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INSTRUCTIONS:

a) The paper consists of two sections.
b) Section A is compulsory (30 marks).
c) Answer any two questions from section B (each 20 marks).

QUESTION ONE (COMPULSORY) (30 MARKS)

a) Explain three failures of classical mechanics from the photoelectric experiment that led to
quantum mechanics approach (6 marks)
b) Write the Laplacian operator in mathematical form (2 marks)

¢) Show that for a one-dimensional square - integrable wave-packet,

fj(x)dx _

m

Wherej(x), is the probability_current? (7 marks)

d) State the expectation value for position, momentum and energy for a normalised wave function

(3mks)

e) Show that [x,p,] =ik (5 marks)
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f) Write down expression for time independent Schrodinger equation in one dimension.

(2 marks)
g) A particle of mass m is trapped in a one dimensional box with a potential described by
. _ (0 0<x<a
i V) = {oo Otherwise
Solve the Schrédinger equation for this potential. Taking W(x, t) = W(x)e ~Ft/h

(8 marks)
QUESTION TWO (20 MARKS)
a) State two properties of Schrodinger equation (2mks)
b) Derive Time — dependent Schrodinger equation and hence write it in three dimension given
that the wave equation is ¥ = Ae!(kx-wt+®) (18 marks)
QUESTION THREE (20 MARKS)
a) What are the two conditions for normalization of a wave function (2 marks)
b) Consider a particle described by a wave function p(r, t). Calculate the time-derivative LG
where p(r, t) is the probability density and show that the continuity equation %:’t) +
V.T(r, t) = 0 is valid, where J(r,t) is the probability current (18 marks)
QUESTION FOUR (20 MARKYS)
a) State the mathematical equation operators for momentum, kinetic energy and
hamilitonian as used in quantum mechanics (3 marks)
b) Show that the momentum operator —i% % is Hermitian operator. Obtain eigenfunction
of momentum operator (17 marks)
QUESTION FIVE
a) The wavelength and frequency in a waveguide are related by
A= — Express the group velocity V; in terms of ¢ and phase velocity Vp = v
v2—p2
(8 marks)
b) Consider a particle of mass m held in a one-dimensional potential V (x). Suppose that in

some region V(x)is constant V(x) = V. For this region, find the stationary states of the
particle when (a) E > V,(b) E < V,and (c) E = V, where E is the energy of the particle.
(12 marks)
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