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Q1

Q2

(a)

(b)

(a)

(b)

Given an arbitrary signal, x(t) as shown in Figure Q1(a). Plot the following
functions:

(i) x(t)6(t + 1) + x(3¢t),

(2 marks)
(i1) 0.5x(2t + 2)u(t + 1),

(3 marks)
(iii)  odd and even part of x(t).

(5 marks)

Based on the system in Figure Q1(b), given that

x(t) =2u(t +2) —ult) —ult —2)
and
y(t) = 2u(t + 1.5) + (2t — 2)u(t) — 2tu(t — 2).

Express the signal g(t) using a single analytical expression with the aid of unit step
function, u(t).
(10 marks)

A system can be classified into several types of system. State FOUR (4) types of
system classification and its pair.
(4 marks)

A continuous time input signal x(t) = u(t) —u(t — 1) is passed to a parallel

connection shown in Figure Q2(b), which the impulse response h,(t) and h,(t) are
given by

hy(t) = r(t)
hy(t) = u(t) —u(t —2).

) Show the overall impulse response, h(t) as in Figure Q2(b)(i).
(2 marks)

(ii)  Compute the output, y(t) of the system.
(12 marks)

(iii)  Deduce the stability of the system and provide your justification.
(2 marks)
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Q3  Given a periodic signal x; (t) as follows:

4t : T<t<0
T - 2

o t ;0 t<T
T 2

(a) (1) Determine the symmetry type of the signal x; (t).
(1 mark)

(i) State the trigonometric Fourier series coefficients (ag, a,, and b,,) of the signal
x1(t) based on the symmetry properties selected in Q3(a)(i).
(2 marks)

(iii)  Proof the value in Q3(a)(ii) by computing the trigonometric Fourier series
coefficients (ay, a, and by,) of the signal x,(t).
(12 marks)

(b) The signal x, (t) with the period T = 1075 is passed through Linear Time Invariant
(LTI) system with frequency response, H(f) given in Figure Q3(b). Calculate the
output y(t) of the system.

2 e ; 1. ’ 2 5 ;
N .| t —jmt) _ = (,j2mt —j2mt) _ 3mt —j3mt
x,(t) = 4 n(e’" +e 1”) 7T(ef" +e J") Bn(ef” +e J")

1 . . 2 g :
s e (ej4nt + e—j47rt) _ ___(eJSn:t + e—]STL’t)
21 51

(5 marks)
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Q4.

(a)

(b)

()

Explain how Fourier transform has been developed from Fourier series and applicable
for Fourier representation of non-periodic signals.
(5 marks)

Figure Q4(b) shows an RC circuit with an input signal, V;(t) = 3e~>tu(t) .
Determine;

(i) the differential equation of the RC circuit,
(2 marks)

(i) the frequency response, H (w) of the circuit. Given that R = 3Q and C = 2F,
(3 marks)

(i)  the output voltage, vy (t).
(5 marks)

Given two signals

x,(t) = 4 rect (#)

and

x,(t) = 2 rect (%)

Prove that the Fourier transform of signal y(t) = x;(t) + x,(t) is

4 "
Y(w) =— (e /5 + cos w).
jw

(5 marks)

e
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Qs.

(a)

(b)

()

Define region of convergence (ROC).
(2 marks)

Write THREE (3) properties of ROC of Laplace transform.
(3 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) = Be~2u(L).

(i) Determine the output y(t) using the Laplace transform convolution property.
(10 marks)

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

5=1

s—2

His) =

forming a new system h(t) as shown in Figure Q5(c)(ii). Determine the total
response of this system, h(t) if the system is stable.
(5 marks)

- END OF QUESTIONS -
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM 1/2019/2020 PROGRAMME CODE : BEJ
COURSE NAME : SIGNALS AND SYSTEMS COURSE CODE : BEJ20203
x(t)
A
5
1
=L
2 -1 1 2
Figure Q1(a)
() —— 1 3 y(©)
g(©
Figure Q1(b)
| TERDBU L

6

CONFIDENTIAL




CONFIDENTIAL BEJ 20203

FINAL EXAMINATION
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" (@)
x(t) y(®)
Pl ha (D)
Figure Q2(b)

} } T » t
# 13 3
Figure Q2(b)(i)
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[H ()]
ZH(f)
T4
2
» f(kHz)
2
Figure Q3(b)
AAAA 5
‘-\‘.' '.v.‘ ",:“ ‘.‘,l 1
R
7N
Vi) () C == V(1)
Yo '
Figure Q4(b)
h(t)
x(t) t
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Figure Q5(c)(ii)
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TABLE 1: INDEFINITE INTEGRALS

1
f cosatdt = —sin at
a

1
fsinatdt — —a—cosat

1 1
tcosatdt = —cosat +—tsinat
a? a

1 1
ftsinatdt:—zsinat——tcosat
a a

t “tdt—i lat —1
e o (a )

1 dt—lt A t)
f(a2+t2) “a (a

TABLE 2: EULER’S IDENTITY

etJm/2 — +j

Az + 6 = Aets®

etk = cos kmr

e*j0 = cos@ + jsinf

cosf = %(eje + e‘jg)

sing = zlj(efg —e™J?)

TABLE 3: COMPLEX NUMBER

Is| = Va2 + b2

TABLE 4: TRIGONOMETRIC IDENTITIES
sinfg = cos(e —g) )

s=a+jb=|s|£+0=|s|et)?

b
6 =tan! (—)
a

T
cos @ = sin(6 + E)

sin(x + ) = sinacosf =+ cosasinf cos(a + ) = cosacosfB Fsinasinp

sinfa +cos?f =1

sin2a =2sinacosa cos 2a =2cos?a—1

cos2a =1—2sin*a 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 2nm ‘! gl én 1
sin 2nm 0 gdm (-
n
cosnm (=1)" P (-1)z ,n=even
: ez n-1
sinnm 0 J(-1)Z ,n=o0dd
TR o = nm n-i
cos (_.) {(—1)2 ,L = even sin (___) {(—1) z ,n=odd
2 0 ,n=odd 2 0 ,N = even
1 = j“'“ f?f“iff;'.f; ;.v\ '
. RS e
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where (x2 + ax + b) and (x% + cx +
d) cannot be factorised.

COURSE NAME : SIGNALS AND SYSTEMS COURSE CODE : BEJ20203
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
2 4 gx + A B G
ok ikl JaEDEeE + i
x—a(x-b(x—0c) x—a x—b x-—g
px +q A B 4
v a3 + 2t 3
(x — a): x—a (x—a)* (x—a)
pxt+qx+r A B N ¢
(x—a)*(x—b) x—a (x—a)® x-—b
pxt+qx+r
x—a)y(x2+Dbx+c) A Bx+C
Ta T bxt
where x? + bx + ¢ cannot be L Sl
factorised.
px3+qx? +rx+s
(x?+ax+b)(x* +cx +d) Ax + B Cx+D
+
x*+ax+b x*+cx+d

TABLE 7: FOURIER SERIES

[oe]

Exponential

n=-—co

T

_ e
x(t) = M@ T

a+T w Z—Ht
xn=—f x(t)e T dt
a

co
Trigonometric 5

n=1

T

Qg 2m - 2m
x(t)=——+Z a,cosn—t+ b, sinn—t
T ¥
a+T 27T
A, == x(t)cosn—tdt, n=0,1,23..
. T

a+T ‘ 21
bn=—f x(t)sinn—tdt, n=1,23..
e T

Amplitude-phase

- 2m
x(t) =Xy + Z Ay cos(n?t +8,)
n=1

b
Ap =2|X,| =3a2 +b2 , 6,=2X,=—tan"! (—n)

Average Power

1 [ee]
| I Ez Vil cos(8y, — 6, )
n=1 I

i ] j
| g 6 8% 0 L L
- :
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TABLE 8: DEFINITION OF FOURIER AND LAPLACE TRANSFORM

FOURIER TRANSFORM
Flx@®)] =X(w) = J x(t)e It dt

Flx(B)] =X(f) = foox(t)e”jz"ft dt

INVERSE FOURIER TRANSFORM

x(t) F X (w)] = % me(w)ef“’t dw

x(t)

FX()] = f " X(Pernt af

-0

LAPLACE TRANSFORM
Bilateral

Llx(t)] = X(5) = f x(t)e Stdt
Unil;teral

co

Lixlt)] = X(5) = f x(t)e™stdt

0

s=0+jw

INVERSE LAPLACE TRANSFORM

1 c+joo
x(t) = L7 X(s)] = Z]_[ . X(s)eStds
c—J®

| - P —
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TABLE 9: FOURIER TRANSFORM PAIRS

Time domain, Frequency domain, Frequency demain,
x(t) X(w) X(f)
S(t) 1 1
1 2né(w) ()
1 8(f) 1
t §(w) +— —+—
sl ) jw 2 j2nf
u(t+7) —u(t-1) M)— = 2t sinc(wt) 27sinc 2ft
w
rect(t) sinc(%) sinc(f)
t ; :
i _w? (2nf)?
2 1
sgn(t — el
i J;U Jqf
—at '
) a+tjw a+j2nf
e“u(—t) . !
a—jw a—j2nf
e-alt] e A
- - a2 + w? a? + 4_7-[2f2
el @ot 218 (w — wy) 8(f—fo)
n! n!
T —aL T
il s (a+jw)1 (a+j2rf)nt
™ §(F—f,)—o6(f +
sin w,t 7[5(0)“600)—5(0)'*‘0)0)] v fO)Z. U +1)
e N ]
cos wyt m[§(w + wy) + §(w — wy)] 6(f—ﬁ’);6(f+ﬁ’)
. Wo 2nfy
—at t e
e Sin (l)()t u( ) (a +jw)2 + wﬂz (a +]2n.f)2 + (Zn-f())z
e™% cos wyt u(t) L st
B (a+jw)? + wf (a+j2nf)? + (2nfy)>
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TABLE 10: FOURIER TRANSFORM PROPERTIES
Property Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
Linecarity a x; (t) + ayx,(t) a X1 (w) + a, X, (w) a X1 (f) + a, X5 (f)
i ing 1 1
Time scaling x(at) 1y (g) L (£ )
la]” \a la]” \a
Time shifting | x(t — to)u(t — ty) e 1Pt X (w) e~l2nfto X (f)
Frequency el @tx(t) X(w — wp) X(F—£)
shifting
Modulation cos{wqt) x(t 1 1
@OXO ) Cw+ o) +X@-wn)] | S -F)+XG+ )
sin(wgt) x(t 1 1
XD =0 ~X@+00] | S X0 £) =X+
Time d JjwX(w) j2nfX(f)
differentiation dt (x(t))
d" (w)"X(w) Gemf)"X(f)
Time t X(w) X(f) 1
inlcgration f—wx(t)dt _j—(:)_— € 7TX(C()) 6((()) _—]ZTf + EX(O)(S‘(f)
Frequency t"x2(t) - an i\ d"
differentiation ) dwm X(w) (E) dfn X()
Time Reversal x(—t) X(—w) or X*(w) X(—f)
Duality X(t) 2nx(—w) X(—f)
Convolution in x1(t) * x2(t) X1 (@) - X3 (w) X(f)-YH)
t
Multiplication %00 st 1 X(f)=Y
p ]( ) 2( ) E;Xﬂw)*xz(w) (f) (f)
Parseval’s f°° A (2dt 1 r® it 2 _—
v G =] K@rda | worar

13 A— A T E—
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TABLE 11: LAPLACE TRANSFORM PAIR

Time domain, s-domain, ROC Time domain, s-domain, ROC
x(t), t>0 X(s) x(t), t>0 X(s)
S
é(t) 1 Alls cos bt .S‘Z-l-—bz Re(s) >0
1 b
t - Re(s) >0 sin bt e — Re(s) >0
u(t) - ) e )
t ! R >0 ~at cos bt i Re(s) > —a
2 e(s) e % cos Eral &b
( i Re(s) > 0 ~at sin bt . Re(s) > —a
g . (s +a)?+ b2
g k Re(s) > —a t cosht Dhad.it Re(s) >0
st+a (s2 + b?)2
te~at L Re(s) > tsin bt e Re(s) > 0
—_— — —_— S
e Gt ) e(s a sin T+ b7)2 e
TABLE 12: LAPLACE TRANSFORM PROPERTIES
Property Signal Laplace Transform ROC
x(t) X(s) R
x1(8), x,(t) X1(5), X5(s) Ri, R,
Linearity ax{(t) + bx,(t) aX;(s) + bX,(s) Atleast R, N R,
Time shifting x(t —tg) e St X(s) R
Shifting in the s- fat _ Shifted version of R (i.e., s is
Domain e®tx(t) X(s —so) in the ROC if s — 54 is in R)
Time scaling x(at) _]:_ S Scaled ROC (i.e., s is in the
la| (a) ROCifs/aisinR)
Conjugation x*(t) X*(s") R
Convolution x1(6) * x,(t) X1(s) - X,(s) Atleast Ry N R,
da %0} sX(s) At least R
Differentiation in the dt sX(s) —x(0%) (Unilateral) | R right hand plane
Time D i g
ime Domain :tnx(t) S"X(s) — s™1x(0%) — s — sx™2(0F) — X0+
Differentiation in the d R
s-Domain ~Ex(0) EX(S)
Integration in the £ 1 Atleast R N {Re(s) > 0}
Time Domain f_ x(v)de ;X(S)

Initial- and Final- Value Theorems
If x(t) = 0 for t < 0 and x(t) contains no impulses or higher order singularities at t = 0, then
x(07) = Slim sX(s)
If x(t) = 0 for t < 0 and has a finite limit as t — oo, then
tlim x(t) = lim sX(s)
=0 S—co

B e —
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