real characteristic of a real subject and the possibility of such
predication mcans that a réal is not entirely incapable of being
described. So the predicate "inexpressible” cannot be taken in its
literal absolute sense. ‘In some respect, a real is ‘inexpressible’ is
the correct proposition.

The Jains asscrt that concepts and conceptual thoughts are
not in opposition. It is exceedingly difficult to understand why
the concepts sheuld not be of service in the cmergence of
perceptual intuvition. The Jains maintain that perceptual
judgements are founded upon reality. Parity of reasoning requircs
that consciousness, with the aid of sensc-organs and concepts, can
give us the fuil knowledge of Reality, as it is. The Jains do not
regard the concepts as antagonistic to Reality. The concepts are
as much the means as the sense organs and conscicusness are, of
gaining an insight into the nature of Reality. Thus, a real is not a
particular alonc, but particular-cum-universal, the universal as
embedied in the particular. The real is, thus, amenable to verbal
communication and to judgement alike.

E. PROBLEM OF RELATION

In the previous sub-section, the problem of reiation was
discussed briefly. We shall now see how the reality of relation
between substance and its qualities and modes, has always been
an irritating problem in metaphysics, and has been thoroughly
discussed by all the schools of Indian Philosophy. It has also
received a serious attention of all Western Philosophers too, since
the time of Aristotles.

The reality of relation between substance and qualities is a
fundamental concept for the Jains, and it is ‘relation” which
introduces order and coherence into the world. But the reality of
relation has been denied by the Fluxists and the Vedantists in the
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Orient. In Western metaphysics, Kant and Bradley condemned
‘the thing with its qualities’ as self-contradictory. But such a
conclusion goes clean against not only commonsense but against
science. It is remarkable that the arguments of Kant and Bradley
were anticipated by the ancient Indian Philosophies several
centuries ago. The Buddhist Fluxist's position has been summed
up by Bradley in these forceful words : “.........a relational way of
thought....must give appearance and not truth, It is a make=shift,
a practical compromise, most necessary, but in the end most
indefensible.”!

The Jains refuse to be brow-beaten by such a flourish of
abstract logic. If our intellect is not to be condemned to
bankruptcy and if Reality be not declared to be a unfathomable
mystery, an explanation must be found. We have already
elucidated the Jains® position regarding logic in part B of this
- section, which clearly states that the denial of experience ends in
unqualified scepticism, and if we are to believe and value the
testimony of our experience, there is no possibility of denying the
validity of relation. Unity of cognition, in spite of the numerical
difference of contents (as in the cognition of a variegated carpet) is
an attested fact and we have no reason to call in question its
authenticity. “Why should there be a relation at alt 7" is a question
as absurd and equally unanswerable as “why consciousness should
be consciousness and not different from it .....”

“Reality”, assert the Nou-absolutist Jains, “is the identity of
a infinite multiplicity of aspects and modes. A real is a unity and
diversity in one, and the relation involved is neither one of
absolute identity nor one of absolutc otherness but something
different from both. It is sui generis (jatyantara) which does not
permit of being determined by absoiute criteria.”

If ‘identity’ satisfied a logical necessity, so also should this
unique relation. Each is unique and ultimate and there is no reason
to condemn it as appearance, when it is equally a given fact with
identity or otherness. On the other hand, neither absolute identity,
nor absolute otherness has any reality beyond abstractions of
thoughts.

1. Bradley, Appearance and Reality, p. 28
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JAIN VIEW COMPARED WITH WESTERN
PHILOSOPHERS’ AND SCIENTISTS’ VIEW

In the previous chapter, we have seen that matter (called
‘pudgaldastikaya by the Jains) is the only substance which can be
the object of sensuous cognition. At the same time, we have seen
that paramdnu, the ultimate atom of pudgale and some kinds of
material aggregates cannot be perceived by sense-organs.
Nevertheless, all modifications of pudgala—be it a single free
ultimate atom (paramanu) or an aggregate composed of infinite
number of paramdnus—do possess the four qualities of touch,
taste, smell and colour. These qualities are also real and their
existence does not depend upon the percipient, Besides these four
innate qualities, pudgala possesses innumerable other qualities
which are all subject to incessant series of modes.

With these views, it is obvious that Jains will refute all types
of philosophicat idealism —subjectivism and solipsism. Being non-
absolutists, however, Jains will almost always find points of
agreement in the views of most schools of thought. We shall,
therefore, compare Jain views with those of a few Western
philosophers and scientists with particular reference to the
existence of physical reality.

According to Sir Arthur Eddington, an eminent physicist,
who calls his philosophy ‘selective subjectivism’, though the
material world does exist objectively, it does not appear in our
experience or observational knowledge. Thus, although he accepts
the objective existence of matter in the realm of metaphysics, he
denies such status to it in the realm of epistemology because he
does not accept that sensory qualities exist objectively in matter.

This is in opposition to the Jain view. Jains' argument in
rebuttal to Eddington’s view is : if it is the consciousness that
creates sensory qualities and if the matter itself is devoid of these
qualities, how can a single object be perceived identically by
different percipients with pormai sensory equipments?

Sir James Jeans, another eminent physicist, is also supporter
of philosophical idealism. According to him, "The objective and
material iniverse consist of little more than *‘construct® of our own
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minds. The universe is created by a pure mathematician who does
not concern himself with material substance but with purce
thought. His creations are not only created by thought but consist
of thought. In his views both subjective and nbjective fall within
what is inside our minds.”

Jeans has accepted the reality of mind (psyche) which,
according to him, is a non-physical reality. The Jain philosophy
also, asserts that soul is a non-physical reality. Thus ‘mind” of
Jeans and “soul’ of the Jains being non-physical in nature, describe
the same reality.

Jeans talks of “Universal Mind® and ‘Individual Minds®. The
Universal Mind, according to him, is the creator and governer of
the realm of matter as well as the individual minds. He believes
that atoms out of which our individual minds have grown exist
as thought in the Universal Mind.

The Jain view does not accept the existence of any such
Universal Mind of which the individual minds are units of
excrescences, According to the Jain view, all the souls are
independent individual entitics having real objective existence.
Jeans has not given any reason for his belief which is akin to the
pantheistic view,

Now, as we have already seen, the Jain view concedes that
the sensory knowledge of the phenomena of the universe may not
be wholly objective, but it does not conform with Jeans® views in
considering the phenomena of the universe as wholly subjective.

According to Jeans,the objective reality of the real essence
of substance is beyond our knowledge. He, thus, seems to accept
Kant’s transcendentaljsm in which the thing-in-itself is considered
to be transcendental. The fain philosophy also declares that the
ultimate essence of substances cannot be comprehended through
the sensory knowledge and hence, at least in this respect, Jeans’
view is consistent with the Jain view.

Lastly, we shall discuss the concept of substantiality. Jeans
defines ‘substantiality’ as a ‘purely mental concept measuring
direct effect of objects on our sense of touch” Now. If it is so,
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Le., if substantiality is not inhcrent in the substances, how do the
objects (or substances) exist without substantiality 7° Also Jeans’
discussion of the degrees of substantiality is not only equivocal
but almost absurd. On the other hand, the Jain philosophy
furnishes us with the crystal clear definitions of the terms
substance, substantially, etc., and proves objectiveness of
substantiality on logical and empirical grounds. Substantiality as
a purely mental concept is definitely not acceptable to the Jain
philosophy. Thus both views vehemently differ from cach other
on this point.

On the other hand, the eminent philosopher-scientist Sir
Albert Einstein asserted the reality of atom and the objective
existence of the cxternal world. According to him, “Planck’s
determination of the trus size from the law of radiation (for high
temperatures) convineed us of the reality of atom.”

The dialetical materialism supports and corroborates the
realist view saying ‘the concept of matter cpistemologically
implies nothing but objective reality existing independently of the
human mind...Electroas, cther, etc., exist as objective realities, just
as nature existed prior to man and organic matter.. The absence of
any other kind of mass in the electron except electromagnetic
mass..corroborates the objective existence of matter. The electron
is to the atom as a full stop is to the size of a building 200 ft. long,
100 ft. broad and 50 ft. high; it moves with a velocity as high as
2,70,000 kms. per second, its mass is a function of its velocity, it
makes 500 trillon revolutions in a second. Human reason has
discovered...will discover still more...But this does not mean that
nature is the creation of our mind or of an abstract mind, i.c. of
Ward’s God.”? '

It should not be assumed that all realist views are acceptable
to Jains.

The materialists and the Jains —both agree in accepting the
objective realism as well as the sensible qualities of matter.
“Matter is a philesophical category designating the objective
reality which is given to man by his sensations, and which is

L. Albert Einstein ; Philosopher-Scientist, p 103.
2 Materiatism and Empiriocriticism, pp. 184-85,
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copicd, photogfaphed and reflected by our sensations, while
existing independently of them,” This definition of matter given
by the materialists comes very close to the Jain definition of
pudgala viz., ‘pudgala is that which possesses in itself the
qualities of touch, taste, colour and odour. Even though the Sain
philosophy denies the possibility of direct perception of the
ultimate atom (paramdanu) of matter through scnsory means, it
accepts the quality of ‘mirtatva’ being objectively cxistent even
in paramdnus. Also both recognise matter as an objective reality.
In the words of Lenin “the solc property of matter with whose
recognition philosophical material is bound up is the property of
being an objective reality, of existing outside our mind.”

The fundamental difference between the two views is
regarding the ultimate reality of consciousness. According to the
Jain view, physical order of existence (ajiva) and psychical order
of existence (jiva) are entirely different substances. Consciousness
is the characteristic of jiva (psyche), and, therefore, ujiva is devoid
of consciousness. Only jiva is capable of a cogaitive experience,
Besides passions, cmotions, scnsation of pleasure or pain,
memory, expericnce, etc,, are various manifestations of
consciousness alonc, Matter is devoid of consciousness and is
therefore ajiva. Mutual transformation within the two orders of
existence is, according to Jains, absolutely impossible. Matter,
being entirely devoid of consciousness cannot under any
conditions, be transformed into jiva. The Greek atomists believed
that psychical order was created and composed of certain types
of atoms (spherical, dynamic and smooth). Dialectical materialism
does not accept the separate existence of psychical order at all.
According to it, the entire existence is transformation of matter.
The scientists’ views arc divided on the subject. Some of them
agree with the views of the dialectical materialism.

MOTION, SPACE, TIME, ETHER (5)

Each of the above concepts have been discussed in the
preceding chapter. Here, we shall bricfly compare the Jain views
about these concepts with those of modern science.
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Having accepted the reality of physical substance, the Jains, -
naturally accepts the reality of motion. It has also obtained a good
standing in the field of modern philosophy and modern science
has also emphasized the importance and reality of motion in
understanding the nature of physical existence. And, in order to
accept the reality of motion of physical objects, the reality of
space must also be accepted.

But motion in Jain doctrine is intimately connected with not
only space. but also two other substances —positive cther
(dharmastik@yd) as medium of motion and negative ether
(adharmastikaya) as medium of rest. We shall, therefore, be
required to discuss all the threc substances together with motion.

It may be recalled that we translated the terms
dharmastikdya and adharmdstikdya as positive and negative
ethers respectively, because the classical physics had postulated
the existence of medium of motion and called it ether. In the
classical physics, the problem of motion was first dealt with by
Galileo and later on by Newton. Before them, Aristotlcan tradition
of absolute rest was generally believed. But Newton’s theory got
rid of the idea of absolute rest and introduced conception of a
substance called the “ether”, that was present everywhere, even
in the empty space. Maxwell's electromagnetic theory of light
predicted that light waves travel at a certain fixed speed through
ether. Light waves travelled through ether as sound waves
travelled through air. Between 1887 and 1905, the fate of ether was
hanging in a balance. In the meanwhile, an important experiment
carefully performed by Michelson and Morley suggested that
there exists no such substance as ether. Finally, in 1905, Albert
Einstein established that the whole idea of an ether was
unnecessary, provided that one was willing to abandon the idea
of absolute time.

The discoveries of modern science, the dual nature of
matter, the standing wave-patterns of electrons are all associated
with the reality of space and its contents. Now the space itself
according to Jains, has infinite extension and only a portion of it
is filled in the other real substances. It is this finite portion which
is the theatre of all the drama of cosmic dance. And the finiteness
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of the cosmos is due to the two other substances viz media of
motion and rest. Without these two, the systematic structure of
the cosmos would have been a chaos.

SPACE-TIME

Physics, the concepts of space and time are so basic for the
description of natural phenomena that their medification entails
an alteration of the whole framework we use in physics to
describe nature. The concepts of space and time underwent radical
modification from the time of Aristotles to the present time.

In Newtonian physics, matter particles moved in a three
dimensional absolute space, filled with ether {medium of motion).
It was an absolute space, always at rest and unchangeable. All
changes in the physical world were described in terms of a
separate entity called time, which again was absolute having no
connection with the material world and flowing smoothly from
the past through the present to the future. These concepts of
space, time and ether were the hasis of physics for almost three
centuries.

Both Aristotles and Newton believed in absolute time. That
is, one could always measure the interval of time between two
events and that it would be the same whoever measured it. Time
was completely scparate from and independent of space. This
commonsense view worked well when dealing with apples or
planets that move slowly but they dont work at all for things
moving at or near the speed of light.

According to Einstein’s relatively theory, space was not
threc dimensional and time was not a separatc entity. Both were
intimately connected and formed a four-dimensional continnum-
“space —time”. Furthermore, there was no universal flow of time.
Concepts of an absolute space and an absolute time were, thus,
abandoned and became merely clements of language for
describing observed phenomena. Concept of ether was also given
up.

Einstein's theory, moreover, says that threc-dimensional
space is curved and the curvature is caused by the gravitational
field of massive bodies. Thus according to this theory, the
universe is finite with nothing bevond it.
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SECTION 11
PUDGALA : ATTRIBUTES

A. PUDGALA : DEFINITIONS

Nomenclature

The nomenclature of pudgala is quite peculiar to Jain
Philosophy ; it does not even exist in the lexicons cdited by
non-Jain writers. The word pudgala, derived fre  rud =
integration or fusion and gala = disintegration o: iission,
emphasizes the Jain sages deep insight into structure and
character of physical existence.

The discoveries of immense sources of nuclear energy have
thrown the words fission and fusion into popular lime-light. But
quite apart from this comparatively recent knowledge of the
nuclear physics, we have scen that there are innumerable
instances of both fussion and fission of pudgala even in everyday
life. Both arc cssential whenever encrgy is 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 engery ; the same thing happens when the coal
catches fire. The continuous processes of emission and absorption
by the radio-active elements arc also example of self-activated
pud and gala. Usc of this unique property of the substance in its
nomenclature reveals the profoundness of knowledge.

In science, the exploration of the subatomic world has
revealed the intrinsically dynamic nature of matter. It has shown
that the constituents of atoms, the subatomic particles possess a
dynamic character as integral part of an inseparable network of
interactions. These interactions involve a dynamic interplay in
which particles are emitted and absorbed, crcated and destroyed
in a continual variation of encrgy patterns. They give rise to the
stable structures which build up the infinite variety of material
world. The whole physical universe is thus engaged in endless
integration and disintegration (=pud and gala).
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CHARACTERIZATION

According to the Jain canonical literature, every pudgala
(physical object) docs possess colour, taste, smell and touch,
Conversely pudgala is the only substance which is the object of
sensuous cognitior. The other five substances are devoid of
sense-data. Thus, matter alone is * #@p7’ while the others are uript
The term rupidoes not mean visible but perceivable and signifies
the concurrent existence of all the four sense-data. The physical
order of existence, according to the modern science, comprises all
existence which can be perceived by means of sense-organs. The
physical order does not depend for its existence upon the fact of
actually being perceived. Thus the Jain views broadly agree with
the modern science insofar as the general definition of the
physical existence is concerned.

B. CHARACTERISTIC QUALITIES

The objective and simultaneous existence of the qualities of
coelour, taste, smell and touch in pudgala have been amply
emphasized in the previous chapter. Five elementary colours,! five
elementary tastes, good and bad smell and four clementary
touches —hot, cold, dry and gluey — makes a total of 16 varieties of
characteristic innate qualities of all classes of pudgala

COLOUR

First of all, we should clarify, what is the meaning of the
statcraent ‘celour cte., are innate qualities of matter.” Now what is
colour? It is some structural peculiarity of a material object which
interacts with light and makes the object visible and perceivable
by the sensory equipment of vision.

Modern science explains the phenomenon of colour on the
basis of the wave-theory of light. According to it, the normal white
light from the sun contains the whole visible spectrum. Difference

1. The division of colour into 5 primary types agrees perfectly with the scientfic

views. For instance, Colonmetry Committee of the Optical Sociely of
America reported in 1922 as [ollows :
“Colour is the general term for all sensations arising from activity of the
reting and its attached nervous mechanisms. It may be exempliticd by the
enumeration of characteristic instances as red, yellow, blue, black and
white,”
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of wave-lengths produces difference of colour, each colour having
its own specific wave-length and frequency. When white light falls
on any material object, it absorbs some of 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, it absorbs radiations of all other wave-lengths except one
representing green colour. Consequerntly, only radiations of
wave-length representing green colour reaches our eyes. They
stimulate the optic equipment and we see the grass as ‘green’

It is obvious that the reflection of the wave-lengths
corresponding to green colour and absorption of the rest of the
wave-lengths by grass is due to its own specific structnal property.
Thus, on the basis of the scientific theory of colour, it becomes
clear that the pereeption of grass as green {or rose as red) depends
upon the fact as to which wave-length is reflected and not
absorbed by the ohject, and this, in turn, is decided by something
inherent in the object —some structural peculiarity of the object
itsclf.

The Jain view regarding colour is similar to the above. Sense-
organ ‘eye’ does not come in direct contact with the object but
perceives through the medium of light. That is, the perception of
colour is the result of the interaction between the inherent quality
of colour possessed by the object, light and the sensory cquipment.
Expressed symbolically:

Cp denotes the colour perceived,
and C, denotes the objective coiour,
and L denotes the function of light

and S denotes the function representing sensory equipment,
then Cp=f (C,,L,5)

The green colour of the grass is the colour percevied by us
(Cp) which is created in two steps, firstly, there is an interaction

L U may be noted that a body which reflects 21l of the radiations will appear
white, while one which absorbs all of the radiations will appear black.
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of light (L) with the objective colour of the grass (Cp} and
sccondly, the resultant products interact with the sensory (optical}
equipment (5). Thus all the three factors —the objeet, light and the
subject {sensory equipment)—play an important role in the
formation of perceived colour. If anyone of the three factors gets
slightly changed, there would be a corresponding change in the
perceived colour.

Thus for example,
(1} A sces Grass in white light as Green,

bat A sees Rose in white light as Red. (Example of change in
object).

{2) A sces Grass in white light as Green,

but B sces Grass in white light as Red. (Example of change
in the obsever. B is colour-hlind)

(3) A sces Rose in white light as R'cd, but

A sees Rose in yellow light as Orange. (Example of change in
light).

RAMAN’'S STUDY OF COLOUR

Sir C.V. Raman, the famous Indian scientist and a Nobe!
Laureate, has made an intensive research on the phenomenon cf
colour. His findings published in ‘Current Science as serics of
articles entitled ‘ The New Physiology of Vision’ cogroborate the
Jain view that it is the internal struciure of the material object
which is responsible for producing colour. He conclodes thus:

"It follows that all aspects of vision inciuding the perception
of space and form, the pereeption of luminosity and the
perception of colour, can only ‘be understood in terms of the
corpscular concept of the nature of light”. Again he clearly
states —“Colour as seen in daylight is 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 material of which it is composed.”

Thus we may conclude that according to Raman, the
chromatic scnsation (i.e. the perceived colour or Cp in aur notation)
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depends upon the energy of light corpuscles reflected or transmitted
by the object. That is, it is dependent on some peculiar property
inhcrent in the material of the object and therefore, the quality
possessed by the material of the object is the deciding factor in the
perception of colour. It should be noted that the perceived colour
(Cp) is not identical with Cp beeause Cp is a function of Cq, L and
s.

We may summarise the above discussion thos:—

The difference in cmission and absorption of light by
different coloured surfaces is the effect of some innate quality in
the matcrial object and light acts merely as a medium for the
perception of the colour and not for its existence.

From the above discussion we can get a fair idea of the
characteristic quality called colour which, according to the Jain
view, is an inseparable innate property of all material objects.

COLOUR IN COSMOLOGICAL STUDIES

Colour, one of the four inherent qualities of matter has been
a boon teo inquisitive mankind in general and scientists in
particular. More than that, it has been the cause of many
spectacular advances in some of the sciences (and even arts).
Astronomers in their quest of knowledge of the universe are able
to probe and pry into the macrocosmos and see millions of distant
stars and galaxies which arc thousands of millions light years
away. With the growth of knowledge 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 sccrets of the universe are written largely in code
language of light and can be knowun by deciphering light itself,
Everybody knows that white sunlight bent apart by a prism!
becomes a rainbow of all the coleurs. This is 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 noblody knew

. The prism is now replaced by a more efficient light-splitting instrument viz.
diffraction gratings of lines closely ruled on glass.
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what they meant at that time. Later studies showed that light
emitted by elements at very high temperatures showed bright
slashes in their spectrum. Today the knowledge of atomic theory
and the true nature of light has established that each clement or
kind of atom can emit and absorb energy only at the specific
wave-length determined by its atomic structure. Its pattern may
have many lines or a few but its position on the spectrum is always
the same and unlike that of any other. Thus every clement can
reveal its identity by its spectral line signature written by the ink of
its own unique colour or the fingerprint of its individual
personality.

The discovery of Helium, christened as the sun element by its
discoverer, Sir Joseph Norman Lockyer, more than a hundred years
ago, was the result of the accurate interpretation of the sun's
spectral lines with elements in its atmosphere. [ndecd, the white
radiance of the cosmos shattered into 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 composition 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 pin-points of inscrutable light but
objects with individual personalities,

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

TOUCH (SPARSA)

The quality of touch (sparsa) is also of great importance. It
should be carefully noted that besides the four touch given above
which are inherent in all states of pudgala there are four additional
touch viz light, heavy, hard and soft which are acquired by certain
types of composite bodies.
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The four additional touch are formed by combination of
four basic touch as follows : —

(i) The negative charge (i.e. riksa) is associated with
lightness.

(i) The positive charge (i.e. snigdha) is associated with
heaviness.

(iii Combination of cold sparsa and positive charge results
in production of soft sparsa.

{iv) Combination of hot sparsa and negative charge results in
production of hard sparsa.l

Thus, there are two classes of material objects (i) those
possessing four touch ie., catuhsparsi and (ii) those possessing
eight touch ie., asfasparsi Out of the eight vargands® (catcgories)
of pudgala which interact with the psychical existence, the last
four are chatuhisparsi while the first four are astasparsi

The eight touch which can be grouped into four pairs refer to
the following four physical properties of modern science :

() Hot, cold correspond to temperature.

(i) Dry, gluey correspond to positive and negative electrical
charges.

(ii) Light, heavy correspond to mass (density).
(iv) Hard, soft correspond to measure of hardness.

® Temperature (Hot, Cold)

The first pair hot (#sna) and cold (Sire) refers to the physical
property of temperature, which is the measurement of heat level.
The range of temperature existing in nature is very wide.

(i) Electric Charge (Dry, Gluey}

The qualities of dryness and glueyness refer to the physical
property of electric charge. The qualities play an important part in
l. Bhag Joda : 18{6/I17; Jiva-ajtva, p. 76.
2. See pp.

3. Out of the last four categories, the category of $vasocchawis is considered
o be astaspardi by some dcdryas.

4. The highest temperature is found in stars, which is estimated to be nearly
40 million degree celcius, by Eddington. The lowest tenperature, on the other
hand, cannot be less than minus 270 degree C. which is called absolute zero,
according to modemn science.
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the formation of aggregates! (skandhd), just as positive and
negative electric charges of subatomic particles play important
role in the formation of atoms and molecules.

(iéii) Mass or Density (Light, Heavy)

The third pair — light (laghu) and heavy (gurw) refers to the
physical property of mass or density. According to the Jain
concept, this pair is acquired by astasparsi aggregates only, and
therefore, the catulisparsi aggregates are devoid of mass. They are
agurulaghu ie. neither heavy, nor light. When compared with the
modern particle physics, it can be said that all catuhsparsi
aggregates are in the form of energy and their entire mass is in
their motion.

DENSITY AND EXTENSION

A paramanu being truly indivisible has no extension and
will, therefore, logically occupy one space-point. The space
occupied by a skandha will depend upon its density. The number
of space- points occupied by a skandha of lowest density will be
equal to the number of paramanus in the skandha Thus, a
diatomic skandha will occupy two space-points, a triatomic
skandha three, and so on upto innumerable (asamkhyita).
However, a skandha with infinite number of paramanus will
have to be densely packed s0 as to occupy more than innumerable
(asamkh ydta) space-points. When more tightly packed, however,
a skandha would occupy space-points much less than the number
of paramd@nus constituting it. A skandha with infinite number of
paramanus, if densely packed, may occupy only a single
space-point.

And in the extreme case, infinite number of skandhas, cach
composed of infintely infinite (anantinantd) number of
paramanus, may occupy only a single space-point. Such is the
property of compressibility of pudgala.

In modern science, density varies from element to element.
In each atom, 99.97% of the total mass is concentrated in the

L. We shall discuss this in greater detail while discussing the qualities of
paramadnu :



A Critigue 161

densely packed tiny nucleus, whercas in the rest of the atom, the
density is very low.

That is, in the nucleus of an atom, the matter is so dense
that an object of the size of a paisd would weigh 600 million tons
if its atoms were as densely packed as the particles in the nucleus.
Of the 92 elements found on earth, hydrogen is the lightest and
plutenium and osmium are among the heaviest.

Matter, thousands of times denser than the densest
substance on earth, exists in the interior of stars. It varies from |1
ton to 620 tons per cubic inch. On the other hand, the density of
matter in nabulae is of the order of 1024 of the density of water.
The high density matter in stars sometimes results in the most
mysterious and fascinating ebjects called “black holes”. The
effects of the extremely high density of matter are manifested
during the gravitational collapse of a massive star.

BLACK HOLE

A black hole begins to form when a star runs out of fuel
and starts to cool off and so to contract. As it contracts, it becomes
more and more dense, its gravitational field at the surface gets
stronger and makes it more difficult for any thing, even a ray of
light to escape from the star. Eventually, when a star has shrunk
to a certain critical radius, the gravitational field at the surface
becomes so strong that the light can no longer escape. Since
nothing can travel faster than light, nothing else also can escape,
everything is dragged back by the attraction of the gravitational
field. Such a region of space- time from which it is not possible
to escape is called black hole. Though a black hele is invisible,
one would feel the force of its gravitational attraction. One such
black hole is thought to exist in our own galaxy. The star called
“Cygnus X-1” in our galaxy appears to consist of a black hole and
a normal star, orbiting around each other.

BLACK HOLES IN JAIN ASTROPHYSICS

While the theory of black hele is very modern, centuries
ago, the Jain seers were actually aware of the existence of black
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holes. In the Jain canon, Bhagavatt Sttra, two types of black holes
are described in some detail! They are (i) tamaskdya, (ii)
krsnarayi, (krsnardji, krsnarati )2

Tamaskiya literally means a body composed of darkness.
its shape is described as conical with the basc having the shape
of a cowrie (i.e. elliptical ?) and the surface parabolic. It has
neither planets nor satellites. [t is a huge area of space, but
contains nothing except swirling gaseous matter, which is
infinitely destroyed, created and destroyed again. Brightest
sunlight would be transformed into utecr darkness, if it nears
tamaskdya. 1t is totally black and is described as
“terror-producing.” Even a deva (cclestial being) will be horrifiad
if he happens to remotely experience the force of one of these
black bodies, and would instantly fly away to escape from its
clutches.

There are two sizes of tamaska ya—

(a) with base diameter of numerable yojanas and a volume of
innumerable yojanas.

(b) with base diameter as well as a volume of innumerable
yojanas.

Krsnarayr literally means black mustard or mass of
darkness. Two of them exist in each of the four directions making
a total of eight Krsparayis. All the four internal ones are
rectangular in shape while the two external ones in north and
south are triangular and east and west are hexagonal. Like
tamaskaya, a Krsnarayf contains nothing but swirling gaseous
matter, which is infinitely destroyed, created and destroyed again.
[t is totally dark and black in colour. The rest of the description is
similar to that of tamaskdya.

(iv) Measure of Hardness (Hard, Soft)

Hardness (kathoratva) and softness (mrdutva) or roughness
and smoothness indicate the condition of the surface of the object
to the sense-organ of touch.

.. Bhag Sit 6/5/70-106.

2. Krznardvicould also be krsmard@si which means mass of blackness.
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In scicnee, the relative bardness of material objects is
determined empirically by scratching. Thus, steel is harder than
copper, and diamond is harder than steel.

Smoothness/roughness of the surface of the body
fundamentally depends upon the arrangement of the crystals in
the surface.

Chatuhsparsi aggregates are devoid of this pair like mass.

(i) SMELL AND TASTE

By virtue of their inherent quality of smell, material objects
can be perccived by the olfactory organs. There are infinite
varieties of smell but they are broadly divided into two categories
{iy pleasant and (i) unpleasant. The scientific view of smell is that
there are volatile components in the composition of material
objects, whic h stimulate the olfactory organs of living beings. Like
colour, smell can be split and analysed by gas chromatographic
and mass spectroscopic methods. For instance, roasted coffee is
found to contain as many as 100 or more volatiles which together
give the characteristic pleasant aroma of coffee,

Unlike smell, taste is not given ‘out” by pudgala. The object
itself has to come in intimate contact with the sense-organs of
taste. As in the casc of other qualities, there are infinite varieties
of taste which can be grouped together to form five categories.
The taste of any object is the resultant of all different taste
possessed by its compoéing elements.

C. SOME OTHER IMPORTANT QUALITIES

We had discussed the Jain view about some other important
qualities of physical substance (pudgala). We shall compare them
here with the corresponding scientific concepts.

That, massfmatter is nothing but a form of energy, that is,
both matter and energy are but two modifications of a single
principle, has been only recently realized. Jain physics has
identified all forms of matter and energy as modifications of the
same substance — pudgala. Intra-convertibility of various forms of
energy —mechanical into electrical, electrical into heat, light,
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sound etc.,—which is the basis of modern technology, has been
recognized by Jain philosophers as the basic attritutes of pudgals,
since all forms of energy are fundamentally the modifications of
the same substance.

1. SOUND

Both the Jain and scientific views agree an the basic concept
that sound is in the forms of waves generated by vibrations as an
attribute of physical substance, unlike seme other [ndian Schools
of thought, (e.g. Vaisesika) which consider sound as a property of
dkdsa (space).

If sound were generated by dkasa or space (as is supposed
by the Vaisdesika school), sound would be still heard in vacuum.
But sound waves do not travel in vacuum. In modern acoustics
the sound is classified into (a} musical and (b) neises. This also
agrees with the Jain view cxpressed earlier.

2. LIGHT AND DARKNESS

There is remarkable agreement between the views of the
Jains and modern physics regarding the fundamentally material
character of light. Photoelectric effect of light proves that light is
a stream of photons which are essentially particles. On the other
hand, the wave-character of light has been proved by the splitting
of white light into beautiful colours of rainbow and many other
experiments/phenomena. The paradox of wave-particle
duality,which was one of the thorniest problems of modern
physics forced physicists into radically new ways of perceiving
the entire physical reality, and the new perceptual frames! were
found to be more compatible with experience than were the old.
In fact, the duality was the end of the absclute classical view of
the physical reality, The physicists had to abandon the *Either-
Or* way of looking at the Reality. They could no longer accept the
proposition that light/fenergy/matter is either a particle or a wave,
because they had convinced themselves that it was both,
depending upon how they looked at it. Niels Bohr’s concept of

1. These follow the unique principle of non-absolutism — Anekdniavdda of
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complementarity! is the best explanation of the dual character of
light (and no enc has thought of a better one yef) by emphasizing
the complementary nature of both aspects —both of them are
essential to understand the nature of light. But one of them always
excludes the other, because light or anything else cannot be
both —wave-like and particle-like —in the same context. It is
meaningless to ask which one of them, alone, is the way light
really is. It behaves like waves or particles depending upon which
experiment we perform. And this, precisely, is the Jain position
as we have seen earlier.

Ncither the wave-like nor the particle-like behaviour is the
quality (guna) of light, but both arc its modes (pary@ya), just as
sound is not a quality of pudgala, as ‘colour’ is, but its
modification. Each aspeet is produced by the interaction of light
to manifest either particle-like or wave-like characteristics or both
as in the famous Arthur Compton’s ‘Scattering of X-rays” in 1923,
[t should be noted that by denying the dual aspects to be qualities,
we are not denying the objective reality of light Both qualities
and modes arc real and are determinatc ways of manifesting a real
substance, which in this case, is pudgala.

DARKNESS

While light is universally accepted as the cause of visibility
and a form of material energy, darkness is regarded by some as
mere absence of light and not as a separate entity (modification
of matter). In Jain view, tamah or darkness, which is the antithesis
of light and the cause of reduced visibility, is regarded as an entity

. The Copenhagen Interpretation (CL) of+Quantum Mechanics was the First
consistent formulation of quantum physics and marks the emergence of the
new physics as a comsistent way of viewing the physical reality. Tt was
arrived at the 5th Solvey Congress in 1927, at which Bohr and Einstein
conducted their now famous debates. The term ‘Copenhagen’ reflects the
dominant influence of Bohr From Copenhagen) and his school of thought.

Bohr's principle of complementarity is an essantial feature of CI of quan-
tum physics. Some physicists practically equate CF and complementarity. It
is subsumed in a general way in Stapp’s pragmatic interpretation of quantum
physics, but the special emphasis on complementarity is characteristic of
ClL. The CL. is considered {0 be the beginning of the reunion of the Cartesian -
division. I says that quantum theory is about correlations in our experiences
It is abowt what will be abserved under specified conditions
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separate from light. This view is fully supported by modern
science. Light according to science, is 2 small portion of a large
spectrum of electromagnetic radiations. Radiations with
wave-lengths smaller or larger than visible spectrum are not
perceivable by our sensec organ of sight and are, therefore,
invisible or dark to us. For instance, infra-red radiations, (or
x-rays) can be ‘perceived’ by the eyes of special photographic
plates and make photography possible even in the pitch darkness.
Thus, darkness has a separate existence and both science and Jain
views agrec on this point.

Division of light into hot effulgence (drapa) and cold
effulgence (udyotd) is also more scientific than arbitrary. When
heat is predominant in a radiation, it will be ‘hot’ and when a
radiation is accompanied with little or no heat, it will be ‘cold”, The
terms arapa and udyota appropriately denote the nature of light.
Radiations called prabha are emitied by certain types of jewels.
They cause visibility and are, therefore, special forms of light.

The term ‘chady@ stands for two phenomena of light : image
and shadow. When light is obstructed by an opaque object, it
throws a ‘shadow’, but reflection of light by a mirror produces an
‘image’.!

INTEGRATION (BANDHA) AND DISINTEGRATION
(BHEDA)

The quest for *basic building blocks® of the physical reality is
fundamentally the result of (bandia) and (bhedd) which are the
modes of pudgala ‘Being’ and ‘becoming’ characterized equally
the first epoch of Greek philosophy as well as the modern science.
The entire discussion under ‘particle physics in the first chapter
emphasizes the above modes and underlines a number of parallels
between the Jain view and the modern science. The high-energy
scattering experiments of the recent years have shown us the
dynamic and ever-changing nature of the physical reality in the
most striking way. They have proved the complete mutabity of
matter. All particles can be transmuted into other particles : they
can be created from energy and can vanish into energy. Thus, the

L Cf. Pannavana, pada XV : A person perceives not his body nor the mirror
but the image in the mirror."”
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cntire physical reality is a dynamic world of integrating and
disintegrating patterns of matter, revealing the intrinsically
dynamic character of matter as propounded by the Jain seers.
These aspects of pudgaia show that the different attributes of
pudgala can be understood only in terms of its activity and
modification — that is its interaction with itself and other
substances,

Both integration and disintegration are of two kinds : (i)
natural (ii) poduced by animate organisms and they have been
discussed in the preceding chapters. All the natural elements
found on earth are the result of natural integration of subatomic
particles but none of them is without a beginning. Space and
ethers are the only instances of natural and beginningless
integration. All integrated physical objects found anywhere in the
universe have a beginning. The ultimate atom (paramdny) is the
only physical reality that is eternal and has no beginning, but it
is singularity not an integrated identity.

Two kinds of touch —glucyness (snigdha) and dryness
(ritksa) are important characteristics of integrating constituents.
These are, to some extent, equivalent to the positive and negative
charges of subatomic particles. Precise rules for integration
vis-a-vis these two kinds of touch have been discovered and
formulated by Jains and we shall discuss them in a subsequent
section.
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SECTION III

GENERAL PROPERTIES OF
PUDGALA

Parydaya, Parinama, Krivd, Bhedu (Fission) and Bandha
{Fusion) —the above terms are used by Jains to show various
aspects o the dynamic nature of matter. They are meant to
indicate that various kinds of cnergies inhere and are potentially
available in the different states of matter and each change of state
is accompanied with release or transformation of energy.

Pudgalastikaya, assert the Jains, is an energetic and active
substance. Various kinds of multifarious activities are attributed
to it. First of all, there is the artha-paryaya which is the change of
state due to its own basic transitory element. This type of
modification is incessant and continuous and affects the structure
of the substance itself. Secondly, there is the vyaAjana-paryaya
which is intermittent and may be the result of interaction between
the two substances. This type of modification may affect the
substance or the inherent qualities of the substance. Thirdly, we
have parindma which means mutation or transformation iLe.
change of qualitics like samsthana (shape) cte. Then we have
different types of motions —simple and complex oscillation,
vibration, rotation, revolution and migration, collectively called
kriya which describes the dynamic nature of the substance. And
finally, we have bheda i.e. splitting or fission and bandha i.e.
union or fusion.

PARYAYA

The quantum view that all particles possess potentially
different combinations of other particles parallels the Jain view
that pudgala undergoes incessant modification called paryd ya.

Now, according to the atomic theory of modern scicnce,
atoms of all elements are composed of two parts: (I) the nucleus
which is normally static (with reference to the atem itself) and (2)
glectrons which arc normally revolving around the nucleus. The
relative motion of electrons is incessant and continuous
irrespective of the state of the clement being solid, liquid or
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gascous. It is an inherent characteristic of the structure of all
atoms. This, then, is an instance of artha-paryaya.

Two or more atoms of one element combine together to form
molecules, and molecules of different elements combine together
to form simple and familiar (e.g. water H20. and common salt
NaCI) or complex and rare (e.g. phenylpiriliumchloride)
compounds i.e. composite bodies, But each compound has its own
specific chemical and physical properties under certain conditions
of temperature, pressure, etc Within the body, the molecules
themselves are in state of agitation. This motion of molecules of
any material substance is known as hkeat motion or thermal
motien, for the simple reason that it is responsible for the
pheromenon of heat. For, it is molecular motion that produces a
certain irritation in the nervous fibres of our sense of touch and
produces the sensation that we call heat. This, thermal motion
exists in solid, liquid and gascous statcs of matter because the
amount of energy in every molecule is the same for all substance
at a given temperature and the only difference is that while in
somce cases the molecules are able to move around, in other cases
they can only vibrate in fixed position. This thermal motion
appears to be an instance of vyafjana-parydya.

The subatomic particles are dynamic patterns which exist as
integral parts of an inseparable petwork of interactions. These
interactions involve a dynamic interplay in which particles are
created and destroyed without end in continual variations of
energy patterns. If two clectrons come close to each other, it is
possible that a photon that is emitted from one will be absorbed
by the other. The process is two-way with both electron absorbing
photons that were emitted by the other. The repulsive force
between them is simply the cumaulative effect of these exchanges
of photons, the number of which increases at close range and
decreases at a distance. Every subatomic interaction consists of
the annihilation of the original particles and the creation of new
subatomic particles. In other words, the subatomic world is a
continual activity of creation and annihilation.

Subatomic particles de not just sit around being subatomic
particles. There is incessant change of state due to its own basic
transitory nature. An electron, for example, constantly emits and
absorbs photons. In other words, first there is an electron, then
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there is an electron and a photon, and then there is an electron again.
The interaction lasts only for about one thousand trillionth (101 of
a second. The reason that this can happen is the famous
Heisenberg's Uncertainly Principle, in which there is also a
reciprocal uncertainty of time and energy.

Similarly, protons also interact with themselves. First there is
a proton, then there is a proton and a pion,then there is a proton
.again,

This is the simplest example of scif-interaction. Eleven
particles make their transient appearance between the time the
original proton transforms into a neutron and a pion and the time it
becomes a single proton again in the flicker of time permitted by
the "Uncertainty Principle’. All interactions and self- interactions of
subatomic particles are instances of artha-praydya and six-fold
decrease and increase {saf-gupa-hani-vrddhi) resulting from the
agurulaghu guna of pudgala

PARINAMA

Physical propertics like extension (volume), mass, density,
ete., can be changed by change in temperature and/or pressure. For
instance water s solid (in the form of icc) at temperature O°C or
below. When heated, it becomes liquid and its volurne slightly
increases. At 100°C, it boils and changes into stcam which has very
much larger volume. Similary air (or oxygen) which is gaseous at
normal temperature and pressure can be liquified under very high
pressures. The thermal motion in a solid body is quivering or!
vibration 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 still higher temperatures, they fly apart in all
directions and the result is gaseous state of matter.2 But the

1. Temperature of liquid air is 63° absclute or 210° C below zero.

2. If the temperature is raised still farther, thermal dissociation takes place and
the molecules are boken up inte separate atoms. For instance, molecules of
water will be broken up at a temperature over a thousand degress. But when
the temperature rises to several thousand degrees, the matter will be a
gaseous mixiure of pure elements. At still higher temperatures, thermal
ionization takes place when outer electrons are chipped off from the atoms
A1 a few million degrees (temperature common in the interiors of stars) all
electronic shells are completely stripped off and matter becomes a mixiure
of bare nuclei and free electrons. [§ the temperature goes up to several bitlion
degrees the nuclei themseives break up inlo protons and neutronss Thus
the effect of thermal agitation is to destroy step by step the elaborate ar-
chitecture of maiter into particles rushing around without any apparen' law.

2. Parispandana-laksana kriya —Pravacanasara Pradipika Vruti, 2-37,
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change is in the physical properties only. Ice, water and steam are
all chemically the same compound H>O and molecules retain their
moiecular identitics. The modification of physical properties and
the consequent transformation of one kind of energy into another
is perhaps a typical instance of parindma.

KRIYA : MATTER IS ENERGY

Kriya is characterised by motion!. Oscillation and vibrations
are inhcrent attributes of matter and that is why pudgala is
dynamic. Actually all types of motion comc under Ariyd, but
motion is only one type of kriyd. Fission and fusion are also kriyd
In fact, tranformation of energy of any kinds is kriva and thus
kriyavin means capable of exerting forces and producing energy.

Because matter is inherently active. Galileo, Newton and
Einstein were able to describe and explain many mysteries of the
universe by formulating laws of mechanics. Motion of matter
evolved a mechanical universe of forces, pressures, tensions,
oscillations, and waves. Two fundamental forces exerted by matter
are gravitation and electromagnctism. Save for gravitation, nearly
all other forces in the material universe — frictional 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 clectromagnetic origin, for all these
involve the interplay of matter which is composed of electrical
particles.

To describe the mechanics of dynamic, material universe,
three parameters are necessary —distance in space, time and
mass.! In classical physics the mass of any body is fixed and
unchanging property. But Einstein cstablished the relativity of
mass, asserting that the mass of a moving body increases with its
velocity according to the following equation :

when myg is the mass of a body at rest,
m is its mass when moving,
v is the velocity of the body,
and c is the velocity of light,

1. Parispandana-laksana kriyi —Pravacanasiara Pradipika Vritj, 2-37.
2. Mass & not heaviness or weight but denotes a fundamental property of
matter, pamely resisiance 1o a change of motion.
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It can be readily scen that if v is small, the difference
beiween mo and m is 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 light.

By further deduction of this principle of relativity of mass,
Einstein concluded that encrgy has mass and disclosed a
fundamental truth about physical reality viz, matter and energy
arc not different clements as pictured by prerelativity
scientists —the former inert, tangible and characterised by a
property called mass and the latter active, invisible and without
mass. He established that mass is simply concentrated energy. In
other words, matter is cnergy and energy is matter. He expresses
the interchangeability of matter and energy by the most famous
equation in history: E=mc? The mass/energy dualism of our
ordinary couceptualizaion does not exist in the formalism of
relativity or quantum theory. Einstein’s equation E=mc? means
that mass is energy and encrgy is mass. Therefore, strictly
speaking, mass is not a particular form of energy. Every form of
energy is mass. Mass does not change into energy or vice versa.
Wherever energy, E is present, mass m is present also and the
amount of mass m is given by E=mc2 The totai aicc»t of energy,
E, is conserved and hence, the total amount of mass, m, is also
conserved. This mass, m, is defined by the fact that it is a source
of the gravitational ficld. It explains how radioactive substances
are able to cject particles at enormous velocities for millions of
years. It reveals the magnitude of energy that slumbers in the
nuclei of atoms. Transiated in concrete values, it shows that one
kg. of coal, if converted entirely into energy, would yield 25 billion
kilowatt-hours of electrical energy. Inter-changeability of matter
and energy explains the dual role of the electron as 2 unit of matter
and a unit of electricity and the baffling interplay of matter and
radiation, waves and particles becomes more understandable.
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The inter-changeability of matter and energy estabished by
modern science is analogous with the Jain concepts of parydya,
parinama, kriyactc.,, being inhercat attributes of pudgalastikdva.
The energy of electomagnetic radiations and the particles cjected
from radioactive substances are but two different paryayas of the
same attribute viz, &riy@vatva. We shall have oceasion to examine
this point again whiic dealing with the nature of paramanu a little
later.

Finally, we come to the processes of Bandha (fuston) and
Bheda (fission) which are the basis for the nomenclature of matter
viz.,, pudgala These processes are, according to Jain views (as we
have seen)! inherent propertics of the material universe.
Paramdnu, being indivisible, is, of course, not fissiopable but all
other categories of matter undergo both these processes.

Modern science, also, (as we have seen)? accepts that fission
and fusion are essential whenever energy is relcased, whether it
is the cherhical encrgy from coal or the atomic energy from nuclei
of uranium or deuterium, Again, the process of spontaneous decay
of the atoms, consisting of emission of alpha particles is not
restricted to the so-called radic-active elements ; all elements
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 is very very slow. Release of enormous atomic
energy through the fission process of uranium nuclei and fusion
process of the (heavy) hydrogen nuclei is already described in the
previouns chapter,

I. Chapter M, pn..
2. Chaper I, pp.
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SECTION 1V

CLASSIFICATION

‘We have alrcady said that according to Jains, material -
ohjects are cdmposcd of clementary particles calied paramdnns
There are infinite types of matter and because they are capable of
infintc mutations, the entire material universe is infinitely
infinite. The fundamental reasen for the infinite variety is the
infinite muitiplicity of the four innate qualites, colour ete., of
matter and the difference in the number of paramanus.

According to the modern science also, there are infinite
varicties of organic and inorganic compounds constituted by
various combinations of about 100 different kinds of chemical
clements. The atoms of the elements are different from one
another hecause of the difference in the number of their
constituting clementary particles viz, protons and ncutrons in the
nucleus of the atom and the electrons orbiting round.

The infinite varicty, however, can be grouped together from
various aspeets to form a fow classes or divided into two or three
lypes e.z.

By Science

(i) Inorganic (iiy Organic

{iy Solids (i1) Fluids

{i) Elements {(ii) Compounds
{ Atoms (i) Molccules

By Jains

() Visrasa-parinara (i) Pravega-parinata
() Bédara (gross) (i) Siksma (fine}
() Paramdanus (ii) Skandha

By Science
(1 Solids (i) Liguids (i) Gases
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By Jains

(1) Paramdapn () Pradés’a (i) Skandha

Classification of matter by Jains into 23 groups called
vargands in general and the matter belonging to 8 groups which
interact with and serve useful purposes for the living beings, in
particular, merits requires further examination.

Five out of the cight groups viz, () Auddrika (2) Vaikriva
(3 Ahdrka (3 Taras and (5) Kdrmana groups po to make five
different kinds of gross and subtle hodies {Jerird) for the living
heing. The first two kinds are gross and the remaining three are
subtle ones.

Material of the vuddrifa group is composced of all the
organic and inorganic objects that we cncounter in our ordinary
life. All the neeessities of our daily life, food, clothing and shelter
are made up from the stuff helonging to this group. Our own
bodies and the bodies of all animals and plants, in fact, of all living
organisms known to us, organs as brain, hecart and stomach,
tissucs of skin, muscles cte., and the hiclopical atoms called cells
are all made up from the andd@rika group. When the life becomes
extinct, the lifeless body that is left behind is quddarika Sarfru t
either becomes food for some living beings or clse rots, putrefics
and decomposes into ity constituems.

Bedics of cclestial and infernal beings are made up from
‘vaikriya' group. The traditiopal Jain term for the word “celestial
beings is devas or heavenly people. According to the Jain helicf,
sun, moon, stary cte., are onc of the four categories of devas viz,
Jyotiska devae meaning light-radiating or luminous deva. The
life-spans of devas, though very very long compared to human
betngs are neveriheless finiwe and at the end of 1he Jife-span, the
soul of deve leaves his lifeless vaikriya body bebind. It is,
hawever, believed that the stuff making up the vaikriva body
docs not rot or putrefy like the audarika body but disintcgrates
rapidly Into its components. A vaikiiva body does not cast a
shadow.

Science also considers sun, moon, plancts and stars celestial
or heavenly bodies. Sun is nething clse but a star, planets are
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members of the solar family and revolve round it in definite orbits
and moons are satellites of the planets. So the most important
heavenly bodies are stars. And they are no longer pin points of
inscrutable light but objects of the individual personalities. Stars
are ‘born” and they ‘die’. Their life-span is of the order of 50,000
to 1,00,000 million years. Qur sun, for example, was born some
5,000 million years ago and quickly came to age assuming the
characteristics it has today. For another'5,000 million years, it will
continue to be in the prime of life. After that it will expand and
‘burn away fiercely for 2,000 million years and begin to shrink and
decline to a long old age. After 50,000 million years it will have
turned black and heatless i.e. dead. The bodies of the stars are
made up of primordial gas and dust, more than half of which is
hydrogen which is transformed into helium by nuclear fusion. The
process of nuclear fusion converts matter into energy which is
radiated. The amount of hydrogen steadily decreases while that of
helium increases. When the entire stock of hydrogen is used up,
there is nothing to burn. The star becomes black and heatless and
dies. Thus the lifc-span of this celestial object starts from a cloudy
birth and ends into frozen extinction. Thus, if the star is a jyotiska
deva,! then the stellar dust is the stuff belonging to the vaikriya
group.

Ahdraka Sarira is not a common body. It is very
occasionally created by learned sages only. Taijas sarira and
kdrmana $arira are the supersubtle bodies assimilated by every
soul from the stuff of the appropriate group. They are permanent
companions of the soul, and are abolished only if and when the
soul is emancipated. Taijas §arira is the link between the soul and
the k@rmana sarira It is the source of energy required by the vital
processes of all living organisms. As its name suggests, taijas stuff
is probably electrical (or electromagnetical), and the electrical
characteristic manifested by the bodies of living organisms are
caused by the taijas sSarira

We have briefly described the functions of ka@rmana sarira
in the previous chapter and we can hardly add anything more here

L. This statement should not be construed as a belicf of the Jains nor that of
the author. It is merely a conjecture emanating from circurmstantial
stmilarities.
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because it is extremely difficult to compare these groups with
‘anything discovered by the modern science.

The stuff belonging to dn@pdna vargana is used by all living
beings for the process of respiration. Breathing is an essential
activity for sustained life. All living beings from ekendriya to
panicendriya, i.e., 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, terresterial and
acquatic animais, insects, and plants have to breathe. Of course
the respiratory system of fish is 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 is
the element oxygen. Some take it from the air and some take it
from the water. Is oxygen, then, the stuff belonging to anapana
vargand of the Jains?

The stuff belonging to bhdsd vargand is used by those who
are able to speak. According to the Jains, ekendriya jivas or
sthavaras are unable to do so but others have the ability to give
voice to their feelings. Though not essential for sustaining life,
this activity is essential for a purposeful life and to this extent
the material in this group is 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 guite high up on
the ladder of evolution possess these organs. Lower animals can
only produce inarticulate sounds from their throats and some
others can produce sound not from the throat but by rubbing
together other parts of the body. Vibration is an essential
condition for producing sound waves. Whether a specific class of
matter is necessary for producing voice is not known.

We now come to the mental activities. The process of thinking
and other mental processes, according to the Jains, requires dravya
manah and bhava manah Bhava manah (psychical mind) is the
innate capacity of rational thinking possesed by samjiin
(developed) souls, while dravya manah (physical mind) is the
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instrament of thinking which the soul makes for itself out of the
material beloging to the manah vargand which is fit for this
purpose. Only the samjfiin paficendriya categories of jiva have the
ability of forming physical mind. But the Fains assert that for the
process of rational thinking, physical mind is as essential as the
psychical The stuff covered by this group (smanaf vargana) is very
compact. Composite bodies of this group are chatuhsparsi and not
astasparsi, that is, they are agurulaghu ie. devoid of mass.

The branch of science that deals with mental phenomena
and their classification and analysis is calied psychololgy. It seeks
to give an account of the way in which the mind works. Unlike
other scicnces {e.g. chemistry), it is concerned more with theories
than with facts and still belongs very largely to the province of
spéculations. Though it has, in some respects, attained definite
knowledge, it has to emerge from the phase of speculation with
regard to a majority of questions, it studies.

The fundamental and controversial question of psychology
is : Is there really a mind! to study ie. is there something of an
entirely different nature from the body? Can we not explain the
facts of psychology without introducing ‘mind’? The intimate
relationship and interaction between mind and body is a fact
without dispute. What is disputable is the adoption of the mental
hypothesis which involves the existence of ‘mind’ i.e., something
which is not of the same order of being as the body. We have
thus two alternatives : (i) mind as an aspect of body and (ii) mind
as distinct from body.

(i) In the first case, the mind consists entirely of
physiological instrument such as the sensory nervous systems or
receptor nerves which receive the stimuli from outside, the
transference machinery to pass on the stimuli to brain, the brain
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

. The word ‘mind’ does not mean the same as the word *brain’ which is a part
of the body and is uncontroversially matenial.
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fear, the adrenal glands discharge a certain amount of fluid
secretion, which produces changes in the tension of the muscle
and in the blood, resulting in increased rapidity of the heart-beat
etc. The awareness of these hodily occurrences constitute the
emotion of fear.

In the absence of an independent mental instrument, the
process of thioking is explained as simply subvocal talking,
involving as it does the same muscular activities of the larynx as
those which occur in talking although these activities are not
carried so far.

(it} In the other alternative viz mind as distinct from body,
a unique, distinct and in some sense independent status of mind
is contended. For contending an independent status of mind, it is
not necessary to refute the existence and working of the
physiclogical systems described in the preceding paras. All that
is necessary is to insist that a living organism is something over
and above the physiological apparatus of its body, that mind is
an expression of the principle of life and it is distinct from the
body and brain. Mind, in this case, must be something which is
immaterial Wishes, desires, thoughts, aspirations, hopes, acts of
will and all such other events which happen in mind are,
therefore, immaterial. 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, it is not difficult to conclude that, in
addition to the body and brain, the composition of the living
organism inciudes an immaterial element which is called mind,
that this element, although in very close association with the
brain, is in some sense independent of it. Mind so conceived is
an active, dynamic, synthesizing force. It is creative, that is, it
carries on activities which are due to the presence of a living
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
materialist theories of psychology which deny the existence of
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mind as distinet from body, also deny the very existence of
consciousness and soul as an independent entity. This is entirely
in opposition to the Jain views, We have already discussed the
materialists’ concept in the metaphysical section earlier and we
shall only add here a doubt which may be raised by the Jains
regarding the materialist theory of emotions stated above. While
accepting the invariable accompaniment of the bodily event and
the mental event, a juestion at issuc will be : Does the 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 immaterial mind
of the mental hypothesis by the other psychological theories is
obvicusly equivalent to the concept of bhidva manah of the Jains,
Bhdva manah as we have stated above, is the innate capacity of
Jiva and i3, therefore, immatcrial But, for the rational mental
activities, dravya manah which is the material counterpart of
bhdva manah is also essential We have also seen that only highly
developed or samjiin paficendriya-animals and human beings are
capable of forming dravya manah out of the material atoms of
manah vargand 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 briefly of
course) an interesting feature of the Jain epistemology viz., four
buddhis or intellects. Intellect is a variety of matijiana i.e.
perceptual cognition. There are four categories of matijiiana viz.,
knowledge (i) exclusively due to the sense-organs (ii) exclusively
due to the mind (iif) due to the joint activity of the senses and the
mind and (iv) knowledge independent of both mind and
sense-organs viz, instinctive intuition. According to the Jain
epistemology, all cognitions are nothing but different states of
soul and as such are anly cases of emergence and not origination
proper, the senses and the mind being auxiliary conditions or
instruments only. Instinctive intuitions of the plant kingdom as
well as the underdeveloped animal organisms fall under category
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(iv). Memory, recognition and discarsive thoughts are cases of
matijrana under (if) and (iii). Sensuous cognition of the fivefold
sense-data --touch, taste, etc,, are instances of ().

Buddhi or intellect falls under category (ii) inasmuch as, it
is a purely mental perception. It is a special gift of nature and
independent of the previous education of the perceivers. Fourfold
intellects are:-

(D Autpariki buddhi means immediate comprehension. It is
defined as the intellect which comprehends the true nature of a
previously unknown complicated problem and successfully solves
it It is by a flash of genius that the solutien of a difficult and
strange problem dawns upon the mind.

(2) Vainayiki buddhi means inteliect born of humility and
service. It is defined as the intellect which is capable of
completing a difficult task and is born of humility and faithful
service (and not learning)

(3 Karmiki or Karmajd buddhi means intetlect acquired by
practice. It is defined as intellect which comprehends the truth
due to breadth of vision of both the practical and the theoretical
sides of actions. Such an intellect is the result of extraordinary
development of talent through practical experience rather than
theoretical learning e.g. valuation of diamonds and other precious
stones.

(4) Parinamiki buddhi means mature intellect. It is defined
as the intellect whicli attains its goal through reasoning, deduction,
inference and analogy, developed with the maturity of age.

It can be easily seen that all thesc inteliects arc founded on
mental faculties. Could flash of genius, humility, reasoning, etc.,
be constituted and produced by physiological changes alone?

Let us return to the material steff called manak vargana
which is fit for the purpose of forming dravye manah. Admittedly
none of the current theories of psychology conceive the necessity
of fine material particles (or are they radiations of extremely short
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wave-length?) for the process of thinking and other mental
activities.

Many scientists, however, see drastic changes on the
horizon. There would have to be some revolutionary paradigm! to
explain telepathy, psychokinesis and precognition. At-least one
serious physicist, Gerald Finberg of Columbia University, thinks
that psychic transmissions may one day be linked to yet
undiscovered elementary particles which may be called mindons
or psychons? If modern scientific instruments became really
successful in detecting such particles, they could be equivalent to
the group of matter called manah vargana by Jains. But since,
such matter is devoid of mass, it is extremely unlikely to be found
in its original form.

I Paradigm is the word wsed by Thomas Kuhn for the model of scientific
advancement after each major concepiual shift.

2. Time (Weekly).
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SECTION V

ATOMIC THEORY AND
PARAMANUVADA

HISTORICAL DEVELOPMENT OF ATOMIC THEORY

In the West, Greek philosophy and science were together at
the beginning of the 6th century B.C. with the first Milesian
philosepher Thales. As we bave scen, the idea of the smallest
indivisible ultimate building blocks of matter came in connection
with the elaboration of the concepts of being and becoming which
characterised the first epoch of Greek philosophy. But atomic
theory of matter was propounded much later by Democritus ahout
420 B.C. The Jain doctrine of paramanu is undoubtedly much
more ancient than the Greek atomists. Bhagawan Parsvanath
(B.C.877- 777) and Bhagavan Mabavira (B.C. 599-527) propounded
the paramanu as the ultimate indivisible origin of matter and the
Jain canons Vidhapanpatti (Bhagavati Sitra) and Thananga Sitra
contain elaborate and detailed discussions on the nature, structure
and behaviour of matter in general and paramdnu in particular.

PARAMANU IN JAIN PHYSICS

The limiting unit of the process of the division of aggregates
is the ‘paramdnic or the ultimate atom.

Since it cannot be further sub-divided, it is called paramanu
(parama+an).

Since it occupies a single point of space, it is ‘unit’,

Since it is the permanent and inalienable substratum of
corporeal bodies; it is eternal.

Since it is the constitutive basis of physical ebjects, it is the
generator of the entire physical universe.

Since it cannot by itself gencrate sound vibrations, it is non-
sounding or silent. These are some of the characteristies of the
ultimate atoml.

l. Paifica, Sar. verse 77.
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The ultimate atom is not of four kinds, as some peoplz
would have, such as earth, air, fire, and water, but it is the
constitutive basis of these four mahabhatas or dhatus, which are
different modes of physical existence. The atom has its own
essential nature which is quite distinct from that of these four
mahadbhitas.

The very name paramdanu (parama+anu) implies the atomic
structure and the divicion of pudgala (physical objects) which is
characterized by the sense-qualities of touch, taste, smell and the
colour, all the four being concomitant. Paramdnu is the beginning,
the middie and the end in one. From :he general principle that
substance and its quality are inseparable, it follows that the
space-point (pradesal occupicd by the paramanu is also the
spacc-point accommodating its sensory qualities. And hence, on
the basis of our discussion in the fifth section of the second
chapter regarding the indivisible units of pudgala, space, etc. it
can he emphasized that the paramdnu is the direct unit of pudgala
aud the indirect unit of space, time, and quality. The quantitative
difference in these things and also the qualitative difference in
various physical objects may ultimately be traced to the
constitutive, that is, paramanu.

SCIENTIFIC VERSION

STRUCTURE OF MATTER —SUBATOMIC
PARTICLES —-QUARKS

Atoms of Democritus were all of the same substance but had
different sizes and shapes. They were eternally unchanging
(Parmenidian), impenetrable and indivisible. Atoms themselves
had neither colour nor smell nor taste, the sensuousness of the
material objects being produced by the motion and arrangement
of atoms in space. "Sweet and bitter, cold and warm as well as zll
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 object which were referred to as
‘atoms’ historically and later during the revival of science in
seventeenth century, are not indivisible units of matter. According
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to the modern science, the atom of a chemical elament is rather
a complicated system of smaller units such as protons, neutrons,
electrons, etc. which are now called subatomic particles. The
gumber of such subatomic particles has now crossed the figure
200.

It has been established beyond doubt that atoms of various
chemical elements are very much simiiar to our solar system, with
a number of negatively charged particles (electrons) rotating round
the central nucleus in the form of standing waves,! which itself

is composed of a number of positively charged particles {protons)
and electrically neutral particles (neutrons). Protons and neuirons
are much heavier than electrons so that the necleus contain 99.97%
of the total atomic mass. The number of protons, neutrons,
electrons are different in different elements but the atom on the
whole is electrically neutral because the total change of all

1. See Chapter I, pp.1
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negatively charged particles equals the total positive charge. The
simplest and lightest atom is that of hydrogen. It is composed of
a single proton as the nucleus and a single electron orbitting round
it Its diameter is 10% centimeter and mass 1.64x102% grammes.
The distance between the nucleus and the rotating electron is such
that the atomic diameter is 1,00,000 times greater than the
diameter of the nucleus. In the atom of uranium, which is the
heaviest natural element, there are as many as 92 protons and 146
neutrons in the nucleus and 92 electrons rotate round it in
different orbits.

Later on, theoretical physicists branched into two schools.
One of them continued their search for the elementary building
blocks, as they were not satisfied that subatomic particles such
as protons, neutrons, etc. were indivisible, while the other one
abandoned their search. Although no one has so far found the
particles which composed the protons, theoretically it has been
established that the protons are composed of ‘quarks’. The hunt
for quarks is going on. But, whether they do actually exist or not,
one thing is already certain, viz, a new area of research ‘what are
quarks made of has emerged.

PARAMANU : INDIVISIBLE UNIT OF PUDGALA

Two types of Paramdnu

In Anayogadvara Satra! two types of paramdnu are
postulated :

() Sicksma (transcendental/absolute)
(i) Vyavaharika (empirical).

i The siksma paramdanu has been described above in section
V of chapter Il (pp. 120-132). It is absolutely indivisible.

Vyavah@rika paramdnu, on the other hand, is composed of
infinite sdksma paramanus Even though it is a composite body, it
is too subtle to be cognized singly. it can only be cognized through

l. Anuyogadvara : Pramanadvara—
“Paramanu duviha pannate, tanjahd suhumeya, vavahérivena;
aranidnam suhamaparamdnupoggalanum samudavya-saniiti-
samagamenam vavehdrie paramdnu-paggale nipphajanti.”
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effects of cellective action. [ts interactions and mutations are very
subtle and so it is called paramane. We can compare a sub- atomic
particle or an atom of modern physics with this Vyavaharika
paramdni. Thus, applying the law of Anekdntavida, it can be said
that in the context of transcendental paramdnu, the paramdnu is
absolutely indivisible, whereas in the context of empirical one,
paramanu can be said to be divisible.

SUKSMA (TRANSCENDENTAL) PARAMANU

The siksma (transcendental) paramanu, as defined by Jain
philesophy, on the ather hand, is a truly indivisible fundamental
unit of pudgala and therefore bas no components. It is not
composed of any particles and is dimensionless. Like a true
geometrical point, it has no length, no breadth, and no thickness.
Its centre is identical with its ends. Thus, it has no extension and
occupics only a single space-point. It has no shape and it has no
mass. It is however, not an abstract piece of matter deprived of the
qualities of colour, smell etc., like the atom of Democritus. It has a
rcal objective existence and does possess colour, smell, etc. Inspite
of this, a paramdanu by itself is not perceivable by sense-organs
and can only be cognised by inference through the effects of
collective actions or by direct experience of a transcendental
knowledge. This apparcnt paradox of being in possession of
sensuous qualities like colour. cte., on the onc hand and yet not
being an object of sensuous cognition on the other is beautifully
resolved by the principle of uncertainty. Quantum physicists do
not concern themselves with the properties of an individual
electron because it is impossible to ascertain them. On the other
hand, electron behaviour can be accurately defined when dealt
with collectively in great numbers. The individual electron is
indeterminate and the indeterminacy is not a symptom of
immature science but an ultimate barrier of nature. For, by the
very act of observing its position, its velocity is changed, and
conversely, the more accurately its velocity is determined the
more indefinite its position becomes. Thus, it is impossible to
determine the position and velocity of an electron at the same
time.

A paramdpa in its unattached free state is as real as a
paramdnu within material aggregate and the qualities of colour,
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etc., arc as much realin a free paramdinu as they are in an attached
onc. A free paramdnu when captured by an aggregate, loses its
free state and is changed to become a component of the aggregate.
Similarly its qualities also undergo changes of intensity. Thus the
same paramdnu (as substance) which possessed one unit
blackness can change to become infinitcly black.

Two or more paramdnus mutually combine together to
produce composite bodics and the entire physical world is
composed of paramanus. The aggregates composed by paraménus
have shape and cxtension is space although the paramanu itself
is devoid of shape and has no extension. By this it is meant that
single free paramdnu docs not occupy two or more space-points.
The subatomic particles of modern science are presumed to be
spherical in shape. Their diameters though very small are
measurable and, therefore, their extension in space cover
innumerable space points. This, according to Jains means that the
subatomic particles of science viz, protons, electrons, etc., are not
indivisible but composed of innumerable paramanus.

As stated above, theoretical considerations have already
established that protons are made of quarks and the question ‘what
are the quarks made of 7" looms large before the physicists. Thus,
the subatomic particles are not the paramanus—the ultimate or
primary atoms —but are infinitely more gross particles than a
paramdanu.

QUALITIES AND MODES

Paramanu is eternal (nitya), indestructible (anasvara ), non-
transmutable (avasthitd), and indivisible (avibhdjya) A paramanu
cannot be split or scattered or fissioned nor can it be composed
or created by fusion.

When it was said that the word pudgala is derived from the
properties of fission and fusion, it meant that the formation of
material aggregates by the natural association of a number of
paramanus is fusion and the splitting of aggregates into its
components is fission. Paramdnu itself, though subject to
mutatjon, is unfissionable and maintains its individual existence
permanentiy.
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The atom of a chemical element as well as its constituents,
the subatomic particles —electrons, protons, etc., —are on the other
hand, fissionable, and fusionable: radioactive elements emit alpha
and other particles and lose energy by radiation. Protons and
neutrons are mutually transformable by losing or acquiring a
positive charge. Other elementary particles get transformed into
electromagnetic waves and radiation. Thus according to the Jain
viéw, the elementary particles are not fundamental units of matter
but masses composed of infinite number of paramdnus.

The totality of paramdnus in universe cannot be expressed
by numbers. It is infinite. Since a paramdnu can neither be
destroyed nor created, totality of paramdnus in the universe is
unchangeable. This is comparable to the ‘law of conservation of
matter and energy’ which states that the total amount of matter
and energy in the universe is constant and unchangeable.
Modification of this law is mooted as a result of some ver'y 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 material objects. A paramanu being
the fundamental unit of matter must also possess each of these
qualities. 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 clementary sparsa viz., either hot or cold
and dry or nnctuous.

Thus in respect to the quality of sparfa alone there are four
types of paramdnus :

1. Unctuous-cold
2. Unctuous-hot
3. Dry-coid
4. Dry-hot
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And with different combinations of colour, etc., we have
5x2x5x4=200 types of paramdnus. Now, since the intensities of
colour, taste, etc. vary from minimum one unit to maximum
infinite units, there will be infinite varieties of paramdnus with
different intensities and combinations of colour, taste, etc. e.g. in
respect to colour, there will be paramangus with one unit
blackness, two units of blackness upto infinite units of blackness.
The intensities of the qualities of any given paramanu is subject
to increase or decrease by its mutations into different states of
association and dissociation within aggregates.

COLOUR

Now, we should be quite clear about the meaning of the
statement ‘a paramanu possesses one colour’. We have already
said that an individual paramdne by itself is never an object of
sensuous cognition and we have also said that paramanus are
copnised by their collective or group behaviour only. What, then,
do we mean by saying that only one out of the five primary
colours can be associated with a paramdnu? It should be
remembered that though a paramadnu is not an object of sensuous
cognition by us, it can be cognised by a kevalin or a
parama-avadhi-jAani, that is, they are aware of the colour of the
paramdnu and that is why it is ripf or miirta. Possession of one
colour simply means that a paramanu will reflect a precisely
single wavelength corresponding to multiplicity of colour of its
components. Thus, a paramdnu must manifest itself as having a
single colour to a super-normal faculty as stated above. Whether
it is actually so constituted as to behave in that fashion, it is for
the physicists to determine.

Similarly, of the five different tastes and the two different
smelis, a paramdnu will manifest itself to possess only one of
each.

SPARSA (TOUCH)

We now come to another important characterstic quality of
paramanu, viz. sparsa (touch). We have seen that there are two
types of composite bodies — (1) catuhsparsi (those with four kinds
of touch, and (2) astasparsi (those with eight kinds of touch).
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The former are possessed of:

(} snigdha (gluey) and riksa (drjf)

(ii) sita (cold) and tsna (hot)

The latter have four additional kinds of touch :
(i) laghu (light) and guru (heavy)

(iv) mrdu (soft) and kathora (hard)

The parama@nus have only two sparsa :

(D either snigdha or riksa

(ii) either Sita or asna.

Comparing these characteristic qualities of pudgala with
those of subatomic particles — protons, neutrons, etc., we find that:

() snigdha (gluey) and riaksa (dry) correspond to the electric
charges + ive and - ive respectively.

(i) while guru (heavy) and laghu (light) correspond to the
quality of ‘mass'.

Our identification of snigdha and rizksa with + ive and - ive
charges is based on the following commentary in Sarvarthasiddhi
on sutra 5/24 of Tattvdrtha sitra— “...Snigdha-ruksatva-guna-
nimitio vidyut......." That is, lightning in clouds is produced by
the qualities of snigdha and riksa, ie., due to the development
of + ive and — ive charges in the clouds.

Similarly, the sparsa guru (heaviness) and laghu (lightness)
are to be identified with mass. A paramdnu has no mass but it
must possess either a + ive electric charge (snigdhatva) or a - ive
electric charge (rikstva). All catuhisaparsi compositions have no
mass. In other words, paramanu pudgala and alt catuhsaparsi
pudgala are neither guru nor laghu. They are agurulaghu ie.
without mass.

When physicists listed all the known particles by the order
of their masses, from the lightest to the heaviest, they discovered
that subatomic particles fall roughly into three categories — (1) the
light-weight particles, (2) thc medium-weight particles, and (3} the
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heavy-weight particles. They were called leptons (the light ones),
mesons (the medium ones), and baryons (the heavy ones).

Some of the subatomic particles compared with Jain
Physics.

Farticle's name mass elect charge sparsa
Electron A - ve riksa, laght
Positron A +ve snigdha, laghu
Proton C +ve snigdha, guru
Neutron C neutral snigdha-riiksa,
guru
Photon @] neutral snigaha-riksa,
agurulaghu' (7)
Pion +ve B +ve snigdha, laghu
Pion - ve B -ve ritkksa, laghu
Pien nedtral B neutral snigdha, riksa,
' laghu

A=light flepton)
B=medium (meson)
C=heavy (haryon)

Thus, electron, which is one of the lightest particles is a
lepton, while proton which is the lightest of the heavy ones is a
baryon. However, a few particles do not fit into the lepton-
meson-baryon framework. Some of them are well-known (like the
photon)} and others have been theorized but not discovered yet
(like the gravitation). All of them have, in common, the fact that
they‘ are massless particles. A particle that has, zero rest-mass is
a massless particle. All its encrgy is energy of motion. Though
physicists know exactly what they mean by ‘massless’ in a
mathematical structure, it is difficult to describe it in non-
mathematical language because the very term ‘particle’ means
‘some thing that has mass”.

1. See p. 200 of this hook.
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There is a remarkable similarity in the views of the Jains and
physicists regarding massless particle. Not only a paramanu, the
smallest indivisible particle, is massless but all catuhsparsi
compositions also have no mass. The quality of mass is found only
in astasparsi pudgala.

The above description of the characteristic qualities of a
paramanu would naturally introduce qualitative difference
between paramanus But it should be remembered that the
difference is only qualitative, that is, in the paryd@ya of the
different paramdnus. From the point of view of substanee, every

paramanu is identical to every other. This is the law of
Anekantavida.

The above elaborate analysis by ancient Jains of colour, taste
and touch is as minute as that of modern psychology. But their
analysis of smcll is as arbitrary as thc modern one. Smell can be
analysed only into (i) agreeable (i) disagrceable. Several attempts
made in recent years to go beyond this crude classification nearly
ended in failure. Thus, where the modern scientists succeeded,
the ancient Jains also achicved success, that is, in the
classification of other sense-data.

MECHANICS AND MATHEMATICS OF PARAMANU
AND SUBATOMIC PARTICLES

Universal Constants

In 1900, Max Plank made a major discovery, one which ranked
with the discoveries of Newton. The philosophy and the paradigm
of physics, after his discovery never were to be the same, although
it took another 27 years for quantum mechanics to fall. His
discovery dealt with the fundamental units of matter and encrgy. It
provides cquations that define with great accuracy the laws
governing the propagation of radiant energy. The extraordinary
feature of this theory was that it rested on the assumption that
radiant energy is emitted not in an unbroken stream but in
discontinuous packets which Planck termed ‘quanta’.

Planck is the discoverer of the Planck’s Constant! which is
a number which never changes. It is used to calculate the size of

1. The latest value of Planck's constant is determined to be 662517 x 10"
Joule-scconds
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the quanta of each light-frequency {colour]. On purely theoretical
grounds he concluded that each quantum- (packet) carried an
amount of energy given by the equation, E=hv where v is the
frequency of radiation and h is Planck’s constant. A small but
inexorable number which has since proved to be one of the most
fundamental constants in naturc. All forms of radiant
cnergy —light, heat, X-rays —actually travel through space in
separate and discontinuous quanta and the amount of emitted
energy divided by the frequency is always cqual to h. Thus
sensation of colour arise from the bombardment of our optic
nerves by light quanta which differ from cach other just as the
frequency varies in the equation E=hv. Thus, energy-packets of
each colour would have the same amount of energy. The packets
of violet light, however, are larger than the packets of green light
and these are again larger than packets of red light.

Another universal constant is the velocity of light, denoted
by the letter ¢, which was accurately determined in 1849 to be
186,284 miles per secondl. The velocity of light is unaffected by
the motion of earth, sun, moon, star or any other system moving
anywhere in the universe Le. it is constant throughout the
universe and is vnaffected either by the motion of its souree or
the motion of the receiver. We are already familiar with Einstein’s
equation giving the increase in mass? with velocity of a moving
body, where this constant is used —

1. The latest corrected value is determined to be 2997925 x 10° meters per
second in vacuum.

2. Units of measurement :

There are three fundamental units of modern scientific measerement.
They are units of length, mass and time. The unit of length, metre, was defined
earlier as one ten-millionth part of a quarter meridian. In 1967, this was replaced
by the wave-length of omange-red radiation of kryptcm“. The present valid
definition of the uni of length is *1,630,763,73 wave-lengths of orange-red radia-
tion of krypton™ in vacuum.”

(Contd. on next page)
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when mo is mass of a stationary object or rest mass, m is
its mass when in motion, v is its velocity, ¢ is the velocity of light,

From the above equation, we can see that as v increases, the
mass also increases and when v is equal to ¢, mass will be infinity.
We had come across an instance of increase in mass while
discussing the characteristics of subatomic particlesl. From this,
it is clear that the speed of a particle of matier is always less than
that of light and other radiations.

MOTION OF PARAMANU

Mechanics and mathematics of paramdnu as discussed in
the Bhagavatt Siitra? shows that the activities and movements of
paramdnu are both complex, inexplicable and unpredictable. It is
particularly emphasized that there is an element of uncertainty in
the activities of the paramdnu We have already discussed at
length the dynamic nature and various types of motion of
paramdnu. The alternate periods of rest and metion to a certain
extent agrees with quantum mechanics.

Difference in the kinds of motions of a paramdnu are shown
by differeat terms such as eyati, veyati3, etc. Some of these

Initially the unit of mass "grammse' was considered the mass of a cubic
centimatre of water at its maximum density. Later on, in MIS systam, this was
changed to kilogram is. the mass of a cubic decimeter of water. But this
suttared from the inherent uncertainty associated with the measuremen: of
volume and temperature, In 1960, kilogram was indspendantly defined as the
mass of a platinumiridium eylinder which is preserved at intarnational Bureau
of Weights & Msasures at Serves, Paris.

This definition of mass has been considered in a mode rather than a rule.
So the defining of both mass and length in terms of a certain wave-length of
light may provide a coherent means The wave and particle nature of light
inspired SK. Mukherjec and A. Choudhury 1o conceive the mass—equivalence
of the particle assciated with the orange-red radiation of krypton™ and a sug-
gestion was put forward by them to define kilogram in terms of* the mass of u
particle whose De Broglie wave-length is already taken for standardisation of
length. Thus the kilogram can be considered in 1erms of the number of particles
associated with the radiation in order to follow the intemational convention of
standards. A precise estimation of the number of particles assumes the value
274118798 x 10°

We shall discuss the unit of time in the subsequent pages. (See p. 198)
1. See chapter I, pp. 38-39.
2. See chapter II, pp. 128-131.
3. See chapter I, pp.
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terms indicate simple vibratory motion, whereas some others
denote simple migratory motion. While still others indicate
complex mixture of vibrations, oscillation, emission, absorption,
spin and wave-propagation in space. By the word ‘so on’ it is
understood that besides these, there are many other kinds of
motion also. It is extremely difficult to interpret each of these
terms into modern scicntific terminology. We shall, however,
attempt to' do so in a general way with the assistance of the
available commentaries on this Sitra.

(I) Simple vibrations— Paramanu sometimes merely
vibrates.

(2) simple motion — It sometimes migratces, ie., it goes from
" one space-point to another.

(3) Complex motion — It sometimes vibrates and migrates
simultancously.

(4) Complex vibration —It sometimes vibrates and spins
simultaneously.

(3 Oscillation — It somctimes ascillates.
(6) Collision ~It sometimes collides with other pudgala.

(7) Forceful penetration — It sometimes penetrates forcefully
into other pudgala, and so on. ie. it is emitted, absorbed ctc, Over
and above the above-mentioned motion, revolutionary motion or
standing wave in a space-point are possibilities. It probably means
lincar motion accompanicd with vibratory motion or state of
vibration with changing frequency.

Linear motion of a paramanu means moving about from one
space-point to another. This motion or change of motion may take
place under the influcnce of outside forces exerted by another
paraménu or an aggregate or it may be spontancous. Jiva,
however, can never cxert any influence on the motion of a
paramanu.

While discussing the movements of a paramdnu as described
in the Bhagavat! Sitra, we had mentioned! that while in some
respects movements (gati} of a paramdnu follow definite rules, in

1 See chapier 11, pp. 128-130,
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many other respects they are indeterminate and uncertain. Now, as
we have seen, Principle of Uncertainty is also a scieatific dictum
enunciated by an eminent physicist Werner Heiscoberg in 1927, At
that time, quantum physics had defined with great accuracy the
mathematical relationships governing the basic units of radiation
and matter. But it had failed to reveal the true nature of either.
Werner Heisenberg and other eminent physicists declared that
there is an element of caprice in atomic behaviour which stems
from the very nature of matter and cannot be blamed on man’s
coarsc-grained implements. They added further that there is an
element of indeterminacy about the events of the atomic universe
which cannot be dispelled by the refinement of measurcments, and
hence, it is futile to hope that invention of more delicate tools may
enable us to penetrate further into the micrecosm. A physicist can
give an accurate account of electron behaviour so fong as he is
dealing with great numbers of them collectively, but he cannot
locate an individual electron in space in respect of its position and
momentum (velocity x mass). The Principle of Uncertainty asserts
that it is impossible to determine the position and velocity of an
individual electron at the same time, because by the very act of
observing its position, its velocity is changed : and conversely, the
more accurately its velocity is determined, the more indefinite its
position becomes.

RULES OF MOTION OF PARAMANU

The motion of paramapu in space is subject to the fellowing
rules :

Spontanecus motion is in ‘anusreni’ which literally means
straight line but which really means the minimum distance between
the two space-points. If the geometry of the lokdkdsa is Euciidian,
then it will be a straight line, but if this geometry is non-Euchidian,
as asserted by General Theory of Relativity, then the minimum
distance may be a curved lipe. Since the space of lokgkasa is
accepted to close upon itself, the latter alternative is a greater
possibility. According to the rules and propagation of radiation in
space, light also travels in a straight line (if frec from the influence
of external forces). But, because, the modern cosmology accepts the
geometry of the space as non-Euclidian (i.e. it closes upon itself),
the path of light also will be curved. Motion of a paramanu under
the influcnee of external forces may also be in vigreni i.e. with
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change of direction. But if the time of motion is one time-point
only, the motion is always in anusreni.

The minimum velocity of a paramanu is one space-point in
one samaya! (time-point), while the maximum velocity is the
entire length of the lokdkasa in one samaye. When in motion, the
minimum distance travelled by a paramanu in one samaya is one
space-point i.e. the distance between two adjacent space-points.
And the maximum distance travelled by a paramanu in onc
samaya is between the extremities of the loka?.

How is this Jain view compatible with the Einsteinian
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 ?

). Samays and loka are {wo terms unique to the Jain Philosophy. Semaya is
the indivisible quantum of time. A comparatively Targer and more pmcucal
unit of time which is measurable is called a@valikd and is equal to L7 x 0™
seconds Ume avalikd cavers “Jaghanya-Yukia-Asamkhyata’ samayas. This
number is impossible 10 be expressed in numerical figureg, but it can be
shown to have definite measurable value and its Jower limit can be calcu-
lated. Jain mathematics expresses this number as greater than x where

. ;lﬁ‘m times
¥ 143
v 10
¥ 10
X=y and y =10

Bee, Visva Prahelikd by Munisti Mahendra Kumar, pp. 253-270)

A comparison of this Jain view with the most modern scientifk atltempts
and various methods for the accurate measurement of time might be interesting.

‘Second’, the present unil of time, was earlier defined with reference to
the time taken for the rotation of earth and in 1954 the International Commities
of Weights & Measures standardized the 'second’ as 1/31, 556,925,975 of the
tropical year 1900 The ‘second’, thus, defined was known to vary to the extent
of 1 part in 10® and did not entirely satisfy the present scientific quest. Sub-
sequently, other considerations compeiled them 1o switch over to a different
form of time standard which ultimately led 10 the advent of atomic standards.
In 1964, the above Commmee adopted the transition between iwo specified
energy levels of Cesium™ for the purpose of deﬁmmg the basic unit of time.
Cesium beam oscillators were developed and in 1967, the Committee defined
the unit of time as follows:

“The second is the duration of ¢, 192, 631, 770 periods of the radialion

corresponding to the transition between the two hyperfine levels of the fun-
damental state of Cesium™ alom." {Contd on nexi page)
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Now, we have secn that ‘mass’ is not an intrinsic quality of
paramanu. Mass, according to the Jain view, is one of the four
pairs of sparsa which are (i) hot-cold (ij) gluey-dry (jii) heavy-light
and (iv) hard-soft. Paramanus (and even material aggregates of
somc varganas though composed of innumerable paraminus) are
chatuhsparsi ie. are agurulaghu (literally neither heavy nor light)
which means that they have no mass.

If we accept the value mo=0, ie. a paramanu has no mass,
“then the equation of the increase in mass with velocity becomes
inapplicable, and, therefore, paraminu can travel at a speed higher
than that of light.

SUPER-LUMINAL SPEEDS

In modern science, some particles such as photon, muon,
etc. are postulated as massless. But the word ‘massless’ here
probably does not mean that they are actually possessing no mass.

‘A massless particle’ is an awkward translation from
mathematics to English. Physicists know exactly what they mean
by a ‘massless’ particle. A massless particle is a name they give to
an element in mathematical structure. What that element
represents in the real world, however, is not easy to describe and
in all probabilities does not mean that the particle is completely
devoid of mass,

Various methods of standardization of tme in terms of the frequancy of
hydrogen measura are also avaiable but the order of accuracy does not seam
10 exceed that of the former cases. -

Some time ago, a new and simple method for standardization of time i
suggested by S.K. Mukherjee and A. Choudhury of Jadavpur University. It is
based on the velocity of electrons under the action of crossed electric and
magnetic fields it has been shown that under certain conditions, the electron
will move in a rectilinear path at a constant velocity and the time taken to
traverse a distance of 1 cm. iz 0.533,168,432 x 10 second. This suggestion leads
to the conception of a unit of time very much smaller than the second. It will
be 533, 168,432 x 10%second. In other words, one second will contain 1.87557997
x 10” units and one dvalika will contain 3,00,000 (app.} of these units.

2. The maximum distance belwen two extremities of Joka is 14 rajfes where a
raju covers asamkhydta vojanas and can be roughly expressed as

196
R frajuy10"  light years. Thus the maximum veloity of a peraminy is
not less than N Light-years per second whers N=x? x R,
(For the value of x see the previous footnote),
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It is well-known that light is affected by gravity and bends
when passes near a massive star. It is also known that light cannot
escape black holes and is, therefore, positively affected by gravity
which means photons have mass,

In paramanu, we have a different situation altogether — not
only, it has zero rest mass but the energy of its motion must be
such that it can travel with speed much higher than that of light.
This may appear, in some ways, quite contrary to the fundamental
inference of relativity theory that nothing can travel faster than
light. But relativity itself permits the hypothetical existence of
particles called tachyons! which came into existence, already
travelling faster than light. [n the formalisation of the special
theory of relativity, tachyous have an imaginary rest mass. Unfor-
tunately, no one knows what an ‘imaginary rest mass’ means in
physical terms, or what the interaction forces could be between
tachyons and the ordinary particles of real rest mass.

But, there is a fundamental difference between the particles
such as tachyons and paramanus. While tachyons transfer energy
and momentum through space, in case of paraminu there is no
transport of momentum at all but pure energy only. Since momen-
tum is a function of mass, there is no question of transport of
momentum in the case of paramanu.

JUMPING WITHOUT PASSING THROUGH SPACE —
APHUSAMANA GATI

We have scen that quantum physics has discarded the
planetary model of the atom in which negatively charged electrons
revolved round the positively charged nucleus. It has been estab-
lished that electrons settle in orbits in such a way that there is an
optimal balance between the attraction of nuclens and the relec-
tants of the electron to be confined. The atomic orbits, however,

l. “There are panicles, which a1 rest, would have no mass at all, & rest mass
of zero. .. . light is made up of “photons’ —parnticles that have a proper mass
of zero. Other particles such as ‘neuttinos’ and ‘gravitons” also have a proper
mass of zero. Particles with zero mass mean that their inertia is zero and
they can be accelerated to any velocity upto infinite. In 1967, physicist
Gerald Peinberg, in discussing these faster-than-light particles called then
‘tachyons’, from a Greek wornd meaning speed.” (—Isaac Asimov, ‘SPAN
magazine, 161th July 1973)
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are very different from those of the planets in the solar system,
the difference arising from the wave-nature of the electrons. Also
whenever an atom absorbs energy, its electrons jump to one of
the outer orbits and later return to the inner orbits by emitting
- the energy absorbed earlier. Since the clectrons are never found
-anywhere between the orbits, they appear to keep jumping from
onc orbit into another, without passing through the intervening
space.

“Without passing through the intervening space” means that
clectrons, changing the orbit, cannot occupy any space between
the two orbits even while going from one orbit to another.

This is explained by the guantum mechanics with reference

“to ‘position-momentum” of the subatomic particles. This explana-

tion involves the Uncertainly Principle or the discrete solutions

of the quantum mechanics wave-equations. The latter is more dif-
ficult to understand than the former.

This sort of motion is also described in the Jain Physics by
the term ‘aphusamana gati! which means motion from one area
of space to another without passing through the intervening space.

SYNTHESIS OF PARAMANUSINTO COMPOSITE BODIES

We had discussed the nature of various forces which are
responsible for.the disintegration and integration of material ob-
jects by interaction between material particles.

In modern physics, the forces of interactions between the
matter —particles are also supposed to be carried by other par-
ticles. Out of the four types of forces found in nature, the gravita-
tion force, which is the weakest of the four, has practically no
effect in the synthesis of-subatomic particles into composite
bodies. The clectromagnetic attraction between — wvely charged
electrons and +vely charged protons in the nucleus binds together
the constituents of an atom and is responsible for the stability of
each atom. This force also binds together atoms of different ele-
ments into complex molecules of innumerable chemical com-
pounds.

1 Pann Sit16/38, 40 ; 3%/92, JVB. Edition).

MICRO-D.CHF
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Then, there is the weak nuclear force which is recently
unified with electromagnetic force.

And finally, there is the strong nuclear force which is many
times greater than the electromagnetic force and which acts as the
cosmic cement which binds together the subatomic particles of
the nucleus of an atom and prevents its breaking up.

The qualitics snigdha and riiksa sparsa, according to the Jain
view, play the most important role in the synthesis of different
paramdnus for the formation of atoms, molecules and small and
large objects of matter. The intensity of these two primary
qualitics varics from a single uait to infinite units in different.
paramdnus—that is, at a given moment, some paramdnus have a
single unit of glueiness, some are with two units, some with three
and g0 on uptoe infinity. At the same time, there will be some
paramdnus with a single unit of dryness, some with two units and
so on upto infinity. A summary of the rules in respect of
the synthesis of different paramanus is as under :

. Synthesis of paramdnus having single units of dryness
or glueiness is not possible either with one another or
with paramdnus of higher intensities.

2. Synthesis of paramdpus having two or more units of
dryness is possible with other dry paramdanus provided
there is a difference of two or more units between them.
Similarly mutual synthesis of gluey paramdnus is pos-
sible only if the difference of their intensities is two or
more units.

3. Synthesis of paramdnus having two or more units of
dryness with all unctuous paramdanus (except those
with a single wnit) is possiblel.

The following points of similarity between the views of
Jains and the modern science emerge from the above:

The dryness and glueiness have been equated by us with
the —ive and + ive electric charges of the elementary particles
respectively?. The interaction of the clectronic shells of neigh-

1. See pp. 105-107 in chapter IL

2. See p. 191 in this chapter.

sy
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bouring atoms in a molecule, which creates the chemical bond
necessary to keep them united, is then equivalent to the interac-
tion and union between paramdnus of same type of sparsa i.c.
sparsa equivalent to—ive charge. The first completed shell con-
sists of two electrons. The minimum difference between the unit-
ing paramanus of similar sparsa is two units. The quality of mass
or guru-laghu sparsa does not play any significant role in the
process of synthesis of subatomic particles or paramanas.

DUALITY OF PARAMANU

At this stage we may raise some fundamental questions,
what is the true nature of paramanu? Is it a particle or a wave ?
Is it matter or energy (radiation) ? Does it have an electromagnetic
field or a gravitational ficld ?

In the final section of the previous chapter we had discussed
the “apratighati” property of paramdnu where it was stated that
a paramdnu is capable of penetrating and passing through any
type of obstruction. Now, we know that the penctrating power of
an electromagnetic radiation is inversely proportional to its wave-
length ie. shorter the wave-length of the radiation, higher is its
peactrating power. From the stand-point of physics, the only dit-
ference between (108 & 10-7 cm) at one end of the clectromagnetic
spectrum,! visible light (between 104 & 105 ¢cm) in the middle,
and cosmic rays (10! 10 10%2cm) at the other end lies in their
wave-length. Visible light can ‘pass through® only a few substances
like glass. The wave length of red light is .00007 cm and that of
violet light .00004 cm. X-rays which are shorter (10 to 108 cm)
than visible light can pass through many more substances which
are opaque to light waves. Shorter than X-rays are gamma rays
(108 to 10'Bcm) of radium ete. which can penetrate several fegt
of cement concrete. The shortest known electromagnetic radia-
tions are cosmic rays with wave lengths of 1070 to 1073 ¢m which
can penetrate even more. Thus shorter the wavelengths, higher is
the penetrating power of a radiation. Now if paramdanu is accepted
to possess infinitely more pcuetrating power than the gamma rays
Of even cosmic rays, it must be regarded as radiant energy with

1. See the figure on p. 166.

MICRG-0.CHP
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an infintesimally small wavelength. This aspect, then, compels us
to postulate paramanu as cnergy of infinitesimally small wave-
length.

On the other hand it is also necessary to postulate param&pu,
the wltir ‘ate unit of pudgala to be an individual particle. The
propertivs attributed to paramanu compels us to visualize it as a
particle, or a corpuscle rather thar a wave. For instance, it has
been stated that paramdna is sometimes at rest and sometimes in
motion, What is the mcaning of “at rest’ here? Does it mean a
stationary wave in space or 2 stationary particle? Thus paramanu
has both the characters —that of a particle and a wave. In some
context, it manifests itsclf as a particle, while in some other con-
text as a wave, It has, therefore, a dual character, and there is no
conflict between the two.

We have already discussed a number of paradoxical dualitics
pervading the physical universe. The basic aspect of these
dualists is the question—"Is physical reality wave or is it par-
ticle?” Light, for cxample, is classically regarded as electromag-
netic-waves and the difference in various colours is explained by
the difference in their wave-lengths; And electron, on the other
hand, is commonlr}?;rcgarded as a particle with a -ve electric charge,
While, certain peggliar effects of light could be explained only by
assuming that i-;ﬂ"_r.;féomposed of particles or grains of energy called
photons, it has.-,ﬂ?;én proved by experiments that electrons actually
do exhibit wavé- characteristics. It has been established that not
only electrons, but whole atoms and even molecules produce
wave-patterns under certain conditions.

Another dualism of the physical order of existence is the
concept of two forms matter and cnergy —the former inert, tan-
gible and massive and the latter active, invisible and without
mass. The two fundamental forces exerted by physical reality —
gravitation and electromagnetisméare yet another aspect of the deep
duality of physical universe. Almost all the phenomena of physical
universe, are produced by these two primordial forces. While the
gravitational forces dominate such phenomena of macracosm as the

Ist
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motion of planets and stars, the electromagnetic forces are
predeminant in the microcosm of the heart of atoms.

Einstein’s famous cquation E=mc? has shown that matter
and energy are mutually transformable. The paradox presented by
the waves of atoms and particles of light has been resolved by a
new mathematical apparatus that permitted accurate description
of quantum phenomena, either in terms of waves ot in terms of
particles, as one wished. Today the whole complex of the physical
universe is almost resolved into hemogenous fabric in which mat-
ter and energy are indistinguishable ; various forces found in na-
ture, viz.,, the electromagnetic and weak nuclear forces have been
unified ; a grand uuified theory combining the strong nuciear
force with these two forces is under way ; the abyss betwcen
macrocosm and microcosm is almost bridged ; and there are hints
of how the theory of quantum mechanics and general relativity
might affect cach other—a glimpse of the shape of a quantum
theory of gravity yet to come.
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SECTION VI

BASIC UNITY OF PHYSICS AND
PHILOSOPHY

A. REALITY AND EXPERIENCE

Knowledge through Physics

In Physics, knowledge is acquired through the process of
scientific investigations. Experimental facts about the observed
phenomena are correlated and a mathematical model theory is
worked out. Eventually, for the benefit of the nonphysicists, a
modelftheory, in ordinary language, interpreting the mathematical
scheme is formulated. Very often, the theories have to be
modified or sometimes even dropped altogether, if the experimen-
tal evidences continuc to contradict the model/thcory. Abstraction
is a crucial feature of the whole process and consists a map of
reality. This can represent only some features of reality ; and is
very much ambiguous and inaccurate, having many contradictory
mezanings. The realization that all models and theories are ap-
proximate is basic to modern science. They can ncver explain all
the aspects of reality, and will, therefore, never give a complete
description of the real situation,

Knowledge through Supervision

All schools of philosophy in India are agreed that philosophi-
cal speculation is a necessary discipline of the mind which
strengthens convictions and attenuates doubts. But the ultimate
truth cannot be realized by philosophical discipline alone, which
is only a means to that end. Indiar philosophers are, also, agreed
that the plenum of knowledge can be attained by the development
of a super-vision which is a potentiality in all of us. The Jains are
emphatic that omniscience is the condition as well as the result
of perfection. And however much we may advance in our
philosophical enquiry and scientific pursuit (which ate not an-
tagonistic in their aim inspite of their difference in method and
lines of approach), it cannot by itself bring about the final con-
summation.

Is1
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Both physicists and the Jain philosophers agree that physical
universe is fundamentally interconnected, interdependent and
inseparable. In other words, it is an internally coherent system.

The ideal way, therefore, to perfectly understand the nature
and the structure of the physical world, is to apprehend it directly
in one super-vision. Being a coherent system, it is possible to
apprehend the entire physical universe in a single all-embracing
expericnee by a superhuman observer.) Let us first outline a fairly
definite ideal of what a completely adequate apprehension of the
whole physical reality would be,

Direct apprehension of Reality

A completely adequate apprehension of reality would be one
which contained all reality and nothing but reality; it would, in
the first place, be ali-cmbracing; it would include in itself every
datum of direct experience; it would contain nothing else. [n the
sccond place, it would contain all its data without contradiclion
as a part of single harmoniocus system and, in the third place, such
an all-embracing harmonious apprehension would clearly
transcend the separation of existence from content. To such an
ideally complete experience, we may give the name, introduced
intc philosophy by Avenarious, of a ‘pure experience,’ that is, an
experience which is in all its parts expericnce and nothing else.

Our own human experience clearly falls far short of such
an ideal because our expericnce is incomplete in respect of its
data ; there is much in reality which never directly enters into the
structure of our experience at all Again, there may well be much
in the real world which never, even in this indirect way, enters
into the structure of human knowledge at all Hence, our human
experience and the intellectual constructions, by which we seek
to interpret it, have always the character of being pieccmeal and
fragmentary. Perfect apprehension of systematic reality as a whole
would be able to deduce from any one fact in the uaiverse the

1. In words of Einslein, “We can know only the relative truth. The absolute
truth is known only to the Universal Observer.
{See, The Universe and Dr. Einstein by Lincoln Bamett, New Yourk, 1954)

MICRO-D.CHP



A Critique 209

nature of cvery other fact! Or rather, as the whole would be
presented at once in its entirety, there would be no need for the
deduction. Qur facts, on the other hand, appear as bare “casual
conjunctions or collocations” and the hypotheses by which we
seek to weld them to a system never quite get rid of an element
of arbitrary ‘frec’ construction. Our ideal is to connect our
presented facts by constructions, but it is an idecal which we are
never able to adequately realize. Our science would have to inter-
prect the world of our expericnee, in ascending order of degrees
of truth and reality. The knowledge conveyed by such a science
would not he pure or all-cmbracing experience of reality but the
abstract and imperfect one. But it would be final in the scnse that
no addition of fresh knowledge could modify it in principle.

We may perhaps illustrate this conception of knowledge
which, though imperfcet, is yet final, by an instance borrowed
from clementary mathematics. We know what the symbal 7z
stands for. It is the ratio of a circumference to its diameter. And
again both these terms can be defined unequivocally. Thus our
knowledge of the meaning of the symbol is clearly final, At the
same time, our knowledge of =, though final, is imperfect. For the
quantity x is incommensurable and thus we can never precisely
evaluate it. All we can do is to assign its value correctly within any
desired degree of approximation. Again, one approximation is
closer than another?. We have said above that scientific method
can never explain all the aspects of reality. This is mainly because
our finite view of the total physical reality is not only fragmentary
but also largely contradictory and internally chaotic. We may, in-
deed, believe that the contradictions are only apparent and tem-
porary and we would be able to fully explain them by further in-
vestigations. But we can never attain an experience in which the
entire reality is presented to us as a harmonious whole. We, thus,

1. Ayiro, 3{74 : “Jo egam Japai, se savvam janai,
Je savvam jinai, se epam janai”
— “He who knows one knows all
He who knows all knows one.”
2. For everyday puposes the value of « is taken to be 3.14. Iis value up to 13th
piace after decimal is 3.1415926538979,

151
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seem driven to assert the necessary existence of a super-human
experience to which the whole universe of cxistence and its con-
" tent is directly present as a complete and a harmonious system.

Common problem before both physics and philosophy is the
verbal communication of the results of scientific investigations
(for scientists) andfor the direct insight of the experience (for
philosophers). Both are confronted with the limit of language.
However, it is important to remember that mathematies and
English are both languages. They arc useful tools for conveying
information, but if we try to communicate experience with them,
they simply do not work. All a language can do is talk about an
experience but a description of an experience is not the ex-
pericnee itself.

B. UNITY AND PLURALITY IN PHYSICS
The Problem

The problem of the unity and the plurality is one of the
oldest historically, and it inevitably arises from our attempts to
think in a consistent way ahout the Physical Reality. On the one
hand, our experience, which is piecemeal and fragmentary, seems
to reveal an indefinite plurality of parts and constituents. And this
is how it appeared to Democritus and Newton. On the other hand,
there are compelling rcasons for regarding the physical world as
a single unity. And, today, the modern science looks upon nature
as a realm of inter-connccted events where nothing is ultimately
entirely independent.

Inherent Unity of the "Whole”

The. basic oneness of the Physical Universe is one of the
most important rcvelations of modern physics. It becomes ap-
parcent at the atomic level and manifests itself more and more as
onc penetrates deeper into matter, down into the realm of sub-
atomic particles. The unity of all things and events will be a recur-
ring theme throughout our comparison of modern physics and
Jain philosophy, Various models of sub-atomic physics express
again and again, in different ways, the same insight —that the con-
stituents of matter and the basic phenomena involving them are

MICRO-G CHP



A Critique 211

all inter-connpected, inter-related and inter-dependent ; that they
cannot be understood as isolated entities, but only as integrated
parts of the whole.

Quantum theory, in particular, reveals an essential inter-
connectedness of the universe. It shows that we cannot decom-
pose the world into independently existing smailest units. As we
penetrate into matter, we find that it is made of particles, but
these are not the ‘basic building blocks™ in the sense in which
Democritus and Newton believed them to be. They are merely
idealization which are useful from practical point of view
but have no fundamental significance. In the words of Nicls
Bohr, one of the founders of the Quantum Theory, and a
protagonist of the Copenhagen Interpretation of Quantum
Mechanics, “Isolated material particles are abstractions... ...

The Copenhagen Interpretation of Quantum Theory is not
universally accepted. The universal inter-connectedness of things
and events, however, seems to be a fundamental featurc of the
atomic reality. The following passage from a recent article by
David Bohm, one of the main opponents of the Copenhagen I[n-
terpretation, confirms this fact most eloquently :

“One is led to a new potion of unbroken wholeness which
denies the classical idea of analyzability of the world into
separately and independently existing parts.......We have reversed
the usual classical notion that the independent ‘clementary parts’
of the world are the fundamental reality, and that the various
systeins are merely particular contingent forms and arrangements
of these parts. Rather, we say that inseparabie quantum inter-con-
nectedness of the whole universe is the fundamental reality, and
the relatively independently behaving parts are merely pacticular
and contingent forms within this wholel.

Thus, from the above, it is quite clear that whereas fun-
damental reality was assigned to the “parts and constituents” of
the physical universe by Democritus and Newton, the most

1. D. Bohm and B. Hiley, “On 1he intuitive Understanding of NMon-locality as
implied by Quantum Theory’, Foundations of Physics, vol 5 4975), pp. 96,
102,
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modern physicists are inclined to reverse the position and con-
sider “whole” to be the fundamental reality, relegating the “parts”
to mere abstraction as is evident from the above statement
of Dr. Bohm.

UNITY AND MULTIPLEICITY IN THE JAIN PHILOSOPHY

Non-absolutist Jains, as we have seen, endorse neither ab-
solute separateness nor absalute inseparablencss —ncither ab-
solute unity nor absolute multiplicity — but explain both these ap-
parently opposite extremes as real with reference to different
aspects of the same Physical Reality. In the Jain view, the classical
notion that the independent ‘elementary parts” are the fundamen-
tal Reality is as much far from the whole truth as the modern no-
tion that the whole universe is the fundamental Reality. Neither
of these rrval aspects of the world of experience can be adopted as
absolute truth in isolation from the other. Parts are as much real
as the whole and neither the whole nor the parts.are absolutely in-
dependent of the other. We may summarize the non- absolutist
Jain position as under :

“Is Reality”, ask the Jains, “onc or many, unity of whole or
multiplicity of parts and if it is both, how arc they connected ?”

“The worid”, replies the Jain “must be an orderly whole or
system. To be a system at al], it fust be the development or
cxpression in detail of a single principle (Reality). Therefore, it
cannot he a medley of independent elements which somehow
luckily happen to form a coherent collection. But again, because
it is a system, it cannot be a mere unit ; it must be the expression
of a single principle in and through a multiplicity of parts or
constituents. Not oniy must it be one and many, but it must be
many precisely because it is truely one, and one because it is truly
manyl. In a complete system, no single part can be missing or be other
than it is. Also the number of distinct parts may be actually endless

L. A medley of independent things would not even be really “many’. For uniil
you can count ‘lirst, second, third . . . . . you have not your Many. And
nothing but the ierms of a coherent connected series can be counted. What
you can count as many is shown by the very fact of your ability to count
it to have a common nature or ground which permits of its orderly arran-
gements, and thus to he pant of one system. Compare Plato, Parmenides, pp.
164, 165,
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while the law of construction is perfectly determinate. And again
the individual clements themselves may turn out to be systems
of infinite complexity. Thus, the unity of ultimate principle, in
no way, cxcludes its possession of a wealth of detail infinitely
infinite.”

BOTH ARE EQUALLY REAL

Jains take a further important step forward. In the all-
embracing systematic whole —Physical Reality, the unity and the
multiplicity are equally real and cach is real through the other.
How is this possible ? Because the whole universe forms a single
expericnee and is truly real and the parts are single experiences
and also real This will perhaps be brought out by examining some
typical case of the kind of unity in multiplicity :

(@ The unity of the world cannot be that of mere ac-
cumulation or conglomeration. In a mere conglomera-
tion, the clements are real, independently of their rela-
tion to one another as elements in the conglomeration,
So the conglomeration has no unitary character of its
own. Its unity consists in nothing more than the fact
that we have found it convenient to think of its ele-
ments together,

(b} A machine is much more than a mere conglomeration,
because it has a character as a whole. Yet in this case,
it cannot be said, that the unity and variety are equally
real. Or the whole cannot exist without the parts where
as the parts may continue to exist, though not as parts
of this whole, without the whole.

(¢ Living organism is a truer unity than 2 mere machine.
Here, the whole is not subsequent and generated by the
parts. It is not the resultant but the living unity. But
even an organism, like a machine, fails to exhibit the
perfect systematic unity of the one and the many, be-
cause not every member is of vital significance for the
life of the whole. But in a complete systematic unity,
assert the Jains, the unity and the multiplicity of the
system must be cqually real and equally interdependent.
This can only be the case, if the whole is for its parts
as well as the parts for the whole.
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A WORD OF CAUTION TO MODERN PHYSICISTS

The above discussion clearly establishes that while the clas-
sical physicists had falsely seen the physical world as a con-
glomeration of parts and constituents without an inherent unity
[like Buddhist fluxists], the modern physicists have swung to the
other extreme and are perhaps falling into the same error as the
classical physicists, in concluding that only the ‘whole” is real and
the world of plurality (of parts) which is the world of experience,
is an illusion (like the Vedantists). In the final reckoning, there-
fore, both the classical and modern physicists are far from the
Truth. If the unity of the physical Reality is to be maintained, it
can only be done by means of the Jain Conception of Reality (as
discussed above and in ‘the beginning of the chapter), where the
unity and the multiplicity are equa!lyreal and each is real through
the other.
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APPENDIX
ATOMIC TABLE
A S1A WIG F
T YIFT EIR A
O MIO TI10 M Number of Special
M r NAMIE BysM GIU | Clectrons in charactaristics
1 O1F 1P L Lach Shell
C | LG Tjer Y
No. ! [
[ Hydrogen S 3 ! L'nigque
2 Helium He 40026 VIIIA 2 Inert Gas
3. f.ithium a0 6434 ia 24 {f\lkali & Alkaline
3 Beryllivm Be 0.0122 HA 2 2 Farth Metal.
5. Boron B 1811 HIA 23 { Roron and
6. Carbon C 12011 IVA 2 4 Carbon Familics
7. Nitrogen NO4007 VA 2§ Nitrogen and
5. Oxvgen O 1599 VIA 2 6 Oxygen Families
9. TFlaorine I° 18998 VA 2 7 Halogens
0. Neon Ne 200183 VIHA 2 8 { [nert gax.
11. Sodium Na XLou) A28 1 A& ATLM
12, Magncsium Mg 24312 na 28 2
13, Aluminium Al 26982 LA 2 R O3 B & C Tamilics
4. Silicon 5128086 IVA 2 & B & C Families
15. Phosphorus 3095 VA LR 5 N & O Familics
16, Suiphur 5 320t V1A 2% 6 N & O Families
17. Chlorine 1 35453 VIIA 28 7 Hatogen
I8, Argon Ar 30948 VIIIA 2 § R Inert gas
19, Polassium Ko 39302 A28 8 1 A& ATLRLM
ML Calciom Ca 3008 1A 28 8 2 A& ALM.
1. Scandium Se 44956 IR 28 9 2
220 Tuanium Ti 3790 IvVR 2 8 10 2 FFirst
3. Vapadium VoOOILO42 VB 2 811 2 {Transilion
2. Chromium Cr 5199 VIB 2 813 1 Merals
150 Manguncse M SRS VIR 2 813 2
26, (Foeorum)
fron Fe 55847 VI3 2 5 14 2 The Triads
37, Cobuh Cla 3RU33 VIIIR 2 § 15 2 Second
Transiuon
8. Nickel NiO3BT71 VIR 2 § 16 2 Merals
29, Copper Cu 6354 22818 1 Third Transition
063.74 {
30 Zine Zn 6537 G 2 818 2 Melals
6554
31, Galltiam CGla o272 HIA 2 &8 18 3 B & C Fam.
32, Germanium Ge 7259 IVA 2 818 4 B & C Fam.
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A S1A W|G F
T Y!T E|R A
O MO T|OM Number of Special
M NAMIE BiM G|U 1 Electrons in charactaristics
| O H|P L Izach Shell
c L1C Tlor Y
ND.
33, Arsenic As 74922 VA 2 818 5 N& O FFam.
34, Selenjum Se TBI9G¢ VIA 2 & I8 6 N & O Fam.
35 Bromine Br 79909 VIIA 2 8 18 7 Ilalogen
3, Krpon Er 8380 VIIIA 2 8§18 4 Incrt gas
37. Rubidium Rb 8547 JA 2818 8 1 A& ALM
38, Strontium Sr  B7.62 1A 2 818 8 2 {
3 Yitrium YO OBB9O5 I 2 818 9 2
40 Zirconium Lro 9122 IVB 2 81810 2 IFirst
41, Niobium Kb 92,906 VB 2 51812 1 Transition
42, Molbhdeaum Mo 9394 VIR 2 § 18 13 1 { Mcials
43, Technctinm Tc 9900 VIIB 2 & 18 13 2
44, Ruthenrum Ru 101.07 ViIflB 2 8 1815 1 Triads Second
45. Rhodium Rh 10291 VIIIB 2 § 18 16§ {'l'ransition
46, Palladium Pd 1064 VIIIB 2 & 18 18 Megats
47, (Argentum) :

Silver Apr 107.87 IB 2 818 I8 1 {Third Trunsiti
18, Cadmium Cad 112.40 JIB 2 & 18 18 2 an AMedals
49. Indium fn 11482 1A 2 § 18 18 3 B & C IF'um
5. (Stannuni)

Tin Sn 11869 IVA 2 81818 4 B & O Fam
3. Antimony Sho 1ZE75 VA 2 RBIEI1S 5 N& O lam
32, “Tellurium Te 12760 ¥1A 2 8 18 18 & {
£3 lodine Ioi2620 VIIA 2 8§ 18 8 7 ITalogen
3. Xenom Ne 13130 VIIEA 2 815 18 & Inert gas
55, Cesium Cs 1329] 1A 2 81818 B 1 A& ALLM
3n, Idavium BBa 137.3 IA 2 81518 8 2 {
37 Lanthanum Fa 13891 I3 2 8 18 18 9 2
58, Cerium Ce 140.12 281819 49 2
590 Prascodsntivm  Pro 140,91 281821 8 2 Aol
4. Neodymium N 14 281822 8 2 Rarc carths.
. Promethivm m 147.00 251823 8 1
62 Suamarium Sm 15033 281824 0y 2
63 Vuropium v 150090 RIS R 2
64, Gadolinium Gd 157.25 281825 9 2
63, Terbium Th 155.92 281 9 2
0. Dysprosium Dy 16350 T E1828 8 2
67, Hotmium Ho 16493 2 81529 § 2
68, Erbium Er 167.26 281830 8 2
6. Thulium Tm 165.93 281831 8 2
M. Yitrbium b 17304 281832 8 2
1. Luletium Lu 174.97 2 8183 49 2
720 Mafnium M 17549 IVR 2 8183210 2 r72t0 74
73, Tantwaium Ta 18395 YB 2 B 18 32 11 2 U Transition

MICAC-DCHE



Appendix 217
- —
A S A W|G F
T Y|T E|R A
G M{O IO M Number of Special
M NAME BE{MGIU I Electrons in charactaristics
i O] H|PF L Each Shell
C L|IC Tlor Y
No.
74. (Wolfram)
Tungsten W 1838 VIB 2 8 18 3212 2  )Metals
75, Rhenium Re 1862 VIIB 2 8B 18 32 13 2
75, Dsmivm Os 1902 VIIIB 2 8§ 18 32 15 2 [ The Trads
77, Iridium fr 1922 VIIIB 2 5 18 32 15 2 {Second
. Platinum Pe 19508 VIIIB 2 818 32 17 | Y Tr. Metals
79, (Autum)
Gold Au 19697 IB 2 8 18 32 18 1 [ Third Tr.
80. (Hydragyrum) {
Mercury Hg 2005% IIB 2 B 18 32 18 2 % Meals
§l. Thallium Ti 20437 MMIA2 8183218 3 B & C Fam.
82. (Plumbum}
Lead Po 20719 IVA 2 818 32 18 4
83. Bismulh Bi 20898 VA 28183218 5 {\ & O
84. Polonium Po 210 VEA 2 B 1B 32 18 & \ Familics
85, Asxtatine A 210 ViaA 2 818 32 18 7 Hatlogen
86. Radoen Rn 222 VIIIA 2 B 18 32 18 &  Incrt gas
87. Trancium Fr 223 IA 28183218 8 1A & AM.
88. Radium Ra 226 IlA 2 818 32 1B 8 2 A & AM.
89. Actinium Ac 227 28183218 82
93, Thonum Th 232.04 28183218 10 2
1. Protactinium Pr 231 28183220 9 289—103
92, Uranium U 238.03 2 818 32 21 9 2 Actinidc metals
93.  Neptunium Np 237 28183222 92
34, Plutonium Pu 242 28183224 8§82
95. Americivm Am 243 28183225 82
#6. Cuarium Cm 247 28183225 92
27. Berkelivm Bk 247 28183227 8 29310103
38. Californium [} 249 2 818 32 28 8 2 Man made
99. Einseinium Es 254 2 8 18 32 29 B 2 elements
100. Fermium Fm 253 28183230 82
101, Mendelevium Md 256 P 8183231 82
102. Nobelium No 254 2 818 3232 8 2
103. Lawrencium Lw 257 28183232 92
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TABLE OF PARTICLES

Particle |Mass|Spin| Charge | Anti- Typical Mode of
Name Particle Delay/Average
Life-Time
Photon G 1 | Neutral Same | Stable/Infinite
Particle
Cira\-"ilcln.3 0 2 Neutral Same | Stable/Infinite
Particle
Electron 0 1/2 | Neutral - Stable/Infinite
Neutrino
L | Elecctron 1 172 | Negative - Stable/Infinite
E Muon ] 1/2 | Neutral - Stable/Infinite
_l; Neutrino
0 [Muon 207 | /2 | Negative - Unstable/2.2 Millionths
N of a Second (2.2x10°%)
% [Tau - 172 | Nutrat - -
Neutran®
Tau 3536 | 172 | Negalive - Unstable/ —
Pion- 273 | 0 | Ppositive - Unstable/26 Billionths
of a second (26x10°°)
Pion 273 | 0 | Negative - Unstable/26 Billionths
of a second (26:(10'9)
Pion® 264 | 0 {Newutral Same- | Unstable/80
Patticle | Quintillionths of a
. second (80:(80"’8)
M i xaon %96 0 | Positive - Unstable/12 Billionths
E of a second (!2x10'9]
S T
o |Kaon® 974 | 0 [Neutral = | Kaon® {Short) —
N Unstable/90 Trillionths
S of a Second (90x10°1%)
Eta 1074’ 0 | Neutral - Kaone (Long) —
Unsteble/52 Billionths
of a Second (52x10°%)
D 3656 | O | Positive | Same- | Unstable/0.8 Quillionth
Particle | of a Second (0.8x1071%)
D 3646 | 0 |N - Unstable/ —
F - G {Positive - Unstable/ —
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Proton 1836 | 1/2 | Positive - Stabie/Infinite
Neulron 1837 1 112 Neutral - Llnstable/9/8 Seconds
l.ambda 2183 | 1/2 | Neutral - Unstable/0.3 Billionths

i of a second (0.3_'{10'9)

f Sigma 2328 | 12 Positive - Unstable/80

| Trillimonths of a

5 sccond (80x10°)

A FSipma® 2334 | 12 | Neuwtral - Unstable/S8

| R Sextillionths of a
S 1 [sccond (5851071

- O [ Sigma 243 | 12 | Negative - Unstable/0.2 Billiooth

i N of a second (U.Ex]{l'q)

Y e 2573 { 172 Newtral - | Unstable/0.3 Bittionth

of a second (0.3x107)

? Ni- 2586 3 1/2 | Negative - Unstable/0.2 Bitlionth

! af a second (0.2.\:10'9)

g Omega 3272 | W2 | Negative - Unslable/0.1 Billionth

of a second {(’L?xlO"")
Fambda® — - Positive — i
TABLE OF PARTICLES
[
| |
Leptons Hadrons
Neuwtring  Electron Muon Baryous Mesons
i
i
Pion Kaon Gia
1
| | l |
Proton Neutron lamboa Sigma Cascade Omegza
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Glossary

SCIENTIFIC TERMS

absolute zero : The Jowest possible temperature, at which a
substance contains no heat encrgy.

acceleration : The rate at which the speced of an objeet is
changing,

antiparticle : Each typ¢ of matter particle has & corresponding
anti-particlc. When a particle collides with its antiparticle, they
anniliilate, leaving only cnergy (page 34).

aiom : The basic unit of ordinary matter, made up of a tiny
nucjeus (consisting of protons and ncutrons) surrounded by
orbiting clectvons {page i9).

hiy bang : The singularity at the beginning of the universe (page
59/60).

black hole @ A region of space-time from which nothing, not cven

light. can cscape, because gravity is so strong (page 64).
conservation of encrgy @ The law of science that states that
cnergy (or its equivalent in mass) can be ncither created nor
destroyed (page3 ) -

coordinates : Numbers that specify the position of a point in
space and time. '

cosmolegy : The study of the universe as a wholg;

micro cosmology @ The study of micro (=small) universe Le. the
atom and the clementary particles,

electric charge : a property of a particle by which it may repel
(or attract) other particles that have a charge of similar (or
opposite) sign (page 39).
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electromagnetic force : The force that arises between particles
with electric charge, the second strongest of the four fundamental
forces (page 30).

electron : A particle with a negative electric charge that orbits
the nucleus of an atom.

electron-volt (eV) : It is a unit of energy of electromagnetic force
with which the elementary particles are held together in an atom.
(It is energy acquired by any particle with one unit of charge
falling through a potential difference of | volt.)

The force that binds the clectrons to the atomic nuclei is
about 10 eV_, whereas the force which holds protons and neutrons
together in neuclei is abeut 10 million eV,

1 GeV=] giga electron-volt.
giga=100 million. .
electroweak unification energy : The energy (around 100 GeV)

above which the distinction between the electromagnetic force
and the weak force disappears (page 32).

elementary particle : A subatomic particle that, it is believed,
cannot be subdivided.

event : An event is something that happens at a particular point
in sapce and at a particular time, ic., it is a point in space- time
continuum, specified by its time and place.

exclusion principle : Two identical spin-1/2 particles cannot have
(within the limits set by the uncertainty principle) both the same
position and the same velocity {page 64),

field : Something that extends in space and time, as opposed to
a particle that exists at only one point at a time.

frequency : For a wave, the number of complete cycles per
second.

gamma ray : Electromagnetic waves of very short wavelength,
produced in radioactive decay or by collisions of elementary par-
ticles.

grand vnification energy : The energy above which, it is
believed, the clectromagnetic force, weak force and strong force
become indistinguishable from each other (page 46).

It
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light-secondfiight-year : The distance travelled by light in one
second/year.

magnetic field : The field responsible for magnetic forces, now
incorporated, along with the electric field, into the electromagnetic
field.

mass : The quantity of matter in a body; its inertia, or resistance
to acceleration.

microcosmology : sec, cosmology.

neutrino : An extremely light (possibly massless) elementary par-
ticle that is affected only by the weak force and gravity. (page 37).
neutron : An uncharged particle, otherwise very similar to the
proton, which accounts for roughiy half the particles in the
nucleus of most atoms (page 21}

neutron star : A cold star, supported by the exclusion principle
repulsion between neutrons (page 64).

nuclear fusion : The process in which two nuclei collide and
coalesce to form a single, heavier nucleus (page 54).

nucleus : The central part of an atom, ¢onsistiiig only of protons
and neutrons, held together by the strong force.

particle accelerator : a machine that, using electromagets, can
accelerate moving charged particles, giving them more energy.

phase : For a wave, the position in its cycle at a specified time :
a measure of whether it is at a crest, a trough, or at some point
between.

photon : A quantum of light.

Planck’s quantum principle : The idea that light (or any other
classical waves) can be emitted or absorbed only in discrete quan-
ta, whose energy is proportional to their frequency (page 23).

positron : The {positively charged) antiparticle of the electron.

primordial black hole : a black hole created in the very early
universe (page 64).

proton : The positively charged particles that make up roughly
‘half the particles in the nucleus of most atoms.
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quantum : The indivisible unit in which waves may be emitted
or absorbed.

quantum mechanics : The theory developed from Planck’s quan-
tum principle and Heisenberg's uncertainty principle (page 41).

quark : A (charged) elementary particle that feels the strong force.
Protons and neutrons are each believed to be composed of three
quarks (page 44).

radioactivity : The spontancous brcakdown of one type of
atomic nuclcus into another (page 17).

space-time-continuum : According to the special theory of
relativity, our reality is four-dimensional, in which space has three
dimensions and the fourth dimension is time. Thus, there is no
such thing as space and time ; but there is only space-time. A
continuum is something that cannot be broken down into parts.
It flows continuously.

spatial dimensions : Any of the three dimensions of space-time
that are spacelike —that is, any except the time dimension.

spectrum : The splitting of, say, an clectromagnetic wave into its
component frequencics/wave-lengths (page 15).

spin : An internal property of-elementary particles, related to, but
not identical to, the everyday concept of spin (page 39).

standing wave : Standing waves arc patterns of waves confined
to a finite region like the waves in a vibrating string such as a
clothes-line. Electrons orbiting in an atom are not spherical
objects, but patterns of standing waves (page 26).

stationary state : One that is not changing with time : a sphere
spinning at a constant rate is stationary because it looks identical
at any instant, even though it is not static.

strong force : The strongest of the four fundamental forces, with
" the shortest range of all. It holds the quarks together within
protons and neutrons, and holds the protons and neutrons together
to form atoms (page 31).

theory of relativity : Einstein’s theory based on the idea that
the laws of science should be the same for all observers, no matter

bt
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how they arc moving. It explains the force of gravity in terms of
the curvature of a four-dimensional space-time.

uncertainty principle : One can never be exactly surc of both
the position and the velocity of a particle, the more accurately
onc knows the one, the less accurately one can know the other
(page 27).

virtual particle : In quantum mechanics, a particle that can never
be directly detected, but whose existence does have measurable
effects (page 40)

wave/particle duality : The concept in quantum mechanics that
there is no distinction between waves and particles, particles may
sometimes behave like waves, and waves like particles (page 23).

wave-length : For a wave, the distance between two adjacent
troughs or two adjacent crests.

weak force : The second weakest of the four fundamental forces,
with a very short range. It affects all matter-particles, but not
force-carrying particles (page 31).

weight : The force exerted on a body by a gravitational ficld. it
is proportional to, but not the same as, its mass.

white dwarf : A stable cold star, supported by the exclusion
principle repulsiop between electrons (page 63).
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Index
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Absclute Eternalism 137
Absolute Fluxism 137
Absolute Monism 11

Activity Minutest 117
— Threefold 117
— Mental 117

Adrenal Glands 179
Alpha Particles 17, 174

Anti-neutrino 37

— Particle 34
(Also see Particle)
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Characteristic — 87, 99,
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111, 114, 120, 167, 187
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Big Bang 59, 60
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Bondage (Bandha) 92
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Carbon 153, 215
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n.
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Chain reaction 55
Controlled — 55
Uncontrolled — 55

Change 110, 139, 140, 141,
142, 143, 144, 145
(Also see Transformation)

Chemical Energy 153, 174

Chromium 22, 215

Chrometic Sensation
{See Coloun

Colour 86, 88, 99, 121, 156
— in Cosmological

Studies 157
Objectivity of —155
Scientific Theory of —- 55
Raman's Study of —156

Collision

— between Paramanus
131
— between Particles 34

Complementarity 42, 52,
137,165

Concentrated perception 133
Conservation, Law of, 43 n.
Continuum 143

Four-dimensional —152
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Copenhagen Interpretation
(of Quantum Thcc;ry) 165
n.

Copernican Theory 132
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Corpscular Concept (of light)
(See also light) 156

Cosmic 107, 110
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Cosmos 107, 110

Curvature {of space) 152
{See also Space)

Cygnus X-1 (star) 161
Darkness 90, 164, 165

Davisson-Germer-Experiment
24 n.

Density 95, 160, 171
Deuterium 57, 174, 215
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Disintegration 91
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Division, Methods of 92
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Doppler Effect 158
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Einstein 165 n, 172, 173
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Electric Charge 160, 192
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— Theory of Light,
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Electrons 149, 169, 170, 171,
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Extension 95, 160, 171
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European Centre for
Nuclear Research (ECRN)
46

Faster than Light
Communication
{(Sce Super-luminal Speed)

Fission and Fusion 57, 91,
110, 11T, 124, 153
Laws controlling the
process of —105

Fluxism 142
Fluxists 145

Force, Gravitational 31, 32,
172

Forces, Chemical 172
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Unification of —46
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Fusion, Nuclear 177
Galaxies 157
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Method 163

Gases 115, 162, 169, 175
Glueiness 1035, 106, 107, 111
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Glutinous
(See glueiness)

God, Ward’s 149
Gravitational,

— Cellapse 161
— Field 152, 173
Hadrons 38, 218
Hardness, Measure of —162
Heat radiations 91
Helium 19, 158, 177, 215
Hinduism 137
Hirosbima 56
Hydrogen 113, 153, 177, 186,
— Nuclei 174
~ Bomb 57, 60
Idealism 69
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(See Mass)
Integration (Bandha) 91
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Intellect 181
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Isotopes 21, 22, 57
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Microcosmology @ Atom

Laws, of Mechanics 172
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Leptons 38, 192, 218
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Linear-Motion 129
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— Waves 15
Lithium 19, 215
Macrocosmos 157
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Mass 37, 38, 160, 171, 172, 173
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Mass and Energy
Equivalence of —53, 172,
173,195 '
Unification of —33, 173

Mechanical Energy

Mechanics and Electro-
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Metaphysics 69, 137 ff
Meteors 113
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Implicit —101
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(See Mode, Change &
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Molecular 149
— Integration and
Disintegration 101
Molecular size

Planck’s determination
of -149

Molecule 113, 116, 170, 172,
175

Motion 99, 102, 133, 150,172
Migratory 105

Mundane (Existence) 117

Muons 37, 2138
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(See Mutation)

Mutation, 94, 98, 99, 107,
110, 139, 140

Nabulae, 161

Neutrino, 37
Anti— 37

Neutron, 54, 55, 132, 151, 171,
172, 175, 185, 186, 187, 192
Discovery of — 21
— as Nuclear Projectiles,

55

Self-interaction of-,41

Newton's Laws of Motion,
27

Newton's Theory (of Ether),
151

Non-Absolutism, 70, 95, 137

Non-transmutation, 94, 96,
98, 127
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Nuclear Energy, 52, 153
(Sce, also Atomic Energy)

Nucleons, 31

Nucleus 161, 169, 172n, 173,
175, 186, 187

Occident, 132

Omniscience, defined, 68

Order Beneath Chaos, 36

Organic Matter, 116 149

Crient, 132
(Also see Eastern)

Oscillation, 99, 122, 169, 172
Osmium, 161, 217

Oxygen, 113, 171, 178, 215
Pantheistic View, 148

‘Particles, 53, 135, 152, 172,
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Elementary —, Sce
Elementary Panticles
— with Mass, 37
Massless —, 37, 200
Microscopic —, 92, 185,
also see sub-atomic
Particles
Neutral —,186
Particle-accelerators, 46
Pauli’s Exclusion Principle,
63
Persistence-Through-Change
98
Phenyipirilinm Chloride, 170
Philosophical Idealism, 147
Photon, 15, 24, 37, 164, 170,
171, 192
Masslensses of —, 24
Photoelectricity, 15, 164
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Physical Law of Universe,
Immutable, 118

Physical, Order of
Existence, 48, 94, 98, 124,
142

Physics, Atomic, 134, 135
Bohm's —, 19
Classical —, 13, 23
High Energy —, 34,35
New —, 23
Quantum—, 23
Newtonian—, 13, 14, 132,

152

Nuclear —, 153
Particle —, 33, 167

Physies and Philosophy,
Basic Unity of —, 207
Unification of —, 48

Pion, 37, 171, 218

Planets, 162

Plenum, 110

Plutonium, 22, 161, 217

Positron, 192

Primordial Singularity, 128

Problem of Language, 134

Process of Differentiation,
08

Properties, 124
Chemical —, 170
General—, 94, 169
Inherent —, See Attribute,

Inherent

Protons, 18, 21, 22, 28, 30,
41, 175, 185, 189, 192
Anti—, 41
Self-interaction of —, 41

Microcosmology : Atom

Psychical Order of
Existence, 118, 159, 178

Psychokeinesis, 182

Pudgala (physical Order of
Existence), See Pudgala
in the Glossary of
sanskrit & Prakrit Words.

Pyramid, 93

Quality, Sec Attribute

Quantum, 23, 105, 122, 124,
133, 169, 173, 188
Copenhagen
Interpretation of —,
165n

— Field Theory, 137

— Mechanics, 52, 165n

— of intensity of
sensuous qualities, 122

— of time 122

— . Physics, See Physics,
Quantum

— Theory, 12 n, 24

Quarks, 31, 36, 44, 45, 46,
185
Anti—, 45

Radio-active Elemenis, 92,
153, 173,174

Real, Triple Characteristics
of, 152

Realism, 69
— of Jains, 70
Non-absoluatist —,70

Reality, 94
Direct Apprehension

of-by omniscient, 208

Nature of —, 138
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Pardoxical Aspect of —,
134

Physical —, 147 (Also, see
Physical Order of
Existence)

Universal —, 125

Relation, Problem of, 145
Relativity, 23, 33, 63, 152
Sateilites, 169
Scepticism, 146
Sense-data, 112
Sense-perception, 121, 129
Shape/Configuration
(Samsthdna), 93
Silver, 30, 216
Singularity/plurality, 128
SmellfOdour, 88, 163,
Volatile Components
Responsible for — 163

Solar Processes, 64
Selar System, 186
Solipsism, 147
Sound, 151, 164
Space, 99
Curvature of —, 110, 152,
Space-point, 95, 128, 129,
152, 188
Space-time-diagrams, 123
Spacewise/Spatially, 94, 107,
110, 125

Spectrum of
Flectromagnetic
Radiation, 156, 167
Spectred Lines, 158
Spectroscopy, 157, 163
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Visible-, 16, 155, 156
Standing Waves, see, Wave
Star, Evolutlion of a, 62

Final States of-, 63, 64

Massive-,63, 92

White Dwarf —, 63
Sub-Atomic, Field, 132

— Level, 134, 135

— Particles, see,

Elementary Particles

— Physics, 134

— World, 153
Subjectivism, 147
Substancehood/92

Substantially/Substance-

wise, 110, 125
Sui-generis, 146
Supra-luminal Speed, 200
Stern-Gerlach-Device, 48
Tachyons, 49
Taoism, 137
Telepathy, 182
Theories/Theorem, Rell's,

47, 50, 51,

Bootsstrap —, 47

Grand Unified—, 47

Guage —, 47

Quatum

Electrodynamic —, 47

Quantum Field —, 42, 47,

52

S-matrix —, 47
Thermonuclear Process, 64
Thing-in-itself, 148
Timewise/Temporally, 96,

110 125, 128
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Transcendentalism, 148
Truth, Quest of, 132

Ultimate Building Blocks,
See Basic building Blocks.

Uncetainly Principle 27, 28,
52, 129, 171

Unification of the
Opposites, 135 (See also
Non-absolutism)

Universe, Origin of, 59
Uraninm, 56, 174, 217
VYacuum, 110, 139
Vedantists, 145
Velocity, of Light, 16, 25,

— of Paramdnu, 124, 129,

Microcosmology - Atom

— and Position of
Electron, 188

Vibrations, 99, 100, 122, 172,

Vibratory Motion, 103, 124
— of Molecules, 17

Vital Functions of Jiva, 92

Wave-character of Light, 164
Electromagnetic —15,
length, 16, 155, 158, 167
particle Duality, Paradox

of —, 24, 134, 137
particle duality supports
Law of Anekanta, 137
Radio —15
Standing —, 26, 26n, 151
X-ray 15, 16, 54, 165

B. SANSKRIT AND PRAKRIT WORDS

abhasatmaka (non-lingual),
81

acitta mahaskandha (ag-
gregate of matter
which pervades entire
cosmos), 93, 118, 119

adharmastikdya {(medinm of
rest; one of the six eter-
nal uncreated substan-
ces), 74, 75, 91, 102
— Compared to Ether

in Science, 151

agurulaghu (masslessness)
100, 127, 179

— neither heavy nor
light, 160

agurulaghutva (eternal per-
sistence/permanence;

_one of the six universal
qualities) 80, 83-84, 171
ghdra-vargand (composite of
various groups of
pudgala endowed with
associability; in this
category fall the groups
of auddrika, vaikriya,
aharaka and
$wisocchvdsa), 119
éharaka vargand (a group of
material aggregates
composing subtle com-
munication body), 116,
117

ajiva (Physical Order of Ex-
istence) 150
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Akdsdstikaye (space; one of
the six eternal un-
created substance) 74,
75, 91, 102, 164

dndpdna vargand, See
$vasocchvdsa vargana

aksardtmaka (articulate), 89

aloka/alokikdsa (supra-cos-
mos; uninhabited
universe; void) 76

anaksaratmaka
late). 89

ananta (infinite), 118

anantinante (infinitely in-
finite} 118, 161

dnidpina vargand (group of
matter essential for
respiration also called
svasocchvisa
vargana), 7]

anasvara (indestructible), 189

anekdantaviada (Jain Doctrine
of Non-absolutism), 70,
135, 143, 187
Qutline of —, 137, to
140

antya | (ultimate)
end-product] 123.

enusreni gati (motion in
straight line, without
change in direction)
129, 198

anutatika (division by fis-
sures) 92

aphusamdand gati (motion
from one area of space
to another without
passing through the in-
tervening space), 202

(inarticu-
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apratighati {that which can-
not be stopped or
hindered by any-
thing),130

artha-paryiya (Self-interac-
tiop; internal or im-
plicit modification), 73,
101, 102, 169, 170, 171
aripi (imperceptible by sense
organs), 126, 155
asamkhye/asemkhyata (in-
numerable), 112, 118,
128, 160
asamkhyatimsa (innumera-
bleth portion), 128
aksaya (imperishable), 98
asiasparsi skandha (an aggre-
gate of physical atoms
having eight sparia,
also see catuhsparsi,
sparig), 111, 159, 160,
179, 191
astikdya (homogeneous con-
tinnum-spatially ex-
tended substance) 75,
95

astitva (eternal existence; one
of the six universal
qualities), 80, 8l

atapa (hot effulgence), 90, 167

ati-vega-pratighdia (Col-
lision between two
self-activated particles
moving at a very high
velocity). 137

audarika sarira (gross physi-
cal body), 86, 108, 176

audarika vargand (a group
of material atoms that
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compose organic
bodies), 116, 176

autpdtiki buddhi (one of the
four types of intcliect
which can comprehend
unknown complicated
problem and solve it),
182

avicya/avyakta
sible), 145

avaliki (smallest empirical
time-unit), 128

avintarasaftad (individualis-
tic-trait), 81

avasthita (non-transmuta-
ble),94, 124

avibhajya (indivisible), 189

{(inexpres-

avyaya (immune to loss), 98
badara (gross) (also see
siikyma), 112, 115
bddara-bddara (gross-gross,

ie. very gross), 115
bdadara-saksma (gross-subtle),
115
bandhe (integration), 91, 100,
104, 167, 169, 174
bandha pratyayike (proper-
ties causing union), 107
bandhana-parinima-
pratighata (testriction
of motion due to union
with other particle), 131
bhajana pratyayika {con-
tainelr causing union),
107

bhasdtmaka (lingual), 39

bhasa vargand (group of ag-
gregates useful for
speech) 108, 117, 178

Microcosmology : Atom

bhavatah (qualitywise; one of
the four aspects by
which any object or
event is described in
Jain Philosophy; see

also dravyatah,
ksetratah, kalatakh),
110

bhava karma (psychicalstates
of karma), 108

bhava manah (Psychical
mind; innate faculty of
thinking possessed by
organisms), 178, 181

bhdva paramdnu (indivisible
unit or quantum of sen-
suous qualities), 122

bhdva-samkhyd (quantitative
difference of modes),
123

bheda (disintegration), 91, 100,
104, 167, 169

buddhi (intellect), 181

catuhsparsi skandha (an ag-
gregate of physical
atoms having four
sparia, see  also
astasparsi; sparia), 111,
159, 160, 163, 179, 191

chaya (shadowy), 91, 167

ciirpa (division by grinding),
92

deva (celestial being) 162

dharmastikdya (medium of
motion; one of the six
eternal uncreated sub-
stances) 74, 75, 76, 91,
102, 124
— compared to ether
in science, 151
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dhédtus (modes of physical ex-
istencc), 184

dhrauvya (permanence; one
of thrce characteristics
of reality alsc see
utpiada and vyaya), 72

dhruva (perpetual/persistent),
97

dhyina (practice of medita-
tion), 133

dravye (substance) defined,
72

dravyatah (suhbstancewise;
one of the four aspects
from which any object
or event is described in
Jatn Philosophy; sce
also ksetratah,
kalatah, bhiavatah, 110

dravya karma (physical states
of karma), 108

dravya manah (physical
mind; material ag-
gregates cssential for
the process of think-
ing; see also bhdva
manak), 178, 181, 182

dravya paramanu (also called
pudgala paramédnu,
ultimate indivisible
unit of physical order
of existence), 122, 125

dravyarthika naya (one of
the two main aspects
of stuyding an object
from the point-of-view
of its substance; also
sec paryiyiarthikay, 111
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dravyatva {substancehood;
one of the six universal
qualities), 80, 82

dvisparst (possecssing only
two sparéa (sense-data
of touch, out of eight).

123

ekendriya (one-scnsed living
organism such as
plants 178

gandha (odour), 100, 105

gala (sepatation or fission;
see also pud), 104, 153

gati (motien), 100, 162, 128
ghana (sound of bells eté.), 39
guna (quality), 72, 140, 165
guru, (heavy; one of the eight

types of sense-data of
touch) 160, 191

gurutva, (heaviness), 127

Jatyantara (sui generis—
which does not permit
of being determined by
absolute criteria), 146

Jjivastikaya/jiva (psychical
arder of existence; one
of the six eternal un-
created substances),
74, 78, 150

jyotiska deva (luminouns
celestial beings), 176,
177

kdla (time; one of the six eter-
naland uncreated sub-
stance), 75, 80

kdla paraménu (time-point,
uitimate indivisible
unit of time), 122
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kala-sarikhyd (quantitative
difference of time}, 122

kalatah (timewise; one of the
four aspects by which
any object or event is
described in Jain
Philosophy), 110

kdarana (cause) 123

karma-bandha (union of
karmic matter with
soul), 92

karma-pudgala (karmic mat-

ter; karmana group of
matter), 102, 108, 109,

karma or kdrmana sarira
the psycho-physical
force in the form of
micro-body which is
the appendage of all
souls in worldly states)
78, 117, 177

karma or karmana vargana
(subtlemost group of
material aggregates
also known as karmic
matter) 78, 117, 176
karmiki or karmaja buddhi
{one of the four types
of intellect acquired by
practical experience
rather than theoretical
~ learning), 182
karyalinga (cognizable by
infe-rence through the
effe-cts of collective
actions), 123

kathora (hard), 191

Microcosmology : Atom

kathoratva (hardness; one of
the eight types of sense
data of touch), 162

kevalajiani/kevali (omnis-
cient; kevalajRidna
means omniscience),
121, 191

khapda (division by break-
ing),92

kriyd (motion), 99,128,169,172

kriydvin (incessantly active),
94,124, 172

kriy@vatva (quality of being
active), 174

krsnardyi/krsparaji/
krsnardti/ krsnardst
{black hole in Jain
astrophysics), 162

ksetratah (spacewise; one of
the four aspects by
which any object or
event is described in
Jain Philosophy; sec

also dravyatah,
kalatah, bhavatah),
110

ksetra paramanu (space-
point; the uttimate indi-
visible unit of space),
122

ksetra-samkhyd (quantitative
difference of space),
122

laghu (light) 160, 191, 192

laghutva, (lightness; one of

the eight types of sense
data of touch), 127
laksana (characteristic quali-
ties), 87, 121
lokdkdsa or loka (cosmic
space; cosmos; in-
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habited universe), 87,
95, 107, 124

mahabhiitas, see dhitus

mahdsaitd (essence  of
reality), 81

mano-vargand/mdnasa-
vargapd (group of ag-
gregates useful for
thinking), 108, 117, 178,
179, 180, 181, 182, 183,

matijiana {pcrceptual
knowledge), 181

misra-parinata (transforma-
tion of matter partly
under the influence of
a living organism and
partly by itself; mix-
ture of prayoga and
visrasa@-parinaia),|12

nrdu (soft), 191

mprdutva (softness); one of the
eight types of sense-
data of touch), 162

muria (perceptible), 191
murtatva (quality of being
perceptible), 150
rirvdpa (final emancipation),

68
nitya (eternal), 123, 124, 189
niyata (quantitatively immu-
table) 97
no-karma-bandha (use of
groups of matter other
than kdrmic by the

soul for vital fune-
tions), 92

paficendriya (five sensed
beings), 178
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paramanyu, (primary atom -
uftimate indivisible
and unattached unit of
physical order of exist-
ence), 99, 113, 147, 168,
175
characteristic atiri-
butes of —121, 129,
150
defintions of —175
— in Jain Physics 184
ff
Laws of Motion of —
129 131
nomenciature of — 185
eyati veyati catai phan-
dai ghattai kouvayai
udirai (varieties of the
motion of the ultimate
atom, such as, simple
vibration, complex
vibration, ascillation,
forceful penetration,
collision, etc.),128
paramadvadhi-jRini (one pos-
sessing superlative
visval intuition or
clairvoyance), 121, 191
parinima (mutation) 99, 139,
169

parindma-pratyayika (union
caused by mutation;
one of the three causes
of natural union), 107
parinamic (subject to muta-
tion), 94, 129
— agurulaghu
parinami {See
agurulaghu) 124
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parinamiki buddhi (intellect
acquired with the
maturity of age; one of
the four types of intel-
fect, 182)
paryiya (change, mode, state),
73, 140, 165, 162
artha-—, (intrinsic
mode),
see arthaparyiya
svabhdva — | (self-inter-
action), 102
vibhidva —, (interaction
with another), 102
vyafjana—, (cxtrinsic

mode), . (see
vya iEja na-pa r ya)
102

paryiyirthika naya (one of
the two main aspects of
studying an object from
the modification point-
of-view (also sec
dravydrthika nayd), 111

prabh (ustre), 90, 167

pradesa (part or portion), 95,
175, 185

pradesavatva (extension in
space; one of the six
universal qualities),
80,83

prameyatva (objectivity; one
of the six universal
qualities), 80, 82-83

pratara (separation layer by
layer), 92

prathaema agrihya
(vargand ) (a group of
material atoms not as-

Microcosmology : Atom

sociable with the soul),
19
pratighasi (hindered by exter-
nal forces), 130
prayoga-parinata {transfor-
ma-tion of matter by
living organisms), 112
prayogika (anything produced
by effort of a living
being; see also vaisra-
sika), 89
pud sec puf
pudgale
attributes of —, 85,153
ff
characterization of —
,85, 154
characteristic at-
tributes of —, 87,
147, 154
classification of —, 110,
119
compressbility of —,
16}
definitions of —, 85,
150, 153
— fills the entire uni-
verse 107
general properties of —,
94, 109, 169 it
— interacts with
psychic order of ex-
istence 108
— is a substance 96
— is a real 96
— is an astikaya 95
- 18 eternalfin-
destruc-tible 96
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— is fissionable and
fusionable 104

— is infinite 107

— is non-transmutable
96, 98

— is physical, not
psychical 98

meaningful nomencla-
ture of —, 85, 153

other important attri-
butes of —, 88-93

types of modification
of —, 101

pudgalastikaya  (physical

order of cxistence/

matter and energy; one

of the six eternal un-

created substances) 74,

79, 147

put (combine; see also gala),
104

rasa (taste), 100, 105

riskse (negative charge), 159,
168, 191, 197

riapatva/miriatva (sensory
perceptibility) 87, 126

ripi (perceptible) 126, 154, 191

sabda (sound), 100

samjii (organisms endowed

with physical mind),
178, 181

samsthana {(configuration/
shape), 93, 100, 124,
169
— symmetrical, 93
— non-symmetrical,
93
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samaya (time-point; in-
divisible unit of time),
101, 124

sasvata (eternal, timeless),97

sauksmya (subtlety), 114

sat-guna-hani-vrddhi (six-
fold decrease and in-
crease resulting from
the agurulaghu quality
of substance), 171, 134

sita (cold touch; one of the
eight types of sense-

data of touch), 159, 191,
192

skandha-desa (portion of an
aggregate), 113

skandha-pradesa (minutest
‘undetached portion of
an aggregate, not fur-
ther divisible), 113 (see
also pradesa)

snigdha (gluey-equivalent to
positive charge; one of
the eight types of
sense-data of touch),
159, 168, 191, 192

sparsa (touch), 100, 105, 159,
190

sthaulya (grossness), 114

sthavaras (immobile beings
such as plants), 178

stiksma (subtle) (also see
badara), 112, 115, 123,
187

suksma-badara
gross), 1135

(subtle-

siitksma-stiksma (subtle-sub-
tle, ie., very subtle), 115
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siiksma paraminpu (transcen-
dental or absolute atom
which is absolutely in-
divisible, also see
vydvahdrika para-
mdanw), 187, 1838

$finya viida (Buddhist doctrine
of fluxism), 143

susira (sound of wind instru-

ment), 89
svdasocchavasa vargana/
andapina vargand

(group of atoms useful
for respiration), 108,
17,177,178

sydt (siy@ (Prefix adopted by
Jains to indicate that
the predicate is only
from particular aspect
out of many, and not
absolute, hence the
theory of
anekantavada is also
called syddviada), 128,
144

tata (sound of percussion in-
strument), 89

taijasa sarira (luminious
body), 86, 117, 177

taijasa vargand (a group of
material aggregates
composing luminous
bodies) 117, 176

famah (darkness) 90, 167

tamaskdya (black hole in Jain
astrophysics, see also
krsnarajh, 162

Microcosmology : Atom

tirthankara  (omniscient
foun-der of original
religious doctrine), 68

udyota (cold effulgence); 90
167

upkarabhdva pratighdta
(rest-riction of motion
due to absence of
media), 13t

usna (hot touch; one of the
eight types of sense-
data of touch), 159, 191

utkara (division by sawing),
92

utpdda (origination; one of the

 three characteristics of

reality; also see vyaya
and dhrauvya), 72

vaikriya Sarira (protean
body) 86, 108, 116, 117

vaikriya vargana (2 group of
material atoms compo-
sing protean bodies),
16, 176, 177

vainayiki buddhi (inteilect
acquired by bhumility
and faithful service;
one of the four types of
intellect), 182

vaisesika (an important Indian
philosophy), 70

vaisrasika (produced natural-
ly; see prayogika), B9

varganas (groups or catego-
ries of pudgala), 102,
159

varpa (coloun 100, 105

L
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vasiutva (causal efficiency;
one of the six universal
qualities), 80, 81, 82

veddnta (an important Indian
philosophy), 70, 137

vidyut (clectricity produced
by the virtue of
snigdha-ridksa
qualitics), 192

visrasd-paripaia {aulo-trans-
formation of matter),
112

vifreni (motion with change
of dircction; also sce
anit$rendy, 198

vitata (sound of string instru-
mecul), 89
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vyafijana-paryaye (cxplicit
modification), 73, 101,
102, 169, 170, 171

vidvahdrika (cmpirical; of
practical significance
in the weorldly life;
oppo-site of transcen-
dental ie. ultimate) 187

vwadvahdrika paramdnu (cm-
pirical atom equivalent
to atom of an element),
187

vwiya (cessation; one of the
threc characteristics of
reality, aiso sec
utpada, and
dhrawvya), 72

vojana {a measure equivalent
to 8 miles), 162

C. NAMES OF PHILOSOPHERS AND
SCIENTISTS

Abdus Salam, Physicist,
I'mperial College, Landon,
46

Anaximander, Greek
Philosopher, 4, 6

Anaximenes, Greek
Philosopher, 4

Anaxagoras, Greek
Philosopher, 7

Anderson, Carl, Physicist,
Caliech, 34

Aston, F'W., British
Physicist, 21, 57

Bacquere, 54

Bell, Dr. 1.8, Irish Physicist,
30

Bethe, Dr.H,, 57

Bohm, David, British
Physicist, 47

Bohr, Neils, Danish
Physicist, 19, 20, 24n, 49

D¢ Broglie, Louis, French
Physicist, 24, 24n

Democritus, Greek
Philosopher, 7, 8, 10

Descarics, Rene, Third
Founder of W. Scicnce, 9

Dirac, Paul British
Physicist, 24n
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Einstein, Albert, German,
Greatest Physicist, 15, 23,
24, 49

Empedocies, Greek
Philosopher, 7

Faraday, Michael, Greatest
Experimenter of Science,
4

Galileo, Galilei, Father of
Western Science, 39

Gell-Mann, Murray,
Physicist, Caltech, 36, 44

Glashow, Sheldon, Harvard
Physicist, 46

Hawking, Stephen, British
Physicist, 59n, 62n

Hegel, German Philosopher,
69 '

Heisenberg, Werner,
German Physicist, 24n,
27, 28

Heraclitus, Greck
Philosopher, 5, 6

Kant, German Philosopher,
69

Leuicippus, Greek
Philosopher, 7

Max Mdller, German
CQrientalist, 70

Maxwell, James Clerk,
Brilliant Theorist, 14, 15
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Newton, Sir Isaac, Sccond
Founder of Western
Scicnee, 3, 9, 13, 13, 16

Parmenides, Greek
Philesopher, 6, 7,

Pauli, Wolfgang, Austrian
Physicist, 24n

Planck, Max, German
Physicist, 23

Plato, Greck Philosopher, 3,
8, 9

Prout, William, British
Chemist, 21

Pythagoras, Greek
Philosopher, 8, 9

Russell, Sir Bertrand,
British Philosopher, 67n

Rutherfard, Erncst, British
Scientist, 17, 18, 19, 20, 2!

Sarfatti, Jack, Amcrican
Physicist, 36

Schordinger Erwin, Austrian

Physicist, 34n

Soddy. E.,Prof.,Physicist, 29n

Thales, Greek Philosopher,
3,4

Thomson, 1.J., British
Scientist, 17

Weinberg, Steven, American
Physicist, 46

Weizsicker, C., German
Physicist, 64
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