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Q1

Q2

(a)

(b)

(c)

(2)

Determine the convolution of the pairs of signals x(t) and h(t) in Figure

Ql(a).

(10 marks)

The Laplace transform of a function f(¢) is given F(s), where:

LIF(D] = F(s) = f f©es dt

Considering the above equation, determine the Laplace transformation of the
following functions. You may refer the Laplace Transform Pairs and properties
in Table 1 and Table 2, respectively.

D @) =6 + 2u(t) — 3e "t u(t)

(2 marks)
(i) f(t) = sinwt u(t)
(4 marks)
(i) j(&) = (4 + 3e72Hu(t)
(1 mark)

Determine the Inverse Laplace transformation of the following functions.

DHE = =
(2 marks)
5 _ s%t12
(11) F(S) - s(s+2)(s+3)
(3 marks)
ox = 10s
W I6) = amen
(3 marks)
Figure Q2(a) shows the time domain RC circuit with Vs=20 V.
(i) Draw the equivalent circuit in frequency domain.
(2 marks)

(i) Determine the current, i(t) and the voltage, v(¢) of the circuit when 7> 0.
(4 marks)

(iii) When the Vs increases to 50V, determine the current, i(t) and the voltage,

v(7) of the circuit.
(4 marks)
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(b) Figure Q2(b) shows the RLC circuit with Fy(r) = 10u(t) V. Assume that at t=0,
-1 A current flows through the inductor and +5V voltage drop is appear across
the capacitor. Determine the value of capacitor voltage using the superposition
method.

(15 marks)

Q3 (a) Figure Q3(a) shows the time domain and frequency domain of RC circuit.

(i) Express the transfer function Vo/Vs for frequency domain RC circuit.
(5 marks)

(ii) Sketch the amplitude and the phase response of the results in Q3(a)(i).
(4 marks)

(b) A new system with a transfer function is cascaded to the existing system to get
the new transfer function as below:

s+ 10

H(S) = m

Analyse its characteristics by illustrating its magnitude and phase response in
Bode plot.
(16 marks)

Q4 (a) Draw one (1) odd symmetry periodic function and one (1) even symmetry
periodic function.

(4 marks)

(b) A voltage source, vs(f) is given in Fourier series equation as below. Determine
the first three AC terms of the voltage source. Provide answers in polar form
(A20).

1 21
t) =— — -] — ==}
vs(t) 2+nk£1nsm(mrt) V, n=2k-1
(5 marks)

(c) An output voltage, v.(f) is given in Fourier series equation as below. Sketch
the amplitude and phase spectrums of the output voltage.

Vo (t) = 0.5 cos(mt — 52°) + 0.2 cos(3xmt — 75°) + 0.13 cos(5nt — 81°)
el T
(6 marks)
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(d) Compute the first three AC terms of the current i(f) given in Figure Q4(d). The
input voltage is given below. Provide answers in polar form (A£6).

61
w(t) = 3 —EZT—ism(th) v
n=

(10 marks)

—END OF QUESTIONS —
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‘AHZ d)n = an = .ib”
-1 b
A =Nt by -t

f@) =ag+ Y, (a, cos nwyt + b, sin nwgt)

n=1

f() = ag + >, A, cos(nwot + ¢,)

n=1

Table 1: Laplace Transform Pairs and Euler Formula

Sl Fis) fl) Fl(s)
ol 1
5
l COsw! = 3
ulr) : s+t w
1 2 ) ssinf + wcos#
ot B sinfw! + 6) —_———————————
s+a 5+ w
1 s cost = w sin#
! - cos{wr + ) R e i
& 5+ w
1 SR @
o i e sin wr e
g+l (s +a)y + w
_ st da
e~ ! - e~ “cos wr e
(s + a) )y ey
’H‘J-Hf ,,!
(s + a)"*! *Defined for1 = 0, finy =0, forr < 0.
. 2 Euler’s formul
sin wr - > ARES 3 .
5 + w™

J

a.COSﬂ:%(eJ" +e'!") b. Siﬁﬁ:il__-(e-'“ _e—)ﬂ)
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Table 2: Laplace Transform Properties
Property f® Fis)
Linearity a i) + az fo(1) aFy(s) + axF»(s)
; 1 s
Scaling flat) = F (5)
Time shift ft — ayu(t — a) e~ “F(s)
Frequency shift e~ (D F(s + a)
Time gj sF(s) — f(07)
differentiation i
df 2 - -
P SF(s) = sf©7) = £(07)
&f $’F(s) = S f(07) — sf'(07)
dr’ —f"(07)
df S"F(s) — &7 FO7T) = "2 F107)
dfﬂ i _f{n-l)(O—-)
i
Time integration I fx)dx -i—F(s}
0
d
Frequency tf(1) —d—F(s)
differentiation o
f -
Frequency M F(s)ds
integration Y s
o . F\(s)
Time periodicity f(ny = fx + nT) " e
— &7 |
Initial value £0) lim sF(s) -
Final value f(®) }1_135(1) sF(s)
Convolution Fi(®) = f>(0) F(5)F5(5)
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