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Instructions : (1) This question paper contains 10 questions

carrying 14 marks each.
(2) The student can write any five questions.

(3) Symbols have their usual meanings.

1  Answer the following questions in brief : 14

(@)

(b)
©

(d)
(e)

®

(g)

By which equations, the dimensionless coordinates ; ‘¢’

and ‘€’ are defined?

T

How the operators ; @ and a' are defined?

Prove : [JZ,J_]:—hJ_.

Show that [J,,J |=2hJ_.

Give the relations of Rectangular and Spherical Polar

Coordinates.

How the Hamiltonian, A can be represented in terms

of @ and a?

%
Prove that J,J =J%-J2+n/ .
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2  Answer the following questions in brief : 14
(@) What is trial wave function? How it is selected?

(b) Write the significance of Perturbation Theory in

Quantum Mechanics.
(¢ Define time dependent perturbation in terms of

unperturbed Hamiltonian (Ho) and perturbed

Hamiltonian (H (7)). Write the main application of this

time dependent perturbation theory.

(d) Write the full form of WKB in the WKB approximation.

Why it is called the semi-classical approximation?

(e) Write the three dimensional Schrodinger equation in

Cartesian coordinates.

@ In the first order time independent perturbation theory,

the following equation is available,

(B, -5, v, +wWs, =0

Prove that for 2 =m, it given H,'Ck .

(2) In three dimensional Schrédinger equation in polar
coordinates, by which method the angular and radial

parts of the equations are separated? Explain in brief.

3  Answer the following questions in detail : 14

(@) In the exercise of finding a solution of the Schrodinger

equation for the Linear Harmonic Oscillator derive up

2
to the below given equation M—ZQZ:—ZJrh(e—l)

0.
de?

(b) Depict the classical and quantum probabilities for n =0

and n =1, discuss both the cases in detail.
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4  Answer the following questions in detail : 14

(@) What is ‘Coordinate Transformation’? Obtain zz in

RN
(0, ®) - representation as I :—ihai.

(b) Using the concept of Raising and Lowering operators
for angular momentum, obtain the following relations -

@ kJ—mmaX(mmaXJrl)hz:O

) Ay —myy (mmin - 1) h* =0

5 Answer the following questions in detail : 14
(a) Discuss the Harmonic Oscillator Energy Spectrum for
one dimensional harmonic oscillator.
(b) Solve the following equation for One Dimensional
Harmonic Oscillator using power series method,

2
B2 Dy p(e-1)=0
de, dg
6 Write short notes on : 14

(a) The Raising, Lowering and Number Operators.
(b) Spherical Harmonics.

7  Answer the following questions in detail : 14

(a) Explain variational method in Quantum Mechanics
with necessary derivations.

(b) Apply variational method to solve Simple Harmonic

2
Oscillator. Take your trial wave function as y = Ce ™™

8 Answer the following questions in detail : 14

(a) Discuss the WKB approximation in detail and obtain
relations for classically accessible region (for E > V(x))
and classically inaccessible region (for E < V(x)).

(b) In the time independent perturbation theory for the
non-degenerate case, obtain the following equation,

(5= E)e? =110 5 ) )05, =0,
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Answer the following questions in detail :

(a) Discuss the second order time independent perturbation

theory in detail and derive the following expression,

U(Z)Z{Z Hi  H  Hinto }

k1 Ek_Em En_Em (Ek—Em)z

(b) For the time dependent peturbation derive the following

general formulation using Schrodinger equation,

dt

:| ) Z <q)m |H1 (Z)l CDn > ¢y (l)-ei(Em _En)t/h

n

Answer the following questions in detail :

(@) The angular form of Schrodinger equation is written

as follows :

1. 0T (0,9), 1 2°T(6,9) _
o0 | sin 0 5 + 26 202 +AY(6,0)=0

By assuming, ¥ (0,¢)=# (0) ®(¢)

Convert this angular equation into two different
equations: for angular equation —6 and for angular
equation —¢.

(b) Apply radial Schrodinger equation for Coulomb potential,

C
Vi(r ):—7 and obtain the energy eigen values of the

mZ2
2712112 '

form, £, =-

14

14
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