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• You can use one double-sided, letter-sized aid sheet.

• All non-programmable electronic calculators are allowed.

• Only answers that are fully justified will be given full credit.

• You can write in pen or pencil, but requests for remarking will be considered for papers
written in pen only.

GOOD LUCK!
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USEFUL FORMULAE

• Free space impedance: η = 120π ≈ 377 Ω

• Free space wavenumber: β = 2π
λ

• Vector magnetic potential: A =
∫∫∫

v
µJ e−jβR

4πR
dv′

• Far field from a z-oriented ideal dipole at the origin: Eθ = I∆zjωµ
4π

e−jβr

r
sin θ

• Far field from a z-oriented half-wave dipole at the origin: Eθ = jηI0
2π

exp(−jβr)
r

cos(π
2

cos θ) 1
sin θ

• Time-average Poynting (power density) vector: P = 1
2
E ×H∗

• Maximum antenna gain: Gm = 4πr2Pmaxr

Wrad+Wloss
= 4πUmax

Wrad+Wloss

• Radiated power: Wt =
∫ θ=π
θ=0

∫ φ=2π

φ=0
Prr

2 sin θdθdφ = 1
2
|I|2Rrad

• Directivity of a λ/2 dipole: d = 1.64 or D = 2.15 dB

• Friis’ formula in free space on linear scale: Wr

Wt
= GtGr

(
λ

4πR

)2
PLF (1− |Γt|2)(1− |Γr|2)

• Friis’ formula in free space on dB scale:

Wr(dBW or dBm) = Wt(dBW or dBm) +Gt(dB) +Gr(dB)− 20 log

(
4πR

λ

)
+10 log(PLF ) + 10 log(1− |Γr|2) + 10 log(1− |Γt|2)

• Conversion to gain in dB from gain in linear scale: G(dB) = 10 log10G

• Conversion from W to dBW: W (dBW) = 10 log10[W (W)]

• Conversion from mW to dBm: W (dBm) = 10 log10[W (mW)]

• Conversion from degrees to radians: θ(rad) = θ(deg)× π
180

• Plane-earth reflection: gPE = 4 sin2
(

2πh1h2
λR

)
• Fresnel-Kirchoff coefficient: v = h

√
2(d1+d2)
λd1d2

= α
√

2d1d2
λ(d1+d2)

• Lee approximation:

gdiff (dB) =


0 v ≤ −1
20 log(0.5− 0.62v) −1 ≤ v ≤ 0
20 log(0.5 exp(−0.95v)) 0 ≤ v ≤ 1

20 log(0.4−
√

0.1184− (0.38− 0.1v)2 1 ≤ v ≤ 2.4
20 log

(
0.225
v

)
v > 2.4

• Radius of the earth: 6368 km
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PROBLEM #1. [10 POINTS]

A 6 GHz point-to-point microwave link operating over a lake is shown in Figure 1. Folded half-
wave dipoles are used for transmitting and receiving antennas, and the total power delivered to the
transmitting antenna is 20 dBW. Assume the transmitter and receiver are polarization-matched and
impedance-matched. The water has a dielectric constant of εr = 81. Assume the surface of the
water is flat.

TX RX

57m 57m
R

8m

d

d=0

Figure 1: Point-to-point microwave link

a) For the geometry shown, andR = 100 km, determine the power received in dBW. [2 points]
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b) The dimensions shown in Figure 1 correspond to when the lake is completely full of water.
The water level in the lake is known to vary seasonally, so that at the end of the summer
the water level is reduced by up to d = 10 m from the level when the lake is full (d = 0).
Determine the reduction of the water depth d that could produce complete fading of the
signal. [3 points]

c) To avoid this extreme fading problem, it is proposed that the TX-RX separation be increased
a small amount ∆R < 40 km so that the same plane-earth loss as part (a) is produced,
but changes in the water depth over the 10 m range do not produce the fading problem any
more. Determine the new distance R (or distance change ∆R) and the required increase
in transmitter power to offset the increased free-space loss and produce the same received
power as in part (a). Confirm that complete fading does not occur in the range 0 ≤ d ≤ 10 m.
(continue on next page if needed) [4 points]
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d) If a RHCP transmitter were used instead of a LP one, what is the polarization of the wave
reflected from the water’s surface? Fully justify your answer and compare to the case if the
water were treated as a perfect electrical conductor. [1 point]
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PROBLEM #2. [10 POINTS]

Consider the radio link shown in Figure 2. The link operates at a frequency of 2 GHz and the
transmitters and receivers are situated with a knife-edge obstacle with a total height of 142 m
present between them. The transmitter has an EIRP of 40 dBW and the receiver employs an
impedance-matched, polarization-matched low-gain antenna with a gain of 2 dBi.

90m

d1 = 15km d2 = 10km

90m

x=0

x

TX RX

Figure 2: Radio link with obstruction

a) Determine the received signal power in dBW. [2 points]
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b) Repeat part (a) if the TX and RX are reversed. [1 point]

c) Sketch the first, second, third, and fourth Fresnel zones (in two dimensions) on the figure, and
indicate the radii of each Fresnel zone at the distances x = 1

2
d1, x = d1, and x = d1 + 1

2
d2.

What percentage of the each Fresnel zone’s radius is obstructed by the knife-edge obstacle,
at the location of the obstacle? [4 points]
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d) If the minimum received power for the link to function is Wr,min = −120 dBW, approx-
imately determine the maximum value of d2 that allows for successful transmission of the
signal across the link. [3 points]


