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Sec on A
Answer All the Following (1 marks each)

1. The dispersion of the observable A is given by

a.        b.     c.         d) 

2. For the quantum mechanical simple harmonic oscillator, one can obtain the third excited state by

a)                 b)                    c)                   d) 

3. An electron in the  state is in the magne c field B , then  is

a)                b) 0               c)                d) constant in z

4. If  is the angular momentum operator,  and  the posi on and momentum operators then 
a)      b)     c)

    d)  

5. The varia onal principle states that the ground state energy of the system is give by
a)              b)              c)              d) 

Sec on B
Answer any 7 (2 marks each)

6. What do you mean by a pure ensemble?
7. Write a note on simultaneous eigen kets.
8. Show that commu ng operators possess simultaneous eigen func ons
9. Sketch graphs of  and  for the ground state of the one-dimensional simple harmonic

oscillator.
10. What are crea on and annihila on operator? How are they related to the Number operator?
11. What are energy eigen kets?
12. Why does the angular momentum operators of different no-interac ng par cles commute.
13. If  denotes the simultaneous eigenkets of  and  then write the eigen value equa on of

 and .
14. Write Ritz varia onal principle.
15. State the criterion for the validity of WKB approxima on.
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Sec on C
Answer any 4 (5 marks each)

16. Express the momentum operator in posi on space.
17. Prove Schwarz inequality
18. If  and  are the annihila on and crea on operator of a quantum mechanical simple harmonic

oscillator show that

19. Show Ehrenfest's theorem is the quantum mechanical analogue of Newton law of na on.
20. Obtain the commuta on rela on .

21. Evaluate the first and second order correc ons to the energy of the  state of an oscillator of
mass m and angular frequency  subjected to a poten al given by

Here b is independent of x and b and .

Sec on D
Answer any 3 (12 marks each)

22.1. Discuss the uncertainity principle and show that the minimum uncertainity wave func on is a
Gaussian.

                                                  OR

   2. For a one – dimensional simple harmonic oscillator (SHO), using crea on and annihila on
operators, show that

 Also draw the  and  for the first three states of the SHO.

23.1. (i) Discuss the proper es of the rota on operator.
(ii) A spin  system ini ally in the state  was rotated by  about the z-axis. Find the
expecta on value of  and  with respect to the rotated state .

OR

    2. Discuss addi on of angular momenta with a specific example. What are Clebsch-Gordon
coefficients?

24.1. Discuss the me independent perturba on theory for the non degenerate case and obtain an
expression for the first order energy correc on.

                                             OR

     2. Discuss varia onal method as applied to Bound problems with one example.
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