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PROBLEM SET 9

Topics: plane-earth reflection, knife-edge diffraction.

1. A microwave link operating at 10 GHz with a path length of 30 km has a maximum accept-
able path loss of 169 dB. The transmitter antenna is mounted at a height of 20 m above the
ground level, while the height of the receiver antenna is to be determined. The ground is
level apart from a hill of height 80 m, located 10 km away from the transmitter antenna.

(a) Calculate the total path loss assuming the receiver antenna is mounted at a height of
20 m above ground level.

(b) Calculate the height of the receiver antenna for the path loss to be just equal to the
maximum acceptable value.

2. When a diffracting obstacle is below the direct path between a transmitter and a receiver, the
diffraction loss is lower at higher frequencies. Why? Does this imply that the total path loss
is lower? (Hint: Remember the definition we gave for the diffraction loss.)

3. A mobile is located 5 km away from a base station and uses vertical quarter-wavelength
monopole antenna with a gain of 2.55 dBi to receive cellular radio signals. The electric field
at 1 km from the transmitter is measured to be 10−3 V/m. The carrier frequency for this
system is 900 MHz.

(a) Find the length and the effective aperture of the receiving antenna.

(b) Find the received power at the mobile using the two-ray ground reflection model, as-
suming that the height of the transmitting antenna is 50 m and the height of the receiv-
ing antenna is 1.5 m above ground.

4. Recalling the knife-edge geometry and the related parameters we introduced in class, prove
the formula

v ≈ α
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5. Consider the link when a cellular phone operating at 1.9 GHz transmits a signal to a base
station over a plane earth (Figure 1). The base station uses a 50 Ω receiver and is con-
nected to a half-wave dipole antenna (Zd = 73 Ω) which is assumed to be 100% efficient.



Meanwhile, the cellular phone utilizes a vertically polarized antenna with a gain of −1 dBi.
This antenna is impedance-matched to the phones transmitter. The cellular phone transmits
20 dBm (100 mW) of power. If the antennas are polarization matched, the base station tower
is 25 m tall, and the phone antenna is 1 m off the ground, calculate the received power at the
base station. Ignore antenna pattern effects.

Figure 1: Cellular phone link

6. A 2 km microwave terrestrial link, at f = 2.4 GHz, is established between two antennas,
mounted on identical towers of height h on high-rise buildings of equal heights h1 = h2 =
65 m. Between the two buildings, a third high-rise of height h3 = 70 m presents a knife-edge
obstruction to the link. The geometry involved is shown in Figure 2. The gain of antenna 2
is 5 dB. Disregard polarization/matching losses.

Determine the maximum EIRP of antenna 1 on the first building and the minimum tower
height h, to meet the following constraints:

• The maximum power density created by the transmitting antenna 1 at a distance of
50 m (ignoring possible reflections or diffractions) should be smaller than 1.6 mW/m2.

• The received power at the antenna 2 on the second building should be greater than
2.5 nW.

Clearly state any assumptions you may employ.

7. A 10 GHz microwave link is implemented as shown in Figure 3. A transponder receives
the signal 20 km away from the receiver, with an antenna of an unknown gain G, amplifies
it by 20 dB and transmits it with another antenna, also of gain G. A 60 m high knife-edge
obstruction is present, between the transmitter and the transponder. Between the transponder
and the receiver, the earth can be considered perfectly planar. Determine the antenna gain
G, so that a minimum received power density at the receiver is 4 nW/m2.



Figure 2: Obstructed link

Figure 3: Microwave link



8. A 1800 MHz transmitter is mounted on a balloon as shown in Figure 4. The transmitter
and receiver use identical, vertically-polarized, impedance-matched antennas with a gain of
3 dBi.

Figure 4: Balloon radio link

(a) Sketch Wr/Wt as a function of the balloon height ht for 0 ≤ ht ≤ 80 m. Indicate the
height location(s) of any nulls and the peak Wr/Wt value.

(b) Explain how the curve in part (a) would change if the transmitter and receiver used
horizontally-polarized signals instead of vertically polarized signals.

(c) Explain how the curve in part (a) would change if the dielectric constant of the earth
were decreased.

(d) A circular aperture antenna is used to significantly reduce the amplitude of the ground
reflection relative to the line-of-sight signal when ht = 20 m. Assuming the aperture
antenna is illuminated uniformly and pointed horizontally, determine the diameter of
the aperture such that ground reflection is reduced by 3 dB. What is the directivity of
the transmit antenna?


