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ANSWER ALL QUESTIONS

Q1.

Q2.

(a)

(b)

(©

(a)
(b)

(©)

(d)

A continuous time signal is defined as:
x(t) = 2[u(t) —u(t — 2)]

(i) [llustrate the even part and odd part of the signal.

(5 marks)
(ii) Sketch the output y(t) = x(2t — 3).

(5 marks)
Differentiate energy and power signals.

(3 marks)

Given that:

5
r(t) = V2 sin4mt + §cos 8mt

Verify whether r(t) is periodic. If periodic, determine the fundamental period.

(7 marks)
Define causal system by giving one appropriate example.
(5 marks)
Test the causality of the signal, s(t), given by:
t
s(t) = x(t) + f x(A)dA
0
(4 marks)

By using convolution integral, find the overall impulse response H(t) for two
cascaded systems with the system impulse responses, h,(t) and h,(t) expressed
as:

hy(t) = 5e73;
h,(t) = 2e~7¢
(5 marks)

State the commutative property of convolution. Then, show that the answer
obtained in Q2 (c) satisfies the commutative property of convolution.

(6 marks)
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Q3.

Q4.

(a)
(b)

(©

(a)

(b)

©

State any TWO (2) properties of Fourier Series. (4 marks)

The following signals, p(t)and q(t) are the experimental output signals from a
signal generator. With the aid of a diagram, plot the magnitude and phase
spectrums of both signals.

(i) p(8) = 2+ 4cos (50¢ + ) + 12 cos(100t — T) (4 marks)

(ii) q(t) = 4 cos(2m(1000¢t) cos(2m750000t) (4 marks)

The output of an RLC circuit is shown in Figure Q3 (c). Find the first 5
components of the trigonometric Fourier series for the waveform. Assume that
w=1.

(8 marks)

Explain how Fourier transform is obtained from Fourier Series. (4 marks)

Given two signals as shown in Figure Q4 (b)(i) and Figure Q4 (b)(ii), determine
the Fourier transform and sketch the magnitude spectrum of each signal.

(10 marks)

Frequency domain analysis and Fourier transform are cornerstone of signal and
system analysis. Let F;(w) is the Fourier transform of f;(t) and F,(w) is the
Fourier transform of f,(t). Show that multiplication in the time domain,
corresponds to convolution in the frequency domain divided by the constant 1/2x,
as shown in the mathematical equation below.

1
@O0 < %‘?1(0)) * Fa(w)
(6 marks)
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Qs.

(a)

(b)

Define region of convergence (R.0.C) and write any two properties of R.O.C of
Laplace transform.

(4 marks)

The output of an LTI system can be easily determined in s-domain using the
convolution property of Laplace transform. If a signal

x(t) = e~ 2t (u(t) — u(t — 3))

is an input to a system with the impulse response given by

(i)

(i)

hy(t) = 3e 3tu(t),

Determine the output y(t) using the Laplace transform convolution

property.
(10 marks)

The system h,(t) is cascaded in series to another system h,(t) with its
transfer function given by

s—1

s—2

Hy(s) =

forming a new system h(t). Determine the total response of the new

system, h(t) if the system is stable.
(6 marks)

- END OF QUESTIONS -
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TABLE 1: INDEFINITE INTEGRALS

1 .
Icosat dt = —sin at
a

. 1
Ismat dt = —— cos at
a

1 1 .
J-tcosatdt:—zcosat+—tsmat
da a

. 1 . 1
_[tsm atdtz—zsmat——tcosat
a a

TABLE 2: EULER’S IDENTITY

jr
=3

e 2 =d1j

Az + 6 = AetI®

et/"m = cos(nm)

et/? = cos@ +jsin6

1, . .
cosf = - (e’ + e719)

1, . .
sin@ = E(e’” —e719)

TABLE 3: TRIGONOMETRIC IDENTITIES

i T
Sina = Ccos a—E)

cosa = sin (a + g)

sin(a £ f) = sinacosf + cosasinpf

cos(a + B) = cosacos B Fsinasinf

sin2a = 2sinacosa

cos 2a =2cos? a—1

cos2a =1—2sin® a

cos 2a = cos?a — sin*a

TABLE 4: VALUES OF COSINE, SINE AND EXPONENTIAL FUNCTIONS FOR

INTEGRAL MULTIPLE OF w
Function Value Function Value
COS(ZTLH’) 1 ]nTn- (__1)% ,n = even
sin(2nm) 0 € (—1)nT_l ,n = odd
cos(nm) 1" - (_1)% ,n = even
: £hs (_) n = odd
sin(nm) 0 2 0 ’
ejznn 1 n-1
: sin (E (1) 2 ,n=even
e/nm (=" 2 n+1 n = odd
(-1)2
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TABLE 5: FOURIER SERIES

. 2T
=) Jnpt
Exponential x (t) Zn=_oo xXpe s

1 fa+T —jn®%
Xn =/, x(t)e T
co

‘ _ a, 21 . 2m
Trigonometric x(t) = > “ z a, Ccos n? t + by, sin n— t

n=1

= - t Znt dt
a, —-TL x( )cosnT,—

a+T 21
b=7fa x(t)sinn?tdt

Amplitude-phase

ay = 2nn
x(t) =—+ Z A, cos (———t + 4¢n)
2 4 T
n=

FOURIER TRANSFORM

(0¢]

Flx(0)] = X(w) = f x(t)eIot g

o ®

INVERSE FOURIER TRANSFORM

x(t) = FlX(w)] = 2—17; jooX(w)ef“’t dw

LAPLACE TRANSFORM

r OO
{

L{X(f}] . ,X(S:‘ = ; _)(’,{;Z,")em‘%(if
Jo

INVERSE LAPLACE TRANSFORM
‘ 1 c+joo
x(t) = L77[X(s)] = — X(s)estds

J’!Z}T c—joo

B IR
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TABLE 6: FOURIER TRANSFORM PAIRS

Time domain, Frequency domain, | Time domain, Frequency domain, X (w)
x(t) X(w) x(t)
1 _ n!
5(’) tne Cltu t e
' ( ) (a +]'w)n+1
1 2né(w) o—altl 2a
a? + w?
1 .
u(t) 6 (w) + — e J@ot 2n6(w — wg)
w
u(t - T) - u(t + T) SUEaE sin wot ]”[6((0 + (l)o) - S(w - (1)0)]
W
] __2 COoS Wyt m[6(w + wp) + §(w — wy)]
(1)2
B —at o; Wo
sgn(t) o e~ sin wyt u(t) CEID T
e~ "u(t) ! . e~ % cos wyt u(t) a4 +tj
a+tjw (a+jw)? + wy?
e®u(—t) L
a—jo
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TABLE 7: FOURIER TRANSFORM PROPERTIES

Property Time domain, Frequency domain,
x(t) X(w)
Linearity a,x,(t) + a,x,(t) a,: X;(w) + a, X, (w)
. . 1
Time scaling x(at) x (2)
lal” ‘a
Time shifting x(t — to)u(t — t,) e 9% X (w)
Frequency shifting eJ@otx(t) X(w — w,)
Modulation cos(wgt) x(t 1
(&R0 E[X(w+w0)+X(w—w0)]
Time differentiation d jwX (w
d" (w)"X(w)
e ()
Time i : ;
ime integration J‘ F(tyde F.(a)) + 7 F(0)5()
. @
Frequency differentiation t"x(t) , "
(D" X (@)
Time Reversal x(—t) X(~w) or X" (w)
Duality X(t) 2nx(—w)
Convolution in t x1(t) * x,(t) X; (W)X, (w)
Convolution in w x,(D)x,(t 1
1050 Xy (@)  X3()
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TABLE 8: LAPLACE TRANSFORM

x(t),t>0 X(s) x(t),t>0 X(s)
5(t 1 E
© cos bt Z1h2
1 b
u(t - sin bt —_
© S s2 4+ b2
. 1 Cat bt s+a
sZ ¢ oS G+a)?+b2
t" n! e~ % sin bt b
sn+l (s +a)? + b?
1 s2 _ p2
—at R
e st a tcos bt GZ 1 b2
te~ et ! tsin bt 2bs
e —_— sin P S——
(s +a)? (s + b2)2
TABLE 9: LAPLACE TRANSFORM PROPERTIES
Name Operation in Time Domain Operation in Frequency Domain

. Linearity

ro

. Differentiation

J

. Integration

4

. s-shilt
. Delay

n

N

). Convolution

7. Product

8. Initial value (provided
limits exist)

9. Final value (provided

limits exist)

10. Time scaling

a,x,(f) = a.x,(1)
d"x(t)

dr”
J' X(A)dA

X(4) exp( —ai)
X )ult 1)

X (1) = x5(1)= ’ X (A)XA(1 — A) dA

1
X, (0x5(0)
ﬂillli_ x(r)

lim x(7)
=%

x(at), a>0

a, X (s) + a,X.(s)
s X(s) — 57 Ix(0 ) — -
X(s) (O
(s) " (©)
s s
Xis + )
X(s) exp(st,)

— X0

X (5)XA(s)

J X\(s — NXx(A) dA
27 )

Tim sX(s)

liu'i sX(s)

a 'X(%)
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