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PART A (Answer only ONE questions)

QUESTION 1

(a) Consider signal x(?) in Figure 1, plot the product if the signal experiences these
operations:
i)y =x(2t-1)
(i) ya0) = x(®)xyi(1)

[5 Marks]
[CO1, PO2, C3]
x(t)
A
2.
t
> t
- -1 1 2
-1
Figure 1
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(®)

(©)

Exponential Fourier series is a compact way of expressing Fourier series by
represents the sine and cosine functions in the exponential form. Given the signal
of f(z) in Figure 2:

(1) Find the exponential Fourier Series of f{?) up to third harmonics.

(i1) Sketch the line spectrum for phase and magnitude from your answer in

(b)(D)-
[9 Marks]
[CO1, PO2, C3]
f®
—
Figure 2

The Fourier transform of input signal for circuit in Figure 3 is [ (@) = P
+jo
Find the voltage response of inductor, vi(t).

[8 Marks]
[CO1, PO2, C3]

i5(?) 2Q w® 1y

Figure 3
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(d) Fourier Transform technique is widely used in communication system especially
in amplitude modulation. Figure 4 showing the basic process of amplitude

modulation. Derive the equation and show how
X(w)= %[M(a) -0, )+ M(w+ coc)], in amplitude modulation.

[3 Marks]
[CO1, PO2, C3]

m(t) x(1)

c(t)=cos w.t

Figure 4
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QUESTION 2

(a) Using Laplace transform, determine vo(#) of the circuit in Figure 5 given that

i(t) = &6(t) + u(t).
[8 Marks]
[CO1, PO2, C3]

i(t) @ 20 O Vo(t) —— 0.01F

Figure 5

(b) Obtain vy(?) in the circuit of Figure 6 if the initial voltage across the capacitor is

3V and the initial current flows through the inductor is -1A.

[17 Marks]
[CO1, PO2, C3]
+
2u(t) A 10 O 4H % v,t) —— 1/20F

Figure 6
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PART B (Answer all questions)

QUESTION 3

(a) Using semilog graph, plot the magnitude and phase Bode plot for

88s(s + 10)
(s +8)(s +11)

H(s) =

[15 Marks]
[CO2, PO2, C3]

(b) If Y(s) = X(s)H{(s), where X(s) = s + 3000, sketch the magnitude and phase bode
plot for ¥(s).

[10 Marks]
[CO2, PO2, C3]
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QUESTION 4

(a)

Consider a transfer function Z(s) and its magnitude response, |Z(i @) | 5 . The low
frequency response has a slope of 0 dB/dec and gain of 40dB while the high-
frequency response has a slope of -20 dB/dec. The low-frequency and high-
frequency approximation intersect at & = 18 rad/sec.

1) Sketch the magnitude response, | Z(j ) e

(ii) What is the value of natural angular frequency, @,?

(iii)  Find the expression of Z(s).
[S Marks]
[CO2, PO2, C3]
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(b) Figure 7 shows the magnitude plot of a DC gain, poles, and zeros, of a transfer
function, H(s).
(1) Find the transfer function, H(s).

(i1) Draw the magnitude bode plot for H(s) on a semi-log graph paper.
[12 Marks]

[CO2, PO2, C3]

Magnitude (dB)
A

20d8/dec 20dB/dec

Y

-20dB/dec

v

-40dB/dec

Figure 7

(c)  Sketch the approximate magnitude Bode plot for
s+2
(S+3)(s?2+25+17)

P(s) =

[8 Marks]
[CO2, PO2, C3]
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QUESTION 5
(a) For the circuit given in Figure 8, determine /; and L.

[7 Marks]
[CO3, PO2, C3]

L — p—
Z11 = 10Q
212= )50 1400
50<0° Z,1=)15Q
Zyy) = 200
Figure 8

(b) Find z parameters for the circuit in Figure 9.
[8 Marks]

[CO3, P02, C3]

50
O AVAVAY —O

2042 15Q

Figure 9
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(c)  Given the equivalent circuit in Figure 10, find the y parameters for the circuit in
Figure 11. Figure 10 (a) shows a T-equivalent network, while Figure 10 (b) shows
a [1-equivalent network.
[8 Marks]
[CO3, PO2, C3]

O———@ J1222-212 O O S

(2) : (b)
Figure 10

) 6Q2
oA AN—0

40

Figure 11

END OF QUESTION PAPER

10
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APPENDIX I — Table of Formulas

MATHEMATICAL FORMULAS

Trigonometric identities Integrals
sin(—x) = —sin x
cos(—x) = cos x J‘sm axdx = ———cos ax
+ cos x = sin(x £ 90°)
F sin x = cos(x £90°) ICOS axdx = —sm ax
—cos x = cos(x £180°) x
J.xsmaxalx: —-sinax ——cosax
. a
e*” =cosx* jsinx X
o o jxcosaxdx-—-—cosax+——smax
CosX = —— a
2 eax
ejx__e—jx ‘[eaxdx:
sinx = : a
]2 . e™
Ixe dx =—;
a

cosnr =(-1)"

_1)

Ixze”xdx =~e—(azx2 —2ax + 2)

sinnr =0 e
cos2nm =1 o
sin2nz =0 je‘“sinzmarx=az+b2 (asin bx — b cos bx)
Complex numbers I *cosbx dx = —(acosbx +bsinbx)
+
1 . .2 dx . 1 1 X
—_=— , =—] =—tan —
J / / J.az +x2 a a
(a® +x%)? x* +a’ a

where rZ¢ =+/x* + y* ZLtan™ 2
x

11
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FOURIER SERIES
Exponential form
) , 1 7 . a —jb
H=c, + Y c e’ where ¢, =a,, c, == Ne "™ dt, ¢, =———"
fO=cr+ Xe, 0 =4 -1, F© =
n#0
Fourier Coefficients Table
Name Waveform C, C,n=0 Comments
1.Square (1} 0 2X, C, =0,
Wave X, / m n even
Ta 1
X
2. Sawtooth x(1) X, , Xo
Xo 2 J 2mm ’
T | To 20«
3. Triangular (1) X, -2X, C,=0,
Wave X, 2 (m)? n even
Ty l To ‘
4. Full-wave *(?) 2X, -2X,
rectified Xo b m(4n® —1)
27, -Tg o 2Ts T
5. Half-wave x(f) X, -X, C,=0,
rectified Xo /\ 7 x(n® ~1) n odd, except for
T To 210« C ;_ j_)_(-"-
- 1 4 >
X
and C, = j—4—°—
6. Square - x(1) 4 TX, o - Thw, nln
Wave sinc ==
X T, 0 2 T,
r,, 172|172 T
7. Impulse x(n X, X,
train I I X"“ I I 1 T, T,
270 -To Ty 2T, t

12
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FOURIER TRANSFORM
Properties of the Fourier Transform

Property F(r) F(w)

Linearity afi)+a,f,(0) | aF(0)+a,F, (o)

Scaling f(at) 1 F(ﬂ)

lal \a

Time shift f(t—a) e/ F(w)

Frequency shift e’™ £(t) Flo-a,)

Modulation cos(w,t) f (1) —;—[F(a) +w,)+ F(o-w,)]

Time differentiation %{; JoF(@)

a'f (jo)" F(w)
dt”
1 Flo
Time integration [ rwa (w) + 7F(0)5(w)
Frequency differentiation | ¢” () " 4 F(o)
dao"
Fourier Transform Pairs
S o) S F(w)
o(r) 1 e , Re(a)>0 . 2a .
a’ +w
1 276 (w) e/ 276(w — w,)
1 i - —
u(?) 76(e) + —— sina,t jrlo(w+w,)-6(w-a
@
u(t+7)—u(t-7) |2 Snaor coswyt m[o(@+ ;) +6(0 -,
®
2 2
[£] -— sgn(t) —
®
e“u(-t) , 1
Re(a) > 0 a-jo rect(t/7) 7 sinc
e “u(t) , 1 . .
Re(a) > 0 2t jo tri(t/7) 7 sinc ( 5 )
t"e ") n! e sinwytu(t) , W,
Re(a) > 0 (a+ jo)™ Re(a) > 0 (a+ jo)* + o]
e " coswytu(t) , a+ jw
Re(a) > 0 (a+ jo)* + o}

13
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LAPLACE TRANSFORM

Definition of Laplace Transform

F(s)=L{f0}=[ f)e™dt

Properties of the Laplace transform

Laplace transform pairs

Property [ F(s) Jio) F(s)
Linearity a f,)+a,f2(0) | aF(s)+a,F(s) o(t) 1
1 1
Scaling f(at) - F(i) u(t) -
a a S
Time shift ft-a)yut—-a) | e F(s) oo 1
Frequency shift | e™ f(¢) F(s+a) s,:' .
Time daf sF(s)- £(07) t" R
differentiation dt r
d*f s F(s)—-sf(07) t"e™™ Gra)y™
dr’ - 1'(07) , .
df sFs-s7 7)) | | St
dr" —s"f07) . cos ot 25 :
_ £l - s'+o
: ' " SO sin( ot +0) ssin @ + wcos
!
Tlme . _f f(t)dt ~F(s) s? +w?
integration 0 s ,
- ) cos(at + 6) scosf —wsin @
requency n " 7, 2
differentiation 0 =D do" 5 c: @
Prequency | /(@) 7 Feds i L T
integration ¢ s
Time F (s) 1 e ™ coswt S
1 - 1 _ 2 2
periodicity [ = f(t+nT) l—eT 1-¢T (s+a)y +o
Initial value £(0) P_I)E sF(s)
Final value f () £1_1)1(} SF(s)
s-domain equivalents
% (0 -
IL(S)z L(s)+l_1:_§_) VC(S)=LIC(S)+}&
s sC s
or or

V,(s)=sLI (s)-Li, (07)

14

Ic(s)=5CVc(s)=Cvc(07)
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TWO-PORT PARAMETERS
Vi =zl + 2,1, V=m0 +hyV, v, = AV, - B,

Z-parameters:

h-parameters:

T-parameters:

Vy=zu0,+ 2,1, I, = hy I, + hy,V, I, =CV, - DI,
y-parameters: I =gV +gnl; V, =aV —bl,
g-parameters: t-parameters:
I =y Vi +y.V, Vy=guVi + 82l I, =cVy-dl,
I, =y i + vV,
Conversion Table for Two-Port Parameters
z y h g T t
Yo _ Yo | Ax o hp | 18 A A d 1
z Zn Zp Ay Ay h,, h,, g1 gn CcC C c C
Zyy Iy _In In __EA 1 821 ﬁ 1 D ét_ a
A, A, ha hy gn gu c C c c
Zp _Zp 1 _hy | Ay gy D _4Ar a 1
y A, A, Yn Yo hy, h, g2 €n B B b b
_Zn Zy Ya Yn hy A | ga 1 1 AL A d
A, A, h, h,, £, 2., B B b b
A, n | L Yo Bn _8un B A b 1
h Zy Zy Yu Yu hy,  hy, Ag Ag D D a a
- &) __1__ lz_l_ é{_ h21 h22 _igA _%Ll _i E é.(_ <
Zn Zn Yu Yu A, A, b D a a
1oz | A Yo | by hy [V I |
g Zy Zy Yo Yn A, A, gn 2n A A d d
Z3i A, ¥y L _hy by 821 En 1 B A b
z, Z Y Vs A, A, A A d d
zg A, | Yo _ L} A by | 1 8n d b
T Zy 2y Yu Yau hy, h,, €1 8 A B A, A,
1ozy A yn e L ogn A C D ° 2
Zn Iy Yau Yau h,, h,, g2 8 Ao A,
zy A, Y _ L 1 hy A gy D B
" Zy, Zp Y12 Y12 h, hy, g1z g Ar A a b
1oz | Ay, | hy A g 1| €A d
Z, Zp Y12 Y12 h, hy, g1 gn Ar Aq
A, =22y — 2,25, A, =h;hy, —hphy, Ap =AD-BC

Ay =y3Yn —YuYas Ay =8182n ~ 818> A, =ad-bc

15
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