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SECTION A: ANSWER ALL QUESTIONS

Q1.

Q2.

Q3.

(a)

(b)

©

(@
(b)

©

(a)

(b)

A communication channel you are working with produces an output signal y(t)
when the input signal x(t) is given in Figure Q1 (a). Express the signal x(t)
using a single analytical expression with the aid of unit step function, u(t).

(3 marks)
Sketch the output y(t) = x(—2t — 3) for the given signal x (t).

(3 marks)
Based on the signal x(t), separate the even part of the signal.

(4 marks)
State TWO (2) conditions for the existence of Fourier Series.

(2 marks)
Consider the signal

1
x(t) = cost + Ecos(4t + m/3) + cos(8t + m/2).

i) Develop the exponential forms of the Fourier series for x(t).

(4 marks)
(ii))  Illustrate the amplitude and phase spectra for x(t).

(2 marks)

Compare the Fourier coefficients of signals with even symmetry and odd

symmetry.
(2 marks)

Let x(t) be a signal where its Fourier transform is given in Figure Q3(a).

@) Sketch the graph of the Fourier transform of the signal, e/4tx(t).
(3 marks)

(i)  Describe the effect of this operation on the spectrum X (w).
(2 marks)

Obtain the Fourier transform of the signal y(t) of the Linear Time Invariant (LTI)

system shown in Figure Q3(b).
(5 marks)
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Q4.

(a)

(b)

(©)

Using the definition of Laplace transform, determine the Laplace transform of
x(t) = 3e 3tu(t — 2).
(4 marks)

Sketch the zero-pole plot and region of convergence (if it exists) of the signal
x(¢t).
(2 marks)

Solve L[x(t)] using the time shifting property of Laplace transform.
(4 marks)
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SECTION B: ANSWER THREE (3) QUESTIONS ONLY

Q5. (a)

(®)

©

Q6. (2

(b)

(©)

The impulse response of an LTI system as shown in Figure QS (a) is given as
below.

h(t) = e~ %tu(t)
(1) Identify whether the LTI system is stable or unstable.
(3 marks)

(ii)  Suppose that x(t) is the input to a system with impulse response given by
x(t) = e~Stu(t)
Find the response of the system, y(t).
(7 marks)

Distinguish TWO (2) ways of interconnection of LTI systems.
(4 marks)

Find the overall impulse response of the systems shown in Figure Q5 (c)(i) and

Figure Q5 (c)(ii).
(6 marks)

Consider a periodic rectangular wave signal, x(t) with a 2 V base-to-peak value
as shown in Figure Q6 (a).

(i) Determine the trigonometric Fourier series coefficient of x(t) if 7 = 1.

(ii))  Sketch the corresponding Fourier spectra amplitude until the fourth

harmonic, n = 4.
(9 marks)

Give ONE (1) observation on the effect on the Fourier spectra if 7 is decreased by
a factor of 2. Discuss your answer by sketching the output spectra.
(6 marks)

Magnitude spectrum, |x,| of the Fourier series coefficient shown in Figure Q6
(b) is based on the periodic input signal x(t). The phase angles £x, = 0 for all n.
Find the input signal x(t) in cosine form of the Fourier series.

(5 marks)
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Q7.

Q8.

(a)

(b)

(©)

(@)

(b)

A second order differential equation is described as

dy*(®) |, dy(®)

= 4=+ 3y (8) = (1)

By using the differentiation properties of the Fourier transform, calculate the output
y(t) if the input signal x(t) = §(¢).
(6 marks)

Figure Q7(b) shows an RC circuit with an input signal, V;(t) = 2e~3‘u(t),
resistor, R = 2 Q and capacitor, C = /F.

(i) Calculate the voltage output, v, (t)

(ii)  Find the total energy dissipated in the resistor using Parseval’s theorem.
(8 marks)

The block diagram shown in Figure Q7 (c) consists of a mixer and an amplifier
with input signal, g, (t) and output signal, g5 (t). Given the input signal g, (t) =
2cos(500mt).

(i) Find G; (w) and G3(w)

(iil)  Draw the spectrum for all signals in question Q7(c)(i).

(6 marks)
Find the Inverse Laplace transform of the signal
X(s) = ——— > -2
V2 ras+4°
using the differentiation property of Laplace transform.
(4 marks)

The output of an LTI system can be easily determined in s-domain using the
convolution property of Laplace transform. If a signal

x(t) = e 2 (u(t) — u(t — 3))
is an input to a system with the impulse response given by

hi(t) = 37" u(d),
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(@)

(i)

Determine the output y(t) using the Laplace transform convolution

property.
(10 marks)

The system h,(t) is cascaded in series to another system h,(t) with its
transfer function given by

H(s) =

s—1
s—2

forming a new system h(t) as shown in Figure Q8 (b)(ii). Determine the

total response of the new system, h(t) if the system is stable.
(6 marks)

- END OF QUESTIONS -
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x(f) = e y()

h(t) = rect(t)

Figure Q3 (b)
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x(t)— RO pF—y®

Figure QS (a)

_,I hy(t) o  hy(D) —
— O—
1

hs (1)

\ 4

hy (2) = e~®tu(t); hy(t) = e**u(t); hs(t) = tu(®)

Figure Q5 (c)(i)

> h, (V) _—l

) O X0l =
" hz (t) _T

hy(t) = costu(t); h,(t) =sint u(t); hs(t) = u(t)

Figure Q5 (c)(ii)
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Figure Q6 (a) Figure Q6 (b)
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Vi(t) fg C== V()
o
Figure Q7 (b)
Mixer
Gatu~2 [0
3¢0s(2000mt)
Figure Q7(c)
h(t)
> hy(t) b h, (1) S
Figure Q8 (b)(ii)
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e s T T 2 S S SR RS e e 37 0 S s .

TABLE 1: INDEFINITE INTEGRALS

. ) 1
Jcosat dt = l sin at sinat dt = —— cos at
a a
1 1 . . 1 . 1
Jtcos at dt = —; cos at +—t sin at Itsm at dt = —; sinat ——1 cos at
a a a a
TABLE 2: EULER’S IDENTITY
in — +jo
e._|._2_ _ i] Az i 0 = Ae
etInT — cos(nm) et)® = cos0 + jsind
. 1, . .
cos@ == (e/® + e77?) sinf = -i(e"’ —e~19)

TABLE 3: TRIGONOMETRIC IDENTITIES

2

sina = cos (a —

cosa = sin (a + g)

sin(ea + B) = sinacosf *cosasinf

cos(a + B) =cosacosf +sinasinf

sin2a = 2sinacosa

cos 2a =2cos®? a—1

cos2a =1—2sin? a

cos 2a = cos?a — sin‘a

TABLE 4: VALUES OF COSINE, SINE AND EXPONENTIAL FUNCTIONS FOR

INTEGRAL MULTIPLE OF
Function Value Function Value
2 1 . n
COS( mt) e]nTrr { (-—1)_2- , N = even
. n-1 = d
sin(2nm) |0 -7 ,n=od
cos(nm) ~=1)" ni (_1)3 ,n = even
: RS (—) n = odd
sin(nm) 0 2 0 2
gl 2 1 T n-1
e n(z) || B
(=1) 2
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e

TABLE 5: FOURIER SERIES

. 2T
_ o jn—t
Exponential x(t) = Zn:;w n€ _T -
Xn =gl x(@e T
a, = 21 . 2m
Trigonometric x(t) = > + ) a,cos n— t + b, sin n— t
n=1
_ fa'l'T (t) 271- .
an =7 ) x(t) cosn—
b 2 fa+T (t) ) 271- t
== sinn—
T). X nn-
Amplitude-phase a, = 2
x(t) =—+ Z A, cos (-——t + qun)
2 T
n=1
FOURIER TRANSFORM
(0.0)
Flx(®)] = X(w) = j x(t)e 7@t dt
—00

INVERSE FOURIER TRANSFORM

x(t) = FlX(w)] = ;7; ij(w)ej“’t dw

LAPLACE TRANSFORM

Co

Llx(®)] = X(s) = f x(t)e Stdt

0

INVERSE LAPLACE TRANSFORM

— 1 _ ___1__ S st
x(t) =L [X(s)] = am L_joo X(s)e*tds
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Time domain,

Frequency domain,

Time domain,

Frequency domain, X(w)

x(t) X(w) x(t)
]
J(t) 1 tne —atu(t) Ea—_{_;}_{;_ﬁm
: o) e~ az iawz
1 .
u(t) 6 (w) + — e /@t 216 (w — wg)
jw
u(t - T) - u(t + T) Sl &t Sin wot jﬂ'[a((l) + wO) - 6((‘) - (1)0)]
)
14 :—g cos Wyt n[d(w + wp) + 8(w — wy)]
)
2 —at o Wo
sgn(t) = e~ sin wot u(t) CESD T
e~ *u(t) L . e~ % cos wot u(t) cf il
a+]w (a +]w)2+w02
e®u(-t) 1
a—jo
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TABLE 7: FOURIER TRANSFORM PROPERTIES
Property Time domain, Frequency domain,
x(t) X(w)
Linearity a;x;(t) + ayx,(t) a, X;(w) + a, X, (w)
. . 1
Time scaling x(at) 2y (2)
lal \a
Time shifting x(t — to)u(t — t,) e J@h X (w)
Frequency shifting el @otx(t) X(w — wp)
M i 1
odulation cos(wyt) x(t) 5 [X (0 + @) + X(@ — wg)]
Time differentiation d jwX(w
d* (jw)"X(w)
¥ ©)
Time int :
ime integration J" @y F‘(a)) + 7 F0)5(e)
. F .
Frequency differentiation 1Pt . "
© ()" X @)
w
Time Reversal x(—t) X(—w) or X*(w)
Duality X() 2nx(—w)
Convolution in t X1 (1) * x5(t) X ()X, (w)
Convolution in w £)x,(t 1
m xl( )xZ() 2_X1((l))*X2((D)
3
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TABLE 8: LAPLACE TRANSFORM

x(t),t>0 X(s) x(),t>0 X(s)
5(t) 1 S
cos bt 21 b2
1 b
u(t - sin bt S———
( ) s SZ + b2
1 - b s+a
— e " “cospt - . s . oo
t 52 s+ a)? + b*
¢n n! e~ sin bt b
sn+l {s+a)? +b*
1 s? — b?
g tcos bt —_
s+a (s2 + b?)?
at 1 i B 2bs
te™ = . .2 Sin e
(s + a)? (s + b2)?
TABLE 9: LAPLACE TRANSFORM PROPERTIES
Name Operation in Time Domain Operation in Frequency Domain
1. Linearity ax, () + ax,(f) a, X, (5) + a,X,(5)
2. Differentiation 4 (Zgr) s7X(s) — s 1x(07) — - - - — xt=(0)
' (1)~
3. Integration f X(A) dA 3%@ + L~;(9~)
4. s-shift ,YEI; exp(—aif) X(s + a)
5. Delay x(t — tult — 1) X(s) exp(—stg)
6. Convolution x,(1) = x,()= j X (A)x,(t — A) dA X, (5)X,(s)
o
ctj=
7. Product x,(D)x,(2) l’_ X (s — MNX,(A) dA
27U c—jx
8. Initial value (provided lim x(1) lim sX(s)
limits exist) o o
9. Final value (provided lim x(¥) Iin()) sX(s)
limits exist) o o
10. Time scaling x{at), a>0 a1X| (%)
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