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Remarks on Nuclear Structu 

A. de-St 

The history of the discovery of forces 
in nature is very surprising. Contrary 
to our expectation, the first funda- 
mental force to be discovered and 
identified is the weakest of them all- 
the gravitational force. Other forces, 
such as those giving rise to elasticity 
and cohesion, were known almost as 
early, but the fundamental, unifying 
force behind them was not traced until 
many years later. It turned out to 
be a much stronger force, but still the 
second-weakest force (1)-the electro- 
magnetic force. It was only some 50 
years ago that the first indications of 
the strongest force were recognized. A 
new force, fundamentally different from 
both the gravitational and the eleotro- 
magnetic forces, had to be invoked to 
explain the accumulating data on the 
size, mass, and interactions of atomic 
nuclei. 

There is a good reason why these 
three forces were discovered in that 
order. Gravitational force, to the best 
of our knowledge, is associated with 
any form of matter or radiation. It acts 
between the sun and a ray of light 
passing close to it just as much as be- 
tween the earth and Newton's famous 
apple. It always pulls the partners to- 
gether, and nothing can be shielded 
from its action. Newton himself clearly 
observed that the gravitational forces 
exerted by the earth or by the sun were 
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a different reason. Nothing really 
shields us from them except the fact 
that they never reach very far. Unlike 
the gravitational and the unshielded 
electrical forces, which reach to very 
large, even astronomical, distances, the 
nuclear force disappears completely at 
a distance from the nucleus of 10 or 

Ire 20 nuclear diameters. Even in the most 
dense materials that we have on earth 
the nucleus of one atom knows nothing 

halit whatsoever of the nuclear forces exerted 
by the nucleus of the atom next to it. 
The range of nuclear forces-the dis- 
tance over which they are felt-is 
measured in units of 10-13 centimeter, 
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Size, Shape, and Composition 

of Nuclei 

All known atomic nuclei carry a 
positive electric charge, otherwise they 
could. not have formed the center 
around which the negatively charged 
electrons revolve. The best determina- 
tion of the distribution of charge in the 
nucleus can be made by probing it with 
fast electrons. Since the nucleus is so 
much more massive than the electrons 
which surround it in the atom, a fast 
electron shot through a thin sheet of 
aluminum, for instance, will be de- 
flected from its straight path only if it 
happens to pass close ito one of the 
aluminum nuclei. Furthermore, the 
amount of its deflection depends on 
the way in which the electric charge 
is distributed over the aluminum nu- 
cleus. If the charge were all concen- 
trated at one point, the electric force, 
which varies inversely with 'the square 
of the distance, could become very 
strong and cause a big deflection of the 
electron. If, on the other hand, the 
charge were all spread on the nuclear 
surface, an electron passing through the 
nucleus would feel no electric force 
whatsoever while traversing the nucleus. 
The deflection of the 'electron would 
then be considerably smaller. Since the 
electron responds only to the electro- 
magnetic forces exerted by the nucleus 
and not 'to the nuclear forces, it is pos- 
sible to work out just exactly what ithe 
deflection of the electron should be for 
any given charge distribution over the 
nucleus. Conversely, from the observed 
deflections of fast electrons shot through 
thin sheets of different materials it is 
possible to obtain a reasonably reliable 
idea of the charge distribution of their 
respective nuclei. The picture obtained 
is similar in all nuclei: a nucleus of A 
mass units (that is, of mass number A) 
is uniformly charged up to a radius of 
about 1.2 X A' X 10-13 cm, and 
then, within another 0.5 to 0.7 X 10-13 
cm, the charge density falls off rapidly 
to zero. It looks as if ithe charge were 
confined to a spherical box of radius 
1.2 A' X 10-- cm. 

The electrons in the atom also spend 
a good fraction of their time inside the 
nucleus, and are therefore influenced 
by its charge distribution. A detailed 
analysis of very fine details in the 
atomic spectrum can reveal the shape 
of the nuclear charge distribution as 
well as its dimensions. Thus the nu- 
cleus is found very often to be spherical 
in shape. For some nuclei, especially in 
the rare-earth region, the nuclear elec- 
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tric charge distribution resembles a 
prolate ellipsoid whose long axis may 
be as much as 30 percent longer than 
its diameter. The electric charge on 
most nuclei deviates, however, only 
slightly from spherical shape. 

Similar information about the size 
and shape of the nucleus as a whole, 
not just about its electric charge distri- 
bution, can also be obtained. By and 
large it can be said that the electric- 
charge picture of the nucleus gives also 
a good picture of the mass distribution 
of the nucleus as a whole. Nuclei are 
thus found to be spheroidal objects, 
many of them almost spherical, others 
showing a marked deviation from a 
spherical shape and looking more like 
a thick short cigar. 

The composition of nuclei is a some- 
what more tricky question. We know 
that nuclei can be fused to form other 
nuclei without the addition of any other 
ingredient. As a matter of fact, nuclei 
are empire builders, and were it not 
for the buildup of a positive electric 
charge in the nucleus as it gets bigger, 
nuclei would have stuck to each other, 
forming one big nucleus out of the 
whole material around us. The observa- 
tion that two nuclei can stick together 
and form another nucleus, similar in 
its properties to another nucleus which 
is often found in nature, leads to the 
hypothesis that all nuclei are composed 
of the smallest known nucleus-the 
proton. In fact the situation is slightly 
more complicated, due to the existence 
of another smallest but chargeless nu- 
cleus-the neutron. This particle, which 
is heavier than the proton by about 0.2 
percent, is unstable when free. How- 
ever, its binding in the nucleus can 
prevent its decay, as I point out later. 
All our presen,t information on nuclei 
is consistent with the assumption that 
a nucleus with a positive charge that 
is Z times the (absolute) charge on the 
electron and a mass number A, is com- 
posed of Z protons and N = A - Z 
neutrons. The mass of such a nucleus 
is nearly equal to that of Z protons 
and N neutrons; in fact the difference 
is quite accurately accounted for by 
the weight of the energy released in 
binding the Z protons and N neutrons 
together. The total charge of the nu- 
cleus exactly equals 'the total charge 
of Z protons. The total nucleonic 
charge of the nucleus also equals the 
sum of the nucleonic charges of Z pro- 
tons and N neutrons. 

Since the concept of a nucleonic 
charge is perhaps not as familiar as 
that of an electric charge, I want to 

devote a few words to it. Of the 80 
or more elementary particles known to- 
day, all but a very few disintegrate, or 
decay, sooner or later, into lighter par- 
ticles. From all the laws of physics 
known before we had means of study- 
ing nuclei we should expect that a given 
particle will ,eventually decay into other, 
lighter particles provided some rather 
simple rules are obeyed. For instance, 
the algebraic sum of electric charges 
cannot change in such decays: electric 
charge is conserved. A neutron, with 
no electric charge, can decay into the 
lighter combination of a positively 
charged proton, an equally negatively 
charged electron, and a massless neu- 
tral particle known as a neutrino. The 
stability of the electron against decay 
into a number of the lighter neutrinos 
can be understood by the nonexistence 
of a charged particle lighter than the 
electron; the electron's decay into neu- 
trinos only would have involved the 
disappearance of electric charge, con- 
trary to our experience that electric 
charge is conserved. 

However, no law that we know can 
prevent the decay of a proton into two 
positively charged positrons and one 
negatively charged electron, and yet 
there has not been any indication of a 
single decay of a free proton, and the 
persistent presence of hydrogen in the 
universe makes it appear that the pro- 
ton is as stable as the electron. We can- 
not escape the conclusion that the pro- 
ton carries, in addition to ilts electric 
charge, another charge, called a nu- 
cleonic charge, whose disappearance is 
as forbidden as that of the electric 
charge. To explain the failure of the 
proton to disintegrate into two posi- 
trons and an electron, it is then neces- 
sary to assume that electrons and posi- 
trons carry no nucleonic charge-that 
is, to assume that, although they are 
electrically charged, nucleonically they 
are neutral. The observed disintegration 
of the neutron into a proton, an elec- 
tron, and a neutrino now requires the 
assignment to the electrically neutral 
neutron of a nucleonic charge equal to 
that of the proton (other experiments 
show that this nucleonic charge can- 
not be carried by the neutrino, which 
turns out to be also nucleonically neu- 
tral). 

The statement that a nucleus carries 
a nucleonic charge which equals the 
sum of the nucleonic charges of Z 
protons and N neutrons obtains there- 
fore an operative meaning: No matter 
how we break or mutilate this nucleus, 
provided we do not add to it or take 
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away from it neutrons or protons, its 
fragments will always carry A = Z + N 
nucleonic charges. A nucleus of ura- 
nium-238 may undergo a spontaneous 
fission-a process in which it suddenly 
breaks up, releasing much energy, sev- 
eral electrons, neutrinos, and gamma 
rays; the total number of protons and 
the total number of neutrons in all the 
fragments may differ from the totals 
for protons and neutrons present in 
uranium-238, but the sum of protons 
and neutrons in all the fragments of 
the fissioning uranium-238 will always 
remain 238. 

Are the Known Laws of Nature 

Applicable to Nuclei? 

Nuclear dimensions are about 105 
times smaller than characteristic inter- 
atomic distances, and yet nuclei account 
for all but one part in 4000 of the 
atomic mass. The number of nucleons 
per unit volume in the nucleus is there- 
fore 1015 times the average number of 
electrons per unit volume. We natur- 
ally wonder whether the physical laws 
which were found to be valid for the 
electrons in atoms hold also for nu- 
cleons under these extreme conditions 
inside the nucleus. We recall that the 
classical laws of physics were actually 
derived as generalizations of the ob- 
servable effects of gravitational and 
"mechanical" forces. Theorems like 
that of the conservation of energy, the 
conservation of momentum, Newton's 
second law-all were formulated in 
general terms. But they were experi- 
mentally verified for just two types 
of fundamental forces: gravitation and 
electromagnetism. Furthermore, the 
classical phenomena involving the elec- 
tromagnetic forces always involved sys- 
tems with a very large number of 
charged particles. Allowance should be 
made, therefore, for the possibility that 
some fine aspects of the physics may 
be averaged out in these large systems. 

Indeed, the more profound studies 
of small systems, like isolated atoms 
and molecules, containing relatively 
few charged particles revealed the nec- 
essity of revising the laws of physics. 
While some of the general laws con- 
tinue to hold on the atomic scale, sev- 
eral fundamentally new laws are re- 
quired to explain characteristic atomic 
phenomena. These phenomena are cov- 
ered by the well-known quantum 
theory, and the question naturally 
arises, How about the nucleus? Does its 
dynamics, involving new forces, require 
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a new theory, or is quantum theory 
good enough for its description? 

Among the new laws and notions 
introduced by quantum theory, some 
are particularly important. We know, 
for instance, that satellites can be put 
into different orbits around the earth, 
depending on their velocity, and that 
there is a continuous set of possible or- 
bits for the motion of a satellite around 
the earth. On the atomic scale, on the 
other hand, it was found that the veloc- 
ity of the electrons moving around the 
nucleus-or, better still, their energy- 
could not assume any random value. 
Energy changes can be effected only in 
certain definite, finite quantities, or, as 
we often say in technical language, the 
energy of the electron is "quantized." 
The same holds true for many other 
physical phenomena: their measure is 
quantized and can assume only a dis- 
crete set of prescribed values. 

Another innovation introduced by 
quantum theory had to do with the 
probabilistic, noncausal interpretation 
of physical phenomena. This particular 
development led to many philosophical 
arguments, and is by now well known. 

Two less widely known innovations 
had to do with the introduction of the 
concept of "internal degrees of free- 
dom" ,and with the Pauli principle. The 
former asserts that the positions and 
momenta of particles may not always 
be sufficient for their complete dynam- 
ical description. Particles may possess 
additional, internal dynamics which can- 
not be described in terms of their posi- 
tions and momenta, or in terms of the 
positions and momenta of any "sub- 
constituents" of these particles. In this 
sense these internal dynamical features 
require, for their description, the intro- 
duction of additional generalized co- 
ordin,ates, or degrees of freedom. 

The Pauli principle, which is another 
important development of Quantum 
theory, gives the absolute identity of 
two particles an operational meaning. 
In the world of classical physics, with 
its continuous range of variation of 
various physical properties, a precise 
identity of two systems is extremely 
hard to establish. The possibility that 
there are tiny differences, beyond the 
limits of resolution of our instruments, 
can never be excluded. But in a quan- 
tized world, where a particle's physi- 
cally measurable quantities can have 
only a discrete set of values, the notion 
of two identical situations acquires a 
qualitatively new meaning. The Pauli 
principle applies to a certain class of 
particles, technically known as fermions, 

which include, among others, the elec- 
trons, the proton, and the neutron. It 
states that two identical fermions (for 
example, two electrons) can never be 
found in identical situations at the same 
time, and it claims a validity irrespec- 
tive of the nature and strength of the 
forces between the fermions. It is an 
extremely deep and powerful principle 
and is responsible, as is well known, for 
the periodicities in the periodic table 
of the elements. 

These and other quantum mechanical 
principles were all derived from the 
study of atoms and molecules, whose 
structure is controlled by electromag- 
netic forces. The amazing thing is that 
they are all found to hold equally well 
for the nucleus, with its 1015 times as 
many particles per unit volume and 
with forces among its particles which 
are as different from electromagnetic 
forces as we can only imagine. More- 
over, to this day we know of no nu- 
clear phenomenon whose interpretation 
clearly requires the introduction of a 
new fundamental physical principle. 
Nor is there a single known nuclear 
phenomenon which contradicts the laws 
of quantum mechanics. 

To be sure, not all nuclear phenom- 
ena have been completely interpreted, 
and some are still very obscure largely 
because of their complexity. But with 
the development of computational tech- 
niques it became possible to calculate 
the expected spectrum of a number of 
nuclei, the characteristics of several 
classes of nuclear reactions, and the 
electromagnetic properties of some nu- 
clei. The calculations are always made 
within the framework of standard quan- 
tum theory, with approximation meth- 
ods of various degrees of sophistication. 
The success of such calculations in re- 
producing the observed data is some- 
times phenomenal, strengthening our 
feeling that quantum mechanics as we 
now know it is applicable to nuclei as 
well as to atoms and molecules. 

The Pauli principle, for instance, 
manifests itself most dramatically in 
nuclei. Quantum mechanics teaches us 
that, in a system of finite dimensions, 
particles can move only in orbits which 
are energetically separated from each 
other. Among these there are orbits in 
which the nucleon moves slowly, being 
pulled back fast whenever it seems to 
be going too far from the rest of the 
nucleons. In other orbits a nucleon may 
be moving much faster; from time to 
time it manages to escape somewhat 
further away from the rest of the nu- 
cleons, but eventually it too is pulled 
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back. Orbits of the former type are 
said to be tightly bound, while those 
of the latter type may be only slightly 
bound. The transition of a nucleon 
from a less tightly bound orbit to a 
more tightly bound one is accompanied 
by the emission of radiation which, 
among other things, balances the ener- 
gy: a nucleon in a tightly bound orbit 
requires more energy to be pulled out 
of the nucleus than does its counter- 
part in a less tightly bound orbit. 

Had it not been for the Pauli princi- 
ple, all the nucleons in a nucleus would 
have eventually landed in the most 
tightly bound orbit. As it is, however, 
because of the Pauli principle each 
orbit that characterizes a "situation" 
for the particle occupying i,t can accom- 
modate only one nucleon of each type. 
There are four types of nucleons: a 
proton and a neutron, each of them 
with an internal dynamics which makes 
it spin either clockwise or counterclock- 
wise. Thus the Pauli principle tends to 
equalize the numbers of protons and 
neutrons in stable nuclei. If we take, 
for instance, the common isotope of 
oxygen, 016, which has 8 protons 
and 8 neutrons, and let it capture 
a neutron, this neutron will go into the 
most tightly bound unoccupied orbit 
and produce the stable nucleus 017, 
with 8 protons and 9 neutrons. An- 
other neutron will again go into the 
same orbit, spinning in a direction op- 
posite to the previous one, and produce 
the stable nucleus O18, with 8 protons 
and 10 neutrons. A third neutron can- 
not be captured into this orbit, and it 
will necessarily land in a less tightly 
bound orbit, producing 019, with 8 
protons and 11 neutrons. However this 
nucleus will be unstable, because the 
11th neutron will find it energetically 
advantageous to undergo beta decay, 
emitting an electron and a neutrino 
and converting itself into a proton. 
The proton can now land in the more 
tightly bound orbit occupied by the 9th 
and 10th neutrons, and the energy re- 
leased is carried away by the electron- 
neutrino pair. The stable nucleus fluo- 
rine-19 is thus formed, with 9 protons 
and 10 neutrons. It is obvious that if 
we proceed in this way we shall be 
always producing nuclei with nearly 
equal numbers of protons and neutrons, 
Z - N - A/2. (In heavy nuclei the 
electromagnetic forces can, land do, up- 
set this symmetry between protons and 
neutrons, but I ignore this here.) 

The Pauli principle has another very 
important effect on nuclear structure, 
one which makes the orbits we have 
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been talking about meaningful con- 
cepts. In view of the strong forces act- 
ing among the nucleons and the ex- 
tremely close packing of the nucleons, 
we could have expected that nucleons 
in the nucleus would collide wildly with 
each other, making any attempt to talk 
of "a nucleon's orbit inside the nucleus" 
completely meaningless. However, let 
us see what happens when two nu- 
cleons, each starting in a given orbit, 
collide in the nucleus. Under normal 
conditions such a collision would have 
sent each one of them into a different 
orbit. But in the nucleus the chances 
are that one or both of these different 
orbits are occupied by other nucleons. 
The Pauli principle forbids the intru- 
sion, into an orbit already occupied by 
a nucleon, of another, identical nucleon. 
The collision is thus doomed to be 
sterile, ending up in no change in the 
orbits of the two colliding nucleons! 
Only in rare icases is the collision strong 
enough to knock the two nucleons all 
the way out to unoccupied ;orbits. Thus 
we conclude that the strong forces be- 
tween nucleons in a nucleus are dras- 
tically quenched by the Pauli exclusion. 
The nucleon's motion in the nucleus 
can therefore be described as if the 
nucleons had nearly no forces acting 
among them. 

This last statement should be prop- 
erly understood; if there were literally 
only weak forces acting among the nu- 
cleons, no stable nucleus could have 
existed. Even in the case of the real 
nuclear forces, strong as they are, the 
fact that they extend over very short 
distances makes it barely possible for 
nucleons to stick together in complex 
nuclei. However, once we know that a 
group of nucleons does stick together to 
form a nucleus, we can consider each 
one of them as moving in the average 
field of force created by all the others. 
This average, "self-imposed" field of 
force thus serves as a "container" 
which holds all the nucleons together. 
Quantum mechanical orbits within this 
container can be defined and calculated. 
My statement about the role of the 
Pauli principle in quenching the effects 
of the forces among the nucleons in 
the nucleus should therefore be taken 
to refer only to what remains of these 
forces after the average self-imposed 
force has been subtracted out. 

The Pauli principle is, of course, 
not the only quantum mechanical law 
which was discovered in atomic physics 
and found to be so useful in the inter- 
pretation of nuclear structure as well. 
The probabilistic interpretation of phe- 

nomena in the micro-world is another 
such example o,f great interest. In 
atomic physics it accounted among 
oither things for the diffraction phe- 
nomena observed with electrons, in 
complete analogy to the well-known 
diffraction of light. In nuclear physics 
it has been used in recent years to 
account most successfully for diffrac- 
tion-like phenomena in nuclear scatter- 
ing and nuclear reactions. 

The concept of internal degrees of 
freedom was introduced in atomic 
physics in order to deal consistently 
with the spinning motion of the elec- 
trons. Internal degrees of freedom were 
found to be of great use also in nuclear 
physics, and the concept was extended 
to include, in addition to the mechan- 
ical spin of the nucleon, other internal 
dynamical features, such as the elec- 
tric charge on the nucleon. 

There is hardly a single new notion 
or law introduced by quantum theory 
in atomic physics which did not find 
its uses in our efforts to understand the 
physics of the nucleus. Nevertheless we 
are still lacking a good deal of knowl- 
edge in our attempts to understand nu- 
clear phenomena. Let us therefore see 
what are some of the difficulties still 
encountered in the study of nuclear 
structure. 

Some Open Problems 

in Nuclear Physics 

The power of physics has always 
been its ability to explain a wide variety 
of phenomena with the aid of relatively 
very few basic laws and "fundamental 
constants." In nuclear physics such a 
goal will have been achieved if various 
nuclear properties can be interpreted 
in terms of, say, the nucleon's mass, 
charge, and magnetic moment and the 
basic force among nucleons. A deeper 
understanding of nuclear phenomena 
involves the so-called field theories, in 
which the nuclear force is replaced by 
fields of appropriate mesons character- 
ized by their masses, charges, and so 
on, and their coupling to the nucleons. 
However, the mathematical difficulties 
involved in applying any of these 
theories to actual nuclei are so immense 
that we are forced to be considerably 
less ambitious at this stage of our 
knowledge, paying for it in more than 
one way. 

First of all we limit ourselves in 
most cases to nuclear phenomena in 
which only a few particles play an 
important role. In a nucleus like bis- 
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muth-209, with its 83 protons and 126 
neutrons, it is conceivable that very 
complex modes of motion may result 
when a good fraction of the 209 nu- 
cleons change their orbits. However, if 
the orbits of only one or two particles 
are changed, the modification in the 
properties of Bi209 may still be rather 
simple and reliably calculable. 

Actually we do not have to limit 
ourselves necessarily to nuclear phe- 
nomena dominated by a few particles; 
it is sufficient that only a few degrees 
of freedom are involved. These may 
take the form of collective motions in 
which the nucleus as a whole under- 
goes changes in shape or orientation, or 
even undergoes fission into two smaller 
nuclei. 

If we could tackle the most complex 
nuclear problems, we would have prob- 
ably considered the nucleus to be 
"understood" if a couple of hundred 
phenomena, not obviously related to 
each other, could have been reproduced 
by the same theory. Since, however, 
we have to limit ourselves to specially 
simple phenomena and use an approxi- 
mate theory for their elucidation, the 
conclusions which we draw become less 
certain. We find, for instance, that a 
whole variety of nuclear forces can ex- 
plain equally well a limited set of data 
on energies in selected nuclei, or that 
different assumptions about the nature 
of observed excitations in nuclei may 
lead to the same predictions regarding 
their de-excitation. 

The nuclear physicist, in limiting 
himself to the simplest manageable nu- 
clei, is therefore forced to pay for it 
by facing a qualitatively different set 
of problems. When he compares prop- 

erties of two similar nuclei he has to 
distinguish between two classes of nu- 
clear properties. One includes features 
which are expected to remain the same 
for a large class of nuclear forces, while 
the other class of properties includes 
features which depend crucially on par- 
ticular properties of the nuclear force. 
Thus, if the internucleon force is such 
that it leads to the formation of prolate 
rather than spherical nuclei, we expect 
nuclei to show a characteristic rota- 
tional spectrum. The excited states of 
such nuclei are expected to have in- 
creasingly larger angular momenta, cor- 
responding to faster rotations, leading 
to energies which increase quadratically 
with the angular momentum. Every 
force which leads to a deformed rather 
than a spherical equilibrium shape for 
the nucleus will lead to these conclu- 
sions. Therefore the actual observation 
of rotational spectra in nuclei can teach 
us only that nuclear forces belong to 
this general class of forces leading to 
the formation of deformed nuclei. 

I cannot go here into the details of 
such studies of nuclear structure, but I 
would like to stress that at present we 
are still midway between the mere ac- 
cumulation of data and a profound 
understanding of these data. We have 
at most a semiphenomenological theory 
which has some ingredients of the fun- 
damental theory and replaces others by 
adjustable parameters. Through syste- 
matic studies of nuclear reactions and 
through nuclear spectroscopy it has be- 
come possible to interrelate many nu- 
clear properties and thereby reduce a 
vast number of data to considerably 
fewer parameters having some "intui- 
tive" meaning. These include quantities 

like the moments of inertia of rotating 
nuclei; "effective charges" carried by 
neutrons and protons inside complex 
nuclei; "indices of refraction" charac- 
terizing the collision of protons, neu- 
trons, alpha particles, and so on with 
complex nuclei; and "surface tension" 
in nuclei. 

The ultimate aim is, of course, to 
explain these "intuitive" parameters, as 
well as more formal parameters, in 
terms of the fundamental properties of 
the nucleons. Relatively little has been 
achieved so far in this direction. At 
the present stage it is not even clear 
which fundamental properties of the 
nucleus dominate the phenomena ob- 
served in complex nuclei; it is still an 
open question whether the force be- 
tween two nucleons is modified in any 
significant way when ,they are moving 
inside the nucleus, or whether forces 
which involve three, rather than two, 
nucleons at a time play an important 
role in nuclear structure. 

By studying the range of validity of 
concepts like that of the nuclear mo- 
ment of inertia and by studying the 
variations of such parameters from one 
nucleus to another, we can hope to 
come closer to the interpretation of 
those parameters in terms of the funda- 
mental nuclear properties. It is, how- 
ever, still a long and tedious road which 
requires much experimental work, as 
well as the development of additional 
powerful methods for the handling of 
systems with many, yet not infinitely 
many, particles. 

Note 

1. I disregard here the so-called "weak interac- 
tions" which give rise, among other things, to 
beta decays. 
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