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(2) Consider the communications system shown in the following diagram

Modulator Band-pass Demodulator

m(t) ’ Filter I

w(t)

where m(¢) is the base-band message signal, w(¢) is additive zero-mean Gaussian noise with a
flat power spectral density of height NV, /2, and the band-pass filter has a pass band (of

appropriate width) centered on the carrier frequency o, .

Show that the noise component of the signal at the output of the band-pass filter can be
represented as: n(t) = Z a, cos@,t+6,).
k

Also show that this noise can be written as: n(f) = n_(f)cosw,t — n (t)sinwt
[10]

(b) With reference to the system in part (a), if the message signal has a bandwidth of 15 kHz, and
the noise has N, = 2x107°, calculate the average power in n(f) for each of the following

modulation schemes:
(i) DSB-SC
(ii) FM with a modulation index of f =3.
(5]

(¢) A noise signal with the power spectral density shown here:

is passed through the band-pass filter shown here:
H(p

. —*I l-*—lOOkHz
B

0] 05MHz f_»

Draw the power spectral densities of the base-band components »,(f) and n, () at the output of
the filter. Also calculate the average power in each base-band component.

Assume that the center frequency in the band-pass representation is f, =0.5 MHz.

5]
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(a) Consider an AM receiver consisting of an ideal band-pass filter followed by an envelope
detector. Assume the input to the band-pass filter consists of the AM signal:

S ()= [Ac + m(t)]cos w,t
plus zero-mean Gaussian noise with a flat power spectral density. If the noise power is much
greater than the power of the carrier and the message, show that the output of the receiver is:

¥(0) = R +[4, + m(@)]cosg(0) ,
where R(f) = [n2(t)+ n’(t) , and tan g(t) = n (1) / n (1) .
You may find the following relationship useful: v1+x =1+ g— for x <<1.
(8]

(b) With the reference to the output expression y(f) of the system in part (a), explain why an
AM receiver using an envelope detector exhibits a threshold effect.

[4]

(c) Consider an FM receiver consisting of an ideal band-pass filter followed by an FM
demodulator. If the carrier power is much greater than the noise power at the output of the band-
pass filter, then the signal-to-noise ratio at the output of the receiver is given by:

SNR, =3p° ——P—T SNR,..
lmax m(t)l

where P is the average power of the message signal m(¢) , and we assume that the noise is zero-
mean Gaussian with a flat power spectral density.

Explain why SNR, cannot be increased arbitrarily simply by increasing £ .
HINT: The transmission bandwidth of FM is given by Carson’s rule: B, = Z(ﬂ + I)W

(4]

(d) Explain pre-emphasis and de-emphasis and why it is used in FM systems.
(4]
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(a) Using the Huffman coding procedure, construct a coding scheme for an alphabet whose

symbols occur independently with probabilities 0.15, 0.08, 0.25,0.10, 0.30, 0.12. Calculate the

average codeword length of the resulting coding scheme, and compare it with the source entropy.
[10]

(b) What is the major practical disadvantage of Huffman coding?
(2]

(c) State the channel capacity theorem. Also give the Hartley-Shannon expression for channel
capacity, explaining and giving units for all terms used.

[6]

(d) Explain the difference between source coding and channel coding.
[2]
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(a) A signal m(¢) that is band-limited to 3 kHz is sampled at a rate 33 4 % higher than the

Nyquist rate. The maximum acceptable error in the sample amplitude (i.e., the maximum
quantization error) is 0.5% of the peak amplitude of m(¢) . The quantized samples are binary

coded. Find the minimum bandwidth of a channel required to transmit the encoded binary signal.
Assume that a channel of bandwidth B Hz can transmit 2B bits of information per second.

(8]

(b) The input to a uniform #-bit quantizer is the periodic triangular waveform shown below,
which has a period of T = 4 seconds, and an amplitude that varies between +1 volt and —1 volt.

/\"‘(‘) /\ /\
AN
7NV L
Derive an expression for the signal-to-noise ratio (in decibels) at the output of the quantizer.
Assume that the dynamic range of the quantizer matches that of the input signal. Note that the

mean-square error of a uniform quantizer is A’ /12, where A is the quantizer step size.

[4]

(c) Consider the synchronous FSK detector shown in the figure below, where the input to the

detector is an FSK signal.
2cos wot

Ho(w) LOEV};];:S

Lol Hy(w) —-%)—* Low pass
' !l} 2c0s wqt
f

f1
Also consider the synchronous PSK detector shown in the figure below, where the input to the
detector is a PSK signal.

—  Hw | lowes L
LN\ N
ol £ f

Show that the average power of the noise at the FSK detector output is twice that of the noise at
the PSK detector output.

Assume in each case that the noise at the receiver input is additive zero-mean Gaussian noise with
a flat power spectral density.

(8]
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5. Answer any two of the following subsections (a), (b), and (c).

(a) Briefly describe each of the following transmission media, and give a typical application of
each:

(i) twisted pair

(ii) coaxial cable

(iii) microwave

(iv) optical fiber

(v) broadcast wireless

(10]
(b) Briefly describe and contrast the following switching techniques:
(i) circuit switching
(ii) message switching
(iii) packet switching
(10]
(c) Describe the differences between wide area networks (WAN’s) and local area networks
(LANS). You can refer to the different functions in each of the appropriate levels in the OSI
protocol reference model to elaborate your answer.
[10]
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