
APPH 6101 Plasma Physics I
Homework 3: Due 29 September, 2005.

Questions 1-3

Due problems 3.7, 3.9, and 3.10 in Gurnett and Bhattacharjee, p. 72-73.

Questions 4-5

Due problems 4.1 and 4.2 in Gurnett and Bhattacharjee, p. 131.
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Suggestions as to the nature of this factor were fortunately to hand, for in

1902 Kennelly and Heaviside had independently pointed out that, if the

upper atmosphere were an electrical conductor, its influence would be such

as to guide the radio waves round the earth’s curvature, energy being con-

served between the two concentric conducting shells and so not lost in outer

space.

The Kennelly-Heaviside theory did not, however, gain universal accep-

tance, for direct evidence of the existence of the conducting layer was lacking.

Opponents of the theory, for example, sought to explain Marconi’s results in

terms of the refractive bending of the waves due to the stratification of the

air and water vapour in the lower atmosphere near ground level.

During the 1914-1918  War, when I served as a radio officer in the British

Corps of Royal Engineers, I became interested in the problems of radio prop-

agation and the fading of radio signals. As a result, after the war, when I

returned to Cambridge, I began to work on the subject, starting first to de-

velop more accurate methods of radio-signal measurement. The initiation of

broadcasting in Britain in 1922 greatly assisted these experiments, for power-

ful continuous wave senders became generally available for the first time.

Measurements of received signal intensity, made at Cambridge on waves

emitted by the London B.B.C. sender, showed that, whereas the signal

strength was sensibly constant during the daytime, slight fading was expe-

rienced at night. A possible explanation was that such fading was due to

interference effects between waves which had travelled straight along the

ground, from sender to receiver, and waves which had travelled by an over-

head route by way of reflection in the upper atmosphere.

We may picture such a state of affairs as shown in Fig. 1 . Here we see that

radio waves can travel from the sender to the receiver by two paths - one

direct and one indirect. Now if there is a whole number of wavelengths in
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Fig. I.

Figure 1: Sir Edward Appleton (1892-1965) who was awarded the 19478 Nobel Prize in
physics. (Right) Fig. 1 from his Nobel Lecture illustrating the paths of direct and reflected
radio waves.

Question 6

Sir Edward Victor Appleton was awarded the Nobel Prize in physics in 1947 for his
investigation of radio wave propagation in the ionosphere. In his Nobel Lecture, he
described the variations in the reception of radio waves when the direct waves (near
ground) interferred with waves reflected from the ionosphere.

Consider radio waves reflected from the so-called “E layer”. The E-layer has a plasma
density of 105 cm−3 and is located at an altitude of about 100 km.

Part A

What frequency radio waves can reflect from the E-layer?

Part B

Describe (very approximately) how the received radio signals vary as the distance between
the transmitting antenna and the receiving antenna changes.
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