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Topics: free space radio links, image theory, monopole

1. A uniform plane wave travels in the −x-direction. The electric field is given by

Epw = E0(jŷ + 3ẑ)ejkx,

where E0 is a real constant and the frequency of operation is 300 MHz. The field is incident
upon a dipole antenna at the origin, which, when used in the transmitting mode, produces a
radiated field in the +x-direction given by

Ea = Ea(ŷ + 2ẑ)e−jkx,

where Ez is real. Determine:

(a) the polarization and axial ratio of the incident field.

(b) the polarization and axial ratio of the antenna.

(c) the PLF.

2. A Direct Broadcast Satellite (DBS) system operating at 12.45 GHz transmits 120 Watts
of power, with an EIRP of 55 dBW. The receiving system uses a 0.46 m diameter re-
flector antenna, with aperture efficiency of 70 %. The distance between the antennas is
r = 38, 000 km.

(a) Calculate the gain of the transmitter and the receiver.

(b) Calculate the received power in dBW, assuming perfect matching conditions (both of
loads and polarization).

(c) Recalculate this power, given that the transmitter polarization vector is êi = 3x̂+jŷ√
10

and the receiver polarization vector is ˆ̀
eff = ŷ. What is the polarization of the two

antennas? Justify your answer, assuming that the direction of propagation from the
transmitter to the receiver is the +z axis.



3. Consider the link when a cellular phone operating at 1.9 GHz transmits a signal to a base in
free space (Figure 3). The base station uses a 50 Ω receiver and is connected to an antenna
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 phone’s
transmitter. The cellular phone transmits 20 dBm (100 mW) of power.

(a) If the base station receiver is connected to a half-wave dipole (Zd = 73 Ω), and assum-
ing the antennas are polarization-matched (ψ = 0◦), what is the received power at the
base station?

(b) Cellular phone users are known to tilt the phone antenna as much as ψ = 30◦ from
vertical in a plane normal to the direction of propagation. What is the worse-case
received power?

(c) Repeat (b) if the phone remains co-polarized with the base station but is tilted in a
plane containing the transmit and receive antennas. Assume the cell phone antenna is
a half-wave dipole for this question.

(d) The dipole in (a) is replaced with a “patch” antenna that has an input impedance of
250 + j0 Ω. Assuming the antennas are polarization-matched (ψ = 0◦), what is the
minimum gain required of this antenna to produce the same received power as in (a)?

Figure 1: Cellular system

4. A vertical λ/2 dipole antenna is used as a ground-to-air, over-the-horizon communication
antenna at 200 MHz. The antenna is elevated at a height h (measured from its centre/feed
point) above a perfect conducting infinite ground plane. It is desired to place a null in the
far-field amplitude pattern of the antenna at an angle of 60◦ from the vertical axis. Determine
the three smallest physical/nontrivial heights above the ground at which the antenna can be
placed to meet the desired pattern specifications.

5. A horizontal λ/50 infinitesimal dipole of constant current and length l is placed parallel to
the y-axis a distance h = 0.707λ above an infinite electric ground plane. Determine the



Frequency Electric Field Magnetic Field Power Density Averaging
(MHz) Strength (V/m) Strength (A/m) (W/m2) Time (min)
0.003 − 1 280 2.19 6
1 − 10 280/f 2.19/f 6
10 − 30 28 2.19/f 6
30 − 300 28 0.073 2 6
300 − 1500 1.585f 0.5 0.0042f 0.5 f/150 6
1500 − 15000 61.4 0.163 10 6
15000 − 150000 61.4 0.163 10 616000/f 1.2

150000 − 300000 0.158f 0.5 4.21 × 10−4f 0.5 6.67 × 10−5f 616000/f 1.2

Table 1: Maximum permissible exposure limits for the general populace; f is in MHz

radiation pattern of the antenna, and final all nulls formed by the antenna in the φ = 90◦

plane.

6. A microwave link operates at 1200 MHz. The transmitter utilizes a power amplifier with an
output power of 50 W which is delivered to an impedance-matched circular aperture antenna
with a diameter of 1 m. The aperture efficiency of the transmitter antenna is 70% and the
transmitter emits right hand circularly polarized waves.

(a) Determine the EIRP of the transmitter, in dBm. What is the minimum safe distance one
must be away from the transmitter to be compliant with established exposure standards?
You may need to refer to Table 1.

(b) If the minimum safe distance is to be 40 m, specify the output power of power amplifier
so that the system is compliant.

(c) Using the original 50 W amplifier, determine the received power in dBm at a receiv-
ing terminal located 2 km away from the transmitter. The receiver consists of a λ/4
resonant monopole connected directly to a receiver with an input impedance of 50 Ω.
Assume the antennas are pointed for maximum gain and the receiving antenna has an
efficiency of 80%.

(d) The monopole in part (c) is replaced with an elliptically-polarized receiving antenna
with an impedance of 50 Ω. The gain of the new antenna is identical to that of the
monopole. The received power is observed to increase by 2 dB. Determine the axial
ratio and polarization handedness of the new receiving antenna.

(e) Describe one way an elliptically-polarized antenna, in general, can be realized, such
that the axial ratio is not 1.

7. Consider the link between a smartphone and a base station operating at a frequency of
1950 MHz. The base station antenna produces a signal with 50 W of power, which is applied
to a transmitting antenna with a gain of 12 dBi. The receiving antenna is vertically-polarized
with a gain of 0 dBi.

(a) Determine the received power from the cellular phone antenna in dBm if the distance
between the base station and phone is 1 km. Assume the main beam of each antenna is



pointed towards each other, the base station employs a vertically polarized antenna, and
the transmitter and receiver are assumed to be impedance-matched to their respective
antennas.

(b) Determine the maximum range of the base station, if the received signal power must
be −70 dBm or higher for successful demodulation of the signal by the phone.

(c) Repeat part (a) if the transmitting antenna produces an RHEP wave with an axial ratio
of 2 incident upon the cellular phone antenna. Assume the major axis of the ellipse is
aligned with the polarization axis of the receiving antenna. What is the new maximum
range of the system?


