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PROBLEM SET 12

Topics: noise in radio systems, satellite links.

Preliminary 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. Determine the noise figure F , in dB, of:

(a) A rain medium with rain attenuation coefficient αr = kRa (dB/km) at 15 GHz, where
k = (fGHz/70)

2.17, a = 1, rainfall rate R = 150 mm/hr and Reff = 2.2 km, at a
physical temperature Tg = 287 K.

(b) A waveguide with loss L = 3.0 dB, at physical temperature Tg = 290 K.

(c) An antenna with efficiency er = 0.9, at an antenna temperature TA = 27 K and physical
temperature Tg = 290 K.

2. The front-end stage of the ground station of a satellite communication system is depicted in
Figure 2.

The output signal to noise ratio (SNR) has to be greater than an SNRT = 17.21 dB. The
noise bandwidth B = 100 MHz. The LNA is replaced by another LNA of same gain. After
the replacement, the power at point A is measured at 209 pW. Is the new system better or
worse than the original?



3. Consider a signal originating from a satellite at 6 GHz with a bandwidth of 1 MHz. The
sky has a noise temperature of 20 K. The signal passes through the atmosphere where the
attenuation factor due to molecular absorption totals 6 dB. The signal also passes through
a rain cell where it is further attenuated by 4 dB. The temperature of the atmosphere is
200 K while the temperature of the rain cell is 270 K. The signal is received by an antenna
with 100% efficiency. At the input to the receiver (antenna terminals) the signal power is
−100 dBm. The signal is received by an amplifier with a noise figure of 3 dB.

(a) What is the effective antenna temperature at the input to the receiver?

(b) What is the SNR at the output of the amplifier?

(c) What is the SNR if an antenna with 70% efficiency is used?

4. A C-band geosynchronous satellite is used to broadcast TV signals. You need to design a
receiving station, to be located at a site where the range to the satellite is 35, 789 km. The
television receiver you are using requires a C/N ratio of 10.5 dB in a noise bandwidth of
36 MHz to operate satisfactorily.

(a) First determine the performance of the up-link signal. The up-link frequency is 6.305 GHz,
the satellite G/T is −6.0 dB/K and the transponder requires −80 dBW/m2 to saturate.
Calculate the up-link C/N0 for a TV signal that has an input back-off (IPBO) of 2.0
dB.

(b) Calculate the necessary down-link C/N0 for the receiver to operate satisfactorily.

(c) Now determine the receiving station characteristics. The satellite transponder has the
typical transfer characteristic and a saturated output of 36 dBW at 4.080 GHz.

(d) Calculate the required receiving station G/T to provide the performance found before.

(e) The antenna is 3.048 m in diameter and the manufacturer specifies a 65% aperture
efficiency. The ohmic losses may be assumed to be zero. Find the system noise tem-
perature needed.

(f) At the 40 degree elevation angle, 95% of the antenna sees a background sky temperature
of 5 K, and 5% sees a fully-absorbing earth at 290 K. Specify the noise figure (referred
to 290 K) for the first amplifier. You may assume that all succeeding stages contribute
an equivalent temperature of 10 K at the input to this first amplifier.

5. Consider the downlink from a direct broadcast satellite (DBS) system which operated at a
frequency of 12.5 GHz. The EIRP of the satellite transponder is 57 dBW. The satellite orbits
at a distance of 38, 548 km from the receiving ground station. Assuming free space loss
is the only downlink space loss, the bandwidth of the signal is 50 MHz, and the required
signal-to-noise ratio at the receiver is 10 dB, what is the minimum diameter of a circular
dish antenna needed if the system temperature of the receiver is 600 K? The dish antenna is
55% efficient and a link margin of 5.9 dB to account for rain fades is required.

6. Consider the downlink of a DirecTV satellite link which operates at 12.5 GHz. An illustra-
tion of the downlink is shown in Figure 1(a). The total distance from the ground station to



the satellite is 45, 000 km. A block diagram of a DirecTV receiver is shown in Figure 1(b).
The satellite operates in a geosynchronous orbit above the earth. The bandwidth of the signal
is 20 MHz.

(a) Downlink

(b) Receiver schematic

Figure 1: DirecTV downlink

(a) Determine the antenna temperature TA at the input to the receiver (i.e. point A in
Figure 1(b)).

(b) Determine the temperature of TR of the DirecTV receiver, referred to the input of the
receiver (point A), and the total system temperature TS .

(c) If the satellite has a transmit power of Wt = 8, 000 W and utilizes a circular dish
antenna with a diameter of 2 m and an aperture efficiency of 70%, determine the link
margin of the system if the required C/N ratio is 12 dB.

7. A LEO satellite orbits the Earth at an orbital altitude of 250 km. Determine the orbital period
of the satellite and also the linear velocity of the satellite along its orbital path.

8. An Earth station is situated in London, England, is communicating with a GEO statellite
in the Indian Ocean orated by Intelsat. The details of the Earth station and satellite are as
follows:

• Earth station latitude and longitude are 52.0◦ N and 0◦ W

• Satellite longitude (sub-satellite point) is 66.0◦ E.



Determine the elevation angle needed to point the Earth station antenna towards the satel-
lite, and the distance between the Earth station and satellite. Determine the free space loss
between the two at a downlink frequency of 20 GHz.


