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1. This question paper consists of FIVE (5) questions. Answer ALL questions in
PART A and ONE question for PART B.

2. All answers to a new question should start on new page.

3. All the calculation answer and assumptions must be clearly stated.

4, Candidates are not allowed to bring any material other than those allowed by the
invigilator into the examination room.
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1. APPENDIX I - Table of Formula
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PART A (Answer ALL questions)
QUESTION 1

@ Name two (2) properties of linear system.
[2 Marks]
[CO1, PO1, C2]

(b) Sketch x(=3f—6) if x(¢) =3u(t +3) — u(#) + 3u(t - 3) — Su(t - 6).
[4 Marks]
[CO1, PO1, C2]

() Given r(t)=5u(t-1)-5u(t—3) and s(t) =t [u(t) —u(t— 2)] as the input signal
and impulse response of a linear time-invariant (LTI) system, respectively.
) Sketch both r(¢) and s(7).
(i1) If (f) is the output signal of the LTI system, find y(z).
(iliy  Using the same input signal, the impulse response is changed to
V() =1’ [u(t) —u(t - 2)]+ S5(t). Without using the calculation of
convolution, find the new output signal, z(¥), in terms of y(¢) and r(¢).
[14 Marks]
[CO1, PO1, C2]
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QUESTION 2

(a) Explain the Gibbs Phenomenon.
[2 Marks]

[CO2,PO1, C2]
(b) A periodic signal, x(7), is given in Figure 1.
(1) Calculate the angular frequency w,, ¢o, and ¢,
(ii) Express the signal x(f) based on the complex exponential Fourier series
until the fifth (5*) harmonics.
(ili)  Sketch the double-sided magnitude and phase spectrum of signal x(#). The
x-axis must be in terms of angular frequency, w.
[19 Marks]
[CO2, PO1, C3]

x(7)

2 2 4

Figure 1

(c) The signal x(7) is subjected to an amplifier with a voltage gain K =10 and then the
scaled signal is delayed by f,=2 second. Find the new ¢, and cp.

[4 Marks]
[CO2, PO1, C3]
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QUESTION 3

(a) Given Bode plot in Figure 2, obtain the transfer function H(w).
[6 Marks}

[CO3, PO1, C4]

H(dB)

40

v/ -20dB/decade

20 1

20 200 > w(rad/s)

Figure 2

(b) Given circuit in Figure 3. Assume value of C1 and C2 are 1F, while R1 and R2
are 1Q.
() Find the transfer function
(i1)  Determine the type of filter
(iii)  Obtain the cut-off frequency
(iv)  Prove the type of filter in Q3 (b) (i) by using Bode plot.

[24 Marks]
[CO3, PO1, C4]
o C,
-
I
Inout R, % R, % Qutput
Figure 3
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PART B (Answer only ONE question)

QUESTION 4

a) Let f{t) = 8(1+6 cos400xt) cos 2,000zt as an AM signal.
@) Find the Fourier Transform forf{#) using modulation property
(ii) Sketch the spectrum of modulating signal, carrier signal, and AM signal.
(ili)  Find upper and lower side band frequencies range
(iv)  Sketch the spectrum of y(?) based on Figure 1 if H(w) = 2 for w> 1,000x
[17 Marks}
[CO2,PO1,C4]

Y@

Figure 4

b)  Find Fourier transform for f(?) using derivative technique (differentiation property).

r+1, —1<t<0
f@)=<t-1, O<t<l
0, other ¢
[8 Marks]
[CO2,P0O1,C4]
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QUESTION 5

(a)

For the circuit in Figure 5, by assuming zero initial conditions, find
(1) The transfer function H(s)
(ii) The impulse fesponse
(iii)  The step response
(iv)  The response for vi(?) = e  u@®) V
[25 Marks]
[CO2,PO1, C3]

6 ohm<. vo(t)

Figure 5

END OF QUESTION PAPER
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APPENDIX I — Table of Formulas

MATHEMATICAL FORMULAS

Trigonometric identities Integrals

sin(—x) = —sin x
cos(—x) =cos x

* cos x = sin(x £ 90°) 1
Fsin x = cos(x £ 90°) _[cos axdx = —sin ax
—cos x = cos(x +180°) . @

) 1
jsm axdx = ——cosax
a

) | X
Ixsm axdxz—z—sm ax ——cosax

+jx .. a a
e =cosx% jsinx 1 ¥
e 4 o) jxcosaxdxz—Tcosax+—sin ax
Cosx = ———— a a
eax
Jx o - e”dx=
sinx =2 'Ze '[ a
J
J.xe dx— -1)
cosnr = (=1)"
sinnz =0 I ”"dx— (a x —2ax+2)
cos2nr =1 ax
sin2nz =0 Ie“" sin bx dx = ze X (asinbx —bcos bx)
+
Complex numbers je cos bx dx =————(acosbx + bsin bx)
a +
1 . aX
- =] > ]2=*1 J[ I]l—
Jj a’+x* a a
z=x+jy=rsp=re’ J' de 1 * +—1—tan‘1—{
(@>+x*)* 2a*\x*+a* a a
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FOURIER SERIES
Exponential form
nand = S Rl Y
f@)=c, +n.z_f "™ where ¢, = a,,c, = j f@e ™ dr >
n=0
Fourier Coefficients Table
Name Waveform C, C,,n#0 Comments
1.Square =4 0 _.2X, C, =0,
Wave ‘ Xok 4 m neven

N

2. Sawtooth x(0) X, X,
W =
SO R '
3. Triangular ) X, -2X, C,=0,
Wave Xo 2 (mm)? n even
T I T g

4. Full-wave (1) 2X, -2X,
rectified. X r z(4n® -1)
2T T, 7o 2Ta
5. Halt-wave X, -X, C,=0,
rectified /\jL /\ 7 z(n’ -1) n odd, except for|
To 1 T 2':".7 t C, = _jﬁ,
- A b4
X
and C, = j TO
6. Square - (N § X, | TX, sine Tnw, Tnw, naln
Wave X, T, . 2 2 7,
) 121 172 LA
7. Impulse 0 4 X, X,
train ]A I o I I T T, T,
270 -Tp Ty 2T, 1
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FOURIER TRANSFORM
Properties of the Fourier Transform
Property F(? F(o)
Linearity afi®O+a, /@) | aF(0)+a,F, ()
Scaling f(at) 1 F(Q]
lal \a
Time shift f(t—a) e ' F(w)
Frequency shift e’ £(t) Flo-a,)
Modulation cos(w,t) f(¥) %[F (0+ @)+ F(o—-w,)]
. —
Time differentiation z—]; JOF (@)
a'f (Jo)" F(w)
dt”
' F
Time integration | f@a —@ + 7F (0)5 (@)
o jw
Duality F(@@) 27f (—w)
Fourier Transform Pairs
SO @) S F(o)
o) 1 e | Re(a)>0 5 2a 5
a +w
| 278 (w) e’ 276(w — @,)
u(t) () + sinaf jald(@+@y)-5(@-o
u+r)-u(t-r) |2 o Cos Wyt oo+ @) +5(0-a,
@
2 2
|7] -— sgn(?) —
@ jo
e“u(-t) , 1 . (ot
Re(a) > 0 i jo rect(t/7) 7 sinc (7)
e""u(t) R 1 ) . (ot
Re(a) > 0 P tri(t/7) 7 sinc -
t"e"u(t) , n! e sinwytu(t) , @,
Re(a) > 0 (a+ jo)™ Re(a) > 0 (a+ jw)* + o}
e " coswytu(t) , a+ jo
Re(a) > 0 (a+ jo) +a,
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LAPLACE TRANSFORM

Definition of Laplace Transform

F(s)= L ©O}=[ f@t)e™dr

Properties of the Laplace transform

BEC/BEE/BEP 13141I/BEE2143

Laplace transform pairs

Property A1) F(s) ) F{(s)
Linearity a fi®)+a, f,(t) | aF(s)+a,F,(s) o) 1
1
Scaling f(ar) lF(i) u(t) 1
a \a s
Time shift ft—a)u(t-a) | e “F(s) o 1
Frequency shift | e™ £(¢) F(s+a) . t =
n!
Time af sF(s)— £(07) t" i
differentiation dt "
d’ { s2F(s)—sf(07) t"e™™ Gra
! A sin wt @
d"f s"F(s)—s" £(07) " st + o
at =" 107~ cos ot - = -
_f("-l)(o—) S"t+w
Ti " sin(ar +0) ssin @ + wcos 6
ime ! 1 2 2
integration J. AL s £(s) S to
v TEG) cos(wt + 6) scos @ —wsin 0
requency . L d"F(s SR
differentiation 0 D do" S a)+ @
Frequency f() J-w F(s)ds e™" sin wt Grafiat
integration ¢ s
s+a
Time _ Fs)y 1 e“cosat | T o o
periodicity f(t) _f(t+nT) {— T = l—e_sT (S+ a) +@"
Initial value f(0) 11_130 sF(s)
Final value () lxl_r)r(} sF(s)

s-domain equivalents

1,(s)

or

Vi(s)=sLI (s)-

_ V. (s) i i,(07)

N

Li (07)

Vc(s):%lc(s)+

or

ve(07)

I.(s)=sCV.(s)—Cv.(07)

10
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