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2.4: ECE-2025 Spring-2005
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Problem 2.5: ECE-2025 Spring-2005

In a mobile radio system a transmitting tower sends a sinusoidal signal, and a mobile user receives not one
but two copies of the transmitted signal: a direct-path transmission and a reflected-path signal (e.g., from

a large building) as depicted in the following figure.
)7

TRANS- REFLECTOR
MITTER g'0: 41)
(dy, dy)

Velocity = ¢
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The received signal is the sum of the two copies, and since they travel different distances they have different
time delays, i.e.,

r(t)y =s(t—1t)+s(t —t)
The distance between the mobile user in the vehicle at x and the transmitting tower is always changing.
Suppose that the direct-path distance is

dy =+/x24+d? (meters)

where d; = 1000 meters, and where x is the position of the vehicle moving along the x-axis. Assume that
the reflected-path distance is

d» =d, + \/(x —d,)? +d?* (meters)

where d, = 55 meters.

(a) The amount of the delay (in seconds) can be computed for both propagation paths, by converting
distance into time delay by dividing by the speed of light (¢ = 3 x 10® m/s).

dr+\/(x—dr)2+dt2 55+ +/(x —55)2 4106
c B 3x 108

th=dy/c= Secs.

(b) When the transmitted signal is s(¢) = cos(300m x 10%¢), the general formula for the received signal
is:

r() =s(t — 1) + st — 1) = cos(300 x 10%(+ — 11)) + cos(3007 x 10°(+ — 12))



When x = 0 we can calculate #; and f,, and then perform a phasor addition to express r(¢) as a
sinusoid with a known amplitude, phase, and frequency. When x = 0, the time delays are

V02 4 106

Tigs - = 33333%107° secs.

=

554+ /(0 —55)2+ 106

107 =3.5217x107% secs.
X

5]

Thus we must perform the following addition:

r(t) = cos(3007 x 10%(r — 3.3333x 107%)) + cos(3007 x 10%( — 3.5217x 107%))
= ¢c0s(3007 x 10%# — 10007)) + cos(3007 x 10° — 1056.51135797)

As a phasor addition, we carry out the following steps (since 1000r and 10567 are integer multiples
of 2m):

R = 1¢/9 4 17051135797
= 1+ jO+ (—0.035674 4+ j0.99936)
= 0.9643 + j0.9994 = 1.389¢/0-803 = 1.389¢/0-2367 — 1.389/46.02°

From the polar form of the phasor R, we can write r(¢) as a sinusoid:

r(t) = 1.389 cos(3007 x 10% + 0.2567)

(c) In order to find the locations where the signal strength is zero, we note that the phase of the two
delayed sinusoids must differ by an odd multiple of 7 in order to get cancellation. Thus,

20+ D = ¢1 — 2 = —owt) — (-w)

= —3007 x 10° Va2 4100 55+ (x — 552+ 109
- 3x 108 3% 108

S (\/x2 106 —55—+/(x — 55)2 + 10° )

The general solution to this equation is difficult, involving a quartic. However, if we choose ¢ = 27
so that the left hand side becomes 557, then the 557 term on the right hand side will cancel, and we
obtain an equation in which squaring both sides will produce the answer.

7Vx2 + 100 = —7/(x — 55)2 + 100
= x2+10° = (x —55)2 + 10°
— x? = x% — 110x + 55°
— 110x = 55°

55
= X = (m) 55 = 27.5 meters



