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Communications
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Notes:

1) If doubt exists as to the interpretation of any question, the candidate is urged to submit with the
answer paper a clear statement of any assumption made.

2) "Closed-Book" -no aids other than a calculator (Casio FX-991 or Sharp EL-540) are permit-
ted.

3) Any five questions constitute a complete paper. Only the first five questions as they appear in
your answer book will be marked.

4) All questions are of equal value.
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I)
a) Find the Fourier series for the (periodic) sawtooth signal x(t) shOW1;1 in the following figure.

b) What is the average power of the signal in tenns of the signal parameters A and T.

c) We defme the bandwidth of the signal x(t) as the smallest frequency B (Hertz) for which the

average power of the sum of all the harmonics of frequency less than or equal to B is equal to

99% of the average power of the signal. Determine the bandwidth ofx(t) .

2) A bandpass signal consists of the sum of two DSB signals with carrier frequencies 0)1 and 0)2

and baseband signals m)(t) and m2(t) with bandwidth B. The signal has the form

x(t) = m)(t)cos(0)1t)+m2(t)cos(0)2t),and the carrier frequencies are such that the spectra

of the two DSB signals overlap, and 0)2 > 0)) .

a) Give an expression for the envelope of the signal x(t) .

b) If the signal is input to a coherent demodulator with local reference oscillator signal equal to

cos ( ro2t) and low-pass filter bandwidth equal to 2B determine the output signal.

3) A discrete time system is described by the following difference equation

1y(n) = -y(n-l)+x(n)

2

where y(n) is the output and x(n) is the input.

a) Find the impulse response of the system, h(n)

b) Find the transfer function of the system, H(z) .

c) If the input to the system is the step function u(n) = 1, for n ?; 0, and O for n < 0, determine

the output y(n) .
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4) A VCO is used as a frequency modulator. If the input is zero vo~ts then the output is a sinu-
soidal signal of frequency fc = 80 MHz and amplitude 5 volts. If the VCO input signal is 2

volts then the output signal is a sinusoid with frequency 80.1 MHz. We apply a message

input m(t) to the modulator, equal to the sum of two sinusoids of amplitude1 and frequen-
cies 5 KHz and 10 KHz respectively.

a) Give an expression for the output of the FM modulator.

b) What is the average power of the FM signal?

c) What is the approximate bandwidth of the FM signal?

5) A speech signal has a bandwidth of 8 KHz. It is to be transmitted using PCM with uniform
quantization and binary baseband transmission. The required signal to noise ratio at the
receiver is 33 dB. Determine the bandwidth of the baseband channel required to transmit the
signal. Show all the calculations and intermediate results.

6) An AM signal has a carrier frequency equal to 2 MHz and a baseband message signal band-
width equal to 15 KHz. It is desirable to change the carrier frequency of this AM signal to
2.005 MHz.

a) Give the block diagram of a system that will achieve this frequency conversion.

b) Give the diagram of a circuit to demodulate the signal based on envelope detection.


