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Question 1 )

(a) Find the frequency response of the system determined by the input/output relationship:

dzy
dt

0 a0 _ ax(t)
o+ T S+ 12y(0) =— 2+ 2x()

’

and determine its impulse response, A(z). (10 marks)

(b) The signal g() has the Fourier transform:

Go)=—T2 —
-0 +5jo+6
Find the Fourier transforms of

(i) g(2r) ' (3 marks)
(ii) g(3r-6) (3 marks)
(iii) g (1) (3 marks)
(iv) g%t)_ (3 marks)
(V) e/ %g(1) (3 marks)



Question 2 ‘

Consider the discrete-time LTI system shown below:

x{n]
Z1
(a) Write down the expression that relates y[n] to x[n]. (2 marks)
(b) Find the frequency response H(Q) of the system. | (5 marks)
(¢) Find the impulse response A[rn]of the system. (3 marks)

(d) Find the magnitude spectrum, | H(Q2) | and the phase spectrum, 8(2). (5 marks)
(e) Find and plot the Fourier transform of x[n] =1. (2 marks)
(f) Find the Fourier transform of x[n]=—a"u [—n - 1] ,areal. (3 marks)

(2) A discrete-time LTI system is described by y[r]— % y[r-1]+ % y[n—-2]=x[n]

where x[n] and y[n] are then input and output of the system, respectively. Determine the
frequency response H(Q) of the system.
(5 marks)



Question 3

(a) Suppose y,(?), y,(t) and y,(t) are as shown below:

(1)t yi() (1, *2 (t) y3(t)
2
0 t 0 2 t 0 l t
D
If x(t) and y(¢) are:
2 X(t) @ y(t)
1
0 1
-2 0 1 ! -2 l l '
DD
Then sketch
@D x(®)=*y, (D), (3 marks)
(1) x()*y, (1), (3 marks)
(1i1) x(#) * y, (1) , (3 marks)
@) y(1)* y,(1), (3 marks)
(v) y(®)*y,(t),and (3 marks)
(Vi) y(1) * y3(1) . (3 marks)
(b) Perform the cross-correlation R[] of the following periodic sequences:
x[n}=1[2, 1, 3, 0] and A[n]=[3, 2, 4, 3]. (5 marks)
¢) Define autocorrelation. (2 marks)



Question 4 .

(a) Suppose a random variable has the following CDF:

0, x<-10
F.(x)=40.01(x+10)", -10<x<0
I, x>0 ‘
(i) Plot f,(x), the PDF. (5 marks)
(ii) Find P[-5< X <5]. (5 marks)
(iii)Find the expected value of X. (5 marks)

(b) Given the following probability density function:

F)= 11, 0<t<2

**7 710, otherwise
(1) Calculate the mean. (5 marks)
(i) Calculate the variance. (5 marks)



Question 5 .

() A linear time invariant (LTI) system is shown below.

x[n]__,@ y y[n]

Let x[n]=36[n—1]-6[n—3] and A[n] ='35[n]+0.55[n—l]—25[n—3].

Find the output sequence y[n]. (8 marks)

(b) Given that the probability density function spent in line by a transistor in a production
plant is:

0.1e, ift >0

fx(t)={ 0,ift<0

where t is the number of minutes spent waiting in line.

(i) Determine the probability that a transistor will be in line for at least 6 minutes.

(4 marks)
(ii) Determine the mean waiting time. (5 marks)
(c) A time signal x(t) has the Fourier transform -(Tj—wz—)- Find the Fourier transforms of the
following signals:
@) x@)=x(2t-3) (4 marks)
(i) x, (1) = ]x(r)dr (4 marks)

—®



Fourier Transform Properties

Continuous Time Fourier Transform

Property Sigrfal Fourier transform x(8) X(w)
x(r) X(w)
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Discrete Time Fourier Transform Properties

Discrete Time Fourier Transform

Property Sequence Fourier transtorm «n] X(Q)
. - Ny P (¢9)]
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