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This value is much greater than the size of the nucleus. Hence, electrons cannot exist
inside the nucleus as bound electrons.
Nuclear magnetic moment: Magnetic moment of an electron is one Bohr magneton

(/1L=’ely2m‘.), while that of a proton is one nuclear magneton [y =eh2mp. Thus,
—~ 1850. If the nucleus consisted of protons and electrons,

g =~ 1850 X gy, where my/m,
the nuclear magnetic moment should be of the order of i while experimentally nuclear
magnetic moment is of the order of py. Thus, electrons do not exist inside the nucleus.

Beta decay: As discussed later, B-decay is a three-body process and not a two-body
process. The electrons emitted in proton—electron hypothesis would have a line spectrum,
i.e. all electrons carry same energy, while in actual B-decay, B-energy varies continuously.
This means that in B-decay, P-particles are accompanied by a third particle. This
contradicts proton—electron hypothesis.
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1.3 CONSTITUENTS OF THE NUCLEUS

So far, the atomic nucleus remains a vague concept. In the Rutherfo
as very small, in fact point-like. and is also supposed to contain pr
atom. So, in later experiments more quantitative information was sought about the size
structure of the nucleus. In the following sections. constitution of the nucleus is discussedazt..

As stated above. the nucleus of the atom has a very small size (its volume is(10 7 times the
volume of the atom i.e. volume of the nugleus is of rhj@m. This compact size of
the nucleus contains whole of the positive charge an practically the whole mass of the atom.
Following are the two hypotheses to explain the compact structure of the nucleus:

rd model. it has been described
actically all of the mass of the
and

1. Proton—electron hypothesis.
2. Proton—neutron hypothesis.

1.3.1 Proton-Electron Hypothesis

In order to explain observed properties of the nucleus, firstly it was proposed that the nucleus
co~stitutes protons and electrons. This model is known as proton—electron model. The concept «»}‘
the build-up of the nucleus in terms of the elementary constituents was based on the fact that
certain atoms emit a- and B-rays, which are corpuscular in nature. Asproposed by Prout. atomic
wgnghts A of the elements are close to integers. The fractional parts are céntributed’b\ the {sotopes
of the clements. The mass of the proton is approximately equal to the mass of Ihe.h\'drogeh atom.
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In fact. the hydrogen nucleus was given the name proton. i TG as g

fundamental constituent of nuclei of allatoms.
To account for mass of the nucleus whose atomic weight is ¢ Jose to integer A, called the Mass

number, it is necessary 10 assume that nucleus contains A protons. But if this was the case the
charge of the nucleus \'xill be equal to 4. nearly the same as atomic weight and not equal to atomjc
number Z. As is well known. value of Z is halfor less than half of the atomic weight. To get over
this difficulty. it was assumed that in addition to protons the nuclei contain A4 - Z electrons, The
presence of electrons would not contribute to the mass of nucleus but would make the charge 7
as required. Thus. it was possible to consider atom made up of a nucleus containing A protons and

A — Z electrons surrounded by Z extra-nuclear electrons.

Success of the Proton-Electron Hypothesis
¢ emission of a- and f-particles in radioactive

the emission of f-particles. and emission of
d 2 electrons in the nucleus. These

This hypothesis seems to be consistent with th
elements. The presence of electrons directly ensures
a-particles is assumed by the combination of 4 protons an
a-particles may exist as such or may be formed at the instant of emission.




image3.png
Failure of Proton-Electron Hypothesis

Following are the arguments, which led to th

1.

e failure of proton—electron hypothesis.

Spin and statistics: The statistical nature of nuclei can be built up from rotational
spectra of diatomic molecules. If the nucleus (4, Z) contains A protons and (4 - 7)
electrons, the spin of odd-odd nucleus or odd—even nucleus would not agree with
experimental results. Take the case of odd—odd nucleus '*N. An even number of protons
(i.e. 14) produces an integral spin, while an odd number of electrons (i.e. 7) gives half-
integral spin. So the total spin of 4N in the proton—electron hypothesis would be half-
integral spin and thus 14N would be a fermion system. But the experimental results show
that "N is a boson, i.e. it carries integral spin, which could not be explained in the
proton-electron hypothesis.

Binding energy: Asdiseussed-ater-in-Chapter-8; electron being a lepton cannot take
part in strong nuclear interactions. Strong interactions bind the nucleons together in the
nucleus. If electrons were present in nucleus, the bound state is caused by Coulomb
interaction and the binding energy is of the order of

E=-—
r
where r is the radius of the nucleus and is given by 1.2x 10" 4" m or 1.2 x A" fm
(1 fm = 10"'* m). Negative sign means that the system is bound. Thus,
2 pe
£=_z¢ he
he r
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Thus,

If A =125 and Z = 62, then

I 1055x107% x3x10*

E=-Zx
137 12x1078 x A"

____l.2><ZJ

AI/J

1.2x62
- 12573

=-15 MeV

The de Broglie wavelength of the electrons having energy = 15 MeV would be

=h_ck
P E

Here cp = E is the energy of the electron in the nucleus

~ 3x10° x1055x 107
15x16x107"

=13x10"%m

=13 fm




