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Special Information for the Invigilators: none
Information for Candidates

The trigonometric Fourier series of a periodic signal z(t) of period Ty = 27 /wy is

o0
z(t) = ag + Y_(a, cosnwpt + by, sin nwot),
n=1
with
! / (t)dt 2 / (£) cos nwptdt, by = — [ w(t) sin nuwptdt
ay=-— [ x an== | nw = — nwotdt.
0 TO JTy ’ " To To 0 ’ " TO To °
Some Fourier Transforms
cos wot > 7[0(w —woy) + 6(w + wp)]
rect(%) < Tsinc*T)

Wsinc(Wt) <= rect(y%)
Some useful trigonometric identities

cos(z +y) = coszcosy — sinzsiny
sinz cosy = 3 sin(z — y) + 3 sin(z + y)

-1 1
coszcosy = 5 cos(z — y) + 5 cos(z + y).
Euler’s formula
e’ = cosz + jsinz.
Steady-state impedance of a terminated transmission line

ZL + ]ZO tan(kL)
Zo + j 21 tan(kL)

Zin = ZO
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The Questions

1 This question is compulsory.

(a) Consider the two signals z;(t) = rect(t) and z5(t) = cos(4mt)rect(t —
0.5) shown in Figure 1a.

x4() 4 4 Xot)

1
» t /\ } > t
12 0 12 v v 1

Figure 1a: The two energy signals z;(¢) and z3(t).

i. Determine the correlation between z1(t) and z2(t). Are z;(t) and
x(t) orthogonal?

[4]
[4]

(b) Consider the periodic signal z(t) shown in Figure 1b. Compute the
coefficients ay and a; of the trigonometric Fourier series of z().

ii. Determine the energy of 2(t) = 4z (t) + 2z2(¢).

x(t)
1
o 1
Figure 1b: The periodic signal z(t).
[4]
(¢) From the definition of the Fourier transform, show that
g(t)e™ «= G(w — wp).
Hence show that
1 1
g(t) cos wpt <= §Cf(w —wp) + EG(w + wp)
[4]
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(d) Consider the full AM signal z(t) = [A + m(¢)] cos(wet) with m(t) =
2 cos 100t and w, = 10000 rad/s.

i. Determine the minimum value of A that allows us to use an en-
velope detector.

[4]
ii. For A = 4, sketch and dimension the Fourier transform of z(t).
[4]
iii. For A = 4, compute the power efficiency 7.
4]
(e) Develop a block diagram of an SSB-SC generator.
[4]

(f) Consider the PM signal
o(t) = cos 27 fot + k,m(t)]

where m(t) = A cos 27 f,t. Using Carson’s rule, comment on the way
the bandwidth of p(t) changes with the amplitude A, the frequency
fm and the frequency fo.

[4]

(g) A 50 Q transmission line is connected to a 100 2 line with a matched
termination. A sine wave of 10 V amplitude propagating in the former
is incident on the junction. Find

1. The voltage reflection coefficient k,.

2]

ii. The current amplitude of the reflected wave.
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2. Consider the FM signal
t
@(t) = 10 cos[27 fot + kf/ z(a)da]

where ky = 107. The message z(t) is given by

2

")

z(t) = 3 mn(t)

P
r.=0

with on
my(t) = —sinc(t) cos(2nt).
™

(a) Sketch and dimension the Fourier transform of my(¢).
(6]
(b) Sketch and dimension the Fourier transform of z(t).
[6]
(c) Using Carson’s rule, determine the bandwidth of ¢(¢).
[6]
(d) Assume now that z(t) = Ae™1%u(t). Using Carson’s rule, the band-
width of p(t) is 50.4 Hz. Find the amplitude A of z(t). Select the

bandwidth, B, of the baseband message z(t) so that it contains 95%
of the signal energy.

[12]
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3. Consider the system shown in Figure 3.

x(t)

EEEEEEr =
+
T ELEEE &

Figure 3: An RLC circuit.

{(a) Determine the transfer function H(w).

(b) Determine |H(w)|?.

y(®)

(¢) Determine the frequency wq at which |H(w)|? is maximum.

6]

[6]

[6]

(d) The input voltage z(t) has an autocorrelation R,(7) = 5 cos(woT).
Determine the maximum frequency wp at which the ratio P,/P, =
0.8. Here, P, and P, are the power of the output and input signals

respectively.
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4. Three lines of identical length, characteristic impedance and phase velocity
are connected in series as shown in Figure 4, one with an open circuit
termination, one with a short circuit termination and the third with a
matched termination. The three transmission lines have Ly = 0.25 pH/m
and Cp = 100 pF/m.

Vgt ‘ - =
2 =
: H]

Figure 4: The circuit with three transmission lines.

(a) Determine the characteristic impedance and the phase velocity of the
three lines.

[6]
(b) The circuit of Figure 4 is now driven by a signal v,(t) = Vpexp(j27 fot)
with Vo = 5V, fo = 1 MHz arnd internal resistance R = 50 §2. Find
the shortest length L for which the combined steady-state impedance

of the three lines, as measured at terminals a-b, will be 50 Q.
[12]

(c) If the length L satisfies the condition described in part (b) above, find
the steady state voltage vy(z,t), along the first line. Hence, for this
line, calculate the value of the largest voltage amplitude.

[12]
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