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Question 1
(a) From the definition of the Fourier Transform, prove that

.jmto
x(t—ty) <—>e X(w) (3 marks)

(b) (i) Find the Fourier Transform of the following waveform at frequency, f=2 Hz.

x(t)
1
0 1 t;
(10 marks)
(ii) Find the Inverse Fourier Transform of the following signal
X(m)
4
< B 5 t:
(5 marks)
(c) Given the Fourier Transform pair
-Itl
e <> 2
1 + o
determine the Fourier Transform of  te™ (7 marks)

[hint: use the appropriate Fourier Transform property in Table 1 on the back page]



Question 2

(a) Given that a DSP system is described by a unit sample response, h{n] = [3, 1, 0.5],
determine the output sequence of the system in response to the digital input sequence
x[n]=1[2,1,0,-1,-2]

(10 marks)

(b) (i) What is correlation? Give one typical application example where correlation is
used. (3 marks)

(ii) Perform the cross-correlation, Cxn(p), of the two sequences namely x[n] = [2, 1, 3, 0]

and h{n] =3, 2, 4, 3] (7 marks)
mar

(c) Verify the commutative property of the convolution integral, that is,
x(t) * h(t) = h(t) * x(D), (5 marks)

where x(t) is the input and h(t) is the impulse response of the system.



Question 3

(a) An N-sample signal x[n] has the Discrete Fourier Transform (DFT) X[k]. Write down
the expression for the DFT of the signal 2x[n] + x[n+1]
(2 marks)
(b) Evaluate the 4-point DFT for the signal x(t) = sin(27x1000¢t) volts, at a sampling
frequency of 4 kHz
(10 marks)

(c) Plot the magnitude spectrum of the result in (b) (5 marks)

(d) Verify that in the discrete frequency space the spectral coefficient X[3] = X{[7] in (b)
above
(3 marks)

(e) Using the Inverse Discrete Fourier Transform (IDFT), verify that in the discrete time
space x[1] = x|[5] in (b) above
(5 marks)



Question 4

(a) A box contains 30 resistors: 15 of the resistors have nominal values of 1.0 KQ, 10
have nominal values of 4.7 KQ and 5 have nominal values of 10 KQ ; 3 resistors are
taken at random and connected in series. What is the probability that the 3-resistor
combination will have a nominal resistance of

(1) 3KQ (4 marks)
(i) 15.7 KQ (4 marks)
(iii) 19.4 KQ (4 marks)

(b) Consider transmitting a three-digit message over a noisy channel having error
probability P(E) =2/5 per digit. Assuming statistical independence, calculate the

probability of receiving
(i) a correct digit (2 marks)
(ii) a message with one error (4 marks)

(c) Given that the sampling period T = 1s, determine the first four values and the final
value of the input sequence x[n] for

X@Z)= z1-e7)

(z—1)z-€7) (7 marks)
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Question 5

(a) Define the term ‘filtering’ (2 marks)

(b) Explain how Butterworth and Chebyshev filters approximate an ideal, ‘rectangular’,
response characteristic

(4 marks)
(c) A first order digital filter has the structure shown below.
. + o[n]
l[n] » Unit delay
+

(i) Find its transfer function, H(z) (4 marks)
By first finding the z-transform of the following input sequences, find the
corresponding output sequences, o[n].
(i) i[n]={1,0,0,0,0, ...} (4 marks)
(i) i[n]={1,1, 1, 1,...} (4 marks)

(d) Find the z-transform of the following sequence and simplify your answer.

x[n]= cos(nn/4) (7 marks)



Table 1 .

Properties of the Fourier Transform

" Property . Signal Fourier transform
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