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QUESTION 1: [20 MARKS]

1.1 A particle has the wave function
¢(r)=Ne %"

where N is a normalization factor and « is a known real parameter.

1.1.1 Calculate the factor N. (3)

1.1.2 Calculate the expectation values <r> (2)
1.2 What is physical significance of wave function? (5)
1.3 Consider the Hamiltonian (10)

Pi? +Py? 0 Ix1<:0<y<lL
=LV (X, y) > V(X y) = 2"
m wo else
Determine the eigen value and normalized eigen function of the system

QUESTION 2: [20 MARKS]

A potential barrier is defined by:

12eV —eo<<x <=2
V(x) = 0 —2Kx<2
12eV 2<x<oo

2.1 Sketch the graph of V(x) (2)

A particle of mass m and kinetic energy 1.0 eV is incident on this barrier from -co.

2.1.1 Evaluate the acceptable wave function of the particle. (8)

2.1.2 Evaluate the conditions applicable at the boundaries (5)
2.2 Calculate the energy of the first excited quantum state of a particle in the two-

dimensional potential V (x, y) = % mw? (x%+ 4y?) (5)
QUESTION 3 [20 MARKS
3.1 A particle is represented by the normalized wave function

V15 (a%-x?)
P (x) = " for-a<x<a,
0 ,otherwise

Determine, the uncertainty AP in its momentum (10)

3.2 The wave function for the ground state of a harmonic oscillator is

ll)o (\) = Co e —@*x%/2
find oo and the energy corresponding to this state. (20)
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[20 MARKS]

QUESTION 4:

4.1 Evaluate the [x, px] commutators and state the consequences of the results. (5)

4.2 What are Pauli spin matrices and what value of spin they correspond? (5)

4.3 Evaluate the matrix of Ly for /=1 10)
[20 MARKS]

QUESTION 5:

5.1 Show that in the usual stationary state perturbation theory, if the Hamiltonian (10)
can be written H = Ho + H’ with Ho®g = Eo,@y, then the correction AEg is
AEg = < Qg |H'| Do>

5.2 Evaluate the eigenfunction and the energy of the state n = 1 for a quantum system
with the

Potential energy V (x) =
{-O.SX ~d g x <0

0.5x O<x<Lk

using first order perturbation theory and the infinite potential well as the

unperturbed system. Given ¥, =\/f_COS(-EX)

Useful Standard Integral

In . 2
& -y e - T —
. J.y e” dy= 3 T even J'e ayeﬁydy: 2 et
a
0

—0

n odd

Jo© %% *dx = nl

QI+ (- m)} ¢ ()
/

Spherical harmonics Y0,
g r©.9)= [ 4z (I+m)!

mi2 l+m
Associated Legendre polynomials: P/"(x) = (-1)) ~—2— (-x% (i) (1-x*)", where x =cos 8

217 dx

Radial eigenfunctions of hydrogen-like atoms:

2 % I zr
R, @)= [ J { Lol l_l)'} ( rJ "°"Lf,'_‘}',(p),where

SR ES
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== S DI p* 2Z
L2/+| s _1 k| [(n * y and = r
w1(P) kZ(;( ) IS0 1T K = an

END OF QUESTION PAPER



