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EXAM QUESTIONS

L. a)
b)
c)
Course Title:

D)
ii)

ii1)

i)

it)

i)
ii)

iii)

iv)

”

Explain the terms “noise”, “external noise”, and “internal noise”. [ 3 ]

Explain the terms “white noise”, “Gaussian noise”, and “additive white
Gaussian noise”. [3]

Consider bandpass noise n(t) = n.(r) cos(2x f.t) — ny(t) sin(27 f-¢ ) which
has the power spectral density shown in Fig. 1.1. Draw the power

spectral density (PSD) of baseband noise n.(f) or ng(t) if the center

frequency is chosen as: [4]
fe=THz
f.=10Hz
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Figure 1.1 PSD of bandpass noise.

Explain the advantages and disadvantages of synchronous detection
and envelope detection respectively for standard amplitude modulation

(AM). [5]
With help of a diagram, explain the operation of coherent detection for
frequency shift keying (FSK). [5]
Name two primary resources in communications. [2]

Write down the expression of the capacity of a Gaussian channel with
bandwidth W, [2]

What does the channel coding theorem say about the relation between
transmission rate R and channel capacity C? [3]

Consider a telephone line channel. If the signal to noise ratio (SNR) is
20 dB and the bandwidth available is 4 kHz, calculate the correspond-
ing channel capacity. [3]
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d)

Course Title:

Congsider an information source generating the random variable X with proba-
bility distribution

Xk X1 X2 X3 X4
P(X=x)|04[02]025]0.15

i) Calculate the entropy of this source. [3]
i) Construct a binary Huffman code. [5]
ii1) Compute the average codeword length. [2]
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2. a) Figure 2.1 shows the diagram of the FM receiver. The bandpass filter has band-
width Br, while the baseband low-pass filter has bandwith W. Let the FM
signal be s(t) = Acos[27f.t + 27k [ m(T)d ] and assume the bandpass noise
w(t) = ne(r) cos(2mfet) — ny(r) sin(27 f,t) has single-sided power spectral den-

sity Np.
M Bandpass | *0 o o v(t) | Baseband .
signal o) T\ ey Limiter Discriminator Iomgss —"“'%gﬁmt
Noise
wii)
Figure 2.1 Block diagram of the FM receiver.
i) Explain the function of each of the blocks in Figure 2.1. [5]
ii) Given the noise at the output of the discriminator
1 dng(t)
() = —— ———t.
£it®) 2rA dt
derive an expression for its power spectral density. [5]
iii) Sketch power spectral densities of n(¢), fi(¢)., and the noise at the
output of the lowpass filter. [5]
b) Consider pre-emphasis and de-emphasis.
i) Show that in order to achieve flat noise power spectral density at the
output of the FM receiver, the ideal de-emphasis filter has a transfer
function Hg.(f) = 1/f within the message bandwidth. [5]
i) Discuss why an FM transmitter with a corresponding pre-emphasis
filter Hpre(f) = f is essentially phase modulation. [5]
c) The signal-to-noise ratio (SNR) improvement factor is defined as

[ Noise power without pre/de-emphasis
~ Noise power with pre/de-emphasis

Derive an expression of the improvement factor / for the scaled ideal de-emphasis
filter Hye(f) = fo/f, then compute the gain in dB for the parameter W = 15 kHz
and fy = 3 kHz. [5]
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b)

Course Title:

A uniform quantizer for PCM has 2" levels. The input signal is
m(t) = [A+Acos(w;t)|cos(ant)

where @ # +an. Assume the dynamic range of the quantizer matches that of
the input signal.

i) Work out the signal power. [3]
ii) Write down the probability density function of the quantization noise

and the quantization noise power. [3]
iii) Work out the SNR in dB at the output of the quantizer. 3]
iv) Determine the minimum value of » such that the output SNR is no less

than 60 dB. [3]
V) What can be done to increase the output SNR? [3]

An (n, k) linear block code has the following parity check matrix

1 10100
H= 101010 (3.1)

011001
i) What are the values of n and £? [2]
i) Give a systematic generator matrix G of this code. [3]
iii) Compute the syndrome table for a single error. [5]
iv) The vector y = [1000001] is received. Find the syndrome and hence
the most likely data bits. [5]
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