Problem Sheet 1:  Microwave Transmission and Reception

1.  In a line-of-sight microwave link similar antennas are used as transmitter and receiver, separated by 50km.  
(a) If the wavelength is 3cm and 10W transmitted gives a received power of 0.25μW, what antenna gain is required?  
(b) What is the minimum aperture area that will produce this gain?  
(c) Confirm that the receiving antenna is in the far field of the transmitter.

2.  (a) Show that the  loss due to polarisation mismatch is 3dB when a circularly polarised plane wave is received on a linearly polarised antenna.
(b) An elliptically polarised plane wave consists of two orthogonal, linearly polarised plane waves of different amplitudes and arbitrary phase difference.  Show that such a wave can be represented as the sum of two circularly polarised plane waves whose senses of rotation are opposite.

3.  Use ray theory (geometrical optics) to find the radar back-scatter cross-section of a perfectly conducting sphere of radius 10m at a wavelength of 10cm.  Note that the result is independent of wavelength.  Is this always so?

4.  How far away can a 10GHz carrier, 10kHz bandwidth, signal be received just about intelligibly, when 2W of power is transmitted with 20dB gain from a space vehicle and received by an antenna of 80dB gain on Earth attached to a receiver whose overall noise figure is 10dB.

5.  (a) A maser amplifier, of effective noise temperature 1K and gain 10dB, is followed by a receiver whose noise figure is 5dB.  Find the overall effective noise temperature.
(b)  What happens if the maser is connected to the receiver by way of a 10dB directional coupler in order to provide isolation for the maser?

6.  A 3GHz radar has a transmitter with a pulsed power output of 30kW, a receiver whose bandwidth is 1MHz and effective input noise temperature 1400K, and an antenna with 30dB gain and noise temperature 100K.  Assuming 10dB carrier/noise ratio for unambiguous detection, determine the maximum unobstructed range for detection of an aircraft whose radar scattering cross-section is 100m2.
7.  (This is an exam-structured question of the old school!)
(a)  Define radar scattering cross-section.
(b)  Show that the radar backscatter cross-section at normal incidence of a flat, perfectly conducting plate of area A is  , where λ is the wavelength.  (Assume the gain of a uniformly illuminated aperture is  ).
(c)  A corner reflector, shown in cross section in Figure 1 below, has the property that (unlike the flat plate) its backscatter cross-section varies only slowly when the reflector is rotated in the plane of incidence.  Explain the physical basis for this behaviour and calculate the maximum radar backscatter cross-section obtainable when the side length a is 200mm, and the width (into the paper) is 600mm, and the wavelength is 30mm.a
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