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PROBLEM SET 5

Topics: receiving antennas, equivalent circuit model of radio links, free space radio links.

1. Using your results from Problem Set 4, determine the vector effective length of:

(a) An ideal dipole oriented parallel to the x-axis.

(b) An ideal dipole oriented parallel to the y-axis.

(c) A half-wave dipole oriented parallel to the x-axis.

(d) A half-wave dipole oriented parallel to the y-axis.

2. A uniform plane wave, with 10−3 W/cm2 power density, is incident upon a short λ/10 dipole
with a triangular current distribution (see Problem Set 3, problem 4). For a frequency of
10 GHz, determine the maximum open-circuited voltage at the terminals of the antenna.

3. An incoming wave, with a uniform power density equal to 10−3 W/m2 is incident normally
upon a lossless horn antenna whose directivity is 20 dBi. At a frequency of 10 GHz, deter-
mine the very maximum possible power that can be expected to be delivered to a receiver or
load connected to the antenna, assuming no losses between the antenna and load.

4. A cellular telephone base station transmitted at 850 MHz delivers 20 W into a 10 dBi gain
antenna. Compute the power in Watts, available from a 3 dB gain mobile receiving antenna
20 km away.

5. A synchronous orbit satellite communication system consists of a ground station with an
antenna of gain G1 = 54 dB and a satellite with an antenna of gain G2 = 36 dB. The
distance between the ground station and the satellite is r = 37, 132.0 km. The frequency of
the uplink (when the ground station transmits to the satellite) is f = 14 GHz. The frequency
of the downlink (when the satellite transmits to the ground station) is f = 12 GHz. The gains
of the antennas remain the same for both frequencies. Impedance and polarization losses at
the two systems are negligible.

(a) Determine the minimum transmit power of the ground station necessary for the received
power at the satellite to be greater than −85 dBW.



(b) Determine the minimum transmit power of the satellite necessary for the received
power at the ground station to be greater than −94 dBW. Why would a link designer
choose the down-link frequency to be smaller than the uplink?

(c) If the ground station antenna is a dish with diameter of 4.1 m, what is its aperture
efficiency at 12 and 14 GHz?

6. Spirit, one of the the Mars Exploration Rovers (MERs) employs a direct-to-Earth (DTE)
microwave radio link operating at 7.145 GHz. The distance between the Earth and Mars is
approximately 4.01× 108 km. The MER employs a circular dish antenna with a diameter of
0.346 m and a transmitter power of 78.3 W. To receive the signals, the NASA Deep Space
Network (DSN) is employed which utilizes a large circular reflector antenna with a diameter
of 34 m. Assume the aperture efficiencies of both antennas are 70 %.

(a) Determine the magnitude of the electric field strength produced by the MER at the
location of the Earth station antenna.

(b) Assuming the antennas are polarization-matched, determine the received power at the
Earth station, in dBm.

(c) If the receiver is impedance-matched and has an impedance of 50 Ω, determine the
magnitude of the vector effective length |`eff | of the NASA DSN antenna.

(d) Assume the minimum received power required to maintain the link is 10 dB lower
than your answer in part (a). Since the Mars-Earth distance is actually changing with
time, determine the maximum distance Mars and Earth could be separated in order to
maintain communications between the MER and Earth.


