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Question 1

a)

b)

Determine whether the signal x(t) =sin(2(t — %)) + 2cos(4t) — 7sin(10t) is periodic.

If it is periodic, find the fundamental period. (4 marks)

The piecewise continuous function of a signal, x(t) is given as:

-2t-2  -2<t<-1
t+1 ; -1<t<O0
x(t) =

1 : O<t<?2

0 ;  elsewhere
i) Sketch the signal x(t) (3 marks)
i) Represent the signal X(t) in terms of sum of unit step only. (3 marks)
i) Sketch the derivative of x(t) i.e % (3 marks)
iv) Determine whether the signal, X(t) is energy signal, power signal or neither

energy nor power signal. Justify your answer.

(5 marks)
Consider the signal y(t) in Figure 1 below:
i) Sketch the integral of y(t)i.e. jy(t)dt (3 marks)
i) Sketch the signal z(t) = y(1- %t) (4 marks)
y(®)
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Figure 1: The signal y(t)
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Question 2

a) List the four (4) possibilities of the second order differential equation characteristic
roots and define the general form of homogeneous solution for each root
respectively.

(8 marks)

b) Show that the electrical system shown in Figure 2 where, v, (t) is the input and

Ve, (t) is the output, can be represented by the following differential equation:

dzvcz(t)+[EJ dvcz(t)+ C1+C2 \ (t)= L \. (t)
a> (L) dt \LCC, ) L, )"

(6 marks)
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Figure 2: The RLC circuit

C) Consider a system with the following differential equation:

2
T gD 18y (1) = ot +5¢
dt dt

=0, determine the y(t) by using

If the initial conditions are y(07) =1 and _dy((j(t))

the classical method (undetermined coefficient).
(11 marks)
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Question 3

a)

b)

c)

The trigonometric Fourier series of an even symmetric signal, X(t)consists of dc
value and cosine terms only while an odd symmetric, f (t)consists of sine terms

only. Express the general form of trigonometric Fourier series of x(t) and f(t).

(3 marks)
Refer to a periodic signal, y(t) in Figure 3 and determine the following:
i) The fundamental period, T,, angular frequency, @, and symmetric property.
(2 marks)
ii) The trigonometric Fourier series of y(t)
(8 marks)
iii) The exponential Fourier series of y(t)
(5 marks)
y()
2
1

e
0.511.5MH, t

Figure 3: A periodic signal, y(t)

Sketch the frequency spectrum of the following trigonometric Fourier series of the
signal, f (t) for n=0,+142+3+4,5.

2 4 1
f)=—+—
® s 7znZ:;‘1—4n2

(7 marks)
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Question 4
a) Prove that the shifting in s-domain property of unilateral Laplace transform is given
by:

Lie*x(tu(t)}= X (s + @)

Hence, determine the X (s) if given that x(t) = 3™ cos(2t)u(t)

(4 marks)
b) Determine the unilateral Laplace transform for the signal, y(t) in Figure 4 by
applying appropriate theorems.
(7 marks)
y(t)
A
24
1..
-
2 1 2 3
-1
Figure 4: The signal, y(t)
c) A system is described by a differential equation,
2
R TUNPL OB
dt dt
where X(t)is the input, y(t)is the output and all initial conditions are zero.
i) Determine the transfer function of the system.
(3 marks)
i) Draw the poles and zeros plot and determine the stability of the system
stability.
(3 marks)
i) Solve for y(t) using Laplace transform method if x(t) = e *'u(t)
(6 marks)
iv) Determine the steady state value of y(t) using Final Value Theorem
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(2 marks)

Question 5

a)

b)

c)

Given a system that is described by the following equation:

y(t) = x(t —1) + x(t) +10

where Xx(t) is the input and y(t) is the output. Determine and justify whether the

system is:
i) Static and dynamic
(2 marks)
i) Causal or non — causal
(2 marks)
i) Time-variant or time-invariant
(5 marks)
iv) Linear or non-linear
(5 marks)
Determine the inverse Laplace transform, x(t) for the following equation:
2
S°+6s+7
X(8)=—5—+=
S°+3s+2
(6 marks)

Explain the role of feedback gain, H(s) in order to stabilize the following unstable

first-order continuous-time system, G(s):
b . .
G(s) = —— with feedback gain, H(s) = K
s—a

Conclude your explanation to the condition in which the similar system is also
referred as proportional feedback system.
(5 marks)

END OF QUESTION
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APPENDIX
Laplace Transform Table

Item no. f(t) F(s)
1. 5(1) I
|
2. u(?) .
3. u(t) %2
n!
5. e "u(t) : _Il_ p
. w
. u(t Y
6 sin wtu(t) T o2
7 cos wiu(t) >
. w -
§2 + w?
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