
Note :-Attempt five questions in all. Section A is compulsory, 
Attempt at least one question · each from 
Sections B, C, D & E. 

SECTION-A 
1. (i) Define Scattering length. How is it related to zero 

energy cross-section ? 
(ii) Show that Dirac's matrices are even dimensional 

and have zero trace. 
(iii) Write short note on harmonic and sudden 

perturbations ? 
(iv) Explain Fermi-Golden rule. 
(v) Define differential cross-section. How the differential 

cross-section is related in CM and Lab frames. 
(vi) Find out the equation of motion for the state vectors 

and operators in the interaction picture. 
(vii) State optical theorem for scattering problem. 
(viii) Why does Dirac theory more important than Klein­ 

Gordan theory ? 
(ix) What do you mean by negative energy state of an 

electron? 

(x) Explain the ramsauer townsend effect. 1 Ox2=20 
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SECTION-A 

1. (i) Define tensor and discuss its significance in finding 
elastic constants. 
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(ii) Write an expression for specific heat of metals and 
discuss the parameters which can affect it. 

(iii) Express Hooke's law in tensor form. 

(iv) Write the factors on which the dislocation density 
depends. 

(v) What is role of defects in a crystal ? 

(vi) Differentiate low angle grain boundaries from large 
angle grain boundaries. 

(vii) Discuss the significance of Boltzmann transport 
equation. 

( viii) What are the assumptions made b Drude and Lorentz 
in explaining the behavior of free electrons in 
metals? 

Time Allowed-3 Hours] 

Note :-Attempt all the questions from Section-A and attempt 
one question from each of the Sections B,C,D and 
E. 
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Note :- Section A is compulsory. Attempt ONE question 
each from Sections B, C, D and E. All questions 
carry equal marks. 

SECTION-A 
1. (a) A neutron-proton system can form a bound state 

while a neutron-neutron or a proton-proton system 
does not. Even though the nuclear forces are charge 
independent. Why does this happen ? 

3+ 
(b) In the P-decay, if a 2 nuclear state decays by a 

first-forbidden transition. What will be the possible 
spin-parity state for the final nuclei ? 

(c) The ground state spin-parity of21;A1 is s+. Justify its 
spin and parity based on single-particle shell model. 

( d) When a particle is moving with velocity v, which of 
the following quantities are conserved ? Energy (E), 
parity (p), components of angular momentum 
(Lx, Ly, L2) and L 2 : 

(i) In the static central field 
(ii) In the static uniform field along the z-direction. 

[Maximum Marks-I 00 
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5. (a) How do vibrational spectra arise in nuclei ? Give a 
complete model which will be best suited for these spectra. 

SECTION-E 
8. Describe the conditions for direct nuclear reaction to occur and its reaction cross-section. 

9. Explain in detail nuclear resonance scattering and hence obtain its cross-section. 

209 . 9 (b) The observed nuclear moments of 
83 

B 1 are I == - fz ; 
2 

µ = 4.1 µN and Q =-0.4 x I0-28m2. Determine the 
expected values for these moments using the shell 
model and comment on any significant differences. 

SECTION-D 
6. Examine critically the different physical processes resulting 

from the interaction of y-rays with matter and the relative 
importance of these processes at different energies of radiation. 

7. (a) Which of the following is Fermi, Gamow-Teller or 
mixed transitions (in case of forbidden, mention the 
degree of forbidden-ness) : 

(i) 1:oco+) � 1;N·co+) 
(ii) :gK ( 4-) � �gca (O+) 

(b) Which hypothesis was given to explain the continuous 
{3-decay spectrum ? Describe the Fermi theory of {3-decay. 
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