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1.8.2 Statistics

The concept of statistics is related to the behaviour of large number‘ of part,cles. For‘ il:lstam:e,
Maxwell-Boltzmann statistics works well in the classical physics, while de.scnbmg the
distribution of energy among the molecules of a gas. However, in q'uantym ph).'Slf:S, two new
forms of statistics have been developed which are the Bose-Einstein statistics and the
Fermi-Dirac statistics. These statistics reflect in the behaviour of wave function describing
systems of identical particles under their interchange.

Bose-Einstein Statistics

If the particles have integral spins, i.e. 0, 1, 2, ... , they are known as Bosons, €.g. phoFons, pions,
etc. The wave function of the system consisting of Bosons is symmetric when we interchange

any two identical Bosons, i.e. W(x;, X2) = Y(x,, x,). Similar results can be written for more than
two particles.

Fermi-Dirac Statistics

The particles having half integral spins are known as Fermions. Examples are protons, neutrons,

etc. All Fermions obey Pauli’s exclusion principle. The wave function of a Fermions system is
antisymmetric under interchange of two identical particles, i.e. y(x|, x) = —y/(xa, x;).
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1.8 WAVE MECHANICAL PROPERTIES

Efforts were made to construct a theoretical mode] of the nucleus on the basis of classical physics,
but they all failed. It was finally realized that classical physics (Newtonian mechanics, Maxwell
theory of electromagnetism) can not explain atomic and subatomic phenomena. For instance,
classical electromagnetic theory, where electron, being a charged particle should radiate energy
while moving around the nucleus, which would eventually collapse in the atom, Similarly,
classical physics failed to explain other phenomena, like black body radiations, photoelectric
effect, atomic spectra, Compton effect, etc. Initially, semic]assical—semiquantum ideas like Bohr
atomic model, were developed, which could only pave the way to develop full quantum theory in
two forms called wave mechanical (1927) and matrix mechanics (1925).
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The fundamental idea of wave mechanics is based on the wave nature of matter. The dual
wave and pamc!e na{urc of matter is expressed by means of a wave function, which satisfies the
following equation, first developed by Schrodinger

, 2
V‘W*’%(Er Vyw=0 (1.35)
d

where E and m represent energy and mass of the particle moving in a potential /(7). This equation
successfully explained various features of atomic structure, and also introduced new concepts like
parity and statistics in quantum physics. All micro- systems. also called guantum_systems are
expected to satisfy Schrddinger equation or some kind of wave mechanical equation. Nucleus
containing nucleons is one such example, though potential experienced by nucleons within the
nucleus. could be more complicated than the Coulomb potential. which worked well for the
atomic spectra.

In general, any quantum system is always associated with a wave function. which depends on
space—time coordinates (x, y. z, 7).

Generally, y is a complex quantity but yy* is always real. The wave function has two
important properties:

1. Parity

2. Statistics
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1.8.1 Parity

Under reflection, also called space-inversion. through origin x will change to —x. v to —y and
zto —z. If the new wave function y(—x, -y, —z) is identical to y(x, y. z). then we say that the wave
function has even parity. But. if the new wave function is related to old wave function with a
change of sign. i.e. W(-x, —y. —z) = —y(x. ¥, z). then the wave function has odd parity.
Alternatively. this can be represented as

Py(x.y.z) = y(-x. -y. —2)

Applying parity operator once more

PAy(x. y.2) = Py(-x. —y, —2) = y(x, 3. 2) (1.36)
Thus,
Pr=1
i.e. P =zl (1.37)

where P, the parity operator has values +1 or —1. The parity is a quantum concept and it does not
have any classical analogue.

In hydrogen-like system, P = (- 1), where ( is the orbital quantum number. Depending upon
(. P has the value +1 or —1.

A system having even number of odd parity particles has even parity and a system having odd
number of odd parity particles has odd parity. Because parity of the system is the product of
individual parities.
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Except for weak interactions, discussed in Chapter 8, parity is always conserved in a nuclear
transformation, e.g. if a even parity excited nuclear state decays by y-emission, then the product
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ucleus must be even. Similarly, in a-decay if the Paren

iti - he daughter n
of parities of y-ray and the daug ct of parities of the daughter nucleus and the O-particle

nucleus has even parity, then the produ
must be even.




