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~ Mid- Semester Examination (Autumn) 201~ 

Sub. No.: PH41019 
Time: TWO hours 

Sub. Name : Nuclear & Particle Physics II 
Max. Marks: 35 

Instructions : Attempt all the Five questions. Write your answers precisely to the questions 
asked. 

Physical constants: Binding energy of deuteron = 2.225 MeV, mP 
939.57MeV/c2 , gp = 5.586, 9n = -3.826, lie= l97MeVfm 

938.27MeV/c2
, mn 

Q. 1. If the ground state of deuteron were 1- what are the possible configurations for the ground 
state. Write down magnetic moment operator for deuteron. Hence, calculate magnetic moment 
for the above configurations of ground state. [2+5] 

Q. 2. (a) Given that there are no bound states of the dineutron and diproton what you can infer 
about the force between two nucleons. 
(b) Evalqate the minimum energy that a neutron and proton with relative angular momentum 
L=1 must have to interact. Assume r = 1.73 fm as the range of nuclear force. 
(c) The total cross section for n-p and p-p scattering at Etab = 10 MeV are 900mb and 370mb, 
respectively. Assuming pure S-wave scattering, calculate the singlet- and triplet-phase shifts. 

[2+2+3] 

Q. 3. (a) Write down the operator representing tensor forces in nuclei. Find out the average value 
of the operator. 
(b) Write down the operator representing exchange of both space and spin coordinates of nucleons. 
Hence, calculate the nature of force (attractive or repulsive) in (i) even-parity spin singlet (ii) even
parity sp!n triplet (iii) odd-parity spin singlet (iv) odd-parity spin triplet states. [4+3] 

Q. 4. (a) Explain the conclusions that can be obtained about the properties of nuclear forces 
from the· following facts:. (i) the deuteron has electric quadrupole moment (ii) .the density of 
nuclear matter is almost constant throughout the periodic table. (iii) light mirror nuclei have 
similar arrangements of their low lying excited states. (iv) the angular distribution of high energy 
neutrons elastically scattered by protons has a sharp peak at 0° and 180°. 
(b) Calculate effective range of nucleon-nucleon interaction for deuteron (bound system). The 
binding energy of deuteron is 2.225 MeV and the scattering length in triplet state is at= 5.3 fm. 
Assume pure ground state configuration of the deuteron. [4+3] 

Q. 5. (a) Using extreme single particle model predict spin and parity of the ground state and the 
first excited state in ~6Ne and ~~p and ground state spin oqgAl. 
(b) Calculate possible total angular momentum states allowed for a configuration representing 
three neutrons in f 7; 2 , i.e. (117;2) 3 . 

(c) Using~ single particle model, calculate quadrupole moment for the ground state in ~gP. [3+3+ 1 J 




