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SECTION A: ANSWER ALL QUESTIONS

QL. (3)

(b)

Given signal g(t) as in Figure Q1(a), sketch a graph for each of the functions
below:

(i) gQt+2)
() g(0.5t+2)
(i) 0.59(2t + ult + 1)

(6 marks)
Based on the system in Figure Q1(b), and given that
x(t) = 2u(t) —ul(t — 2) —u(t —4),
find the expression for the signal f(t) to produce an output signal
y(&) = 4u(t — 1) — 2u(t — 2) — 2u(t — 3.5)
Hint : Use graphical method.
(4 marks)

Q2  Given the applied voltage, v(t) = 100 cos 30t + 80 cos 40t V.

(@)

(b)

©

Test whether v(t) is periodic or not. If the signal is periodic determine its
fundamental period.

(4 marks)
Determine the exponential Fourier series coefficients of v(t).
(3 marks)
Calculate the average power supplied to a network if current is given by
i(t) = 12 cos(30t + 65°) + 20 cos(40t + 45°).
(3 marks)
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Q3

Q4.

(@)

(b)

A signal x(t) is given by

x(t) = 3rect G)

Find the Fourier transform of

@ x(),

(2 marks)
@M ¥ =5 (x®).

(3 marks)
The Fourier transform of x(t) = rect (t) is

X(f) = Flx(t)] = sinc(f),

Determine the inverse Fourier transform of
® X)) = rect(f)

(2 marks)
(i)  X(f) = eI sinc(f)

(3 marks)

Given the signal x(t) = 3e 3tu(t — 2).

Gy

(b)

()

Find the Laplace transform of x(t) using the definition of Laplace transform.
(4 marks)

Sketch the zero-pole plot and region of convergence (if it exists) of the signal

x{t).
(2 marks)

Solve L[x(t)] using the time shifting property of Laplace transform.
(4 marks)

TERBUKA
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SECTION B: ANSWER THREE (3) QUESTIONS ONLY

Q5

(a)

(b)

(©)

Differentiate between causal and non-causal system.
(2 marks)

Given an impulse response, h(t) of a linear time-invariant (LTI) system as shown
in Figure Q5(b).

@) Identify the stability of the LTI system.
(3 marks)

(i)  Ifthe input signal, x(t) to the LTI system is given by
x(t) = e 3u(t),

find the output response of the system, y(t) by using the definition of

convolution integral.
(4 marks)

(ili)  Determine the causality of the output signal, y(t).
(2 marks)

The impulse response of a linear time invariant system is given by

t, 0<t<2T
h(t) = {0, otherwise,
and the input signal to the system is
1, 0<t<T
x(t) = {0, otherwise.

Using the graphical approach of solving the convolution integral, find the output

of the system, y(t). .
(9 marks)

TERBUKA
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Q6

Q7

(a)

(b)

(@)

()

©

Given a periodic signal, x(t) as shown in Figure Q6(a).
(i) Analyze the frequency components for the signal x(t) using the Fourier
series technique.
(10 marks)
(ii) Calculate its amplitude-phase coefficients (4,, 8,) and write the amplitude
phase series expression.
(3 marks)

(iii)  Plot the amplitude and phase spectrum of x(t).
(2 marks)

Using Parseval’s theorem, analyse the percentage of power contained in the first 3
harmonics of x(t) compared to the total power of x(t).
(5 marks)
Given two different signals
x,(t) = e ®u(t),a >0, %) =e"u(t), b> 0

where a # b.
If x(t) is an output of a convolution process between x4 (t) and x,(t), that is

x(t) = x,(£) * x,(1),

find:

TERBUKA

(i) Fourier transform of x(t).

(3 marks)

(i)  Signal x(t) using inverse Fourier transform of signal in Q7(a)(i).
(3 marks)

A basic modulator circuit is shown in Figure Q7(b). Modulation is a
multiplication between voltage signal, v(t), and a carrier signal, c(t). The
process yields a new signal, m(t).

(1) Analyze the Fourier Transform of signal m(t) by using modulation
properties.
(4 marks)

(i)  Sketch the spectrum signal of M(f).
(2 marks)

Analyze the output v, (t) of the electrical circuit shown in Figure Q7(c) for

v;(t) = 3e Stu(t)v.
(8 marks)
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Q8

(@)

(®)

Figure Q8(a) shows a block diagram of a feedback system.
) Analyze the overall system function of the feedback system if

s+2

Hi(s) = P

Hy(s) =

s+2
(6 marks)

(ii)  Sketch the zero-pole plot of the system.
(2 marks)

The region of convergence (ROC) of the feedback system in Q8(a) above is
unknown. Determine all possible impulse responses of the feedback systems by
looking at the stability and causality of the response. Show the region of
convergences (ROCs) for all cases.

(12 marks)

i e

TERBUKA
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Figure Q1(a)

x(t) o x y(@)

f@®

Figure Q1(b)
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FINAL EXAMINATION

SEMESTER/SESSION: SEMESTER 1/2017/2018 PROGRAMME CODE: BEJ
COURSE NAME: SIGNALS AND SYSTEMS COURSE CODE: BEB 20203

x(O) ——s| hey p—> Y®

where
h(t) = et u(t)

Figure Q5(b)

Figure Q6(a)

TERBUKA
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v(t) = sinct

3Q

vi(?) DCCD

c(t) = cosw,t

Figure Q7(b)
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m(t)

== Wyll)

Figure Q7(c)
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x(t) + 1 ¢
® 7 o O () .
- H\(s)
z(t) (1)
H,(s)
Figure Q8(a)
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TABLE 1: INDEFINITE INTEGRALS

PROGRAMME CODE: BEJ
COURSE CODE: BEB 20203

1
fsinatdt = —Ecosat

1
f cosatdt = a—sin at

1 1
tcosatdt = —cosat +—tsinat
a? a

1 1
tsinatdt = —sinat —Etcosat

J

1
f tetdt = ;z-e“‘(at -1)

o
1 dt—lta -1(t)
f(a2+t2) a2t g

TABLE 2: EULER’S IDENTITY
etin/2 — +j Az + 0 = Aeti®
etk = cos kn etjf = cos +jsin@
1 ; ;
sin@ = }‘7(616 —e™1%)

1, . .
cosf = -2—(61‘9 +e79)

TABLE 3: COMPLEX NUMBER

=a+jb=|s|¢+6 = |s|et/®

b
0 = tan™?! (—)
a

Is] = Va2 + b2

TABLE 4: TRIGONOMETRIC IDENTITIES

sinfg = cos(@—g))

w
cos @ = sin(@ + ~2-)

sin(e + B) = sinacosf * cosasinf

cos(a + B) = cosacosp Fsinasinf

sina +cos?f =1

cos 2a = 2cos’a—1

sin2a = 2sinacosa

cos 2a = cos? @ — sin a

cos2a =1—2sin%a

TABLE 5: VALUES OF COSINE, SINE AND EXPONENTIAL FUNCTIONS FOR
INTEGRAL MULTIPLE OF m.

Function Value Function Value
cos 2nm 1 ejznm 1
sin 2nmw 0 glnE =1)"*
n
cosnnm 1" jnm { (-1)z ,n=-even
- ez n-1
sinnm 0 Jj(—=1)"2° ,n=o0dd
z n-1
cos (ZL.TE) {(-—-1)2 ,M = even it (Zlf) {(——1) Z ,n=odd
2 0 ,n=odd 2 0 , N = even
[. E RB U i Ej 1] CONFIDENTIAL
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TABLE 6: FOURIER SERIES

FINAL EXAMINATION

SEMESTER/SESSION: SEMESTER 1/2017/2018
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PROGRAMME CODE: BEJ
COURSE CODE: BEB 20203

N jnyzt
Exponential x(t) = Z xpe T
"i;:;, . 2T
X, = ——f x(t) e " Tdt
T a
Qg = 2 . 2m
n=
a+T 21T
an=——f x(t)cosn—tdt, n=0,1,23..
TJ, T
2 a+T 21T
bn=§,-fa x(t)sinn—i—,—tdt, n=1,2,3 ..
= 2
Amplitude-phase x(@) =Xo + z A, cos(n—,l-,— t+8,)
n=1
b
A, =2|X,)=3a2+b2 , 0,=sX,=—tan™? (E-’l)
n
1 oo
Average Power | P =Vl + Ez VI, cos(GVn - Hln)
n=1

TABLE 7: DEFINITION OF FOURIER AND LAPLACE TRANSFORM

FOURIER TRANSFORM
Flx(@®)] = X(w) = f x(t)e T@t dt

Flx®]=X{) = f x(t)e 2™t gt

-0

INVERSE FOURIER TRANSFORM
1 = .
x(t) = FUX(w)] = 5= f X(w)el®t dw

x(1)

Il

Fpl = | " X(Pere af

—00

LAPLACE TRANSFORM
Bilateral

Lix(®)] = X(s) = f x(t)e stdt
Unilateral

Lix(t)] = X(s) = fwx(t)e's"'dt
0

s=o+tjw

INVERSE LAPLACE TRANSFORM

=4 ] e o
x%x(t) = L X (s)] = Z_n-]-f _ X(s)estds
c—joo

TERBUKA |
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TABLE 8: FOURIER TRANSFORM PAIRS
Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
(1) 1 1
1 216 (w) a(fH)
1 5 1
u(t) 6 (w) +jw T+;§-T[_f
ut+7)—ut—1) Zsin(wr) _ 2t sinc(wt) 2tsinc 2ft
rect(t) sinc(%) sinc(f)
2 2
i = @)’
©® 2 1
sgn T S
g jw jnf
—_. 1 1
et a+tjw a+j2nf
Zip ¢ 1 1
e®u(=1) a—jw a—j2nf
2a 2a
el PTITY] 2 272
a? + w? a? +4ncf
eJwot 216 (w — wg) 5(F—=fo)
5 nl n!
n,—a e S M S
il (atjoy™ (at j2nfy™
T 6(f—f)—-6(f +
Sinwot £~ 00) =00 + o) | LR ET L)
cos wyt [§(w + wy) + §(w — wg)] 6(f—f°);6(f+f°)
, W 21 f,
—at . s u—
e sin wotU(t) (a +jw)2 + wg (a +j27l'f)2 + (Zn.fo)z
~ak tu(t __ @¥i a+2nf
e cos ot u(t) (a+jw)?+ w? (a +j2nf)? + (2mfy)>
T DIDRY T A
TERBUKA
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TABLE 9: FOURIER TRANSFORM PROPERTIES
Property Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
Linearity a,x1(t) + ayx, (t) a1 X1 (@) + a, X, (w) a X1 (f) + axXo(f)
Time scaling x(at) 1 (o 1
|a|X(a) lalX(a)
Time shifting | x(t — to)u(t — tg) e J0to X (w) e JZmftoX ()
Frequency eToutx(e) X(@ — wo) X~ 1)
shifting
i 1 1
Moddlation - €osl@oX (O 0 +0) + K@= w0l | 5K~ ) + XG4 )]
in(wot) x(t 1 j
@D - e ~X@+ed] | UG +H)=XE = £)]
Time d jwX(w) J2nfX(f)
differentiation dt (x (t))
ar jw)" X (w i2ef)"X
Time ¢ X(w) X(f) 1
integration f_ mx(t) dt _]7- X (w) 8(w) )Z—nf 4 EX(O)(SOC)
Frequency t"x(t) a4t j\*ar
differentiation 2 do™ ol (_271_) E?—’;X(f)
Time Reversal x(—t) X(—w) or X*(w) X(-f)
Duality X(t) 2nx(—w) X(—f)
Convolution in x1(£) * x(t) X1 (@) - X5 (w) X(H)-Y(H
t
Multiplication x1(t) - %, (t) _2}7; X, () * X, (@) X(H)*Y(H)
Parseval’s 0 2 1 r® . @ "
e | kora o) @Prdw | worar
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TABLE 10: LAPLACE TRANSFORM PAIR
Time domain, s-domain, ROC Time domain, s-domain, ROC
x(t),t>0 X(s) x(t),t>0 X(s)
S
6(0) 1 Alls cos bt pra~y Re(s) >0
1 : b
u(t) 3 Re(s) >0 sinbt poe Re(s) >0
t ! Re(s) >0 ~% cos bt b Re(s) >
= e(s) e~ % cos Gra)rib? e(s a
n! b
n —at o; —
t oy Re(s) >0 e~ % sin bt GIaitDe Re(s) > —a
e~ “ Re(s) > —a t cos bt 52— b Re(s) >0
s+a (s2 + b?)?
te=ot - Re(s) > tsinbt 209 Re(s) > 0
e Gra)? e(s a sin GZ1 D)2 |
TABLE 11: LAPLACE TRANSFORM PROPERTIES
Property Signal Laplace Transform ROC
x(t) X(s) R
x1(6), x,(t) X1(s), X2(s) Ry, R,
Linearity ax;(t) + bx,(t) aX,(s) + bX,(s) Atleast Ry N R,
Time shifting x(t—tg) e St X(s) R
Shifting in the s- ot ” Shifted version of R (i.e., s is
Domain e®x(®) X(s = 50) in the ROC if s — 55 is in R)
Time scaling x(at) i ¥ (i ) Scaled ROC (i.e., 5 is in the
lal” \a ROC ifs/aisinR)
Conjugation x*(t) X*(s™) R
Convolution x1 (L) * x,(t) X1(s) - X5(s) At least R; N R,
da @ sX(s) At least R
Differentiation in the dt sX(s) — x(0%) (Unilateral) | R right hand plane
Time Domain n
-(%-ﬁx(t) s"X(s) —s™1x(0F) — - — sx™2(0F) — x™1(0F)
Differentiation in the d R
- —X
s-Domain () ds s)
Integration in the ¢ 1 At least R n {Re(s) > 0}
Time Domain f_ wx(r)dr s X(s)
Initial- and Final- Value Theorems
If x(t) = 0 for t < 0 and x(t) contains no impulses or higher order singularities at t = 0, then
x(O) = SILI?O sX(s)
If x(t) = 0 for t < 0 and has a finite limit as t — oo, then
im0 x(8) = limg_, X ()

T
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