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Question 1

A radio transmitter transmits an effective power of 100 kW at a frequency of 1 MHz. (‘Effective’
means this is the power it would need if it radiated uniformly over a sphere.)

(a) Calculate the rms E and B field strengths at a point 1 km away from the transmitter (you
can assume a plane wave front at this distance.)

(b) You have a piece of wire of length 27 m. You can either use it as a straight antenna, responding
to the E field, or wind it into a circle and respond to the B field. Calculate the EMF in the wire
in the two cases.

Question 2
E, = Egexpi(wt— kz) is a solution of the wave equation:

O’E OE O’E

Tz Mo @by =0

(a) Of the two time-dependent terms, which dominates in free space, and which dominates in a
good conductor?
(b) Show that for a good conductor, the wave number k has real and imaginary components, each

of magnitude 1/3wpqo.

(c) Hence calculate the skin depth and phase velocity of a 1 MHz wave in copper (¢ = 5.8 x
107 Sm™1).

Note : \’/(:i:z') = (1+14)/V2

Question 3

A plane electromagnetic wave crosses from a vacuum into an insulating medium of relative per-
mittivity €. = n2and relative permeability u, = 1 at normal incidence to the boundary.

Using the appropriate boundary conditions, find the reflection and transmission coefficients, R
and T, for the power reflected and transmitted.

Question 4

The E field from an oscillating electric dipole, P = P, - Py coswt, at the origin and aligned along

the z axis, is given by: )
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(where r is large compared to the size of the dipole, and to the wavelength of the radiation.)

E(r,0,t) = cos|w(t—r/c)] Z

(a) Using the plane-wave approximation, valid for large r, write down the corresponding expression
for B (both magnitude and direction.) (Note that the direction of propagation, k, is along t.)

(b) Hence find the Poynting vector for this radiation,

(c) and the average value of S over one cycle of the radiation.



