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SECTION A: ANSWER ALL QUESTIONS

Q1.

Q2

Q3

Q4.

Given signal x(t) as in Figure Q1(a). The signal will be used as the input for the system
in Figure Q1(b). Sketch:

@  y@®

(4 marks)
(i ()

(3 marks)
i)  z(v)

(3 marks)

A petiodic sigual v;(¢) is cxpressed in tigonometric fiom of Tourier series as the following

5

1 21

(@ =5+ Z =X sin(2mn(100)1)
ngzéd

(a)  Determine fundamental frequency of signal v;(¢), fo (Hz)
(1 mark)

(b)  Draw the amplitude and the phase spectrum of v;(t)
(6 marks)

(¢)  Ifv;(t) becomes an input to a low pass filter as shown in Figure Q2(c), which has
the cut-off frequency, fcut = 350kHz. Draw the amplitude and phase spectrum

of the output, v, (t).
(3 marks)
(@)  Find the Fourier transform of the signal, x(t) = e~1¢-3
(4 marks)
(b)  Given the signal, w(t) = u(t + 2) — 3u(t) + 2u(t — 2)
) Sketch f(t) = w(—t)
(2 marks)
(i)  Determine F(w).
(4 marks)
Given the signal x(t) = 3e~?*u(t — 1).
(a) Find the Laplace transform of x(t). s
(6 marks)

(b)  Sketch the zero-pole plot and region of convergence (if it exists) of the signal x(t).
(4 marks)
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SECTION B: ANSWER THREE (3) QUESTIONS ONLY

Q5  AnLTI system consist of 3 sub-LTI systems as shown in Figure Q5. Impulse responses
of sub-LTI systems are expressed as the following:

h,(t) =2u(t +1)
h,(t) = —2u(t —1)
hs(®) =u(t+1)—ut—-1)

(a)  Using the graphical approach of solving the convolution integral, prove that the
total response of the system is equal to

0, t <=2
_ ) 2t+4 -—2<t<o
MO=y 244  o0<t<2
0, t=>2
(10 marks)
(b)  Draw graph of the total impulse response of the system.
(2 marks)

(¢)  The input of the system is x(t) = u(t). Using the graphical approach of solving
convolution integral, find output of the system, y(t).
(8 marks)
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Qo

A periodic signal, v;(t) is used as an input to a system as shown in Figure Q6. Signal v;(t)

is equal to:
vi(t) =5+ sinwyt + 2 cos wy + 8 cos (2 wot + 125)

(a)  Represent v_i (t) in complex exponential Fouricr series.

(4 marks)
(b)  Determine the voltage across resistor R, vg(t) in complex exponential Fourier

series.

(3 marks)
(c) Sketch the double sided line spectrum (magnitude and phase) of signal v (t).

(6 marks)
(@ Find average power, F,,, for v;(t).

(3 marks)
(e)  Find average power, P,, for vg(t).

(3 marks)
® Compare average power for both signal.

(1 mark)
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Q7 (3 A second order differential equation is described as

dy?(t)  dy()
dt LA dt

+ 3y(t) = x(t)

By using the differentiation properties of the Fourier transform, calculate the output
y(¢) if the input signal x(t) = e~ tu(t).
(8 marks)

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

(D) Analyze the Fourier Transform of signal v(t) by using modulation
properties.
(5 marks)

(i)  Sketch the spectrum signal of V (w).
(2 marks)

© The voltage across a 2-Q resistor of an RC circuit in Figure Q7(c) is given by
vg(t) = 10 e~?*u(t) V. Determine the total energy dissipated by this resistor

using Parseval’s Relation.
(5 marks)
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Qs

(@)

(b)

©

Figure Q8(a) shows a block diagram of a feedback system.

() Show that the overall system function is
H,(s
H(s) = 1(s)
1+ H,(s)H,(s)
(3 marks)
(i)  Determine the H(s) if the systems transfer function are
1 s+2
Hl(S) -S+i' Hz(s)"s_i-
(2 marks)
(i)  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 system by
looking at the stability and causality of the response. Show the region of
convergences (ROCs) for all cases.

(8 marks)

Determine the system output, y(t) if the input, x(t) = u(t).
(5 marks)

-END OF QUESTIONS-
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x(t)

-2

Figure Q1(a)

+4

x(t)

y(®) = x(—5—)

f=t

2(t) = x(2t +2)

y1(t)

v;(t)

Figure Q1(b)

Low-pass filter

h(z)
A

VUo(t)

350k > f.Hz

Figure Q2(c)

v
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§ ha(0) §
x(t) i i}’ ®
= hs() [
§ o | |
e -5
x(t) y(®)
— h(®) ’
Figure Q5
500
MV
vi(t) r\) R = 500 g VR(C)
Figure Q6
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m(t) = rect(t) v(t)

c(t) = cosw,t

Figure Q7(b)

Figure Q7(c)

x(®) + () y(@®) g
- H(s)

z(t) h(®)
H,(s)

Figure Q8(a)

ST
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TABLE 1: INDEFINITE INTEGRALS

1 1 ’
[cosatdt=zsinat jsinatdt=—acosat
1 1 . 1 1
ftcosatdt =—cosat+—tsinat ftsmatdt =—sinat ——tcosat
a a a a
1 1 1 t
tatdt=___ at _1 f‘_ t=_t _1(_)
f e ‘fz,,e (at—1) @+ d S an = B
TABLE 2: EULER’S IDENTITY
etim/ = 4j AL+ 0 = Aet®
etikT — cos ke e*jf = cosf + jsinf
. . 1., . )
cosf = %(ele +e7J%) sinf = 57(810 —eJ9)

TABLE 3: COMPLEX NUMBER

) b
s=a+jb=|s|lz+0 = |s|et® Is| = ¥/a2 + b2 6 =tan™?! (E)
TABLE 4: TRIGONOMETRIC IDENTITIES
sin0=cos(9-—§)) cosG=sin(9+72—E)
sin(x + B) = sina cosf + cosasinp cos(a + B) = cosacosf Fsina sin 8

sina +cos?B =1

sin2a = 2sina cos a cos 2a =2cos?a—1

cos2a =1 —2sina cos 2a = cos? a — sin? a

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

Function Value Function Value
cos 2nm 1 elznm 1
sin 2nmw 0 ejnm =nn
n
cosnm (=) o (-1)z ,n=even
. ez n-1
sinnm 0 Jj(—1)"2° ,n=odd
n n—1
cos (E) {(—1)7 ,M = even o (E {(—I)T ,n = odd
2 0 ,n = odd 2 0 , = even
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—_—
TABLE 6: FOURIER SERIES
= jn'g—l—t
Exponential x(t) = Z xne T
n=‘;+7 2@
Xp == f x(t)e " T dt
T [v4
a w 2 . 2m
Trigonometric x(t) = > + Z p COSTL~— t+b,sinn T &
n=
2 a+T Zn.
anz—f x(t)cosn—tdt, n=0,1,273..
T), T

a+T 27[
b =—f x(t)sinn—tdt, n=1273..
n T N T ) ) &y

- 21
Amplitude-phase | *(£) = Xo + z Ap cos(n—t + )

n=1

b
A, =21X,| =@ ¥ , 6, =X, = —tan~! (—")

an

1 00
Average Power | P =V, 1. + EZ /9% cos(BVn - 91,,)
n=1

TABLE 7: DEFINITION OF FOURIER AND LAPLACE TRANSFORM
FOURIER TRANSFORM INVERSE FOURIER TRANSFORM

Flx(®)] = X(w) = f cmx(t:)e-f“’t dt x(®) = FlX(w)] = % f B X(w)efot da

Flx@®] = X(f) =J e 2t ds (%) = FUX(Hl= fwx(f)eﬂnft df

—00 —o0

LAPLACE TRANSFORM INVERSE LAPLACE TRANSFORM
Bilateral 1 [eti®
. X(®) = L X)) = 5 f X(s)etds
Lx()] = X(s) = f x(t)e=stds 7 Je-jeo
Unilateral

Lix(t)] = X(s) = fmx(t)e‘“dt o e o
4 , e T2UTES A

i ammsesat]

s=0+jw
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TABLE 8: FOURIER TRANSFORM PAIRS

Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
5(t) 1 1

1 218 (w) 5(f)
1 8(F) 1
u(t) 7[5(&)) +j(1) T +}2_T[—f
u(t+1)—ut-1) M = 27 sinc(wt) 2t sinc2ft
1)
rect(t) sinc(%) sinc(f)
2 2
I " @uf)?
2 1
sgn(t — —
gn(t) ]i‘) ; 1;/

—ut i ——
e"u® atjo @ +j2nf
e a—jw a—jonf

e—altl 2a .

a? + w? a? + 4m?f?
eJ@ot 218 (w — wp) §(f —fo)
n! n!
n,—at ot —— e e P SR e
the~sult) (a+ jo)nt? (a + j2rf)n+?

VA 6 ] 6 o
st “B- o) - s+ ] | 2L LR
coSs wyt m[6(w + wg) + §(w — wy)] 8(f——ﬁ,)-;—6(f+ﬁ,)

Wy 2ntfy
@t D
A sinaitul) (a+jo) + of (.t [Znf)? + Cnfp)?
e el a+jw a+ 2nf
e pamaytu(l) (a+jw)? + w2 (a+j2nf)? + @ufp)?
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—_—

TABLE 9: FOURIER TRANSFORM PROPERTIES

Property Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
Linearity a1 () + azx,(t) a1 X1 () + az X5(w) a X;(f) + a,Xo(f)
Time scaling x(at) _1_ w i Z
@) a1 3
Time shifling | x(t — to)u(t — to) e 1ot X (w) e 2t (f)
Frequency ed@ol y(t) X(w — wp) X(f ~ 1)
shifting
Moddatton ) costaX® | Jix(w +ag) +X@ =00 | F K = )+ XG4 )]
DI ) k=00 =K@+ ap)] | G+ ) =X¢ - £)
Time d joX(w) J2nfX(f)
differentiation dt (x (t))
dn i n i n
Ti & X X 1
egration f_ x(de -](—w“—’l + X () 5(w) ]2—(3 +5XO5(F)
Frequency t"x(t) p A" iyt ar
differentiation 2 do™ @) (E) WXU)
Time Reversal x(—t) X(—w) or X*(w) X(—f)
Duality X() 2nx(—w) X(—f)
Convolution in x1(t) * x,(t) X1 (@) - Xy(w) X(N)-Y(H)
t
Multiplication x1(t) - x5(t) _zl_n X,(0) * X, () X)) =Y
) oo 1 oo 0
T | x@par —| @i | e
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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>0 X(s)
S
t i
6(t) 1 Alls cos bt T2 Re(s) >0
1 b
t - R >0 in bt _—
u(t) . e(s) sin ey Re(s) >0
t ! Re(s) >0 —at cos bt L LN Re(s) > —
s e~ cos GraitD? e(s a
- n! . ] b
t" = Re(s) >0 e % sinbt Grars bt Re(s) > —a
et L Re(s) > —a t cos bt —52——1)—2— Re(s) >0
s+a (s2 + b?)2
1 2bs
—at D —— R > — in bt —_— R
te G T ) e(s) a tsin CETOE E(S),> 0
TABLE 11: LAPLACE TRANSFORM PROPERTIES
Property Signal Laplace Transform ROC
x(t) X(s) R
x1(t), x,(0) X1(5), X5(s) Ry, R,
Linearity ax, (t) + bx,(t) aX1(s) + bX,(s) Atleast Ry N R,
Time shifting x(t —tp) e St X(s) R
Shifting in the s- " _ Shifted version of R (i.e., S is
Domain e*otx(t) K(s =5y in the ROC if s — Sg is in R)
Time scaling x(at) 1 X (f_ ) Scaled ROC (i.e., s is in the
lal” \a ROCifs/aisinR)
Conjugation x*(t) X*(s™) R
Convolution x4 (t) * x,(t) X,(5) - X5(s) Atleast R; N R,
da () sX(s) Atleast R
Differentiation in the dt sX(s) — x(0%) (Unilateral) | R right hand plane
Time D i n
ime Domain dgt‘ﬁx(t) s"X(s) — s"1x(0%) — - — sx™2(0%) — x™"1(0%)
Differentiation in the d R o
- =X
s-Domain £t ds (s)
Integration in ‘Ehe t (D)t 1X ) At least R N {Re(s) > 0}
Time Domain _— s

If x(¢) = 0 for t < 0 and x(t) contains no impulses or higher order singularities at t = 0, then

Initial- and Final- Value Theorems

If x(£) = 0 for t < 0 and has a finite limit as t — oo, then ) S e

x(0%) = Slug sX(s)

gim x(t) = lim sX(s)
—00 S—00
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