NDU - Faculty of Engineering

EEN 344 Final Exam
Communication Systems | Time: 2 Hours
Name: ID #:

Remark: Adjust your time. Do not waste too much time on parts that you cannot solve quicKly.

Problem I: FM Modulation (35 Points)

Consider a single tone sinusoidal message m(t) with amplitude A» = | V which modulates the
frequency of a carrier wave according to:

APl

x(t) = 25cos[2nf.t +3sin(10000xt)]

Find the instantaneous frequency of x(1). (5 Pts)
Find the single tone message m(t). (5 Pts)
Find the peak frequency deviation. (5 Pts)
Find the bandwidth of x(2) using Carson’s rule. (5 Pts)

Calculate the power ratio and the power output of the modulator assuming a bandpass
filter is used which will pass the carrier frequency component and in addition two
frequency components on each side of the carrier frequency. (5 Pts)

The FM signal is transmitted through a channel with additive white noise. The power
spectral density of the noise signal n(t) is Sp(f) = No/2 = 107 (W/Hz). Calculate the signal

to noise ratio (SNR)ear. (5 Pts)
Pre-empbasis and de-emphasis filters are used. Calculate the 3-dB frequency f, of the de-
emphasis filter such that the signal to noise ratio is improved by 6 dB. (5 Pts)
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[I: Noise Power (35 Points)

nsider a noise signal n(t) generated by an arbitrary communication channel. Assume that the

¥ noise signal is white with a power spectral density of No/2. Suppose that we use a noise-limiting

filter with frequency response H(f) to reduce the noise as shown in the following figure:

n(v) ».  Noise-Limiting Filter > z(t)
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Hint: [H@|=107f-0.5 500 Hz <f< 1500 Hz

1. Calculate the noise power; in terms of N, at the output of the noise-limiting filter. (15 Pts)
2. Now consider the system shown in the figure below. Let m(t) = 10[1 + cos(1000xt)] V.

a) Find x(t). Given: cos(A)cos(B) = (1/2)[cos (A-B) + cos (A+B)] (5 Pts)
b) Find X(f), and then deduce the portion of X(f) that will pass through the noise-
limiting filter. (5 Pts)

¢) Calculate the signal power at the output of the filter. Assume a 1 Q load. (5 Pts)
d) Calculate the signal to noise ratio in dB at the output of the filter. Note that the noise

power is the same as part (1). Take N, = 3x10° (W/Hz). (5 Pts)
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. I11: Signal to Noise Ratio (30 Points)

F'"Consider the following communication system:

+ Mo » LPF

m(t)

n(t)

The message signal m(t) is given as: m(t) = (10/m)sin(200mt).

, YO

The lowpass filter has a unity gain and a bandwidth W, where W = 200 Hz. The noise signal n(t) is

white with a power spectral density of S,(f) = Ny/2 = 107 (W/Hz).
Find the signal to noise ratio in dB of the output signal y(t).
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