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1. (a) An alpha particle of energy Ea makes a head-on collision with a nucleus AzX at rest. Incorporating 
the recoil of the struck nucleus, calculate the distance of closest approach. (b) A proton of energy 2.0 
MeV makes a head-on collision with an alpha particle at rest. What is the distance of closest approach? 
(c) What must be the energy of an alpha particle making a head-on collision with a proton at rest such 
that the <;fistance of closest ~pproach equals to that in the case {b)? [6] 

2. (a) From the uncertainty principle, illt~p x = tz, show that a free electron cannot be within the nucleus. 

Take the nuclear radius R = 1.25 x A 113 fm. (b) Describe the discovery of neutron. [6] 

3. What do you understand by mirror nuclei? Give examples of two pairs of mirror nuclei. Outline the 
procedure for determining the nuclear radius parameter from the Coulomb energy differences of 
different pairs of mirror nuclei. {6J 

4. Explain the working principles of the cylindrical-condenser energy fitter and magnetic momentum filter. 
(b) Explain the working principle of the Dempster's mass spectrograph. Obtain an expression for the 
corresponding mass resolution. [6) 

5. (a) In a mass spectrometer, a singly charged positive ion is accelerated through a potential difference of 
1.0 kV. It then travels through a uniform magnetic field of 103 gauss and gets deflected into a circular 
path of radius 1.82 rnm. Calculate the speed, mass and the mass number of the ion. (b) Calculate the 
atomic mass of 37 Cl from the data given on the mass differences: ~1 = m (C3H) - m (37 Cl) = 0.0419222 u 
and ~2 = m (CgH2o)- m (C1oHs) = 0.0939003 u where C = 12C and H = 1 H. [6] 

6. (a) Derive the Coulomb and asymmetry energy terms for the semi-empirical mass formula for nuclear 

masses. (b) Using the Weisacker's semi-empirical mass formula (with By = 15.5 MeV, a
5 

= 16.8 MeV, 

ac = 0.72 MeV, aasy = 23 MeV and a.,= 34 MeV), determine the atomic number (Z) of the most stable 
/ 

isobar for the group of isobars with A = 235. [6} 

Useful Data 

NA = 6.022x1023 mot-1; k = 1.38x10-23 J/K; c = 3x108 m/s; e = 1.6x10-19 C; me= 9.1x10-31 kg 
J.to = 1.26x1 o- 6 Him; h = 6.63x1 o-34 J.s; m (1, 0) = 1.008665 u; rna (1, 1) = 1.007825 u 

eo= 8.85x10-12 F/m; rna (2, 1) = 2.014102 u; rna (3, 1) = 3.016049 u; rna (3, 2) = 3.016029 u 
{ '·"' 1u = 1.67x10-27 kg; rna (4, 2) = 4.002603 u 


