Liquid Drop Model Approach: Semi Empirical Mass Formula:

Liquid drop model is one of the famous nuclear models usually associated with the semi-
empirical mass formula as given by Bethe — Weizscker and originally the ‘Liquid drop
model’ was suggested by Bohr in 1937. In this model the minute features of nuclear forces
are ignored by Bohr but the strong inter nucleon attraction among the nucleons is
stressed. The essential assumptions which are made to design such model are:

(a) The nucleus is itself incompressible medium as it consists of incompressible matter
(b) The nuclear force is identical for every nucleon

(c) The nuclear force saturates.

Thus one might expect whether a nucleus can be represented as a c % e afrangement
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The idea was t s and molecules within a liquid drop correspond to the
nucleons in thénucleus nfirmed due to following similarities:
(a) The nucle rces are analogous to the surface
tension f a liquid;

(b) The n ons behave in a manner similar to that of
molecules in a liquid;

(c) The fact that the density of nuclear matter is almost
independent of A shows resemblance to liquid drop
where the density of a liquid is independent of the size
of the drop i.e. the number of atoms and molecules

inside the liquid drop;



(d) The constant binding energy per nucleon is analogous to the latent heat of
vaporization;

(e) The disintegration of nuclei by the emission of particles is analogous to the
vaporisation of molecules from the surface of liquid;

(f) The energy of nuclei corresponds to internal thermal vibrations of drop molecules;

(g) The formation of compound nucleus and absorption of bombarding particles are
corresponding to the condensation of drops.

In spite of these similarities, we also see a few differences:

(a) Molecules attract one another at distances larger than the dimensions‘ef the“electron
shells and repel strongly when the distance is smaller than the size of thejele¢tron orbits.
Nuclear forces are attractive within the smaller range, the range of nuclear forces

(b) The average K.E. of

the molecules within a
liquid drop is of the \
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order of 0.1 eV, the \

corresponding de + © +
Broglie wavelength is e —
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5x 10 "' m which is + \
very much smaller than /
the inter-molecular

distances. The average K.E.l.of nucleons in nuclei is of the order of 10 MeV, the
corresponding A = 6 x 10 ~'> mywhich is of the order of inter-nucleon distances. Hence
the motion of the molecules ingthe liquid can only be explained in classical basis whereas
the motion of the nucleons within a nuclear

T‘ system is of quantum character.
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an angle (0, ¢), this can be expressed as



R(O,9) =Ro+ Yot _ | apm Yim (0,p)  where a;, is the concerned coefficient
having dimension of length and Y, (0, ¢) is spherical harmonics.

While giving binding energy formulation of a nuclear system, two German Scientists Bethe
and Weizscker gave Semi-empirical formula for nuclear mass which gives no information
about any other properties of nuclei but it only gives the energy information and the Z/A
ratio of the nuclear system.

The binding energy of a nucleus is basically given by

Eg = AM.c? = {[Zm, + (A —Z)m,]| — M,(A,Z) }c?

But according to Bethe and Weizscker, this nuclear binding energy co ive
terms and is actually given by Eg=B=B;+ B, + B3+ er

B; = + ayA = Volume term, B, = —agA?/3 = Surface t °

B; = —acZ?/ A'/? = Coulomb term, B, = — a, @A — 27)? ssymetric term,
B; = + apA~3/* = Pairing term.

Thus the expression of nuclear binding energy is
_ A-27)% _
Eg = {[Zm,, + (A - Z)m,| — M, (A, 2)} RayAm, a8 - 2 2A /3 —a, B2 4 ,473/4

So it is a function of massno A and h uclear mass is given by
1
M, (A Z) = [Zm, + (A— z)m& A3 —acZ?A73 —ay(A - 27)%/A +apA~3/*]
This is semi empirical mass f ula f nuclear system. Let us explain all these terms in
nuclear binding energy formula

a) Volume Term: is tggm is a positive term in favour of nuclear binding which is
the contribution

f nucleon within the interior of the nucleus and thus it is

proportional t of the nucleus. Thus we have such volume term

1
B =Bh gﬂ(R)3 = B, gn(roA§)3 = B; = +ayA < Volume term

b) Sur Term: Here this term is a negative term against of nuclear binding which is
the negative contribution of binding of nucleon on the surface of the nucleus due to
surface tension effect and thus it is proportional to the surface area of the nucleus. Thus
we have such surface term

1
B, xS = B, x 4m(R)? = B, x 41m(r,A3)? > B; = —agA?*3 « Surface term

c) Coulomb Term: Here this term is a negative term against of nuclear binding which is
the negative contribution of binding of nucleon due to repulsive Coulomb self energy



stored within the nucleus and thus it is proportional to Coulomb self energy of the
nucleus. Thus we have such Coulomb term
3 1 Ze? 3 1 (Ze)? 72

B, x —Ur=> B; = ——. —_—=—— . —ac.— Coulomb term
3 ¢ 1 54me, R 5 41e, - A% ¢ A%(_ "
o

d) Asymmetric Term: Study of no. of neutrons (N) and protons (Z) of stable nuclei
shows that for nuclei with (Z + N) up to 18,(N —Z) = 0 or + 1, with the exception of
hydrogen and ,He”i.e., there is a sharp tendency for neutrons and protons to pair up. As

(Z + N) increases, nuclear forces do not increase much, but repulsion i ses with
charge. So proton increases in number less rapidly than neutrons, thus h lei have
6 6 more neutrons than protons?
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e) Pairing Term: The nuclides with even numbers of protons and neutrons are the most
abundant and most stable. Nuclei with odd numbers of both neutrons and protons are the
least stable, while nuclei for which either proton or neutron number is odd are
intermediate in stability.

To take account of this pairing effect an additional term is used. Conventionally this term
is taken as zero for odd — A, —& for odd-odd and +& for even-even nuclides. On the basis
of more detailed analysis, we have § = a, A~3/* where a,, is the pairing energy constant.



Hence we have By = 0 for A odd,Z even N odd or Z odd N even,

By = a—‘; for A even, Z even and N even, B; = _—33" for A even, Z odd and N odd
A% A%

Significance of Several Terms in Binding Energy Formulation:

We have from our previous discussion of Bethe — Weizscker Binding energy formulation
that basically in effective binding energy of a nuclear system, there exist at most 5 terms
and then it is given by Eg =B = B;+ B, + B3 + B, + B; where

B, = + ayA = Volume term, B, = —agA?/3 = Surface term,
B; = —acZ?/A'Y? = Coulomb term, B, = — a,(A — 2Z)?/A = Assyme ,
Bs = + apA~3/* = Pairing term.

This formulation gives us the semi empirical mass formula of the nuckar system and it is
the overall significance of the whole formulation. As a ero t, each binding term
has its self importance - either positive or negative in \or ainst of nuclear binding

and these are
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d) Asymmetric term B, is a negative term against nuclear binding which gives us the
stability of a nuclear system having equal number of protons and neutrons in absence of
this term.

e) Pairing term Bg is in favour of binding for ‘even — even’ nucleus and it is against nuclear
binding for ‘odd — odd’ nucleus. But it has no significance for ‘odd — even’ nucleus.



