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[Question 1 is compulsory]

. a) With a single equation, define the characteristic of a linear system.

(2]
()
b) Find the even and odd components of the signal )'QL: e
(2]
c) A continuous-time signal x(¢) is shown in Figure 1.1. Sketch the signals
H o x(Ou@)-u-1)
(3]
.. 3
i) x(t)o(t— :)-) :
[3]

x(1)

Figure 1.1

d) Consider the RC circuit shown in Figure 1.2. Find the relationship between the input
x(¢) =v,(¢) and the output y(z) =i(z) in the form of:

i) adifferential equation;

[3]
i) atransfer function.

[3]

A

R

+ + c
Vx(t')@) i) R Vc(f)
Figure 1.2

e) The unit impulse response of an LTI system is h(r)z[Ze's’—e“z’]u(t). Find the

system’s zero-state response y(z) if the input x(¢) =e'u(r). Note that

eMu(r) * e™'u(t) = i_-e—/]dzfz,as(t) for A, =4,
A4, :

[4]
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f)

g

h)

i)
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Using the graphical method, find y(¢) = x(¢) * 4(t) where x(¢) and A(t) are shown in
Figure 1.3.
[4]

x(t) h(®)

Figure 1.3

Find the pole and zero locations for a system with the transfer function

§7— 54512

H(s)= :
(5) s +55+4

[4]

Given that the Fourier transform of the signal x(¢) is X(w), i.e. x(¢) < X(@), prove
from first principle that

x(t—-1,) © e’ X(w).

[4]

Using the z-transform pairs u[k] < Ll and y*ulk] < , or otherwise, find the

inverse z-transform of

[4]

A TV signal has a bandwidth of 4.5 MHz. This signal is sampled and quantized with an
analogue-to-digital converter.
i) Determine the sampling rate if the signal is to be sampled at a rate 20% above the

Nyquist rate.
2]

ii) If the samples are quantized into 1024 levels, determine the bit-rate (i.e.
bits/second) of the binary coded signal.
(2]
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a)

b)
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Given the initial conditions y,(0)=0 and y,(0) =1, find the unit impulse response of an
LTI system specified by the equation

d’ d
Y g%

dx
——+99()=2—+9x(2) .-
g To Y =2 o)

[15]

An input signal (1) is expressed in terms of step components as shown in Figure 2.1.
The step component at time # =7 has a height of Af which can be expressed as

Asz—fA'r:f(r)ﬂf.
At
If g(r) is the unit step response of an LTI system to the step input u(¢), show that the
zero-state response y(¢) of the system to the input f(¢) can be expressed as
)= [f(@)gt—-7)dr = F(t)xg@0).-
[15]
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a)

b)
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Find the Fourier transform of the signal shown in Figure 3.1 using two different methods:

i) By direct integration using the definition of the Fourier transform

(10]

ii) Using only the time-shifting property and the Fourier transform pair

t . ot
rect| — | < tsinc| — |-
[Tj ( 2 J

[10]

Given that E}e""z‘“zdx =+/27 , show that the energy E, of a Gaussian pulse

s

‘l .

- e 267

is given by

E 1

Jr:2()-\/;;“;.

You should derive the energy E, from F(w) using the Parseval’s theorem and the

following Fourier transform pair

I 3 s
e o o\2me T ?,

[10]

x(t)

Figure 3.1
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4. A discrete-time LTI system is specified by the difference equation
ylk+1]-0.5y[k] = f[k +1]+0.8 f[k].

a) Derive its transfer function in the z-domain.

[6]
b) Find the amplitude and phase response of the system.
[14]
¢) Find the system response y[k] for the input f[k] = cos(O.Sk—g—) :
[10]

[THE END]

Page 7 of 7



