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Answer ALL questions (Note: total mark =100 distributed equally on the questions)
1- a)The channel capacity may be expressed as C = r where r is the symbol rate to be transmitted.
However, as a result of noise, a 0 may be mistaken for a 1 and vice versa. For BSC the
probabilities of making these two types of error are equal and designated as p. Prove
mathematical expression for the net channel capacity in terms of rand p. Draw the relation
between the channel capacity and p for values of 0 ~ p ~ I.

b) A roving vehicle equipped with a colour T.V. camera is used for the exploration of the
surface of Mars. The T. V. pictures will be digitized for transmission back to earth. The Mars-to-
earth link is a microwave radio system with carrier frequency .t; = 4GHz and path length

= 3.5 xl 08 Km. The transmitter on the board of the vehicle delivers 30W of signal power to a dish
antenna Of 0.5 meter in diameter. The earth station receiver has a 25m dish antenna and low
noise receiver with Te" = 60K". The digitized picture consists of 512x512 pixels, each pixel

having one of 128 possible brightness levels. If the channel bandwidth is assumed unrestricted,
calculate:
i) Path loss (LI'),A"A,., and received signal power (S,.), ii) Channel capacity, iii} Time required

to transmit one picture, and iv) net BER if the modulation scheme used is either PRK or 8-PSK
and same transmitted power.
Il-a) Binary NRZ data signal of amplitudes ± A / 2 are transmitted over a transmission channel
using M repeaters. Assuming additive Gaussian noise with zero mean and variance CT

2 is present
at the input of each repeater, i- Prove Mathematical expressions for BER if either analog
repeaters or regenerative repeaters are used, ii- For a matter of comparison, compute the net
BER if M=20 in each type with A /2CT =4, and iii- Estimate the additional transmitted power (in
dB) required in the case of analog repeaters to give the same net probability of error as a system
in which regenerative repeaters are used.

b) A BPSK with pilot carrier system transmits the following signal:

rf;(t) = mASiI1UJ(1 ± A.JI - m' Cosco.t 0::; t ~ Th, where m is a modulation index.

i- Prove mathematical expression for probability of error if additive Gaussian noise with zero
mean and two-sided power spectral density of '7/2 is present on the transmission channel (use
matched filter receiver).
ii-Suppose that 25% of the transmitted signal power is allocated to the carrier component,
estimate Eh /'7 required to realize a probability of error equal to 10-6, and iii- Compare this

value of E,. / '7 with that required for conventional PRK system for the same probability of

error.
Ill-a) In the European El-Telephone system, 32 voice channels are converted to binary PCM
and then time-division-multiplexed (TDM). Each telephone signal with a bandwidth of 4 KHz is
sampled at the Nyquist rate and PCM encoded. The maximum acceptable error in the sample
amplitude (max. quantization error) is 0.5% of the peak amplitude XMux and the quantized

samples are binary coded. The data are transmitted in a form of frames, each frame consists of
32 multiplexed samples from the voice signals plus one bit at the end of each frame for
synchronization. Determine: i- the frame rate, ii- the data rate, iii- the bandwidth (assuming
NRZ code), iv- Compare the resulting bandwidth with that of the Bell Telephone T-l system
having similar specification except the number of channels are 24 voice channels.
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b) Suppose a digital binary source emits an on-off pulses at a rate of 4 Mbps for transmission
over a channel corrupted with additive Gaussian noise with zero mean and '7 = 2 xl 0-8 W / Hz.
The error rate is specified to be no greater than 24 bits per hour. Prove an expression for the
probability of error if a decision threshold detector is used, then calculate numerical value for the
amplitude of the received pulse.

IV-a) Matched filter is commonly used for detection in digital communication systems due to

\J:,2 (t 1/1 )1
the fact that it maximizes the ratio Starting from this statement, derive mathematical

n,: (t)

expressions for the filter impulse response, transfer function, outputs fJII/1) and n,: (t).

b) Design a digital communication system to carry a data rate of 120 Mbps in the presence of
additive Gaussian noise with one-sided power spectral density corresponding to equivalent noise
temperature of229 KO, total path and system losses of 140dB, a BER of 10'7 and modulation
scheme ofPRK. For your design estimate the expected transmitted and received power. Estimate
the BER if FSK (orthogonal frequency separation), or QPSK or 8PSK were used instead of PRK.
Estimate also the added transmitter power (in dB) required for 8PSK to provide the same
performance as PRK.
V-a) The parity check bits for (7, 3) linear block code are given by :

Cl = 01 EB 01 , Cl = 01 EB 01" Cl = 01 EB (l2 EB 03 and C4 = 01 EEl a3

i- Determine the generation matrix G, the parity check matrix H. ii- Estimate the syndrome for
the three received code words RJ=1111001, R1=1011011, R3=01l0001 and correct the incorrect
words. iii- Draw block diagrams for electronic implementation of both encoder and decoder for
the above code.

b) Design a communication link to carry the information rate of 90 Mbps to a satellite
transponder operating at 14/12 GHz frequency band. The up-link parameters are: earth station
TWT output power is 30dB, Lno = 2dB, L", = 2dB, earth station parabolic dish transmit antenna

with diameter = 12m, satellite T, is 800Ko, distance between earth station and transponder =
35 xl 03 Km, free space path loss for 14GHz, additional path loss = IdB, modulation scheme is 8-
PSK, the transponder receive antenna is a parabolic dish with diameter =O.5m, with Lh( = O.5dB.
The down-link parameters are: satellite transmitter output power at saturation is 10dB, satellite
transmit dish antenna of O.5m, satellite Lh(( = O.8dB, Lhl = O.5dB ,free space path loss for 12G Hz,
additional path loss = 0.8dB, the earth station receiver antenna is a parabolic dish with diameter
=IOm, earth station T, is 250Ko, bit rate 90Mbps, 8PSK. Calculate the BER performance of your
desizn if a matched filter receiver with T = 1000K" is recommended.~ ('(1
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