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SECTION A: ANSWER ALL QUESTIONS.

Q1

Q2

Q3

Q4

(a)

(b)

(a)

(b)

(a)

(b)

(a)

(b)

Calculate the periodicity of w(t)
1
w(t) = 4 cos(4nt) + 6 cos(6mt) + 2cos (Errt)

(7 marks)

Determine whether x(t) as shown in Figure Q1 (b) is a power or energy signal.
Then, calculate value of power or energy for x(t)
(5 marks)

By using convolution integral, find the overall impulse response H (t) for two cascaded
systems with the system impulse responses, h, (t) and h, (t) expressed as:

hy(t) = 7e~2tu(t)
hy (t) = 3e~Stu(t)
(5 marks)

State the commutative property of convolution. Then, show that the answer obtained
in Q2 (a) satisfies the commutative property of convolution.

(7 marks)

Explain the Gibbs phenomenon.
(3 marks)

Consider a periodic signal g(t) as shown in Figure Q3 (a). Find the trigonometric
Fourier series.
(9 marks)

Determine the Fourier transform of signal y(t) as shown in Figure Q4 (a) by using
definition of Fourier Transform.
(4 marks)

Given x(t) = rect(t) and X(w) = sinc (g) Using properties of Fourier transform,
determine Fourier transform of the following signals:

@ x(21)
(2 marks)
(i) x(t-—2)
(2 marks)
(i)  x(—2(t—-2)) P e e s i, |
! IERDURSA (4 marks)

()
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Q5 (a)

(b)

(c)

(d)

BEJ 20203

Using the definition, find the Laplace transform and its region of convergence (ROC)

of sinwt,t > 0.
(4 marks)

A decaying sinusoidal is given as x(t) = Ae®*' sin wt for t > 0 and a < 0. Determine
the Laplace transform X(s) using the multiplication by e% property (shift in s-
domain).

(2 marks)
Given the Laplace transform of sin wt is
L[sin (J)t] = m, Re{s} > 0,
Determine the Laplace transform of cos wt using the derivative property.
(3 marks)
Given
dy(t
J;(I Lottt #28  w=1
Find Y (s).
(3 marks)

TERRI A
,;:!__.r_.qf.*.:. ¥ - f,,_r‘..L |
.- S
3

CONFIDENTIAL



CONFIDENTIAL

BEJ 20203
SECTION B: ANSWER TWO (2) QUESTIONS ONLY.

Q6 (a) A certain communication system produces an even periodic rectangular pulse train
signal, x(t) with amplitude of 1V, fundamental frequency f; = 100 kHz and duty
cycle of 40 % (T = 0.4).

(1) Sketch the signal, x(t).

(2 marks)
(11) Show that the Fourier series coefficients of the signal is given by
- (Zn) forn # 0
. _J5 sinc z orn {
" - f =10
g orn = u.
(6 marks)

(11)  Sketch the amplitude spectrum of the Fourier series of x(t) for the first FIVE
(5) harmonics.
(2 marks)

(b) The signal in Q6 (a) is intended for transmission over a transmission media. However,
due to limited frequency resources, 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(f) =—mo—7—7—
() J2rnfRC+1
where RC is the time constant given by
!
RC = 2nf,

and f is the cut-off frequency of the filter.

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

(i)  Evaluate the output of the filter, y(t) for the input signal, x(t) given in Q6 (a).

(5 marks)
E — e
M eonITE A
t d- hﬂ _&_id’g' - e ‘_E’i____,
TR Lot
4
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Q7 (a)
(b)
Q8 (a)
(b)

BEJ 20203

A continuous Linear Time-Invariant (LTI) system is modelled in differentiation
equation as follows:

2

Using Fourier Transform, determine the system function, H(w) and the impulse

response, h(t) of the system.
(11 marks)

Figure Q7 (b) shows an LTI system with the impulse response, h(t) = e~?*u(t)
and the input signal, x(t) = te **u(t). Determine output of the LTI system y(t)

using Fourier Transform.
(9 marks)

Analyze the system function and impulse response of a stable system for a Linear
Time-Invariant (LTI) system given by the differential equation

y' (@) = y'(®) = 2y() = x'() — x(0).
(10 marks)

The Laplace transform of a system is given as

st —2s—11

e — —2 < Re{s} < 1.

H(s) =

Given the root, s;,3 = 1,—2, —3, analyse the impulse response h(t) of the system

with regards to its causality and stability.
(10 marks)

-END OF QUESTIONS —
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x(t)
T

il N W Tt B
7

Figure Q1 (b)

g(t)
A

v

Figure Q3 (a)
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x(t) = te™*u(t) y(t)

S M=% -— .

Figure Q7 (b)

1
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TABLE 1: INDEFINITE INTEGRALS
1 . . 1
fcosatdt:Esmat fsmatdt=—zcosat
1 1 i 1 1
f tcosatdt = — cosat +—tsinat f tsinatdt = —sinat — —tcos at
P a a? a
f te" il = i e™(at—1) f—-—l—dt = ltan‘1 (E)
a? (a? + t2) a a

TABLE 2: EULER’S IDENTITY

etim/2 — +j

Az +6 = Aet/®

eET — cos ki

etjf = cosf + jsin@

Lo ;
cosf = E(ele +e7/9)

- ;
ing =— (el —e—if
sin 6 2] (e e™/%)

TABLE 3: COMPLEX NUMBER
Is| = a2 + b2

TABLE 4: TRIGONOMETRIC IDENTITIES

b
8 =tan™ (—)
a

s=a+jb=|s|£+6 = |s|et/?

T

sinf = cos (6 —g) cosf = sin (.9 - 2)

sin(ex + ) = sinacosf + cosasinf cos(a + ) = cosacos f Fsinasinf

sinffa+cos?f =1

sin2a = 2sinacosa ¢os 2g = 2costa—1

cos2a =1—2sina cos 2a = cos® a — sin? a

TABLE 5: VALUES OF COSINE, SINE AND EXPONENTIAL FUNCTIONS FOR
INTEGRAL MULTIPLE OF m.

Function Value Function Value
cos 2nmw 1 gl2nm 1
sin 2nm 0 e/nE (=™
n
cosnm (_1)n jnn [ (—-—-1)5 , . = even
e 2z n—-1
sinnm 0 j(=1)z ,n=o0dd
nm z ni it
cos (_) {(—1)2 ,L = even sy (_) {(—1) z ,n=odd
2 0 ,n = odd 2 0 ,N = even
8

- e CONFIDENTIAL




CONFIDENTIAL

BEJ 20203
FINAL EXAMINATION
SEMESTER / SESSION : SEM II 2022/2023 PROGRAMME CODE : BEJ
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TABLE 6: PARTIAL FRACTION FORMULA

Type of proper rational function Partial Fraction
px+q A B
—————a#b
(x—a)(x—b) x—a+x—b
x2_|_ X +T A B C
p 1 aEbEC 4 +
(x—a)(x—=>b)(x—c) x—igd  x—b " x—¢
px+gq A B (64
3 i~ z T 3
(x —a) x—d (x—a)*  (x—g)
px*+gx+r A B C
+ +
(x —a)?(x — b) x—a ((x—a)?* x-—b
p:::2 +gx+r
(x—a)(x2+bx+c) A B4t
s 2
where x% + bx + ¢ cannot be £—@ x+lxte
factorised.
px®+qx?+rx+s

x2+ax+b+x2+cx+d
where (x% + ax + b) and (x? + cx +

| d) cannot be factorised.

TABLE 7: FOURIER SERIES

co

: jn?’_ﬂt
Exponential x(t) = Z Xpe T
n=-—co
1 a+T D
Xy = f x(t) e "T dt
T o

ag - 2 i
Trigonometric x(t) = % + Z (an cosn—— t + b, sin nTt)
n=1

2 a+T 21T
an-———f x(t)cosn—tdt, n=0,1,23..
o3/ T

by,

2 a+T - 2T
?f x(t)smn-?tdt, i I
(54

r 2
Amplitude-phase | x(t) = X, + Z A, cos(n Tt + 6,)
n=1

b
Ap=2|X,|=%/aZ +bZ , B, =sX, = —tan! (—“-)

Z Vala cos(é’vn — 6,n)

n=1

(NSNS

Average Power P =Vl +

) 9
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TABLE 8: DEFINITION OF FOURIER AND LAPLACE TRANSFORM

FOURIER TRANSFORM
Flxt)] =X(a) = f x(t)e T2t dt

Flx(t)] =X(f) = me(t)e‘fznff dt

INVERSE FOURIER TRANSFORM
o i :
x(t) = FRW)] = = f X(w)e'*t dw

(@) = FAXE)] = j X(f)el2rt gf

LAPLACE TRANSFORM
Bilateral

Lix(t)] = X(s) =J. x(f)e tdE
Unilateral

co

LIx()] = X(s) = f x(t)e=stdt

0

Ss=o0+jw

INVERSE LAPLACE TRANSFORM

L 1 fenie o
1) =L X)) = Ef - X(s)e*'ds
C—jco

TR D &
j_ AgANIS W5 Ll

CONFIDENTIAL




CONFIDENTIAL

BEJ 20203

SEMESTER / SESSION : SEM II 2022/2023
: SIGNALS AND SYSTEMS

COURSE NAME

FINAL EXAMINATION

PROGRAMME CODE : BEJ
COURSE CODE

: BEJ 20203

TABLE 9: FOURIER TRANSFORM PAIRS

Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
5(t) 1 1
1 218 (w) 5(f)
1 8(F) i
u(t) ?T5(0J) 'f‘}:; T m
u(t+1) —u(t—r1) M = 2t sinc(wt) 2tsinc2ft
= 7]
rect(t) sinc (5) sinc(f)
t = —'-"2
I i @)z
© 2 1
S o —=
= };U }T{f
—at e
il a+jw a+j2nf
aty(—e) 1 1
e a—jw a —j2naf
2a 2a
e—a!ti e
a2+m2 a2+4rr2f2
elwot 216 (w — wy) 6(f — fo)
- n! n!
T al) (@ + jw)™+ (a+ j2nf)™*l
T o(f — =8
ik Fl6@—w0) ~ 8 +ag) | XL - (f + /o)
COS wyt 8w + wy) + §(w — wy)] 6(f—ﬁ,)-;5(f+fo)
: Wo 2nfy
—at
e sinwotu() (a +jw)? + (a+ [2nf)? + (2nfy)?
e—-at 5 t (t) a +jﬂ) a + 2]'1'f
R (a+jw)? + w? (a+j2nf)2 + (2nfo)?

CONFIDENTIAL




CONFIDENTIAL

BEJ 20203
FINAL EXAMINATION
SEMESTER / SESSION : SEM IT 2022/2023 PROGRAMME CODE : BEJ
COURSE NAME : SIGNALS AND SYSTEMS COURSE CODE : BEJ 20203

TABLE 10: FOURIER TRANSFORM PROPERTIES

Property Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
Linearity a1 %1 (£) + apx,(t) a1 Xy (W) + a X, (w) a1 X1 (f) + ax X, (f)
Time scaling x(at) i w 1 i
* (@) s
Time shifting | x(t — to)u(t — ty) e J9to X (w) e~ 12" to X (F)
Frequency el@otx(t) X(w — wy) X(f-1fo)
shifting
i ; 1 1
vocatien. | cos(@Z®) | Zix(a+wo) +X@—wg)l | XU —f)+ X+ )
i 1 1
X0 Sk -0 X+ o] | GG - ) =X+ £
Time d . JwX(w) J2nfX(f)
differentiation dt (l (t))
2 ) ()" X (@) G2mf X (f)
Time t X(w) XN )
integration f_mx(t)dt jw + X (w) §(w) 2 f > X(O)5(f)
Frequency thx(t) a* Fat
differentiation U g X (@) B 2 X
Time Reversal x(—t) X(—w) or X’ (w) X(—f)
Duality X(E) 2nx(—w) X(—F)
Convolution in x, (t) = x5 (8) Xi(w) - X5 (w) X(F)-Y(H
t
Multiplication x1(t) - x5(8) %Xl ) s i X(f)=Y()
P ik oo 1 ) oo
Theram | <O =] K@ra | _erear

[ TERBUKA
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TABLE 11: LAPLACE TRANSFORM PAIR
Time domain, s-domain, ROC Time domain, s-domain, ROC
x2(1),. t>0 X(s) x(t), t >0 X(s)
5
a(t) 1 All s cos bt PR Re(s) >0
1 . b
u(t) = Re(s) >0 sin bt 15 Re(s) >0
t L R >0 ~at cos bt B Re(s) >
= e(s) e~ % cos G+ LB e(s a
n! S b
£ e Re(s) >0 e~ % sin bt m Re(s) > —a
e : Re(s) > —a t cos bt ¥ —a Re(s) >0
s+a (s2 + h2)2
gt - Re(s) > t sin bt il Re(s) >0
2 (s +a)? - ; (s2 + b?)>? e
TABLE 12: LAPLACE TRANSFORM PROPERTIES
Property Signal Laplace Transform ROC
x(t) X(s) R
x4 (2), x,(t) X;(s). X5(s) Ry, R,
Linearity axy (t) + bx,(t) aX;(s) + bX,(s) Atleast R; N R,
Time shifting x(t —ty) et X(s) R
Shifting in the s- s _ Shifted version of R (i.e., s is
Domain =it A=) in the ROC if s — s, is in R)
Time scaling x(at) iX (i) Scaled ROC (i.e., s is in the
la]” \a ROCifs/aisinR)
Conjugation x"(t) X*(s") R
Convolution xq () * x,(t) X,(5) - X5(5) Atleast Ry N R,
a 2(8) sX(s) At least R
Differentiation in the dt sX(s) — x(0%) (Unilateral) R right hand plane
Time Domai n
1me Lomain ‘dt—nx(t) SnX(S) - Sn—lx(0+) e an—2(0+) - xn—l(o-l-)
Differentiation in the d R
s-Domain —tx(t) EX (s)
Integration in the 2 1 Atleast R n {Re(s) > 0}
Time Domain f x(r)de EX(S)

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

x(0%) = lim sX(s)
S—oo

If x(t) = 0 for t < 0 and has a finite limit as t — oo, then

lim () = lim sX(s)
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