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QUESTION 1: [20 MARKS]

11 Consider a one-dimensional particle which is confined within the region 0 < x < a and whose
wave function is U (x, t) = sin (rix/a) exp (-iwt).

1.1.1  Find the potential V(x) (5)

1.1.2  Calculate the probability of finding the particle in the interval a/4 < x <3a/4 (5)

1.2 List with reason, three properties of a valid wave of a bounded state. (3)

13 Explain briefly why photoelectric effect is a quantum phenomenon? (2)

1.4 Compare the energies and wavefunctions of 1-D infinite well and harmonic (3)
oscillator

1.5  Why the de-Broglie wave associated with a moving car is not observable? (2)

QUESTION 2: [20 MARKS]

2.1. The wave function of the particle is given by
W (x) = \Esin(-”-" X), x € [0a] ,n=1,2,3...
a a .
Find the average kinetic energy T (p) of the particle described by this wavefunction (5)
2.2 How to describe a system in quantum mechanics? (2)

2.3 Write the quantum mechanical operators of the classical mechanical expressions
K.E. = % mv? in three-dimensional space. (3)

2.4 Consider a potential step of height V as shown in the figure. A particle of energy (10)
E >V propagates from -oo to +oo

(1) v 2)

v
=

x* (@]

Given A; is the amplitude of the incident wave from wave vector K; and A; be the amplitude of the
transmitted wave from wave vector K». Find the relation between Ajand A,



QUESTION 3: [20 MARKS]

0
3.1 By applying L2 operator to the harmonic state Yz(e , @), determine the (10)

eigenvalue of the state.

3.2 Evaluate the radial eigenfunctions Rs; of the lithium atom (10)
QUESTION 4: [20 MARKS]
4.1 Evaluate the spin matrices Sz for a particle with spin s = % (5)
4.2 Evaluate the commutation of L?and Ls and state the consequence of your results. (5)
4.3. Evaluate the matrix of L, for / = 2. Why is the matrix not diagonal? (10)
QUESTION 5: [20 MARKS]

5.1 The perturbation H'= bx* , where b is a constant, is added to the one dimensional
harmonic oscillator potential V (x) = % mw? x2. Determine the correction to the
ground state energy to first order in b. The normalized ground state wave

function of the one dimensional harmonic oscillator potential is (10)
-mwx?
LpO = (%)1/43 2h
5.2 A particle moves in a one-dimensional box with a small potential dip (10)
Vv
0 - —
I
-bl : 43 X
0 ¥ L

V=0 for x< 0 and x>1,
V=-bfor0<2<(/2)¢C,
V=20for(2)t<x<lI.

Treat the potential dip as a perturbation to a regular rigid box (7 =co for x <0 and x >
I, V' = 0 for 0 <x <1). Find the first order energy of the ground state. The ground state
energy and wavefunction is given by

i - XX

E(U? S u'v(o}(_[) = V/2 sin —

2mi*’ ! {
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Useful Standard Integral
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- n odd

fo© x"eTdx = u!
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Spherical harmonics  Y,"(8,¢9) = R e e““‘”P,'" x)
4z (I +m)!

ml2 I+m
Associated Legendre polynomials: P,"(x) = (-1)’ s 5 l)' (dij (1-x*)", where x = cos 6
! %

Radial eigenfunctions of hydrogen-like atoms:

(22| n-1-1t (22 Y = L.
Rnl(r)_'[aonJ |:2n[(n+l)']3i| (aonrJ L 1(:0) where
[0+ p* _2z,
“"(p)_z( h* (m—I1-1-K)!Q2 +1+k)k!’ and p_aon'

k=0
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