
Nuclear and Particle Physics I (PH41016)

Mid-Sem Exarnination: February 19, 2018

Answer all questions Marks 12+ 5 + 5 + 8 = 30

1 (a) Write down the semi-empirical mass formula for any nuclei M(A, Z) with mass number
A and charge Z. Explain all the terms appearing in the expression for the binding
energy (B.E.) of the nuclei.

(b) Estimate the masses M(A, Z) of the nuclei with A=128 and Z = 54 + TL, where
n = 0, ±1, 2 and draw the mass parabola (M(A,Z) vesus Z). Given mp = 931 MeV,
rtu; = 839 MeV, a1 = 15.5 MeV, a2 = 16.8 MeV, a3 = 0.72 MeV, at! = 23 MeV, and
a5 = 34 MeV.

(c) Write down all the allowed transitions from and to the nuclei 1~~X.

2. Estimate the de Broglie wavelength of a neutron inside a nucleus with average binding
energy of 8 MeV per nucleon and compare it with the radius of a nuclei with A = 100
(considering the radius of a nuclei with A = 1 is 1.23 fm. ) Show that the de Broglie
wavelength of a relativistic electron is much larger so that it cannot be bound inside
the nucleus. Consider nucleon mass+- 940 MeV and fie = 197 MeV-fm.

3. Given the following mass doublet values (in units of 10-6 'U ), compute the atomic mass
of e7Cl):

m(C9 H2o) - m(ClO fIs) = 93900.32 0.12

m(C3H) - me7Cl) = 41922.2 ± 0.3.

Define 'U, such that the mass of an atom of 12C is exactly 12 'U.

4 (a) Give the expected shell-model (including L - S coupling) spin and parity assignments
for the ground states of (i) 7Li, (ii) 15C; (iii) 17F; (iv) 23 N a; (v) 35Cl.

(b) Identify the degenerate states of the first three magic numbers in case of harmonic
oscillator potential, assuming that the energy eigenvalues arc given by

1
Enl = fiw(2n + Jl. - -)

2

Assign nand Jl. quantum numbers to the various states.


