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SECTION A: ANSWER ALL QUESTIONS

Q1

Q2

(@

(b)

(@

(b)

(b)

Given g(¢) in Figure Q1 (a). Express 2 () as sum of triangle (¢ri) and unit step

function. Sketch both triangle function and unit step function.
(4 marks)

Signal x(t) in Figure Q1 (b) is applied to an amplifier that has a gain of 3 and
introduces a bias of — 1 as shown in Figure Q1 (c). Sketch the amplifier output

signal, y (t) .
(6 marks)

Test whether the signal x(¢) =2cos (l Ot + —7—;—) is periodic or not. If the signal is
periodic determine its fundamental period.

(3 marks)
The non-zero Fourier series coefficients in exponential form of a continuous-time
periodic signal f{#) with fundamental time period 7 = 8 are
FE=F,=2, F,=F,=4j.
1) Find the fundamental frequency.
(i)  Write the exponential signal equation.

(iii)  Express the signal in sinusoidal form.
(4 marks)

Calculate the average power supplied to a network if the applied voltage and

resulting current are given by

v(t) = 100sin 30¢ + 80sin 607 + 40sin 907 (Volts)

i(f) = 125in(30¢ + 65°) + 20sin(60¢ + 45°) +15sin(90¢ + 25" ) (Amperes)
(3 marks)
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(2)

(b)

(a)

(b)
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A non-periodic input signal of a high pass filter is written as
w(t) = u(t+2) —3u(t) + 2u(t — 2).

(i) Sketch f(t) = w(-t)
(2 marks)

(i)  Derive F(w) using the definition of Fourier Transform.
(6 marks)

Explain the duality property of Fourier transform with the aid of a simple
example.
(2 marks)

Figure Q4 (a) shows a LTI system. Determine the Laplace transform of the

system using the properties of Laplace transform.
(4 marks)

Investigate the causality and the stability of a LTI system with the system function
s—1

H) = 5iDe =2

(6 marks)
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SECTION B: ANSWER THREE (3) QUESTIONS ONLY

Q5

Q6

(a)

(b)

(a)

(b)

(©

The output of the system given in Figure Q5(a) is y(t)= x(t)u(f) . Determine
whether the system is
(i) Linear or non linear

(i)  Time variant or time invariant
Show all the required steps in your assessment of the system.

(4 marks)

Impulse response for LTI system is h(t) =1, for —1<¢ < 2. This system is used in
modeling of digital to analog convertor. The input signal of the system is specified
as

x()=2e"""ulz)

Determine the output of the system y(t) using graphical method of convolution

signal.
(16 marks)

The Fourier series of a periédic function f{#) is a representation that resolves f(z) into
the dc component and ac components comprising an infinite series of harmonic
sinusoids.

6)) explain the definition of a periodic function.

@) Define TWO (2) applications of Fourier series in electrical field.

(4 marks)
Consider a single sinusoidal signal which is v(f) =10cos2710007 V.
(1) Convert the signal into exponential Fourier series form; and
(ii)  Draw the spectrum.

(4 marks)

Given a periodic signal shown in Figure Q6(c). Determine the trigonometric

Fourier series for the given signal.
(12 marks)
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(b)
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The impulse responses of two cascaded Linear Time Invariant (LTI) system as
shown in Figure Q7(a) are hyp = 36(3t—6) and hy(t) =
e~ 5t u(t) respectively. The input signal to the system is x(t) = e~ *u(t) . By
using appropriate properties of Fourier Transform,

(i) determine the total Frequency Response, Hy(w)of the system above
(5 marks)

(ii)  compute the output response, y(t).
(10 marks)

Determine the total energy dissipated by a resistor in a RC circuit using Parseval’s
Relation if the voltage across the 2-Q resistor is given by v (t) = 10 e **u(t) V.

Hint: [ 1x(@)1? dt = — [77 [X(w)|* dw]
(5 marks)

Consider the following LTI system as shown in Figure Q8(a). The system has a
5

. b .
DG and Hy(s) = ~ respectively.

response of H; (s) =

@) Determine a and b such that the overall transfer function is

N

H(S) - (s+4)(s+5)

(5 marks)

(i)  Determine the output y(t) of the system with the above transfer function to
the unit-step input x(t)=u(t).

(5 marks)

A series RLC circuit is illustrated in Figure Q8(b). The relationship between the
input and the output can be written in the form of differential equation which is

RCy' + LCy" + y(t) = x(1).

Given that the values of of R, L and C are 2 Q, 1 H, 2 F respectively, determine
using Laplace Transform,

(i) Impulse response of the system circuit, /(Z).
(5 marks)

(i)  Output response, y(t) for x(t) = e * u(t).
(5 marks)

END OF QUESTIONS -
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INDEFINITE INTEGRALS

o 1 -
cosat dt = — sin at
ot a

.. 1
sinat dt = —— cos at
’ a

. 1 |
tcosatdt:—zcosat+——tsmat
’ a a

e 1 . 1
t sin at dt=———2—smat———tcosat

a a
f dx = X tan! %
a? + x% a a
EULER’S IDENTITY
e = cos(kr) ; e/’ =cos@+ jsinf

cos&’-——%(ej‘9 +e”j‘9) : sin(9=]—_12—(eﬂ9 —e‘jg)




BEB20203

FINAL EXAMINATION
SEMESTER/SESSION: SEMESTER 1/2014/2015 PROGRAMME: BEJ
COURSE NAME: SIGNALS AND SYSTEMS COURSE CODE: BEB 20203
FOURIER SERIES
[ee]
jny—l:t
Exponential x(t) = z Xpe' T
n=—oo
1 a+T .2
Xp = —f x(t)e "TE
T a

[oe]

Qo 2n . 2m
Trigonometric x(t) = > 4 Z Qn COSTL = t + b, sin n— t

n=1

2 a+T 21T
an:"fj; x(t)cosn—-T—t

2 a+T ) 21
bz-ffa x(t)smn—Ft

FOURIER TRANSFORM
- .
X(w)=[__x(t)e7*" dt

INVERSE FOURIER TRANSFORM
x(t) = FX(@)]= = [ X(@)e/*t dw

LAPLACE TRANSFORM

L(x®))=X(s) = fooox(t)e‘“dt

INVERSE LAPLACE TRANSFORM
c+joo

x(t) = L_l(X(s)) =— X(s)estds
\

1
2mjJc—joo
\
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TABLE 1: Trigonometric Identities

Trigonometric identities

. _ T ] T
sin o« = cos (X — ) cosa = sin(a + E)

sin(x +f) = sinacosf
+ cosasinf

cos(a + ) = cosacosf
+ sina sin 8

sin2a = 2sinacosa

cos 2a=2cos®? a—1

cos2a =1—2sin? a

cos2a = cos?a — sin*a

TABLE 2: Values of cosine, sine and exponential functions for integral
multiple of ©

Function Value
cos22nr 1
sin 2nrx 0
cosnrw (—l)"
sin nxr
- nzx "/2 = even
O , n=odd
s nr (- 1)(" /2 , n=odd
2 0 , h = even
ej2n7z 1
inmx n
o 1)
a7 12 (-D™? , n=even
Jj(= 1)("’1)/2 , n=odd

11
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TABLE 3: Fourier Transform Pairs

Time domain, f{?) Frequency domain, F(w)
5(0) 1
1 2728 (@)
u(t) )+~
j
u(t+7)—u(t-7) 2sina)r
W
; _
Il =
sgn (1) 2
jo
7 () 1
a+tjo
e“u(-t) 1
a—jw
1"e " u(t) nt
(a+jo)™
Rl 2a
a’+ o’
e/ 2 w—w,)
sinw t jrld(@+@,)-5(o-o,)]
cosw,t 7z{§(a)+ @)+ 5(0)—&)0)]

e “sina,t u(t)

@,

o

(a+ jo) +a?

e “cosm,t u(t)

a+jo
(a+jo) + o’

12
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TABLE 4: Fourier Transform Properties

Property Time domain, f{(?) Frequency domain,
F(w)
Linearity a, f({t)+a, f,(t) a, F(w)+a,F,(o)
Scaling f(at) |_1_ F2)
a “a
Time Shift f-a) e’ F(w)
Frequency Shift e’ f(t) Flo-w,)
Modulation cos(ayt) f (1) %[ Flo+a,)+ Flo-a, )]
Time Differentiation daf JoF (@)
dt
d'f (Jjo)"F(w)
dt”
Time Integration J'f f(tydt F(w) + 7 F(0)5(0)
o0 j @
Frequency 1"t I
Differentiation /O ! e F(o)
Reversal f(=1) F(-w)orF (o)
Duality F(1) 27f (—w)
Convolution in ¢ L= £,() F(o)F,(®)
Convolution in ® L1 (O£, () F(o)* F,()

13
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x(t), t> 0 X(s) ROC
50 1 All's
u(t) 1 Re(s) >0

s
t 1 Re(s) >0
s2
£ n! Re(s) >0
Sn+1
e—at 1 Re(s) > —a
s+a
te 9t 1 Re(s) > —a
(s + a)?
cos bt i Re(s) >0
sS4t b’
sin bt b Re(s) >0
S + b?
e *cosht s+ta Re(s) > —a
(s +a)? + b
e % sinbt b Re(s) > —a
(s + a)? + b?
tcos bt 5% — b? Re(s) >0
(s2 + b2)?
tsin bt 2bs Re(s) >0
(s2 + b?2)2
tsin bt 2bs Re(s) >0
(s2 + b?)?

14
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TABLE 6: Laplace Transform Properties

Laplace
Property Signal Transform ROC
x(0 X(s) R
x(1) X\(s) R,
x2(1) Xs(s) R,
Linearity ax;(t) + bx(t) | aX;(s) + bXx(s) | Atleast Ry N Ry
Time shifting x(t — to) e X(s) R
Shifting in the s-Domain & x(1) X(s — s9) Shifted version of R (i.e., s is
in the ROC if s — 50 is in R)
Time scaling x(at) %X (-S—) Scaled ROC (i.e., s is in the
a \a ROC if s/a is in R)
Conjugation x"(?) X°(s%) R
Convolution xi(0) # x2(1) X1()X5(s) Atleast R, N R,
Differentiation in the ix(t) sX(s) At least R
. . dt
Time Domain
. d
Differentiation in the —tx(1) EEX (s) R
s-Domain
14
Integration in the Time J x(T)d(T) -}X ) At least R N {Refs} > 0}
Domain o i

Initial- and Final-Value Theorems
If x(r) = 0 for ¢ < 0 and x(z) contains no impulses or higher-order singularities at ¢ = 0, then

x(0F) = lim sX(s)

s>
If x(r) = 0 for t < 0 and x(r) has a finite limit as 1 —> =, then
Jim x() = lim 5X(9)
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