
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total Pages –03    PKC/PG/IVS/PHS-402 

2017 

M.Sc. 

4thSemester Examination 

PHYSICS 

PAPER – PGS-402 (Gr. – A + B) 

Full Marks : 50 

Time : 2 Hours 

The figures in the right hand margin indicate full marks. 
Candidates are required to give their answers in their own words  

as far as practicable. 
 

(Gr. A –Nuclear Physics-II) 
Answer Q1 and any one from Q2 and Q3. 

1. Answer any five bits:      5 X 2 = 10 

(i) Find the ground sate spin and parities of Si ଵ଺
ଷଷ & Cu ଶଽ

଺ଷ using shell model. 

(ii) Write down the compound nucleus theory of Bohr. 

(iii) Identify the unknown particle in the reaction given below using the 

conservation laws. 

ିߨ    ൅  ݌ →  ݇଴ ൅ ? 

(iv) Prove the condition ௓మ

஺
൑ 50 for the stability of the nucleus against 

spontaneous fission. 

(v) Find the relation between refractive index and scattering length for the neutron 

wave falls on a moderator. 

(vi) Why heavy materials can not be good moderators?  

(vii) There is spin-orbit term ܮ ሬሬሬԦ. ሬܵሬԦ  in the nucleon-nucleon interaction. Explain 

why there can not be a term like  ݎԦ.ܮሬԦ? 

        (Turn over) 
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(viii) How do you prove that ߭௘ and ఓ߭ are different particles? 

2.  (a) Show that total spin-orbit splitting ∆ܧ௡௟ ቀ݆ ൌ ݈ െ ଵ
ଶ
ቁ െ ௡௟ܧ∆ ቀ݆ ൌ ݈ ൅ ଵ

ଶ
ቁ is 

proportional to ሺ2݈ ൅ 1ሻ where the symbols have their usual meaning. (3) 

(b) Assuming the deuteron to be bound in the ground state by a square well 

potential of depth V0 and range b, show that the radius of deuteron is given by, 

ௗݎ ൌ  
ଶ௕௏బ

భ మൗ

గሺ஻ሻభ మൗ
, where B= B.E. of deuteron.    (3) 

(c) Give a brief experimental proof of Bohr’s independence hypothesis.   (4) 

 

3. (a) Find the expression for the threshold energy of an endo-thermic reaction 

when the product particle scattered at an angle (5)    .ߠ 

(b) Explain how magic numbers are obtained considering spin-orbit potential.  

         (5) 

(Gr. B – Quantum field theory) 

Answer Q1 and any one from Q2 and Q3. 

1. Answer any five bits:      5 X 2 = 10 

 (i) Define Green function of QFT. 

(ii) State Wick’s theorem for QFT. 

(iii) Show that for the odd number of fields, vacuum expectation value (VEV) of 

time ordered product of the field operators vanishes. 

(iv) Show that the Dirac Lagrangian  ࣦ ൌ  ᴪ ഥ ൫݅ߛఓ ఓ߲ െ ݉൯ᴪ is not Hermitian. 

(v) Write down the Feynman diagram from the following terms: 

 i) ൫ି௜ఋ௠
మ൯మ

ଶ ׬ ݀ସݕଵ݀ସݕଶ ݅∆ிሺݔଵିݕଵሻ ݅∆ிሺݕଵିݔଶሻ݅∆ிሺݕଶିݕଶሻ 

 ii) ሺି௜௚ሻ
మ

ଶ ׬ ݀ସݕଵ݀ସݕଶ ݅∆ிሺݔଵିݕଵሻ ݅∆ிሺݕଵିݔଶሻ݅∆ிሺݕଵିݕଶሻ݅∆ிሺݕଶିݕଶሻ 

(vi) Prove that ߛఓߛజߛఓ ൌ  െ2 ߛజ 

…..Continued 
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(vii) Find the Euler-Lagrange equation for ࣦ ൌ   ଵ
ଶ
൫ ఓ߲߮൯ሺ߲ఓ߮ሻ െ

ଵ
ଶ
݉ଶ߮ଶ െ ଵ

ଶ
 .ସ߮ߣ

 

(viii) Find the commutator ݅ܦఓజሺݔ െ ሻݕ ൌ ሾܣఓሺݔሻ,  .ሻሿ in the Lorentz gaugeݕజሺܣ

 

2.(a) Show that ൣܽሺ݇, ,ሻߣ ܽାሺ݇´, ሻ ൧´ߣ ൌ ଷሺሬ݇Ԧߜ െ ݇´ሬሬሬԦሻߜఒఒ´   for electromagnetic 

fields, where ܽሺ݇, ሻߣ ൌ   ଵ
ሺଶగሻ

య
మൗ
׬ ௗయ௫௘೔ೖ.ೣ

ඥଶ௪ೖ
∈ሬሬԦ ሺ݇, .ሻߣ ቂݓ௞ܣԦሺݔሻ ൅ ሻቃ with ∈ሬሬԦݔԦሶሺܣ݅ ሺ݇,  ሻߣ

is polarization vector.       (6) 

(b) Prove the Wick’s theorem for 3 bosonic operators.   (4) 

 

3.(a) Calculate the Feynman propagator for two Fermionic fields.  (6) 

(b) State and prove Noether’s theorem.     (4) 

 

 

…………………………………………… 

 

(Internal Assessment  – 10) 

 


