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Part – A ( 10 x 2 = 20 Marks ) 

(Answer all questions) 
1. If [ X , Y ] = 1, find [ X , Y

2
]. 

2. Show that commuting operators have simultaneous eigen functions. 

3. Express position and momentum operators of a linear harmonic oscillator in terms of the operators ‘a’ and ‘a
†
’ 

4. What are the eigen values of the parity operator? Show that the parity operator can have only two eigen 

values. 

5. Express angular momentum operator 
2
 in terms of , where  is position operator and  is the 

momentum operator. 

6. If |α1> =   and |α2> =  show that  <αi|αj> = δij and i><αi| = 1. 

7. Show that σ
2
 =3, where σ is the spin operator. 

8. Show that  =  

9. What is the first order correction to energy in the case of time – independent perturbation for a non-

degenerate energy level? 

10. What is the usefulness of variation method? On what assumption is it based? 

Part – B (4 x 7.5 = 30 Marks ) 
(Answer any four questions) 

11. Obtain Heisenberg’s uncertainty relation, using commutation bracket algebra. 

12. a. If p and q are momentum and position operators and a = [ λq + i(  + µq) ]/ , where λ and µ are real, 

estimate  [ a , a
†
 ].  (5) 

b. If a|n> =  |n-1> and a
†
 a|n> = n |n>, find the action of  a

† 
on |n>     (2.5) 

13. a.The base vectors of a representation are  and  . Construct the transformation matrix ‘U’ 

for transforming these vectors in to another representation having base vectors   and    (5) 

b.If an operator A =  in the first representation, what is its form in the second one?  (2.5) 

14. Show that  σy  = - σy, where σx & σy are Pauli’s spin matrices   (4) 

Show that for Pauli’s spin matrices, σiσj + σjσi = 2δij    (3.5) 

15. Obtain the first order perturbation equation and the corrected wave functions of the system. 

Part – C (4 x 12.5  = 50 Marks ) 
(Answer any four questions) 

16. Obtain Newton’s second law of motion from Ehrenfest’s theorem. 

17. Find the transmission coefficient of a particle moving along the x-axis encountering a potential barrier of 

breadth ‘a’ and height V0, if the energy of the particle E < V0 

18. Define time reversal operator . How does it affect the Hamiltonian of a system? What is its effect on the 

commutator  and how does the Schrodinger wave equation transform under time reversal? Find the 

norm of   

19. Obtain the matrix representation of operators ,  for a particle with j =1 
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20. Obtain the ground state energy of the Hydrogen molecule using the variation method. 
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