Electrical Engineering EE3TRA4

Midterm test: 1.5 Hours Instructor: Dr. J. Reilly
February, 2015

This examination paper includes 3 pages and 3 questions. You are respon-
sible for ensuring that your copy of the paper is complete. Bring any dis-
crepancy to the attention of your invigilator,

S.pecial Instructions

(a) The McMaster Standard Calculator (Casio FX991) is the only
calculator approved for this exam. No other aids are permit-
ted. '

(b) There are 3 questions. Attempt all three.
(¢} You must show your work for full marks.

(d) Make sure you read the entire paper over in its entirety
before you start!

(e) The tables of Fourier transforms and trigonometric identities at
the back of this exam may be useful.

1. A message signal m(t) = Ay, cos(27 fit).

a, Sketch the AM-modulated wave for 125% modulation assuming A, =
Ag = 1. Also sketch the corresponding spectrum. Show all relevant
values. { 3 marks)

b. Repeat part (a) for double sideband suppressed carrier (DSB3/SB)
modulation. (2 marks)

c. Explain how you can recover the message signal in part (a) without
distortion. (5 marks)

Continued on Page 2



2. a.

b.
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Sketch the spectrum of a 2 KHz periodic square wave with 50% duty
cycle. (2 marks)

Same as part (a) except with a 25% duty cycle. (3 marks)

¢. The magnitude-squared response of a Butterworth filter is given by

the expression .
HAP = ———
= e

where n is the order of the filler and £, is the cutoff frequency. The
signal of part (a) is applied to the input of the Butterworth filter to
produce a sinuseid at 2 KHz at the output. What order of filter is
required so that all unwanted harmonics are suppressed by at least 40
dB relative to the fundamental frequency at 2 KHz? Assume f, = 2
KHz. (5 marks) '

(1)

. Draw the spectrum corresponding to the NON-periodic rectangular

pulse shown in Fig 1. (2 marks)

time,

o

Y
- Figure 1: Pulse for Q. 3(a)

Draw the spectrum of the triangular pulse shown in Fig 2. (5 marks)

Jﬂ\\l\c,

T | T
Figure 2: Pulse for Q. 3(b)

Draw the spectrum of the pulse of part (a) after it has been multiphed
by the sinusoid cos(2nf.t). Show all relevant values in all parts (a),
(b) and {c). (3 marks)

Continued on Page 3



Fourier Transform Pairs
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Time Function

Fourier Transform

i
rect (T)

sinc(ZWt)

exp (27 fet)
exp(—atju(t), >0
exp(—alt]}), a>0

exp( 7t?)
(t)
1

cos(2m f.t)

T'sine(fT)
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5(%“ fc)
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exp(~ f?)

1

6(f)

3(60f = fo) + 8(f + £2)]

A periodic rectangular wave in the time domain with amplitude A, period
T and “ON” time T, has Fourier coefficients ¢, given by the expression

AT,

Cn = AL2sine (nde), where sinc(z) =

Trigonometric Identities

sin(ra)
wE

cos(f)) = %[exp(y&’) + exp( -36))|
sin(d) = 3 [oxp(jﬁ?) — exp(—j6)]
sin(8) - cos ( ) =1

cos?(#) — 5111 = ¢os(29)
cos?(0) = [1 + cos(28)]

sin{a) sin{f) =
cos(a) cos(ff) =
sin{ar) cos(3) =

2 sin{0) 005(8) = 5111(29)
a)s [cos(a 8} — cos{a + B)
12[[cos(oe B} + cos{ex + f)
sin{a — ) + sin{a + 3)

The End.
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