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One of the many achievements to the credit of 19th centur ye

* physics was the development by Maxwell, Boltzmann and others

of the kinetic theary of matter. Attributing the thermal

energy of matter to the rendom or chaetic movements of its
ultimate particles, namely its molecules, many of the physic#l

. properties of matter in bulk are explained in a simple manner.

Taking for exemple & ges, even the smallest quentity of it
that one cen han"le in the laboratory contains billions of

estion of st tistical laws. The conditions are so favoursble

that probab lities become almost certainties. One even wishes

thet the exceptional aisyhappen one of those exceptions thet are

supposed to be requisite to prove the rude. Actually it is
one of the few figlds where st tistics is given no change to

tell any of its proverbial lies.
If the gaseous stste of matter is amen&ble to thepreticel

trestment. because of the perfectly chaotic st: te of the therme]

movements of its molecules, the solid stete is equally well

amenable, because of the yerfectly regular arrangement of the

OMS bout which these thermal movements take place.

One important result thet emerges is thet out{old ideal-

'ized pictures of a well-developed crystal having parfectly

plane botind ries and sharp edges, or of the free, i.e. the

und isturbe? sur face of @ liquid being a perfectly smooth sur-

face ,etc, ere no more correct . The pictures If
"we could view these surfsces with a microscove

ly high resolving power, we should see them no smoother then

"the surfrce of a sea in a storm; though f r all pr: ctierl

purposes, where only microscopic mperfections count, the

surfaces msy still be regerded as smooth.

Es

billions of molecules. . Since all of them are alike and behave :
in the same manner, we have here an idesl field for the appli-

»
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We know todey thet this blurring is typicel of our pictures
not only of an assem] of molecules, but of aven individual

perticles, whether they e molecules or stoms » or the more

fandamentsl1=z particles like the electfon or the proton. There

is an inherent fussiness about our pictures of them, which enn-

not be avoided and which suggests their recemblence more to a

packet of mves, thin to locslised particles. Indeed the veve

and the particle &spects are complementury aepects, both exists:

ing at thessme time and intimately related to each other. One

is reminded of the preeestrblishe? hermony between bodies and

souls which beibnits used to expound, according wo which "

Bodies ect og though there were no/soul ss and souls act &s

though ther were no bodies, and both act 2s though esch influe

enced the other. I chell illue rte thee» complement ry
aspects with special refer noe to the ator, particularly the

parts outside the kernel or the nucleus of theatom, and show

how they beheve as though they resombla « set of a ndings
or weve vackets rether than looslized particle

One of the che-ish<d concepts of 19th century pkysice is
the permanante and the indivisibility of the atom. With the \

discovery of the redio activity of some of the he: vy elements

emi the recognition by Rutherpord thst the é. tome of thece

elements were disintergre "ing this concept received arude \

shock. The a om which literally means the uncut, and by

eption the uncuttable, Re. splitting into other atoms. The

dresma of the alchemist, namely the trenmutetion of kak ele

the couse of the disinteerstion enormous amounts of energy,

8

ments which the 19th centuary scientist had been at great pairx

to demonstrote "rg just drecm B being enscted Before his

ver eyese The apparently impossible being accomplished,

out of all proportion to the quantities énvolved, were being

rolessede
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I a Punch cartoon depicting a boy who afta
hod just joined a resesrch laboratory, who [after mak ading a few

experiments in a test tube, anounc to the Professor. * J
think sir* I have split the atom and the cartoon depict the

look of greve concerne &vidently/the boys future- with which the

professor reacts to the announcement.

Even the grand old man of science,Lord Kelvin took

considerable time to be convinced, especially regerding the

"Kelvin with considerable coursges abandoned his theory

publicly at the 1904 British Association Meeting. He also

paid a bet of fige to ReSeStrutt, the present Lord

Rayleigh, who had a few months previously backed the view that
Kelvin would shortly fall in line with -Rutherford's ideas.

There is an unconecious irony in Kelvin's opposi-
tion to the interne! or the atomic origin of the energies .

evolved in the course of the radi active disintegration, since

precisely such a source of lerge energy is needed to reconeile
the very low estimates made by Kelvin, from certain obvious

physical considerations, regarding the age of the erth with

the much large age edepted by the geologists then, and gene-

rally accepted today. Know ng the rate at which the tempars-
ture of the earth increases as we go deener and deeper below

he surface of the eerch, and knowing also the thermal con-

ductivity of the material of the eerth, it is easy to calculate
tg epoch when the earth's crust should have solidified. Making

such a calculation Kelvin found that it must have happened some

50 million years This age however, apvesred, even to the

most accommodsting among the geologists to be far too short

a span, within which to compress the various known geological
apochs. The geologists would have preferred a pe iod of two

I remember

for

internel or atomic origin of the large energies adio active
disintegration. After strong opposition 'Eve records, that

te threes thousand million years, i.e. necrly 50 times that

allotted by Kelvin.
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Some independent calculations made by Helmholtz on the
age of the sun, which gave about 20 million yesr gp seenddto let
sippopt to Kelvin's low estimates, since the earth cen not be
Older than the parents namely the sun. He lmholtz's estimate
is based upon catsin very simple, .and convincing considerstionsme
Wo know the rate at which we receiving evergy from ihe sun,

the sun bed been shining all along at the present rates we have
some evidence that thisascumption sen not be far wrong» and

from which we one cen estimate correctly the rate at which
energy is being poured out into space by the an. Assuming that

knowing 811 the available sources. of energy we can set a max im
limit to the sge of the sun. Even if the sim hed been orici-
nally of infinitely large size, and had contracted to its
present Bizey the energy 80 released- which wes the main source
known then- could not have lasted more than 20 million yeers,

We now know the answer. The earth isnot coolint as
rapidly as Kelvin assumed. Indedd the amount of radi active
material pres-nt is more then sufficient to prevent it from3

Eel cooling at all. as Rutherford said * the Geologist ann
can fill in a blank cheque as he will, and een postulate
succes ive: heatings and colli gs sich as the series of ice ages
and mountain building md vulcenic activity require", At any.
rate the con be vey mueh older than Kelvin estimated,
Inde-d other estimates from the observed uranium-lead ratios
in some of the oldest rocks, do confirm the geologist's

We know also today that the main source of the energy in
the sun is atomic due ultimately to the conversion of Hydrogen
to helium, in which woces a mall part of the mass is conver tec
into energy, so that the sun also may be much older than Hel-
moltz estimated.
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Incidentally it is interesting to know when we talk so 1.

quently nownd ays about atomic energies, that cetié. lly the

whole of energy output of the sun is atomic, end since all the

ener we use on the surface of the eorth, whetha it is from

fuel or coal or patroleum or netursl gas, or from a hvdroe

electric plant is ultimately derived from the sum, all the

r

energy we use todsy is in senge atomic energy.
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the problem is naturally more complicated. But even for

complicated atoms the shape and the size of the various orbits
the velocities, momenta and energies of the electrons moving

in them, can all be calculated in detail on the basis of the

Bohr theory, and the spectral characteristics predicted.
In spite of the elegant and almost uncanny way in

which the Bohr theory explained the spectral facts, thefunda~

mental assumptions on which the theory! was based, were so un-

conventional, and so radically at variance with classical
ideas that even the late Lord Rayleigh who was very receptive
to new ideas, did not enthusiastically accept them. How

unconventional the fundamental bases were will be realised
from a letter from Hevesy to Rutherford in which he reports
a conversation with Einstein.in 1914 soon after Bohr published
his theory. "Speaking with Einstein on different topics
writes Hevesy, "we came to speak on s theory; he told
me that he had once similar ideas, but he did not dare to pub-
lish them". That from the most original and unconventional
of our thinkers.

But the theory works. Indeed its only drawback is
that it explains a little too much. Though the spectral
characteristics in which energy changes taking nlace in the

atom are alone involved, are beautifully explained, attempts
at verifying the detailed orbital structures, the instaneous

positions of the electrons in these orbits, etc., have always

proved uninformative. It reminds one of the various negative
experiments that preceded the postulate of the theory of

relativity, and suggests, like absolute motion in space, these

details regarding the electrons in the atom, are unobservables of

Nature has a curious way of higing her secrets. All
the physical quantities in Nature are paired off in such a

manner that any attempt to measure precisely one of the

components of the pair, is such as to spéil completc aym



oming back to the atom, experiments by Retherford

on the scattering of positively charged fast particles, like
the X-rays, by matter, showed that the number of such scattered

particles even along the backward direction was quite large ~-

which revealed that the massive and positively charged part of

the atom was concentrated in an extremely small region, much

smaller than a million millionth part of the whole atom, which

we might call the nucleus, and the rest of the atom is just a

padding by negatively charged light particles, namely the

electrons. Their number is the same as the number of positive
charges in the nucleus, which is also the number assigned to the

atom in the Periodic Table of elements.

The nucleus in which almost the whole mass of the atom

is concentrated has itself a compositive structure, as is
revealed by radioactive disintegration. Its detailed struc-

tuwe, as built .of two kinds of heavy particles namely the

proton which is positively charged, and the neutron which

is not charged at all, is a fascinating study. It is not,

however, quite relevant to the subject of my talk, and I shall
confine myself to the external padding or cloud of electrons,
which forms the extensive atom as we know it.

The greatest advance in our understanding of the

structure of this exterior padding or electronic cloud came

from Niels Bohr Jaking the simplest atom, namely the

hydrogen atom, with a single positive charge forming the

nucleus, and a single electron outside it, he investigated
the shape, the size and the energies of the orbits in which

this electron can revolve round the central nucleus. Attri-
buting the emission and absorption of light by the atom to

transitions from one orbit to another, Bohr was able to'

explain quantitatively all the known spectral characteristics
of the hydrogen atom.

a

With other atoms, with a larger number of electrons,
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all chances of measuring the other component or the conjugate

quantity. 'This is not due to imperfections in our experi-
mental technique, but is inherent to the experiments themselves

and will apply even to idealized experiments in thought. .

Position and momentum of the electron are two such conjugate

quantities, and go are time and energy. The two conjugates.
are connected respectively with the particle and the wave

aspects, so that any attem t at determining the instantaneous

positions of the electrons reduces to one of calculating the

probabilities. Since the distribution of probability has a

: wave~form the resemblance of the external electrons in an

atom to a set of standing waves or wave-packets follows
as a natural consequence, The waves defining the probabilitie
have been called the waves of knowledge, and quite appropriate-

ly since they contain all the knowledge we can hope to obtain

'regarding the cloud of electrons revolving round the nuclars
a

of the atom.


