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- Q1

Q2

EP435 Electromagnetism and Special Relativity

Explain what is meant by the following terms in relation to a dielectric
material:

- Polarization P, electric susceptibility y., bound charge, relative permittivity.

[2 marks]
Show that the electrostatic potential @(r) due to polarized material at an
external point, r, is
1 (P@HYdS' (VP )dV!
4r) = f @) J' (x)dv

l,
e d fr] ]

and interpret the result. [2%2 marks]

How is the bound charge density py related to the free charge density ps?

{2 marks]
The annular region between the inner conductor, of radius 0.5 mm, and the
outer conductor, of radius 2.5 mm of a coaxial cable of circular cross-section
is filled with a uniform dielectric polythene material of relative permittivity
2.3. Obtain the capacitance per unit length of the coaxial cable.

€ =8.854x 102 Fm’! [3% marks]

The magnetic field B(r) can be expressed by the Biot-Savart law as:
1 1 qyl
_Ho I@)xr-r dv
B(r) = 4. J

-3 |r - rl|3
[3 marks]
From this, show that B =V x A, where A is the magnetic vector potential.
Hence show that V.B =0 . [1 mark]
Using the Lorentz condition
o
V B B == eo —
-~ Bollo ot

show that
OE
VxB=p,(J+¢, a
[3%2 marks]
‘ : : oK . : :
Interpret the displacement current density €, — and discuss its magnitude

relative to the free current density J. [2%2 marks]



Q3

Q4

Discuss briefly the contributors to the total current density J,,,. [2 marks]

Derive the relationship between the magnetic field mtens1ty H, magnetic ﬁeld
B and magnetization M:

H=—-M
Ko

[3 marks]

Show how this relation leads to expressions for sources of current and charge
for H oo curent @04 Hpole [1% marks]

Consider a toroidal sample of magnetic material overwound uniformly with a
total of N, turns of wire on the toroid carrying a current I as shown below.
Obtain the expression for the magnetlc field at a distance r from the centre of
the toroid. , [3%2 marks]

Show that the electric field E wave and the magnetic field B wave travel
perpendicular to each other in phase in a non-conducting medium.
[3%2 marks]

kxE
X [1%2 marks]

Show for the general case that: B= o

where k is the propagation vector and  is the angular frequency.

Derive the wave equation for E in a conducting medium and briefly discuss
the relation between E and B in such a medium. [5 marks]



Qs

Write down the Lorentz transformation between two coordinate frames
moving relative to each other with constant velocity, v, in the x direction.

[1 mark]
Use this to explain the phenomena of
(a)  time dilation and [2 marks]
(b)  the Fitzgerald-Lorentz contraction [2 marks]
Define the electromagnetic four-vectors J,, and A, [2 marks]

Show through the use of the Lorentz gauge, that these four vectors are related

by
[3 marks]

- Some vector identities:

V.4V = V.V + V.V

Vx(G) =  VexG+(VxG

VxVxF V(V.F)-V*F

21 1
v : = -4 md(r-r)
r-r | ’ ’
fvxFds =  fr.ae B
S ]



