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 NOTE:  1. This is a closed-book exam, 

2. Calculators with text/program storage capabilities are not allowed. 
3. Answer all questions. 
4. In case of problems requiring numerical or algebraic manipulation, 

show all steps clearly. 
In case of problems requiring descriptive answers, provide clear 
statements in point form; long essays are not required. 
In case of problems requiring algorithms, provide the reason/logic 
for each step. 

5. Specify units or dimensions when appropriate. 
6. In drawing plots of signals, spectra, etc. label the axes clearly. 

 
Marks 
 

1. What are the causes and characteristics of ventricular ectopic beats (premature 
ventricular contractions or PVCs)? 
 
Draw a sample ECG signal including 4 – 5 normal beats and two PVCs.  
Label parts of the signal indicating: 
 
a) atrial contraction, 
 
b) ventricular contraction, and 
 
c) the ‘premature’ nature of PVCs. 

 
(5) 

2. The transfer function of a digital filter is given as: 
 

H (z) = 1 + 2 z-1 + z-2. 
 

 a) What is the impulse response of the system? 
1

 

 b) Draw a signal-flow diagram of the system. 
2
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c) Give the input-output relationship in the form of a difference equation. 1 
 

2 d) Derive the frequency response  H (ω)  of the system and explain its 
characteristics. 

 
1 e) Draw the pole-zero diagram of the system. 

 
f) Compute the output of the system for the input signal with the sample 

values  {0, 0, 4, 4, 4, 4, 4, 0, 0}  and provide an interpretation of the result. 
 

2 

(9) 

3. The output  y (n)  of a digital filter is given as: 
 

y (n) =  x (n) – x (n – 1) 
 
where  x (n)  is the input. 
 
a) What is the transfer function  H (z)  of this filter? 
 
b) What is the gain of the filter at zero frequency  (D.C.)  and at half of the 

sampling frequency? 
 

(3) 

4. A researcher is designing a Wiener filter and is in need of help in obtaining 
the autocorrelation matrix, defined as: 

 
Φ = E [ x xT ]. 
 
Help the researcher by computing the autocorrelation matrix for the sample 
vector: 
     

x = . 

1
2
2
1

 
 
 
 
 
 

 
(3) Explain the meaning of the operator  E [   ]  and describe how you would 

implement the operation in practice. 
 

_____xxx_____ 
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