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TheOpen  science Supplementary Material

University

Tutor Marked Assignment

Make sure you know how to complete and send in your TMA and PT3 form:

TMA

Course and assignment number :

SM352 05

Covering: Unit 6 and Units 12 to 15

detailed instructions are given in your student handbook (or supplement).

Cut-off date:
Friday 5 October 1990

Question 1

This question relates to Units 6 and 12 and carries 30 per
cent of the marks for this assignment.

Give an account of the similarities and differences between
the fields D and H due to static charges and steady cur-
rents respectively. Your account should be about two sides
of A4 paper in length, and should concentrate on the
following points:

(a) the definitions of D and H;

(b) the differences between the ways in which D and H
are related to their respective sources;

(c) the differences between the boundary conditions satis-
fied by D and H (simplest cases only);

(d) the reason why those problems in which H is easily
calculated are not necessarily similar to those in which D is
easily calculated (e.g. to calculate H for a toroidal solenoid
is easy, yet to calculate D for a toroidal charge is not).

Where relevant, you should quote equations to illustrate
the point you are discussing, but your main aim should be
to show that you have grasped the physical significance of
the equations. You may find it helpful to refer to Table 1,
pp. 12 of Unit 12, but your account should not simply list
the equations given in the Table.

Question 2
This question carries 30 per cent of the marks for this assign-
ment, and covers Units 13/14.

(a) Starting from Maxwell’s equations for free space,
derive the wave equation

‘ VB = —
a Ho&o o2

[You may require the vector identity V x (V x X) =

V(V - X) — V3X ]

Show that if the complex wave B = B,j exp (j(wt — kz))
satisfies the wave equations, then w and k have a constant
relationship. Interpret your equation relating w and k.

(b) Prove that there is a complex wave
E = E, % exp (j(wt — kz))

corresponding to the wave B.
[Hint: find curl B]

Hence show that in free space E = Z, H, where Z,, is called
the wave impedance of free space. Prove Z, has dimen-
sions [Q] and calculate its value.

(c) Show that Maxwell’s equations in free space are also
obeyed by the new fields E’ and B, where

K
E' =E cos 6 + ¢B sin 0; B’=—zsm6—+—Bcosﬂ

and 0 is a constant.

Question 3

This question relates mainly to Unit 15 and carries 28 per
cent of the marks for this assignment.

A ray of light is incident on a semicircular half cylinder
made of glass of refractive index 1.5, as shown in cross-
section in Figure 1.

glass
n=15

normal _
incidence

FIGURE 1

(2) What is the angle 6 such that the emerging ray is fully
polarized?

(b) Ignoring multiple reflections within the glass and
absorption by the glass, what is the amplitude of E, on exit
from the glass if E, was of unit magnitude for the incoming
light ray?

(¢) With the same assumptions as in (a) and (b), calculate
the energy flux at points A, B, C and D in Figure L.
Explain why E may be greater at D than at C without
contradicting the law of conservation of energy.

Question 4

This general revision question carries 12 per cent of the
marks for this assignment.

In establishing the properties of the Poynting vector, the
text of Units 13/14, page 25, quotes the ‘readily established
identity’:

div (A x B) =B - (curl A) — A - (curl B)

Verify this equation, showing all the steps in the argument,
and use it to show that if A = A%, where 4 is constant,
then

0B 0B
div(AxB)=4 2
dy Ox

for any vector field B.

(In this question, marks will be deducted for non-use or
misuse of consistent vector notation.)
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