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M Sc DEGREE END SEMESTER EXAMINATION - APRIL 2018
SEMESTER 2 : PHYSICS

COURSE : 16P2PHYT06 ; QUANTUM MECHANICS -1
(Common for Regular - 2017 Admission & Supplementary 2016 Admission)

Time : Three Hours Max. Marks: 75

Sec�on A
 Answer any 5 (1 marks each)

 
 

1. If  denotes the spin up state and  denote the spin down state,  is
a)                b)                c) 0               d) 1

2. If  is an annihila�on operator then 
a)             b) 0              c)               d) a

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 ,  and  are the Pauli matrices then
a)                   b)                 c)                     d) 

5. The energy of the electron in the nth(n=principal quantum number) orbit of hydrogen atom is 
given by 
a)               b)              c)               d) 

Sec�on B
 Answer any 7 (2 marks each)

 
 

6. Give the significance of momentum representa�on.
7. Show that for a free par�cle the linear momentum is a constant of mo�on.
8. Write the �me evolu�on operator for a spin half system with magne�c moment subjected to 

a sta�c external magne�c field of B .
9. Describe a sta�onary state and a nonsta�onary state.

10. Write the expression for the finite rota�on operator and infinitesimal rota�on operator.
11. Show that .
12. Write down the commuta�on rela�on between  and .
13. Give the commuta�on rela�ons of . Where  is the total angular momentum.
14. State the criterion for the validity of WKB approxima�on.
15. Explain briefly the principle of �me independent perturba�on theory.

Sec�on C
 Answer any 4 (5 marks each)

 
 

16. Find the commuta�on [A,[B,C]]+[B,[C,A]]+[C,[A,B]].
17. The normalized wavefunc�on of a par�cle is , where A, a and b are 

constants. Evaluate the uncertainity in its momentum.
18. If  and  are the annihila�on and crea�on operator of a quantum mechanical simple 

harmonic oscillator show that
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(5 x 4 = 20)

(12 x 3 = 36)

19. Show that .
20. A simple harmonic oscillator of mass m and angular frequency  is perturbed by an 

addi�onal poten�al . Obtain the first and second order correc�ons to the ground state 
energy.

21. Es�mate the ground state energy of a Harmonic oscillator of mass m and angular frequency 
using a Gaussian trial wave func�on  where A and  are constants.

Sec�on D
 Answer any 3 (12 marks each)

 
 

22. (a) Derive the general uncertainity rela�on (b) Show that linear momentum is a generator of
transla�on

                                                        OR
 23. What are the proper�es of the infinitesimal transla�on operator? Show that 

can be used to represent the infinitesimal transla�on operator and hence derive the 
commuta�on rela�on between momentum and posi�on operators.

24. 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.
                                                    OR

 25. Derive the Schrödinger equa�on for the �me evolu�on operator a�er arriving at the
expression for the infinitesimal �me evolu�on operator. Also find the formal solu�ons to the 
Schrodinger equa�on thus trea�ng the three cases for the Hamiltonian.

26. Obtain the fundamental commuta�on rela�ons of angular momentum operators.
                                                    OR

 27. Discuss hydrogen atom problem. Obtain the ground state wave func�on and the ground state 
energy.
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