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Question 1 follows on page 2. 
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1. (a) X(t) is a wide-sense stationary process with power-spectral density Sxx(f).  
Determine (in terms of Sxx(f)) the power spectral density of 
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 (b) A white-noise process n(t), with power spectral density Snn(f) = γ, is applied 

at the input of a low-pass filter as shown in Figure 1. 
 
 
 
 
 

Figure 1:  Low Pass Filter. 
 
  The impulse response of the filter is 
 

h1(t)  =  e
-αt

 u(t) , α>0. 
 

  Find Syy(f), the power spectral density of the output process y(t). (4 marks) 
 
 (c) Determine Ryy(τ), the autocorrelation function of the process y(t) in (b) 

above. (3 marks) 
 
 (d) The impulse response h(t) of a linear time-invariant system is 
 

h(t) = u(t+1) - u(t-1) 
 

  where u(t) is the unit step function.  Comment on the causality of the 
system. (1 mark) 

 
  Using time-domain convolution only, find and sketch the system output z(t) 

when the input is 
x(t) = u(t) - u(t-1) 

 
  Explain your method with the aid of appropriate sketches. (8 marks) 
 
 
 
 

Question 2 follows on page 3. 
 

h1(t) y(t) n(t) 
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2. (a) A message signal m(t) modulates a carrier v c(t) given by 
 

vc(t) = Ac cos2πfct 
 

  Write down an equation for the modulated signal if 
 
  (i) Double sideband amplitude modulation (DSB-AM or AM) is 

employed (with modulation index  μ) (1 mark) 
 
  (ii) Double sideband suppressed carrier (DSB-SC) amplitude modulation 

is used. (1 mark) 
 
 (b) Sketch time domain and frequency domain waveforms for an AM 

modulated signal when 
m(t) = Am cos 2πfmt. 

 
  Assume fc >> fm and μ = 0.8. (3 marks) 
 
 (c) Repeat (b) for DSB-SC modulation. (3 marks) 
 
 (d) Briefly discuss the demodulation techniques available respectively for AM 

and DSB-SC modulated waveforms, pointing out the relative advantages 
and disadvantages. (4 marks) 

 
 (e) A modulated signal of bandwidth 10 kHz is transmitted over a channel with 

50dB attenuation and additive white noise of power spectral density  

  S nn(t) 
No
2

 = 10-9 W/Hz. 

 
  Determine the required transmitter power to achieve a SNR of at least 50dB 

at the receiver output if 
 
  (i) DSB-SC modulation is used (6 marks) 
 
  (ii) AM is used with μ = 0.9.  Assume that the message signal m(t) is a 

random process with |m(t)|≤1 and <m2(t)> = 0.2. (2 marks) 
 
 

Question 3 follows on page 4. 
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3. Frequency modulation (FM) and Phase modulation (PM) are examples of Angle 
Modulation.  A frequency modulated signal v f(t) can be described by 

vf t Ac fct Kf m d
t
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 where  Ac, fc are the carrier amplitude and frequency 
   m(t)  =  message signal 
   Kf     =  frequency deviation constant 
            =  maximum frequency deviation if |m(t)| ≤1. 
 
 (a) Write down an equation for a phase modulated signal vp(t).  Define the 

instantaneous frequency f i for FM and PM respectively. (3 marks) 
 
 (b) For the waveform shown in Figure 2(a) sketch the FM modulated signal.  

For the waveform in Figure 2(b) sketch the PM modulated signal. Compare 
and comment (the time scales of the two sketches should be in the range  

  0 ≤ t ≤ 4). (3 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) (b) 
 

Figure 2:  Message signals. 
 
 

Question 3 continues on page 5. 
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3. (continued) 
 (c) The Armstrong method is used to generate a wideband angle-modulated 

signal as shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3:  Armstrong method for generating wideband angle modulation. 
 

  The narrowband angle modulation signal g 1(t) is given by 
 

g1(t)  = A cos 2π(fct + kp m(t) ) 
 

  where fc = 105 Hz, kp = 0.05, |m•(t)min| = [m•(t)]max = 200, and bandwidth B 
of m(t) = 100 Hz. 

 
  Determine the maximum frequency deviation and bandwidth of 
  (i) g2(t) (4 marks) 
  (ii) g3(t) (3 marks) 
 
 (d) For a FM receiver the output signal-to-noise ratio SNRo is 

SNRo
A fd m

W
=

< >3 2 2 2

4 3α
 

  where fd = maximum frequency deviation 
    W  = bandwidth of message signal 
    <m2> = average power of normalised message signal 
    A  = amplitude of carrier 
    2α = noise power spectral density level. 
 
  The predetection signal-to-noise ratio (SNRp) is given by 

SNRp
A

B
=

1
2

2

2α
 

  where B = bandwidth of FM signal. 
 
  At the FM threshold SNRp = 10.  Assuming sinusoidal modulation, show 

that the output signal-to-noise ratio at the threshold is given by 
SNRo th, ( )= +30 2 1β β  

 where β is the modulation index. (7 marks) 

Frequency  
Multiplier 

x 2500 

Frequency  
Converter 
101 MHz 

g3(t)g2(t)g1(t) 

~ 149 MHz 


