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the worth and efliciency of public servants
and the vague apprehension that at fiftytive
an officer has ordinarily well-nigh exhausted
his capacity for usefulness in public affairs
will not stand close scrutiny. As we have
pointed out that old age in the teaching
profession 18 less due to advancing years
than to circumstances and treatment, we
should certainly have no hesitation in
advocating the extension of the age limit to
sixty years in the {irst instance, in the casec of
professors, and if the results are satisfactory,

Pl el

a8 we are confident that they will prove to
be, occasion will not be wanting for a
general and more comprehensive review
of the rule in 1ts bearing on other branches
of educational service as well. The impor-
tance of research in our universities and of
its power to create a tradition for the country
18 just beginning to be recognized by the
public and the only tangible way of apprecia-
ting and encouraging it is to prolong the
period of the usefulness of the professors in
the universities upto at least sixty years.

Nuclear Structure,

By Prof. B. Venkatesachar, M.A., F.Inst.P., and T. S. Subbaraya, B.sc.

TIIE 1sotopic constitution of a large nums-

ber of elements is now known, while the
study of band spectra and hyperfine-structure
of line spectra has, in a considerable number
of cases, led to the determmination of nuclear
spins with more or less certainty. There have
been a number of attempts' to explain the
isotopic constitution. The problem of explain-
ing the observed nuclear spin has also been
attacked : S. BDryden® and H. E. White® have
attempted a solution on the hypothesis that
nuclear spin is due to the spin and orbital
motion of the protons while the electrons 1in
the nucleus are supposed to have lost their
spin. But, as Iwanenko® suggested and par-
ticularly as Heisenberg’ has shown, it i§ un-
necessary to postulate the separate existence
of electrons in the nucleus; we may assume
that the nucleus consists of protons and
neutrons only. Now Heisenberg has deduced
that the system of two protons and two
neutrons, namely, an a-particle, 18 very
stable. Hence we are led to postulate that
pairs of protons and neutrons within the
nucleus combine into as many a-particles as
possible, an a-particle having, of course, no
spin. When this is done the numnber of a-parti-
cles, protons and neutrons that compose a nu-
cleus of atomic weight N and atomic number
Z can be uniquely determined. The number
of a-particles 1s the integral part of Z;2, and
when Z is odd there is one proton. The
number of neutrons is N-27Z or N-27-+41

1 W. D. Harkins, Phys. Rev., 38, 1270, 1931.

H. C. Urev..J. Am. Chem. Roc.,53, 2872, 1931,
J.T1. Bartlett, Nature. 130, 165, 1932.

< . Brvden. Jr., Phys. fevr., 38, 1989, 1931.
H. E. White, Phys. Rev.. 38, 2078, 1331.

D). Twanenko, Nature, 129, 798, 19032.

W. Heisenberg, Zs. f. Phys.. 77, 1, 1932,
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according as Z is even or odd. To take an
example, O, ,, Z=8 contains 4 a-particles,
no proton and 1 neutron, while Cl, ., Z=1T
contains 8 a-particles, 1 proton and 4
neutrons. That Pauli's principle should
apply to neutrons also has been pointed out
by Heisenberg®. Considerations of the statis-
tics of nitrogen nuclei have led him to
postulate that every neutron has a spin of
s h'27.  The occurrence of a large nuclear
spin like 9/2 in the case of a few elements
while 1n many other cases it is small,
suggests that shells of neutrons which
possess orbital motion must contribute to the
nuclear spin. Accordingly, we have in this
work assumed that the nucleus consists of Z/2
o-particles, and 1 proton when Z is odd, with
N =27 or N -2Z-+41 neutrons. The a-particles
have no spin, and the contribution of the
neutrons to the nuclear spin is the resultant
of their spin and orbital moments while the
resultant moment of the nueleus is equal to
that of the neutrons together with that of the
single proton if present. The resultant mo-
ment of the neutrons can then be calculated
exactly as the resultant j-value in the case
of extranuclear electrons. We may expect
that the observed spin will be that corres-

ponding to the j-value of the deepest term.

Table I shows how far this procedure leads
to the observed spins.

The above table shows that in the majority
of cases the observed spin corresponds to the
j-value of the deepest term. In the caseof 'V,
Mn, Cu, Ga, Cd, Sb, I, Cs, Ba, ,,, La, Prand Pb
the observed z-value (nuclear spin) does not
correspond to the j-value of the theoretically
deepest term, but to that of one of the other

6 W.Heisenberg, Zs. f. Phys., 78, 159, 1932,
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deep terms. In the caseof Li, CI,_, As, Br.
and Hg = the spin does not follow fron: the
configuration assumed, but if one neutron
1s supposcd to be in a ditferent orbit the
observed spin may be accounted for. (ls 2s,
18 2p, 2p’3s, 2p°3s and 4d°58' would be the
configurations in the case of Li,, Cl ., As, Br
and Hg . respectively). Such deviations from
expectation are frequently met with in ex-
tranuclear configurations.

Further evidence in  support of the
structuie assumed for the nucler can be

obtained from the known atomic weights of

the lightest, heaviest and most abundant
isotopes of the elements. In Table IT the
neutron configurations corresponding to
these are given for all the elements for which
data are available. This table shows that
the most abundant isotope is in a majority
of cases that which has a closed shell or sub-

. shell of neutrons. In those instancesin which

this is not the case, the neutron configura-
tion of the most abundant isotope 1s seen
io be one which may be expected to be
very stable from the analogy of extra-nuclear
electronic configurations.
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9| F 19 | 15| Cd [110| 3p° 116 | 4s° 114 | 3p° | 48
10 [ Ne [ 20! — 122 /18| 20| — | In 115 3p° 49
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S B e
It will also be seen that similar neutron | so also 2p* and bBp’ occur once. 3d*4s°

configurations give rise to the most abund-
irrespective of the
quantum number of the neutron shells.

ant

1sotope

total

and 4d*hs* occur the same number of times,
while 3¢°4s8* and 4d%58® also appear almost

equally frequent.

If wo compare the relative

Thus 2p*, 3p* and 5p* occur equally often; | abundance of the elements from Ca to Ni
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we find that the elements having the elec-
tronic configurations d*s®, d*s® and ds® are
almost equally abundant but for the extra-
ordinary abundance of Fe. So also the
neutronic configurations d*s® d*s* and d"s?
equally often represent most abundant
isotopes. All these regularities show t(hat
the tentative scheme here put forward
represents one aspect of reality at least
and leads us to hope that we may be
on the right track. We have not tried to
emphasize the regularities exhibited by the
lightest and heaviest isotopes because we
cannot here regard the present data as final.
According to the scheme here put forward
X,.,, cannot be expected to be the most
abundant isotope of Xepon. X . 18
nearly as abundant as X,,, and has a

stable configuration (3d*4s®). That there

is some difficulty with regard to this element
158 2180 clear from the fact that the chemical
atomic weight differs from that calculated
from the relative abundance of the isotopes.
In the case of light elements up to Oxygen,
the configuration of 1 extra neutron and 1
proton seems to be stabler than that of 2
neutrons forming a closed s-shell. Thus
although Li, 18 more abundant than Li,
considerations of 1its spin show that its
neutron configuration cannot be 1s*. In the
case of Be, the one neutron cannot be very
stable. Possibly this has something to do
with the fact that the first discovery of
the neutron was made by bombarding Be by
a-rays. It 18 also very interesting to note
that the regularity exhibited by the radio-
active elements and their isotopes is similar
to that shown by elements preceding them.

The Concept of Causality.

HE above is the title of the Seventeenth
Guthrie Lecture delivered by Prof. Max
Planck before the London Physical Society
on the 17th June. Recent advances in theo-
refical physics have impelled physicists to
examine the concept of causality and 1ts
position in modern physics. In classical
physics the existence of a causal relation
was looked npon as a truism. Max Planck
considers in his very interesting and thought-
provoking address whether the position of
the law of causality has been wmatenally
altered by quantum mechanics. The Professor
starts by defining & causal link. ‘* At the
outset, ’’ he says, ‘‘ we agree that in gpeaking
of a causal link between two successive events
we mean a certain connection, suabject to
law, between the two events of which the
earlier event 1s called the cause, the later
one the effect’’; and again ‘‘an event is
causally conditioned if it can be predicted
with certainty’. Starting from this defini-
tion he makes a careful examination of the
concept in the light of recent advances in
Physiecs and comes to the conelusion that
‘“ the world picture in quantum physics is
governed by the same rigorous determinism
which rules classical physies’’. One of the
most interesting contributions to the enquiry
is the way he tries to solve the problem by
postulating an ideal mind. The reliability

of any weather forecast depends on the
knowledge of the meteorologist who pre-
dicts ; the more knowledge he possesses of
the atmospheric and other conditions of
to-day the more reliable will be his predic-
tions of to-morrow. KExtrapolating, we may
say that ‘“an Iideal mind, apprehending
evervwhere all the physical occurrences of
to-day in their minutest points, should be
able to predict with absolute accuracy the
weather of to-morrow in all its details.”
This may be extended to other physical
events.

Finally, *‘ the law of causality is neither
right nor wrong, it can be neither generally
proved nor generally disproved. It 1is
rather a heuristic principle, a sign-post (and
to my mind the most valuable sign-post we
possess) to guide us in the motley confusion
of events and to show us the direction in
which scientific research must advance in
order to attain fruitiul results. As the law
of causality immediately seizes the awaken-
ing soul of the child and causes him
indefatigably to ask * Why?” so it accom-
panies the investigator through his whole life
and incessantly sets himm new problems.
For science does not mean contemplative
rest in possession of sure knowledge, it
means untiring work and steadily advancing
development.’




