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SECTION A: ANSWER ALL QUESTIONS

Q1 (3
(b)

Q2 (3
(b)

Any time-varying physical phenomenon that is intended to convey information is
a signal.

(i) Based on your understanding, define the meaning of Continuous Time
Signal (CTS).
(2 marks)
(i)  Suggest a method to convert a Continuous Time Signal into a Discrete
Time Signal.
(2 marks)

A continuous-time signal is given as x(¢) = e u(t), where u(t) is a unit step
function.

(i) Sketch the signal x(z).

(2 marks)
(ii)  Determine and sketch the even and odd parts of x(7).

(6 marks)
(iii)  Calculate the energy and power of x(7).

(6 marks)
(iv)  Identify whether the signal x(7) is a power or energy signal.

(2 marks)

The block diagram representation of an electrical system is shown in Figure
Q2(a), where x(t) is the input signal, h(t) is the impulse response of the
system and y(t) is the output signal. The relationship between y(t) and x(t) is
given as

y(t) = log[2x(t — 1)]

Classify the system whether it is memoryless, causal, linear, time-invariant and
stable. You must show and explain the steps used in making your decision.

(5 marks)
The impulse response, h(t) of a linear time-invariant (LTI) system is given as,
h(t) = u(t) - u(t—2),
where u(t) is a unit-step function. The input x(t) is given as,
t+1: -1<t<0
x(t) ={-t+1:0<t<1
0 : elsewhere

Determine and sketch the output responses y(t) using the graphical solution of the

convolution integral.
(15 marks)
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SECTION B: ANSWER THREE (3) QUESTIONS ONLY

Q3

A rectangular pulse train x(¢) as shown in Figure Q3 is given by

1, -2%x10% <t €0

“(t) = {o, 0<t < 2x1073

with a period T =4x107s

(a) Determine the exponential Fourier Series representation of x(¢).
(8 marks)

(b) Sketch the amplitude spectrum for0 <»n <6, where n is the coefficient index.
(4 marks)

(c) The signal x(¢) in Q3(a) is passed through an ideal low pass filter that has a cut
off frequency of 1 kHz. Let y(¢) be the output of the low pass filter and the gain
of the filter is unity.

)] Calculate the total power of the input signal x(¢) .
(3 marks)

(ii)  Analyse the differences between the output signal y(?) and input signal x(z)
by comparing the frequency components and total power of both signals.
(5 marks)



Q4

Q5

(2)

(b)

(2)

(b)
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g it fort>0
An exponential signal is given by x(t) = PR for t<0

(1) Sketch the exponential signal x(?).

(1 mark)
(ii) Derive the Fourier transform of x(?).
(5 marks)
(iii)  Plot the magnitude spectrum and phase spectrum of x(%).
(6 marks)

Consider a continuous-time linear time invariant (LTI) system

t

C%(t—)— +2y(t) = x(t) . Use Fourier transform to determine,
(i) the impulse response A(¢) of the system.

(2 marks)

ot

(i)  the output ¥ @ for x(t)=e"u(®) .

(6 marks)
A time-shifted signal x(¢) is given in Figure Q5(a).
) Write the expression for the signal x(?).

(1 mark)

(i)  Find the bilateral Laplace transform of the signal and specify the region of

convergence.
(6 marks)

Using the linearity properties of Laplace transform, prove that the unilateral
Laplace transform of x(r)=cos(bt) is X (S)ZTS“'bT . (Hint: Use Euler’s
55+

relation.)
(3 marks)
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A system H, is made of a simple RL circuit as shown in Figure Q5(c) where

R =4 Q and L = 0.5 H. The voltage input to the system is v(¢#) and the output

current is i(z).

@

(i)

(iii)

Using Kirchoff’s voltage law, write down the first order differential

equation for the circuit.

(2 marks)

Show that the output voltage to input voltage transfer function, -E% for the
14

RL circuit is

(5 marks)

The system is cascaded with another system H, where its transfer function

is H, =—~—1——~, thus forming an interconnected system. Draw the block
+

diagram of the interconnected system and determine the overall transfer

function of the system.
(3 marks)
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(a)

(b)
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Unit impulse &5(¢) is an imaginary signals often used in the study of signals and
systems.

i) Describe the two characteristics of unit impulse.
(2 marks)

(ii) Using an appropriate figure, describe how a continuous time signal can be
sampled using the unit impulse’s sampling property.
(3 marks)

Linear time invariant (LTT) system is an important class of system.

() Describe the two conditions needed for a system to be linear.
(2 marks)

(i)  Explain the meaning of ‘impulse response’. How does an impulse response
relates the input and the output of a LTI system?

(3marks)

The exponential Fourier series expansion of signal x(¢) is given by

1 O 2
nmy
—_ - —_—] J— jnmt
x(t) 2+ Znnsm(z)e , n#0
n=-—w

() Determine the period 7 of the signal x(r).

(2 marks)

(i) Show that the magnitude of the Fourier series coefficient is an even

function.
(4 marks)

(iii)  Discuss what would happen to signal x(#) in time and frequency domain if
the period T' increases to infinity.

(4 marks)

- END OF QUESTIONS -



BEB20203

FINAL EXAMINATION

SEMESTER/SESSION: SEMESTER 1/2013/2014

COURSE NAME: SIGNALS & SYSTEMS

PROGRAMME: BEJ/BEV
COURSE CODE: BEB 20203

x(t) h(e) y(t)
FIGURE Q2(a
10
1
-6 4 2 0 4 6 b ¥l
FIGURE Q3




BEB20203

FINAL EXAMINATION
SEMESTER/SESSION: SEMESTER 1/2013/2014 PROGRAMME: BEJ/BEV
COURSE NAME: SIGNALS & SYSTEMS COURSE CODE: BEB 20203
x(1)
5-4
B
d -0.5(t-3)
3] e
2.
1
0 3 v L] ‘ 1] ] L f T : t (S)
0 1 2 3 4
FIGURE Q5(a)
R=4Q
A ‘
i(?)
vi) O L=05H < |v()
FIGURE Q5(c)




BEB20203

FINAL EXAMINATION
SEMESTER/SESSION: SEMESTER 1/2013/2014 PROGRAMME: BEJ/BEV
COURSE NAME: SIGNALS & SYSTEMS COURSE CODE: BEB 20203

INDEFINITE INTEGRALS

. 1 .
cosat dt = — sin at

’ a
l . 1
sinat dt = —— cos at
’ a

- 1 1 .
tcosatdt=——;cosat+—tsmat
’ a a

.. 1 . 1
t sin atdt:——23mat——tcosat

® a a
EULER’S IDENTITY
tjz)2 : -
e =+j AL +0 = de*’”

e/’ =cosf + jsind

cosH:—;—(ej9+e_j9). Siﬂ@:i(ejg“e_ja)

> ]2
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TABLE 1: Trigonometric Identities

Trigonometric identities
sin & = cos (‘x"%) cosazsin(a+§)
sin(oc +f8) = sina cos 8 cos(a + ) =cosacosf
+ cosasinf Fsinasinf
sin2a = 2sinacosa cos 2a = 2cos* a—1
cos2a =1—2sin? a cos2a = cos’a — sin‘a

TABLE 2: Values of cosine, sine and exponential functions for integral
multiple of ©

Function Value
cos2nrm 1
sin 2nr 0
cosS nrxw (_l)n
sin nr 0
cos (-1D)"?, n=even
2 0 . n=odd
giny 2 R
2 0 , N =even
ej2n7r 1
ejmr D"
ejmr/Z (-D™* , n=even
JEDUY2E = odd
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TABLE 3: Fourier Transform Pairs

Time domain, f(?) Frequency domain, F(®)
0 1
1 276 (w)
t
s 7 (@)+——
jo
u(t+7)—u({t—r) ’ sin@t
@
g -2
) 2
sgn(?) 2
jo
e “u(r) 1
a+ jo
e u(—t) 1
a—jo
e () o
(a + ja))”+l
el 2a
a’+o’
e’ 2ro(w—w,)
sina, ¢ jrls(@+a,)-5@-a,)
cosa,t 7r[§(a) +0,)+d(0-0, )]
e “'sinw,t u(t) @,
- 2 2
(a + ]a)) +o,
e “cosam,t u(t) a+jo
(a+jo) +o?
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TABLE 4: Fourier Transform Properties

Property Time domain, f{7) Frequency domain, F(®)
Linearity a SO+ a, /(1) a.F, (@) +a,Fy (@)
Scalin at 1 o
g f(at) 1 @)
jof_"a
Time Shift ft-a) e’ F(w)
Frequency Shift e (1) Flo-w,))
Modulation cos(oyt) f(1) % [Flo+0,)+ Fo-o, )]
Time Differentiation daf JjoF (0)
dt
d'f (jo)"F(o)
dt”
Time Integration J-f @) de F -(a)) + 7 F(0)5(e)
- @
Frequency Differentiation "t L, d
f® "% F)
do
Reversal AGH) F(-w)or F(w)
Duality F(@) 27f (—@)
Convolution in ¢ L O* £, F(o)F,(®)
Convolution in ® AGIAG) F(0)* F, ()
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TABLE 5: Laplace Transform

Signal Waveform f(z) Transform F(s)
Impulse o(1) 1
1
Step u(r) —
s
1
Ramp ru(r) -
s
n—1 1
Power of ¢ u(t) n=1273... -
(n - 1)! s”
_ |
Exponential e u(t)
s+a
—et 1
Damped ramp te “u(t) (s+ a)z
i n—1 ]
Damped Power L e “u(t) n=1273... -
of t (n—1)! (s+a)
Sine sin St u(t) = fﬁ3
s
Cosine cos Bt u(t) o ,82
SR b as+b
Sinusoid Na +b° cos(ﬂt——tan"’——) u(r) Z——g
a s“+ 0
Damped Sine e “sin Pt u(t) ﬁ»
pe (s + 0:)" + ﬂz
- 4G - S+
i tu(t 5 B
amped Cosine e " cos ft u(t) (S +a)_ e
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TABLE 6: Laplace Transform Properties

Laplace
Property Signal Transform ROC
x(1) X(s) R
x¢(f) X (s) R,
x(1) Xo(s) R,
Linearity ax|(t) + bx,(t) | aX,(s) + bXa(s) | Atleast R, N R,
Time shifting x(t — ty) e 0 X(s) R
Shifting in the s-Domain &' x(1) X(s — s¢) Shifted version of R (i.e., s is
in the ROC if s — 54 is in R)
. . 1
Time scaling x(at) l—-iX (f) Scaled ROC (i.e., s is in the
e ROC if s/a is in R)
Conjugation x*(t) X' (s R
Convolution xy (1) * x5(1) X1 ()X5(s) Atleast R, N R,
Differentiation in the f-x(t) sX(s) At least R
. , dt
Time Domain
Differentiation in the —tx(1) E-X(s) R
. ds
s-Domain
t
Integration in the Time f x(T)d(T) -i-X ) At least R N {Refs} > 0}

Domain

Initial- and Final-Value Theorems
If x() = 0 for r < 0 and x(f) contains no impulses or higher-order singularities at 1 = 0, then

x(0%) = lim sX(s)

s—yo0
If x(1) = O for 1 < 0 and x(¢) has a finite limit as 1 —> =, then
fﬁglc x() = }1_!}3 sX(s)
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