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3. Answer all questions in the examination booklet provided.
4

More marks are awarded for problem solving method used to solving problems than for the final numerical
ANSwer.

Box your final answers.
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Attempt 2 of the 3 questions in each of the sections, making it a total of 4 out of 6 questions.




SECTION A
QUESTION ONL

(a) What is meant by black body radiation? (ii) State Wien’s Radiation formula and Rayleigh-Jean’s
formula, and how they explain the observed black body radiation

(b) What is meant by Ultraviolet (UV) catastrophe? (ii) Sketch the classically predicted spectral function,
showing the ultraviolet catastrophe (iii) State the Planck’s quantum hypothesis and explain how Planck
theory avoids the catastrophe

QUESTION TWO
(a) State an experiment and effects that illustrate the following features of light and matter.
(1) The wave nature of light (ii) The particle nature of light (iii) The particle nature of an electron
(iv) The wave nature of an electron
(b) A particle of mass m is trapped in a one dimensional box with a potential described by:
V(x):{O 0<x<a

oo  otherwise

Solve the Schrodinger equation for this potential

QUESTION THREE
(a) State four properties of a valid wavefunction. (ii) Let two functions ¥ and @ be defined for0 < x <eo.

Xl

Explain why W(x) = x cannot be a wavefunction but ®(x)=e™* could be a valid wavefunction.

(b) A particle is in an infinite square well potential with walls at x = 0 and x = L. If the particle is in the

state Y (x) = ASin(gzﬂzc-) where A is a constant, what is the probability that the particle is between
x=V Land x=2/ 1"

QUESTION FOUR
. . 1 0 0 i I 0
The Pauli matrices are defined by o, = 0 1 0, = §O% =

(a) Find [ax,o;,:land {O'X,O'y}

SECTION B

(b) Express o in outer product notation

QUESTION FIVE ,\
Suppose that an operator A =2|® )(®,|-i|®,)(®, | +i|®,)(®,[+2[®, ){®,

an orthonormal and complete basis

, where |®)and |®,) form

(a) Show that A is Hermitian

(b) Find the eigenvalues and eigenvectors of A

QUESTION SIX | - '
Given that the state vector |A) is represented by |A)=(9-2i)u,)+4i|uy)—|uy)+ilu,) where |u,) are

orthonormal basis. Determine

(a) The dual vector and the row vector representing it
(b) The inner product <A]A>



