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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)

(¢) 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)

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

1.5 0=st<1

x(t) :{—1.5 1<t<2

with the fundamental frequency w, =
. ; : . 1 _i
Fourier series analysis equation a; = Ffr x(t)e Jkwotqt
(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.
t
() =()=2e 5 ult—2)
(8 marks)

(i) x(t) = sin(2mt) + cos(4mnt)
(8 marks)

o
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Q4 (a) Using the definition of Laplace transform, determine the Laplace transform of
%(t) = B¢~ ult —1).
(5 marks)

(b) Sketch the zero-pole plot and region of convergence (if exist) of the signal x(t)
from Q4(a).
(3 marks)

(¢) A Linear Time Invariant (LTI) system is shown in Figure Q4(c) has an impulse
response h(t) = 0.25e73%u(t). If the system produces output y(t) = (e™F —

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

Q5 (a) Briefly explain at least THREE (3) properties of the region of convergence for the
z-transform.

(6 marks)

(b) Evaluate the z-transform of the following signal and specify the corresponding
region of convergence.
1 n
*[n] = (—5—) uln — 3]
(5 marks)

(c) Determine the poles of the following signal and specify the corresponding region
of convergence for X(z).

<] = {(1/3)%05(%71) n<0

0 n>0
(9 marks)

- END OF QUESTIONS -
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Xa(t)
T
3
| 2
-
-3 1 0 1 2 3 t
Figure Q1(¢)
Continuous-time t
X (t) — — (1)
system h(r)
Figure Q4(c)
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TABLE 1: INDEFINITE INTEGRALS

. 1
Ismat dt = —— cos at

1 .
J.cosat di = —sin at
a

a

. 1 . 1
J.t sin at dt = — Singt = — § ¢08 4

1 |
Itcosatdt:—zcosal+—ts1nat
a a

a a

TABLE 2: EULER’S IDENTITY

. AL+ = AetS®

et/% = cosf + jsinf

NP ;
sinf = 5(619 —e™19)

TABLE 3: TRIGONOMETRIC IDENTITIES

] T
cosa = sin (a +—)

; 4
sina = CoS (O.’ ——)

2

2

sin(a + ) = sinacosf + cosasinf

cos(a + B) = cosacosf + sinasin 8

sin2a = 2sinacosa

cos 2a =2cos® a—1

cos2a =1—-2sin®> a

cos2a = cos®a — sina

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

Function Value Function Value
n
COS(ZTLT[) 1 MZE { (_1)7 , N = even
. e ! —
sin(2nm) |0 (_1)"_2_ ,n = odd
cos(nm) | (—1)" T (_1)g n = even
; cos (—) n = odd
sin(nm) |0 2 0 :
ejZnn 1 n-1
. (M (-1) 2 ,n=even
eJnm (-D)" T (7) n+t1  n = odd
(-1
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TABLE 5: FOURIER SERIES
_2m
x(t) = Z?Loz—oo xnejn?ta

. 2T
B, = lfawx(t) e /Tt

Exponential

[0.0]

21
Trigonometric x(t) = —2— Z oS n t + b, sin n— t

n:

2 e 21
an:—f x(t)cosn—t
- T

T
) a+T 21T
b= x(t) sinn—t
), *Osng
Amplitude-phase =
x(t) = 70 z cos (—t + 4¢>n)
n=1
FOURIER TRANSFORM

(oe]

Flx(®)] = X(w) = f x(t)e /@t dt

INVERSE FOURIER TRANSFORM

x(t) = F X (w)] = % fooX(w)ej“’t dw

LAPLACE TRANSFORM

(o]

Lix(t]] = X(5) = f x(t)e Stdt
0

INVERSE LAPLACE TRANSFORM

_ 1 _ 1 C+}OOX std
x(t) =L "[X(s)] —72—7?[6‘].00 (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) AL T LD
® (a + jw)n+1
1 2né(w) oalt] 2a
a’? + w?
u(t) md(w) + i e~/ @ot 216 (w — wy)
Jjw
ult =) —u(t i sinwgt Jrld(w + wo) — §(w
+ 1) - — wo)]
It] :_3_ 508 Sk [6(w + wg) + 6(w
w — wo)]
(t 2 e~ sin wot u(t -
sgn(t) jo & (a+jw)? + wy?
e *u(t) 1_ e cos wot u(t ?—Hw
a+jw (a+jw)? + wy?
e*u(—t) :
a-jo
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TABLE 7: FOURIER TRANSFORM PROPERTIES
Property Time domain, Frequency domain,
x(t) X(w)
a1 x1(t) + azx,(t) a1 X1 (w) + aX,(w)
Time scaling x(at) 1 _(w
o I
|al (a)
Time shifting x(t — to)u(t — ty) e 1@ X (w)
Frequency shifting el @otx(t) X(w — wgy)
i 1
Modulation cos(wot) x(t) ; [X(w + @) + X(e — wg)]
Time differentiation d fwX(w
q* (w)"X(w)
ag ()
Time integration j’ f@yde F.(a)) + 7 FO)5(o)
” -
Frequency differentiation thalt , .
q Y (t) (Hm . nX(“))
)
Time Reversal x(—t) X(—w) or X*(w)
Duality X(t) 2nx(—w)
Convolution in t x1(t) * x5 (t) X, (w)X,(w)
Convolution in w x1(t)x, (1) Zixl (ol & s [20)
T
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TABLE 8: LAPLACE TRANSFORM
x(t), t>0 X(s) x(t), t >0 X(s)
5(t) 1 —r
cos bt 1 D2
1 b
u(t — sin bt —_—
KE) s s% + b2
1 s+a
s —at b
t =2 e * cos bt Gt a)ltb?
i ni e % sin bt b
N+l (s +a)?+ b2
1 s% — b2
—at L ——
e hn tcos bt GZ 1 b7)?
el 1 — 2bs
te Gt ap sin (s2 + b2)2

TABLE 9: LAPLACE TRANSFORM PROPERTIES

Name

Operation in Time Domain

Operation in Frequency Domain

1. Linearity

2. Differentiation

3. Integration

4, s-shift
5. Delay

6. Convolution

7. Product

8. Initial value (provided
limits exist)

9. Final value (provided
limits exist)

10. Time scaling

ax (1) + ax,(t)
d"x(t)

dtN
f X(A) dA

.tztj exp(—ar)
X(t — tu(t — )

X, () * x,(D)= f X, (At — A) dA

1]
X, (5)x,(0)

. )

lim x(7)
=%

x(at), a>0

a,X,(s) + a,X,(s)
S”X(S) - S”—IX(O_) s e Es x[n-—ll(o—)

X(s) . D07
8 s
X(s + a)
X(s) exp(—st,)
Xl(S)X:(.S)
1 [ gkl

2 X,(s — NX,(A) dA
277:] c—jx B

lim sX(s)

%

Lirr(l) sX(s)

o)
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TABLE 11: THE Z-TRANSFORM PAIRS

Signal Transform ROC
1. 8[n] 1 All z
1
=, Bl g |zl > 1
1
3., —u[—n - 1] L |z} < 1
I =g
4. §[n — m] i All z, except
0 (@Gf m > 0)or
x (if m < Q)
A 1
5. a"u[n] - ——— 2| > |af
] —@g?
1
B —a"ml-n—1] —— 2| < |e|
1 —az’!
az”!
n S >
7. na"u[n] (= az ) lz| > |a|
" az—l
8. —no U[_n - l] m |Z‘ < |a|
1 — [coswq]z™
— > 1
9. [cos wyn]u[n] T =3 a0t wolz! & 20 |z|
. [sinwo]z !
> |
10. [sinwonjuln] = Beminds + 55 2|
1 — [recoswylz !
d =
L1 [ coswonluln] Greoswdlz ! + 722 2| > r
X -
12. [ sin wonluln] LPaRGiG K 2| > r

-2

1 — [2rcoswylz™! + r’z
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