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Q1 (a) Briefly explain continuous-time and discrete-time signals and systems with the aid
of graphical representations and block diagrams.

(6 marks)

(b) The signal (t)=cos(mt/4)+sin(mt/8) consists of two continuous-time periodic
signal. Determine the period 7 of the signal.
(7 marks)

(c) Write the signal x(t) for Figure Q1(c) using a single analytical expression with aid
of the unit step function, u(t).

(7 marks)
Q2 (a) Explain the differences between causality and invertible system
(4 marks)
(b) Consider a periodic signal x(7) is defined by
x(t) = 3+ 4sin(2w,t) + 7cos(4w,t + 30°)
(i)  Determine exponential Fourier Series coefficient of signal x(7).
(7 marks)
(i)  Sketch the magnitude and phase spectrum of signal x(7).
(2 marks)

(¢) Compute the coefficients ax using Fourier series analysis equation for the
continuous-time periodic signal

1ls 0U=Et<]

x(t):{—l.S 1<t<?2

with the fundamental frequency w, =
J & § g 1 3
Fourier series analysis equation a; = ;fT x(t)e~I*@otdy
(7 marks)

Q3 (a) Briefly explain how Fourier Transform (FT) is obtained from Fourier series and
the convolution property of FT.
(4 marks)

(b) Determine the Fourier Transform of following signals using the definition of FT.

(i) x(t) = Ze_é ult—2)
(8 marks)

(i) x(t) = sin(2mt) + cos(4mt)
(8 marks)
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Q4 (a) Using the definition of Laplace transform, determine the Laplace transform of

x(t) = 3e 3tu(t — 2).
(5 marks)

(b) Sketch the zero-pole plot and region of convergence (if exist) of the signal x(t)

from Q4(a).
(3 marks)

(¢c) A Linear Time Invariant (LTI) system is shown in Figure Q4(c) has an impulse
response h(t) = 0.25e3'u(t). If the system produces output y(t) = (et —

e 2Y)u(t), determine the input x(t).
(12 marks)

- END OF QUESTIONS -
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x3(t)
E
3
2
»
-2 -1 0 1 2 3 t
Figure Q1(c¢)
Continuous-time
system Jy(¢)
Figure Q4(c)
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TABLE 1: INDEFINITE INTEGRALS

1 . . 1
J.cosat di = —sin at J.smat dt = —— cos at
a a
1 | ’ 1 . 1
Itcosatdt=—7005at+—lsmat Jt31natdt=—251nat——lcosat
a’ a a a

TABLE 2: EULER’S IDENTITY

jm - +j6
eiT - ij Az + 0 = Ae
etinm = cos(nrr) etif = cos@ +jsinf
1 0 _io < 1 io -jo
cosG=§(eJ +e71%) 51n9=§(ej —e™?)

TABLE 3: TRIGONOMETRIC IDENTITIES

sina = cos (a = g) cosa = sin (a +'7ZE)

sin(ae + B) = sinacosB + cosasinf | cos(a+ f) = cosacospf +sinasinf

sin2a = 2sinacosa cos 2a =2cos? a—1

cos2a =1-—2sin® a cos2a = cos?a — sin‘a

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

Function Value Function Value
n
cos(2nm) |1 jnn { (-2 ,n=even
¢ e n=1 n = odd
sin(2nm) |0 0T 0
cos(nm) | (=" Yiip (_1)g ,n = even
: cos (—) n = odd
sin(nm) |0 2 0 .
ej2n1r 1 n—1
. (NI (-1)"2° ,n=even
pJnm (-1)" R (7) n+l  n=odd
(=1) 2
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TABLE 5: FOURIER SERIES

20 =Y X T
n=—oo4An D

Exponential - .
1 —in2T
R —fa+ x(t)e /"7t
[e0]
i . 2T
Trigonometric x(t) =— Z cos n e t + b, sinn T t
2 j o © Znt
iy 22 x(t) cosn—
T), T
b 2 Ja+T (t) . Zn.t
= = x(t) sinn—
T T
Amplitude-phase aq L
x(t) = > Z cos (—t + Agbn)
FOURIER TRANSFORM

Flx(®)] = X(w) = Joox(t)e“j‘“t dt

INVERSE FOURIER TRANSFORM

x(t) = FlX(w)] = % fooX(w)ej‘”t dw

LAPLACE TRANSFORM

Llx(t)] = X(s) = Joox(t)e‘“dt
0

INVERSE LAPLACE TRANSFORM

x(t) = L7X(s)] = ]zin f Cj:oX(s)eStds
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TABLE 6: FOURIER TRANSFORM PAIRS

Time domain, Frequency Time domain, Frequency domain,
x(t) domain, X (w) x(t) X(w)
1 ” n!
o(1) - B T S W
2 (a+jw)nt+t
1 2mé(w) ol 2a
az + w?
u(r) m8(w) + i e /@t 218 (w — wg)
jw
u(t —7) —u(t S sin wyt jrlé(w + wo) = 6(w
+ 1) .- — wo)]
It| __3 co8 wot [ (w + wy) + 6(w
w — wo)]
n(t) 2 e % sin wyt u(t -
°6 jw . (a+jw)? + wy?
e *u(t) d e~ cos wyt u(t Uf Ty
a+jw (a+jw)? + wy?
e u(—t) L
a—jw
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TABLE 7: FOURIER TRANSFORM PROPERTIES

Property Time domain, Frequency domain,
x(t) X(w)
ayx1(t) + azx,(t) a1 X1 (w) + a, X, (w)
Time scaling x(at) 1 (ﬂ)
la|” \a
Time shifting x(t — to)u(t — ty) e ot X (w)
Frequency shifting eJ@otx(t) X(w — wg)
i i
Modulation cos(wgt) x(t) - [X(w + wg) + X(w — wg)]
Time differentiation d wX(w
da" ()" X (w)
ar <)
Time integration J" 1@yt F‘(a)) + 7 F(0)5()
- 7
Frequency differentiation thx(t _ »
quency (&) (D" =X (@)
w
Time Reversal H(~L) X(—w) or X*(w)
Duality X(t) 2nx(—w)
Convolution in t x1(t) * x5 (t) X1 (W)X, (w)
Convolution in w %, ()% (t) in )+ Klo)

2T
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TABLE 8: LAPLACE TRANSFORM
x(t), t>0 X(s) x(t), t>0 X(s)
a(t) | .
cos bt 2 1 B2
1 b
u(t — sin bt o
() S : s2 + b2
. 1 i " s+a
) S (s +a)? + b2
gh n! e % sin bt b
goL (s +a)2+ b2
: ! §% — b2
—at ——
e i tcos bt GZ 1 b2)2
fa e . tsin bt <
" (s +a)? i (5% + b?)2

TABLE 9: LAPLACE TRANSFORM PROPERTIES

Name

Operation in Time Domain

Operation in Frequency Domain

1. Linearity

2. Differentiation

3. Integration

. s-shift
Delay

o »nke

. Convolution

~

. Product

8. Initial value (provided
limits exist)

9. Final value (provided
limits exist)

10. Time scaling

a,x,(t) + a,x,(1)
d"x(t)
d["

f X(A) dA

.\‘('13 exp(—at)
X(t = ty)ult — 1)
x,(0) * X,(0)= f

0

%

‘x,(_)\)xz(t —A)dA

X, (£)x,(8)
lim x(r)

,lim x(1)

x(at), a>0

a,X,(5) + a,Xx(s)

SHX(S) — SIR(0=) = ¢+ o0 = gO=1N0=)
X(s) " #79(07)
s s
X(s + a)
X(s) exp(—st,)
X, (8)X,(s)
1 po

X\(s — VDX, (A) dA

5""‘7 c—jx
lim sX(s)

li[T(l) sX(s)

o
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