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This examination paper includes 6 pages and 6 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.

Special 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 6 questions. A full paper consists of all six.

(c) You must show your work for full marks.

(d) All major questions are of equal weight.

(e) Make sure you read the entire exam over in its entirety
before you start!

(f) The tables of Fourier transforms, trigonometric identities and the
erf(·) function at the back of this exam may be useful.

(g) Good luck on this exam and have a great summer!
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1. Consider the system shown in Fig. 1. The cutoff frequency fc of the
ideal low–pass filter H(f) satisfies fc > fo, where fo is the frequency of
the input sinusoid. The passband gain of H(f) is one. The noise n(t)
is white and has a power spectral density (PSD) Sn = No/2. Give an
expression for the autocorrelation Rx(τ) and the power spectral density
Sx(f) of the output x(t). Hint: The noise n(t) and any sinusoid are
uncorrelated.

Figure 1: Figure for Question 1.

2. A block diagram of a digital transmission system is shown in Fig. 2.
The signal b(t) is a binary sequence of 1’s and 0’s with a bit rate of 64
Kbits/sec. The system sends one bit per symbol duration (T secs). The
pulse shape corresponding to a single bit is rectangular.

a) Sketch the power spectral density of the signal a(t) showing all rele-
vant values. (4 marks)

b) Sketch the magnitude frequency response corresponding to the trans-
mitter filter G(f) if the signal g(t) is to occupy the minimum possible
bandwidth with zero intersymbol interference (ISI). Show all relevant
values. (3 marks)

c) Explain how to transmit this bit stream in a bandwidth of 16 KHz.
(3 marks)
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Figure 2: A block diagram of a digital transmission system.

3. a) Find the inverse Fourier transform g(t) corresponding to the spectrum
G(f) shown below in Fig. 3. (8 marks)

b) What is the minimum sampling rate of the corresponding signal g(t)
so that g(t) can be reconstructed from its samples without distortion?
(2 marks)

Figure 3: The spectrum G(f) for Question 3.
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4. We wish to transmit two baseband messages (i.e., messages whose spectra
are centred at 0 Hz) each with a spectrum extending up to W Hz.

a) Draw a block diagram of a modulation system that can transmit both
these messages using a total bandwidth of 2W Hz. (8 marks)

b) explain a possible difficulty that is encountered with this approach.
(2 marks)

5. Consider the digital transmission system of Question 2. For the purposes
of this question, the filter response G(f) = 1 for all values of f . The
transmission system transmits one bit per symbol. The pulse shape at
the receiver corresponding to a single bit is rectangular, with duration T
seconds.

a) what is the impulse response of the receiver filter H(f) in this case
that minimizes the probability of error (i.e., the bit error rate)? (4
marks)

b) what is the probability of a bit error corresponding to this choice of
filter? The value of T is the same as that in Question 2. The noise
n(t) is white with a power spectral density level of No = 1µW/Hz,
and the amplitude A of the pulse at the input to the decision device
is 0.7589V Hint: Refer to the erf(·) tables at the end of this exam.
(6 marks)

6. A DSB/SC modulation system has a sinusoidal message signal m(t) =
Am cos(2πfmt). The modulated signal s(t) is then multiplied by the
sinusoid cos(2π fc

2 t) as shown in the figure below. Sketch the spectrum
of the output x(t) showing all relevant values.

Figure 4: The modulation scheme for Question 6.
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Fourier Transform Pairs

Time Function Fourier Transform
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exp(2πfct) δ(f − fc)
exp(−at)u(t), a > 0 1

a+j2πf

exp(−a|t|), a > 0 2a
a2+(2πf)2

exp(−πt2) exp(−πf2)
δ(t) 1
1 δ(f)
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[
δ(f − fc) + δ(f + fc)

]

Trigonometric Identities

cos(θ) = 1
2

[
exp(jθ) + exp(−jθ)

]
sin(θ) = 1

2j

[
exp(jθ)− exp(−jθ)

]

sin2(θ) + cos2(θ) = 1
cos2(θ)− sin2(θ) = cos(2θ)
cos2(θ) = 1

2

[
1 + cos(2θ)

]
2 sin(θ) cos(θ) = sin(2θ)
sin(α) sin(β) = 1

2

[
cos(α− β)− cos(α + β)

cos(α) cos(β) = 1
2

[
cos(α− β) + cos(α + β)

sin(α) cos(β) = 1
2

[
sin(α− β) + sin(α + β)
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The erf(·) function

• Note: The erfc(·) function is related to the erf(·) function by
erfc(u) = 1− erf(u).

• For those more familiar with the Q(·) function as used in the
2nd edition of the text, we have Q(u) = 1

2erfc( u√
2
) .

Figure 5:

The End.


