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One of the many achievements to the eredit of 19th centur
Physics was the development by Maxwell, Boltzmann and others
of the kinetic ‘theory of matter. Attributing the thermal
energy of matter to the rendom or chaetic movements of its
u1t1mate pe rtlcleq, nemely its moleculeg,many of the physical
properties of matter in bulk are explained in a gsimple manner,
Taking for exsmple & ges, even the smallest quentity of it
that one cen hanile in the laboratory contains billions of
billions of moleculess . Since all of them sre alike &nd behave
in the ssme manner, we have here an idenl field for the appli-
eotion of st tistical laws. The conditions are so favoursble
that probab lities Egizgfu@}mOSt certainties. One even wishes

—uLJtthe exceptional did/happen, one of those cheptlons that are
supposfied to be requisite to provs the rude. Actually it is
one of the few ficlds where stutistics is given no change to

‘tell any of its proverbial lies.

If the grseous stote of matter is ameneble to thepmeticsl
trentment because of the perfectly chaotic sti te of the thermsal
movements of its molecules, the solid stete is equally well
amenrble, because of the e rfectly regular arrengemsnt of the

Qﬁfﬁﬁi%gﬁsggfégbout which these. thermal movements take place.

One importent result that emerges is thet outy old idesl-
'iged pictures of & well-developed erystal having perfectly
plane bolnderies §nd sharp edges, or of the freq/i.e. the
undisturbeﬁ)surface of 8 liguid being a perfectly smooth sur-
face setc, ere no more correct . The pictures g

we could wiew these surfaces with a microscope

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

the surfcce of a sea in a storm; though f r all pr: cticsl
purposes, where only m%croscopic mmperfections count, the

aur faces mey still be regerded as smooth.




We know today thet this blurring is typiesl of our nlctures
not only of an assemhlv of molecules, but of even individusl
perticles, whether they be molecules or atoms , or the more
fundamentsl x partiecles like the electkon or the proton. There
is an inherent fussiness about our pictures of them, which cen-
not be avoided and vhich suggests their resemblence more to a
packet of woves, thon to localised perticless Indeed the wove
and the perticle =spects are complementcry aspects, both existt
ing at thessme time and intimately related to each other, One -
is reminded of the re-estcblished hermony between bodies and
souls vhieh beibnitz used to expound, according wo which "
Bodies set o8 though there were ng&ouls. and soule act &s
though ther: were no bodies, and both act as though each influ-
enced the other, I shell illusirnte thess complementiry
aepects with specinl refermoe to the atom, particularly the
parts putside the kernel or the nucleus of the atom, and show
how they beheve as though they resemble s set of sitnding WE Vos
or w ve p&ckeis rather than loesl ized particler.

One»of the cherighed concepbs of 19th century pRysics fk§
the permenande snd the indivisibility of the atom. With the |\
discovery of the redio activity of some of the he:vy elements
snd the recognition by Rutherpord that the atows of thece
elements were disintergrading this concept'received & rude Eg
shook. The 8‘om which literally mems the uncut, end by impli
gotion the uncutteble, wes splitting into other atoms. The
dresmg of the slchemist, namely the tremmutstion of ¥mk ele-
ments whish the 19th centuary scientist had been &t great pairm

to demonstrntg wng just & dresm, ws being enscted g%fore his

ver v eyese The apparently imposcible wus being g%camnllnhad

Ix the coﬁge of the disintegrstion enormous emountsof energy

out of a1l propertion to the quantities &nvolv@d,were being

relensed.
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I I remember & Punch cartoon degizfing g boy who zfix [
hod just joined & resesrch laboratory, whoﬁgfter mek ing a few
exper iments in a test tube, snouncégiﬁﬁhthe Professor. " I
think Slr” I have split the atomfand the cartoon depict the
ook of grave cancprn-wEv1dently/%he boys future- with which the
prcfessor reacts to the announcement.

Even the grand old man of science,Lord Kelvin tbok
considerable time to be convinced, especially regerding the
internsl or atomic origin of the larggﬂggzﬁéié%T;QEE;wgctlve
disintegration. After a strong opposition %g/e\records, that
“Kelvinjwith considerable coursge, ab@ndoned his theory mmkikidy
publicly at the 1904 British Association Meeting. He also
aid 8 bet of five shillings to R.§.8trutt, the present Lord
Rayleigh, who had a few months previously backed the view thet
Kelvin would shortly ziw fall in line with -Rutherford's ideas.

There is an unconecious irony in Kelvin's opposi-
tion to the internazl or the atomic origin of the energies
evolved in the course of the radi active disintegration, since
precisely such & source of large energy is needed to reconeile
the very low estimates made\by Kelvin, from certain obvious
physical considerations, regerding the age of the esrth with
the much large age sddpted by the geologists then, and gene-
rally accepted today. anﬁ.ng the rate 2t which the‘temparﬁ-
ture of the earth incresses as we go deeper and deeper below
- the surface of the esrch, and knowing also the thermal con-
ductivity of the mater inl of the esrth, it is essy to eslculate
t6.epoch when the esrth's crust should have solidified. Meking

such a calculation)Kelvin found that it must have happengd some

50 million yesrs ago. This age however, appesred, even to the
most accommodsting emong the geologists to be far too short
e Span’within which to compress the various known geological
epochs. The geologists would have preferred a pe iod of two

te thres thousand million yeesrs, i.e. necrly 50 times that

allotted by Kelvin,
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Some independent ealeulations made by Helmholtz on the
age of the sun, which gave about 20 million yecrs, secmddto le
suppopt to Kelvin's low estimates, since the esrth csn not be
older than the parents namely the sun. Helmholtz's estimate
is based upsn cotsin very simple, .and convineing considerastiong
We know the rate at which we receiving evergy from ‘he sun,
from which we one czn estimate correctly the rate at which
energy is being poured out into spéce by the sn. Ascuming that
the gun bad been shining all along at the present rste- we have
some evidence that thissscumption eésn not be far wrong- and

knowing all the aveilable ssurces of energy we can set a max ig

limit to the sge of the sun. Fven if the sum had been origi-
nally of infinitely large size, and had contracted to its
present size, the energy so relecssed- which mes the main source
knoﬁn then- could not have lasted more than 20 million yerrs,
We now know the answer. The Earth isnot coolint as
rapidly as Kelvin assumed. Indedd the smount of radi active[‘
material pres-nt is more then sufficient to prévent it from

g2l cooling at 211, As Rutherford sazid * the Geologist =mzm

can fill in & blank cheque as he will, and cen postulate smexawxx

succes ive hentings and colli gs s:ch as the series of ice ages
and mountﬁln building md vuleanie activity require”., At any.
rate the esrth cen be very mueh older than Kelvin estimated,
Indecd other estimates from the observed uranium-lead ratios
in some of the oldest rocks, do conflrm the geologist's e¢laims.
We know also todsy that the main source of the engrgy in
the sun is atomiec due ultimately to the conversion of Hydrogen
to helium, in which woces: a mall part of the mass is converted
into energy, so that the smn also may be much older than Hel-

moltz estimatede
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Incidentally it is interesting to know when we talk so0 i1..

quently nowsdnys ebout atomic energies, that proctieclly the
vhole of energy output of the sun is atomic, and since all the
energy we use on the surface of the esrth, whether it is from
fuel or conl or patraleoum or natursl gns, or from g hydro-
electric plant is ultimately derived from the sum, &ll the

energy we use todsy is in senge atomic energy.




the ﬁroblem 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 theoryswas 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 Hevesj to Rufherford in which he reports
a conversation with Einstein.in 1914 soon after Bohr published
his theory. "Speaking with Einstein on different topies
writes Hevesy, "we came to speak on Bohr's théory; he told
me that he had once similar 1deas,,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 suggésts, like absolute motio; in space, these
details regarding the electrons in the atom, are unobservables

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

manner that any attempt to measure precisely one of the

#OWPLALA/ components of the pair, is such as to spéil complete




Coming 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 backwafd direction was quite large --
which revealed that the massi#e and,bositively charged part of
the atom was concentrated in an extremely small region, much
smaller than a miliion 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 strucfuré, as 1s
krevealed by radioactive disintegration. Its detailed struc-

 tupe, as built of two kinds of heavy particles namely the
proton which 1s‘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 cluud of electrons,
which forms the extensive atom as ﬁe 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,singlé 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. '

With other atoms, with a larger number of electrons,




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 momemtum of the electron are two such conjugate
quantities, and so are time and energy. The two conjugates
are connected Trespectively 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 eonsequence. 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

of the atom.




