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Answer FOUR questions. Answers to questions from the two Sections must be written in
separate answer books.

SECTION A

1. Show how for an alkali metal the permitted energy levels depend on the orbital an-
gular momentum. Explain the concepts underlying Hartree’s approximate treatment
of multi-electron atoms (mathematical derivations not required). What is the main
objection to Hartree’s Method?

2. Develop the underlying theory of an ammonia maser.

SECTION B

3. Show that the potential due to an arbitrary charge distribution at a point outside the
charge region can be expressed as the potential due to a point charge, point dipole,
point quadrupole and higher multipoles situated at the origin. Derive an expression
for the quadrupole moment in the case of an axially symmetric system. A charge Q is
uniformly distributed along a straight wire of length l. Taking the origin at the centre
of the wire, determine the monopole, dipole and quadrupole terms in the expansion of
the potential in its multipole form.

4. Discuss the use of the scalar and vector potentials in determining field values in terms
of impressed current or charge sources. Derive the inhomogeneous wave equation and
show that a determination of the vector potential is sufficient to completely determine
the field. Explain how solutions can be expressed as retarded potentials and outline
briefly how these methods are applied to the solution of radiation problems.

5. Show that when a plane polarised electromagnetic wave is reflected at the surface of a
good conductor the reflected wave is in general elliptically polarised. Indicate how this
provides a method for determining the optical constants of metals. A plane polarised
wave with its electric vector perpendicular to the plane of incidence is reflected at the
interface between air and a good conductor. Show that the refractive index of the
conductor may be expressed in the form n2 = (2πλ0/δ)(i − j) where λ0, is the free
space wave length and δ the skin depth. Hence prove that the reflected wave differs in
phase from that of the incident wave by a phase angle given by
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6. Outline the difficulties involved in relating the relative permittivity of a polar dielectric
to molecular parameters. Derive the Debye equation and explain why its range of
application is limited. Give an account of efforts by Onsager and others to modify this
equation to make it more widely applicable, paying particular attention to the problem
of determining the relevant field values.

7. Derive an expression for the current density for an electromagnetic wave propagated
through an ionized gas. Explain the term plasma angular frequency and discuss how
this influences the propagation of waves through the medium. A pulsating radio star
emits bursts of energy with a characteristic pulse profile and at extremely stable rep-
etition frequencies. If stellar space is filled with ionized hydrogen (electron density
Ne ≈ 105 m−3) explain why the arrival time of the pulse will depend on the frequency
of observation and if measured at two frequenciesf1 and f2 the delay in pulse arrival is
a linear function of (1/f1)

2− (1/f2)
2, the two frequencies being in the 100 MHz region.

State briefly how this can be used to measure the distance of pulsars.


