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soalan di dalam Bahasa Malaysia. Jika calon-calon memilih untuk menjawab di dalam
Bahasa Inggeris, sekurangnya satu soalan wajib dijawab di dalam Bahasa Malaysia.

1. (a) Explain what is meant by screening of the electrostatic potential due to a
: point charge in a gas of mobile carriers.
: (10/100)

(b)  The Thomas-Fermi analysis leads to the following expression for the
screened potential in k space:

WK) = (efeo) (K + K2

where k; is a constant. By taking spherical polar coordinates along r
show that the Fourier transform is

&(r) = (e/4meor) exp(-r/t,)

and find the expression for r, in terms of k,. Is r, an increasing or a
decreasing function of the carrier density n?
(30/100)

(c)  Draw sketches to compare ¢(r) with the unscreened Coulomb potential
and to show how ¢x(r) varies with n.

(20/100)

(d)  Explain what is meant by the Mott metal-insulator transition.
(20/100)

(e) When the Schrodinger equation for a single particle is solved with ¢(r)
as the potential, it is found that a bound state occurs for r, > 0.84a,,
where a, is the Bohr radius. Use this fact to explain why the Mott
transition occurs.

53 (20/100)
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[The Fourier transform is defined by
- 1 - - -
r)= d’kd(k)yexp(ik.r
&(r) (h),j d(k)exp(ik.r)
Tables of integrals give

(a)

®

(©)

]i xsin(mx)(a* +x*)"dx = (x / 2)exp(-ma) form>0anda>0.]

0

The semiclassical equation of motion for a wave packet in a semi-
conductor or a metal is

m*( dv/dt + v/t) = q(E + vXB)

where m* is the effective mass and q is the charge. Explain how this
equation is used for ®t >> 1 to describe plasma effects and for ot <<1

to give an account of transport properties.
(20/100)

Sketch the normal-incidence reflectivity of light from a doped
semiconductor for a range of frequencies including the plasma
frequency. Identify the general spectral region (e.g. FIR or visible) and
relate the reflectivity to the dielectric function ().

(40/100)

Fig. 2.1 shows the temperature dependence of the resistivity of various
sodium samples and Fig 2.2 shows data at higher tempcratures for
several metals. The temperature axis in Fig. 2.2 is scaled by the Debye
temperature Op. Discuss the data in terms of electron scattering
mechanisms.

(40/100)
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Draw a sketch to show a 180° Bloch domain wall in a ferromagnet.
Explain the terms exchange energy and anisotropy energy and explain
qualitatively how the balance between them determines the width of the
Bloch wall.

(20/100)

If S, and S, are the mean spin values on adjacent planes in your sketch
the exchange energy may be written -J S, . S; . Assuming that the width
is N layers and N >> 1 so that the angle ¢ between adjacent layers is
small show that on the assumption that ¢ has the same value throughout
the wall the exchange energy of a line of spins in the wall is
W = 7'JS%2N and hence that the exchange energy per unit area is
We = TJS?/2Na’ where a is the lattice constant. Explain why a simple
approximate expression for the anisotropy energy is Way; = KNa where
K is a constant. Minimise the total wall energy w = W + Wais and
hence derive expressions for (a) the wall width N and (b) the minimum
value of w.

(40/100)

Sketch hysteresis loops to illustrate the difference between soft and hard
magnetic materials and mention one application of each class. .‘
(20/100)

Explain the general form of the hysteresis loops in terms of pinning of
domain walls and hence give a brief discussion of the principles of
materials design for soft and hard behaviour.

(20/100)

Describe with suitable sketches ferromagnetic, antiferromagnetic and
Jerrimagnetic ordering.
(20/100)

Explain what is meant by the mean-field appraximation to the exchange
energy in a ferromagnet.
(10/100)

A ferromagnet is placed in a static external field B, pointing along the z
direction. Assume that the mean-field Hamiltonian is

Hye = _g}LnZ(Bo + AM)S;

where M is the magnetization and assume that S* has eigenvalues +1/2.
Write down the expression for the mean value <S7 > at temperature T
and hence prove that M is given by

o6
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(30/100)

(d)  Derive from this the expression for the Curie temperature Tc. Explain
without detailed derivations how the equation is used to find (a) the
temperature dependence of M and (b) the magnetic susceptibility o
above Tc. Sketch the temperature dependences of M and .

(40/100)

(@)  Describe the experiments on quantization of magnetic flux in
conventional and high-T¢ superconductors and explain how they
support the idea of a macroscopic wave function.

(20/100)

(b)  Sketch the magnetization curves of (a) type I and (b) revemsible type I
superconductors. Include a careful definition and explanation of the axis
variables.

(20/100)

(c)  On your sketch (b) identify the mixed-state region and explain its
physical nature.
(20/100)

(d)  Describe the difference between reversible and irreversible type II
behaviour and explain the difference in terms of flux-line pinning,
(20/100)

(¢)  Why is flux-line pinning essential in superconducting solenoid wires?
Discuss the practical problems that arise due to the necessity for pinning,
(20/100)

(a)  Describe the ordering in a nematic liquid crystal and explain what is
meant by a director profile.
(20/100)

(b)  How can the director profile be controlled by (a) pinning at walls and

(b) a static electric or magnetic field. State precisely what the ordering
mechanisms are in fields.

(20/100)

©) Fig. 6.1 shows a nematic cell of width d with pinning as indicated on the
walls and an electric field E applied normal to the wall pinning direction.

Describe the Frederiks transition that occurs at a critical value E¢ of E.
(20/100)
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(d)  The free energy may be written

£ g sin® 9} dy

F=T{ ») 2

&[d_o x
0 2

where 0 is the angle between the director and the plane of the sketch.
Explain the physical origin and significance of the two terms in the
integrand. Show that for E <E¢ F = 0. Assume that for E just greater
than E¢ © is non-zero but small varying linearly from zero at each wall
to a maximum value 6y in the cell centre. Prove that

2K, d
r-(-m g

and hence find an approximate expression for Ec.

(30/100)

(c) Describe briefly without detailed derivations how the Euler- c
equation is applied to find an exact expression for Ec.

(10/100)
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