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SECTION A: ANSWER ALL QUESTIONS

Q1. A continuous time signal is defined as:
x(t) =2t;0<t<5
=0 ;t>5
(a) Illustrate the even part and odd part of the signal.
(5 marks)
(b)  Determine the energy and power of the signal, x(t). Then, classify whether x(t) is
energy or power signal.
(5 marks)
Q2. Given a periodic signal \ T R | W N
x(t) =2 +sin (Et s E) + 3 cos(2mt —ij) o
B 3°°3 2
(a) Determine the fundamental angular frequency w,, of x(t).
(3 marks)
(b)  Formulate the corresponding exponential Fourier Series of x(t) and its
coefficients.
(5 marks)
(c) Sketch the magnitude and phase plot of, x(t).
(2 marks)
Q3 (a) A signal x(t) is given by

x(t) = e 2t ul(t)

Show that the Fourier transform of the signal, x(t) is

1
(e} _ja)+2

(3 marks)
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Q4.

(b)

©

(2)

(b)

©

Determine the impulse response, h(t) of a system given by the differential
equation

dy(t) _
TER 2y(t) = x(t)

(3 marks)

If the signal, x(t) in Q3 (a) is passed through the system, h(t) given in Q3 (b),
determine the output, y(t) of the system.
(4 marks)

Using the definition of Laplace transform, determine the Laplace transform of
x(t).

x(t) = 3e 3tu(t — 2).
(4 marks)

Sketch the zero-pole plot and region of convergence, ROC (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
Qs. (a) Consider the system shown in Figure QS (a).

@) Find the overall impulse response of the system, h(t) with impulse
responses given below.

hy(t) = 7t u(t)
hy(t) = 4 u(t)
hs(t) = u(t)

(6 marks)

(ii))  Identify whether the system is stable or unstable.
(4 marks)

® @ By giving appropriate examples, distinguish causal and non-causal

systems.
(6 marks)
(ii)  Test the causality of the signal, s(t), given by: _,\
— a7 \
t 'l‘_,,.‘aﬂ-'”‘ 2 . ‘;{ ’\T"é':,»f%
s =x@+ [« rgRBUVDZ -
0 \ | W e -
@ -

\ -
|

Qé. (a) A certain communication system produces an even periodic rectangular pulse train
signal, x(t) with amplitude of 1V, fundamental frequency f, = 200 kHz and duty
cycle of 40 percent (t = 0.4).

@) Sketch the signal, x(t).

(2 marks)
(ii) Show that the Fourier series coefficients of the signal is given by
2 . (Zn) f %0
BE sinc| <) forn =0,
Xn =195
T forn =0.
(6 marks)

(iii)  Sketch the amplitude spectrum of the Fourier series of x(t) for the first 5 (FIVE)

harmonics.
(2 marks)
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Q7

®)

(@

(b)

The signal in Q6 (a) is intended for transmission over a transmission media.
However, due to limited frequency resource, the channel for the transmission is
limited to 1000 kHz. As such, the signal is passed through a simple RC low pass
filter with its frequency response given by

1
H() = j2rfRC +1

where RC is the time constant given by

- 2nf.
and f; is the cut-off frequency of the filter.

() Find the frequency response of the system for f = 200 kHz, 400 kHz, 600 kHz,
800 kHz, and 1000 kHz.
(5 marks)

(ii) Evaluate the output of the filter, y(¢) for the input signal, x(t) given in Q6 (a).
(5 marks)

The Fourier transform of a signal, x(t) = rect G) is _—\
/d ek 5
i — KD
X(w) = 2sinc(w) o\

Solve the Fourier transform of the following signals. » M',,,

0 (D)
(3 marks)
(i)  x(t) cos(wpt)
(2 marks)

A signal x(t) = 2u(t) is passed through an electrical network having its impulse
response, h(t) given by

1
_ ~t/RC
h(t) RC e u(t)

Solve for the output, y(t) of the electrical network for the case of R = 1 Q and

C = 4 F using the convolution property of Fourier transform.
(15 marks)
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QS8

(@)

(®)

©

Define region of convergence (ROC).

(2 marks)

Write any two properties of ROC of Laplace transform.

(2 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) = e7 2 (u(t) — u(t — 3))

is an input to a system with the impulse response given by

(@)

(ii)

hy(t) = 3e~3u(d),

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
5—1

Hy(s) = 2

S

forming a new system, h(t). Determine the stability of the new system,

h(t).
(6 marks)

- END OF QUESTIONS - —— , ,‘; 5N
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s <7L>——> hs(t) —>

h, ()

Figure Q5 (a)
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TABLE 1: Trigonometric Identities

Trigonometric identities

sin € = cos (oc——%)

T
cosa = sin(a + E)

sin(e< +8) = sinacosf
+ cosasinf

cos(a + B) = cosacosf
+ sinasinf

sin2a = 2sinacosa

cos 2a=2cos®> a—1

cos2a =1—2sin* a

cos2a = cos?a — sina

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

multiple of @

Function Value
cos2nrx 1
cos nrw (-1)" \
\'M" .
sin nx 0
cos "F (-D)"* , n=even
2 0 , n=odd
sin B (=D"™P"? | n=odd
0 , h = even
i2nm 1
e]
jhz (-1)"
e /"7 /2 D" , h=even
j(—l)(”'l)/2 , h=odd
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TABLE 3: Fourier Transform Pairs

e “sinat u(t)

w

o

(@+ jo) +a&!

e “coswyt u(t)

a+jo

(a+jo) + @
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Time domain, f(?) Frequency domain, F(w)
o) 1
1 270 ()
t
g o
jo
u(t+7)—u(t—r7) 2sinan'
[
-2
4 ~5
sgn (7) 2
jo
e “u(t) 1
atjo
e”u(-t) 1
"
t"e " u(t) nt _,,_,,.,.,—-»":;, W A
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¢ 2 ra?
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TABLE 4: Fourier Transform Properties

Property ﬁ Time domain, f(?) . Frequency domain,
* Linearity , a, f,(0) + a, f, () " a,F,(0)+ a,F,(®)
Scaling f(at) 1 F (ﬁ)
Time Shift - f—a) me F(a))
" Frequency Shift | ¥ f(t) - 7 - F(a)—a))
Modulation cofay) [ ——[F(a)+a) Y+ Fla~a )]
Time Differentiaion = df | JjoF(o) '
dt v
a'f | (jo)"F(@)
- = - 4 — - - dt — v SRR -
Time Integration L f(t) dt F(a))+ F(O) 5(0))
F re(iile‘ncyi » t" t d”
Differentiation : f() J da F(w)
" Reversal | fen | F(—a))orF*(a))
~ bmly | FO 2w
Convolution in ¢ | fl(t)*fz(t) L F(co)F (@) )
" Convolutionin® | £,(0)f,(0) | F/(@)* Fy(0)

10 CONFIDENTIAL



BEB 20203

COURSE NAME: SIGNALS & SYSTEMS

FINAL EXAMINATION

SEMESTER/SESSION: SEMESTER 11/2016/2017

PROGRAMME: BEJ
COURSE CODE: BEB 20203

I R B B B B B R R R R R R R O .,
S
TABLE 5: Laplace Transform

x(£),t>0 o =
- : All s
u(t) 1 o
s
| : Re(s) >0
52
i n! Re(s) >0
Sn+1
e—at 1 SRS
s+a
= T e
(s+a)?
cos bt . =0
5% + b?
sin bt ___l_)___._ e
5% 4 b=
e—at cos bt ____S_+_a_ Re(S) o
(s+a)*+b?
e_atsmbt — Re(s) > —a
(s +a)? + b2
_— 7 2 Re(s) >0
(s% + b?)?
i 25 Re(s) >0
(52 +b%)*
. — 25— Re(s) >0
{s2 4+ b%)?
T reRrBUBS |
\#::‘;‘MM“”’M
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T—*“_‘_‘_————————-—-——-—_——-h———“—_—_—

TABLE 6: Laplace Transform Properties

Laplace
Property Signal Transform ROC
x(r) X(s) R
x(7) Xi(s) R,
x2(1) X5(s) R,
Linearity axi(f) + bxx(t) | aX,(s) + bXo(s) | Atleast R, N R,
Time shifting x(t — to) e X(s) R
Shifting in the s-Domain e x(1) X(s — s9) Shifted version of R (i.e., s is
in the ROC if s — 50 is in R)
. . 1 . .
Time scaling x(at) T"EX (i) Scaled ROC (i.e., s is in the
@ \a ROC if s/a is in R)
Conjugation x* (1) X*(s") R
Convolution X1 (1) = (1) X1 (8)X5(s) Atleast Ry N R
Differentiation in the %x(r) sX(s) At least R
Time Domain
Differentiation in the ~1x(1) g—X €3] R
s-Domain o
Integration in the Time f x(T)d(7) }‘X ) At least R N {Refs} > 0}
Domain J o ‘

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

X0*) = Lim sX(s)
—3 o0
If x(z) = 0 for 1 < 0 and x() has a finite limit as f —> , then
A\

Jim <0 = i 5X(5) gl

-
%@\ij

3>
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