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INSTRUCTIONS:
1. Answer question 1 (Compulsory) in section A and ANY other 2 questions in

Section B.

2. Candidates are advised not to write on the question paper.

3. Candidates must hand in their answer booklets to the invigilator while in the
examination room.

4. Some important information/formulas are found on the last page of this

guestion paper
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SECTION A

Question 1

a)

b)

d)

Discuss the Bohr Model of H-atom emission spectrum and it is
limitations in describing the emission spectrum of atoms (6 marks)

In an experiment of the Compton Effect (1923), a monochromatic
beam of X-rays (Ai) = incident on a graphite block. The observation in
this experiment is that some of the X-rays passing through the block
are found to have longer wavelengths (As) as illustrated below. Briefly

discuss the origin of the differing wavelengths. (6 marks)

Intensity
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Discuss briefly the properties of a Wavefunction ina 1 — D box.

(6 marks)
By use of a diagram, discuss the density distribution of a particle in a
1-D Box and briefly describe using equations the probability of
finding a particle between x and x+dx (in the state represented
by wn) (6 marks)
Briefly discuss plots of the radial parts of the wavefunction R(r)
against distance r from nucleus/atomic units for 1s, 2s, 2P, 3P, 3d, and
4p. The radial distribution function is 4nr’R(r)>. (6 marks)
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Section B. Answer any TWO questions
Question 2
a) The figure below shows polar coordinates and radial coordinate of an
electron in an orbit. Use the solutions to Schrodinger equation for the
hydrogen atom to define the 1s, 2s, and 2p atomic orbitals. Use R(r) =

2(z/a)e’?"™, for hydrogen, Z = 1 and ao = latomic unit. (20 marks)

b 2 (7 is measured along this arc

Point defined as 6 = 0 rad //'

This point has polar
"\~ coordinates (r 0, @)
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@ 1s measured along this arc

Point defined as ¢ = 0 rad

Question 3

a) Briefly describe the following representation pictures of a
wavefunction.

I.  The Schrodinger picture (6 marks)
Ii. Heisenberg picture (7 marks)
iii.  The interaction picture (7 marks)
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Question 4

a) Given that the wavefunction at a point x in a one dimensional box is
y(x), determine the probability of finding the particle in the
infinitesimally small region (dx) between x and x+dx as shown below.

(5 marks)

 9X

yf?

Probability
= |yfdx

b) Given the wave function of a particle in a three dimensional box y(x),
determine the probability of finding the particle in the infinitesimal
volume element dt(= dxdydz) as demonstrated in the figure below.

(5 marks)

C) Briefly discuss the process of ‘Normalization of the Wavefunction’
(10 marks)
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