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QUESTION 1

Given a periodic signal x(f) in Figure 1.

) Find the expression of x(f) using complex exponential Fourier series up to 5
harmonic.

[15 Marks]

[CO1, PO1, C2]

(i1) Plot the magnitude spectrum of x(¢).
[2 Marks]

[CO1, PO1, C2]

(iiiy  Based on your answer in (ii), if y(¢) is shown in Figure 2, plot the magnitude

spectrum (magnitude versus frequency) of (7). Briefly explain your answer.
[3 Marks]

[CO1, PO1, C3]
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Figure 2
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QUESTION 2

(a)

BEE/BEP/141511/BEE2143

A band-limited signal x() with its magnitude spectra is shown in Figure 3. Signal

x(1) is the input to the modulation system in Figure 4. Let m(t) = cos(50t).

(1) Plot the magnitude spectra of filtered signal w(z), modulated signal z(2),

and demodulated signal y(z).

(i1) If your final spectrum, y(2) must be reconstructed to match the input x(1),

y(t) must be filtered. Design the required filter.

| X ()]

[9 Marks]
[CO2, PO1, C3]

>» W

x(t)

-10

Figure 3

Low Pass Filter

(10 w >0
|H(w)l = {0 otherwise

Figure 4
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w(t) z(t)
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(b) Given an LTI (linear time invariant) system in Figure 5. Using Fourier

Transform, find the solution y(z) for the given system.

x(t) = e tu(t) —>

(16 Marks]
[CO2, PO, C3]
1 2e3tu(t) > 3e " u(t)]
y(®)
>l 36(1) 4
Figure 5
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QUESTION 3

(a) Find the Laplace transform of the given signal in Figure 6.

[8 Marks]
[CO2, P01, C3]
x(1)

[

3 5 6

Figure 6

(b) Find the Inverse Laplace transform, f{2) of the given signal, F(s).

s+2

F(s) = —— 2
() = 25 7 20

[8 Marks]
[CO2, PO1, C3]
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CONFIDENTIAL
The circuit shown in Figure 7, the switch K moves from position A to B at a time

(c)
¢t = 0. Determine ip(2) for t> 0.
[9 Marks]
[CO2, PO1, C3]
A K

B f ; 50 .

S

2H

vl @S

Figure 7
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QUESTION 4

(a) Given a transfer function H(w),

90s

H =
(8) = 35237905 + 600

Q) Identify the type of filter for H(s)
(i)  Draw the magnitude and phase Bode plot for H(s).

(iii)  Find the oo, center frequency of the filter.
[16 Marks]

[CO3, PO2, C3]

(b)  Determine the transfer function from the magnitude Bode plot in Figure 8.
[6 Marks]
[CO3,PO2, C4]
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Figure 8




CONFIDENTIAL BEE/BEP/141511/BEE2143

(c)  Circuit in Figure 9 is a passive RLC filter.

1) Find the transfer function H(s) in RLC terms.
(i1) Given that the value R = 3kQ, L = 2kH and C = 1mF, determine the type

of filter for the given circuit.

(8 Marks]
[CO3, PO2, C4]

Vi(t) C—) Vo(t)

Figure 9

END OF QUESTION PAPER
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APPENDIX I — Table of Formulas

MATHEMATICAL FORMULAS

Trigonometric identities

sin(—x) = —sinx
cos(—x) = cosx

+ cos x = sin(x £ 90°)
Fsin x = cos(x £90°)
—cos x = cos(x £180°)

e* =cosx+ jsinx

e +e
cos x = ———
2
. el —e
sinx = -
j2

cosnz = (—-1)"

sinnz =0
cos2nr =1
sin2nz =0

Complex numbers

where rZg=+/x* +y’ Ztan™ 2
X

Integrals

) 1
jsm axdx = —-—cosax
a

1.
Jcos axdx = —sinax
a

) 1 . x
jxsm axdx= — sinax — —cosax
a a

1 x .
jxcos axdxz—zcosax+ —sinax
a a

ax

€

Je”"dx— .

jxe’”dx _e” (ax—l)
a’

eax
J'xze”"dx =—
a

(azx2 ~2ax + 2)

ax

je”’ sin bx dx =——— (asin bx — bcos bx)

a“+b”

Je cosbx dx = —(acosbx +bsinbx)

5 =—tan

dx 1
Vo

+

| X

a
J —tan =
(a’ +x) x*+a’ a
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FOURIER SERIES

Exponential form

«© ) 1 T . a — b
f®)=cy+ che’"”"’ where ¢, = a,,¢, = —]:IO f(e "™ dt, ¢, = ——zj——l
et
Fourier Coefficients Table
Name Waveform C, C,,n=0 Comments
1.Square =(0) 4 0 22X, C,=0,
Wave X, =J
o mn n even
Ty H
-Xo
2. Sawtooth (1) 4 X, X,
AN T
-To To 2Te ¢
3. Triangular x(n 4 X, -2X, C,=0,
Wave 1% 2 (m)? n even
~To To t
4. Full-wave x(1) 2X, -2X,
rectified. X 7 w(4n® -1)
270 7o | T 215 v
5. Half-wave x() X, -X, C,=0,
rectified Xy /\ /\ F 4 m(n® -1) n odd, except for
. - A/'
T To 27, t C - Q
- \ J 4
X
and C-l = j_(ig—
6. Square - X0 ) X, | 17X, sinc Tho, | Tnw, aln
Wave X T, N 2 T,
}o 2V 12 }DT
7. Impulse x(n 4 X, X,
train T I X"A T I I T, T,
2To T To 270 r

10
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FOURIER TRANSFORM
Properties of the Fourier Transform
Property F(@) Fow)
Linearity a fO+a, /) | aF (@) +a,F ()
1
Scaling f(at) — F(Q—j
la] \a
Time shift f(t-a) e " F(w)
Frequency shift e’ 1(1) F(w-w,)
Modulation cos(w,t) f (1) %[F (0+ @y)+ F(o—a,)]
—F
Time differentiation ﬁ;—]t: Jof (@)
af (jo)" F(w)
ar
' Flo
Time integration _[ f(@®)dt —La*)l + 7k (0)5(w)
o j
Duality FE(t) 27f (—w)
Fourier Transform Pairs
f1) F(o) S F(w)
2a
o(t) 1 ~ali] =
¢ a’+o’
1 270 (w) e’/v! 276 (@ — w,)
u(t) 75 (@) +— sin @, Jrld(@+my) = o(w-a
u(t+7)—u(t—1) S e COS Wyt [S(@+ @) +0(a - @,
‘ @
2 2
7] -— sgn(?) —
w jo
1
e u(-1) i jo rect(t/t) 7 sinc (a)z_rj
1
e~ "u(t) it o tri(t/7) 7 sinc? (%)
n_-at ’ n! —-at 3 a)o
t"e " u(t) @t o)™ e sin @yt u(r) (@t o)t o
ut fu(t) a+ jo
e COoS @
o ¥ (a+ jo) +w]

11
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LAPLACE TRANSFORM

Definition of Laplace Transform

F(s)= L O} = | fe™dt

Properties of the Laplace transform Laplace transform pairs
Property §i0) F(s) §(0) F(s)
Linearity a f,O)+a,f,O) | aFi(s)+a,Fy(s) o(1) 1
: " 1
Scaling 7 (at) 2 F(ij u(t) -
a \a s
Time shift f-a)u(t-a) e “F(s) oo 1
Frequency shift | e™ f(¢) F(s+a) S; =
Time df sF(s)- £(07) t" B
differentiation dt pr
dzf‘ s*F(s)—sf(07) t"e™™ G+a)”
dt - f'07) , ©
dnf SnF(S)_Sn—lf(O—) sin wt S2+w2
" n-2 rtrn-
dt =" f1(07) cosat 5 s .
_f(n—l)(o——) S +w
- 7 sin(at +6) ssin 8 + wcos @
Time [ ryar = F(s) st + o’
integration 0 s :
- TR cos(at+6) scos @ —wsin b
requency n n s 2, 2
differentiation | ' J® 1) do” = c: =
Frequency VAQ) j * F(s)ds e’ sin ot m
Integration f s a
s
Time B F(s) 1 e“cosat | T2, 2
periodicity f@®) = f(t+nT) T 1, (s+ta) +w
Initial value f© limsF(s)
Final value f () lsi_r)rOlsF(s)
s-domain equivalents
ACOIACE) v ( )
I,(s)= Veo(s)= I y
)== S (8)= o (s)
or or
V,(s)=sLI,(s)—Li,(07) I.(s)=sCV o(s)=Cve(07)
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