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PROBLEM SET 11

Topics: atmospheric attenuation, rain attenuation, noise in radio systems.

Remark: Noise calculations are extremely sensitive to numerical accuracy. You may notice that
keeping all decimal digits as opposed to keeping few of them, may make a notable difference in
the final result.

1. A microwave transmitter operates at 24 GHz. A 100 W signal is applied to an antenna with
25 dBi of gain. The signal is received 20 km away, but passes through a rain cell that is
10 km in extent along the way, where the rainfall rate is 10 mm/hour. What is the power of
the received signal at the receiving station, if an antenna identical to the transmitter antenna
is used? Assume horizontal polarization.

2. An amplifier has an input and output resistance of 50 Ω, 60 dB of gain, and a bandwidth of
10 kHz. When a 50 Ω resistor at 0 K is connected to the input, the output RMS noise voltage
is 100 µV. Determine the effective noise temperature of the amplifier and its noise figure.

3. A receiver is made up of three main elements: a preamplifier, a mixer and an IF amplifier,
with noise figures 3 dB, 6 dB and 10 dB respectively. If the overall gain of the receiver is to
be 30 dB and the amplifier gain is 10 dB, determine the minimum gain of the preamplifier to
achieve an overall noise figure of no more than 5 dB. If its gain is set to this minimum, what
would the noise figure become if the noise figure of the IF amplifier is increased to 20 dB?

4. Consider a communication link in free space at f = 1.2 GHz, between two identical, polar-
ization matched antennas, with gains G1 = G2 = 12 dBi at a distance d = 10 km apart. The
receiver is connected to the system shown above.



The system is kept at a physical temperature of Tg = 290 K. Find the minimum required
EIRP of the transmitter, for the SNRout to surpass a threshold value of 12 dB. Assume a
system bandwidth B = 50 MHz.

5. The block diagram of a ground station of a satellite communication system is depicted in the
figure that follows. All stages are matched and the whole station is in physical temperature
Tg = 290 K. The system is connected to an FM demodulator. Demodulation is possible
provided that the signal-to-noise ratio (SNR) at the demodulator is greater or equal to a
threshold value SNRT = 19.1 dB.

• The antenna noise temperature is TA = 20 K. The antenna is considered as lossless.

• The waveguide introduces a net loss L = 0.5 dB.

• Amplifier 1 has an equivalent noise temperature Te,1 = 4 K and gain G1.

• Amplifier 2 has a noise figure F2 = 5 dB and gain G2 = 20 dB.

• The mixer/amplifier has a noise figure F3 = 12 dB and gain G3 = 10 dB.

(a) Assume that the equivalent noise bandwidth of the system is B = 10 MHz and the
available signal power received by the antenna is 0.7 pW. Determine the minimum gain
of the first amplifier G1,min (in dB), which enables the demodulation of the signal.

(b) What would be the effect of interchanging amplifiers 1 and 2 on the noise performance
of the system? Does it still meet the demodulation condition?

6. A satellite link is shown in Figure 1(a). The uplink operates at 28 GHz while the downlink
operates at 14 GHz.

(a) Consider the uplink first. If the ground station uses an impedance-matched transmitter
with an output power of 100 W that is fed into a circular reflector antenna with a diam-
eter of 3 m and an aperture efficiency of 70%, determine the power density produced
at the satellite if it is in geosynchronous orbit at an altitude of H = 35, 795 km. The
atmospheric losses at sea level are defined by α = 1 dB/km, the scale height is 4 km,
and the ground station is located at an elevation of 200 m.

(b) Next, consider the downlink, which is characterized by atmospheric attenuation losses
amounting to 1 dB at a physical temperature of T0a = 220 K and rain attenuation
losses amount to 4 dB at a physical temperature of T0r = 260 K. The background
sky temperature is Tsky = 56 K. Determine the antenna temperature if the receiving
antenna on the downlink has a radiation efficiency of 90%. Determine the receiver
figure of merit if the gain of the downlink antenna is 50 dBi.
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Figure 1: Geosynchronous satellite communications system

(c) The front-end of the receiver is to be constructed from the components in Figure 1(b).
Propose and draw connection of the components shown so that the overall noise figure
of the receiver front-end is minimized, and determine the overall receiver and system
temperatures. The characteristics of the components are as follows:

• Amplifier, G = 10 dB, F = 2 dB
• Active filter, G = 20 dB, F = 3 dB
• Transmission line, L = 4 dB


