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SECTION A: ANSWER ALL QUESTIONS

Q1.

Q2

Q3

(@)

(b)

(2)

(b)

(@)

According to the given signal p(t) that shown in Figure Q1(a), sketch a graph for
each of the following signals:

®» pC+1D
(2 marks)

(ii) —ip(O.St =13
(4 marks)

A system in Figure Q1(b) produces an output, y(t) which is represented as:

y(@) = [u(t+2)—ut—2)]+ [u(t+1) —u(t—-1)]
By using graphical method, find the input signal x(t) when g(t) is given by
g@® = —2[u+1) —ult-1)]

(4 marks)
Consider a periodic signal x(t) is defined by
x(t) = 3 + 4sin(2w,t) + 7cos(4w,t + 30°)
@A) Find exponential Fourier Series coefficients of signal x(t).
(5 marks)
(ii)  Sketch the magnitude and phase spectrum of signal x(t).
(2 marks)

Calculate the average power, P, supplied to a network if the applied voltage, v(t)
and resulting current, i(t) are given by

v(t) = 50 + 10 cos (301tt + %) + 15 cos(45mt — g),
i(t) = 20 + 5 cos(40mt + 20°) — 10 cos(100mt — 50°).

(3 marks)
A signal x(t) is given by
x(t) = 4rect (%) .
Find the Fourier transform of
(1) x(t)
(2 marks)
(i) y(8) = = (x(1))
(2 marks)
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(b)  Given two signals,
x,(t) = u(t — 1.5) — u(t — 2.5),
x,(t) = u(t + 2.5) —u(t + 1.5).
(i) Sketch y(t) = x,(t) + x,(t).
(2 marks)

(ii) Determine F[y(t)].
(4 marks)

Q4. Given the signal
x(t) = 2 cos(wt) u(t).

(@) Find the Laplace transform of x(t) using the definition of Laplace transform.
(4 marks)

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

(c) Signal x(t) becomes the input signal for a delayed system as illustrated in Figure

Q4(c). Solve L[y(t)].
(4 marks)
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SECTION B: ANSWER THREE (3) QUESTIONS ONLY

Q5 (@
(b)
Q6 (a)
(b)

Test the stability of the following continuous-time systems:

) h() =e*ult+4),

(2.5 marks)

(i)  hy(t) = e *u(t — 4).
(2.5 marks)

Determine and sketch the convolution of the following two signals:

x(t) = u(t) — 2u(t — 1) + u(t — 2),
t ,0<t<1
hit) = {O ,elsewhere.

(15 marks)

Consider the periodic signal x(t) as shown in Figure Q6(a).

(i) Show that the amplitude-phase Fourier series of x(t) is

_1 w 2 . nm 2mn )
*(t) = . + anlm sin—cos (3x10_3 t).

(i)  Sketch the amplitude-phase plot for the signal x(t) forn = 0ton = 5.

(14 marks)

The signal x(t) in Q6(a)(i) is passed through a low pass filter (LPF) given in Figure
Q6(b).

(1) Determine the frequency response of the LPF.
(2 marks)

(i)  Ifthe cutoff frequency, feucoss of the LPF is f,, where f, is the frequency
of the first harmonic, determine the output of the LPF for the first
harmonic.

(4 marks)
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Q7

Q8

(a)

(b)

(©

(d)

(a)

(b)

A basic modulator circuit is shown in Figure Q7(a). Modulation is a multiplication
between message signal m(t), and a carrier signal c(t). The process yields a new

signal, v(t).

(1) Analyze the Fourier transform of the output signal v(t) by using modulation

properties.
(4 marks)
(ii) Sketch the spectrum of signal v(t).
(1 marks)
A Linear Time Invariant (LTI) system has the impulse response,
h(t) = 6(2t + 3).
If the input, x(t) = e~ 3“u(t), determine the system output, y(t).
(5 marks)

By using the Fourier transform, determine the impulse response, h(t) for the
following system:

dy(t) _ dx(t)
7'*‘ Zy(t) = X(t) + T

(5 marks)

The voltage across a 10-Q resistor of an RC circuit in Figure Q7(d) is given by
vp(t) = 5 e~ 3tu(t) V. Determine the total energy dissipated by this resistor using

Parseval’s theorem.
(5 marks)

The unit impulse response of an LTI system is h(t) = e~* (sin 2t) - u(¢). Use the
Laplace transform to find its response to

x(t) = (sin(t)) - u(t)
(12 marks)

Figure Q8(b) shows a transient circuit consists of a DC voltage source, V, a
capacitor, C, an inductor, L and a switch. The switch is moved from position 1 to 2
at t = 0. Determine, using Laplace Transform,

6)) the current flowing through the capacitor before the transition,
(1 marks)

(ii)  current after the switch is moved from position 1 to 2.
(4 marks)

(i)  Sketch the i(t)if V =5V,R =100, C=—FandL = — H for both

before and after the transition.
3 mar}ks)

-
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FINAL EXAMINATION
SEMESTER/SESSION: SEMESTER 1/2018/2019 PROGRAMME CODE: BEJ
COURSE NAME: SIGNALS AND SYSTEMS COURSE CODE: BEB 20203
p(t)
A
i

Figure Q1(a)

g

4

x® o 5 ) Y®

N
Figure Q1(b)
x(t) y(&) =x(t—4)
—_— Delayed by 4s i
Figure Q4(c)
1
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x(7)

4 4 2 4 0 1 2 3 4 fms)

Figure Q6(a)

(D

Figure-Q6(b)

m(t) = sinct ; v(t)

c(t) = cosw,t

Figure Q7(a)
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Figure Q7(d)

Figure Q8(b)
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TABLE 1: INDEFINITE INTEGRALS

1
f cosatdt = Esin at

1
fsinatdt = —Ecosat

az

1 1
ftsinatdt = —Zsinat——tcosat
a a

1 1
jtcosatdt =—cosat+ztsinat

t“'-‘dt—i Uat—-1
e =€ (a )

1 dt—lta —1(t)
f(a2+t2) a2 g

TABLE 2: EULER’S IDENTITY

eij”/z = _-{_—]

Az + 6 = AetI®

etk = coskm

e*jo = cosO + jsinf

j .
cosf = 5(619 +e7J9)

_ T
sin @ =2—j(e19 —e 19)

TABLE 3: COMPLEX NUMBER

s=a+jb=|s|l2+0= |s|et/®

Is| = Va2 + b2

b
6 =tan?! (—)
a

TABLE 4: TRIGONOMETRIC IDENTITIES

sin@ = cos(@—g))

T
cos@ = sin(0 + E)

sin(x + B) = sinacosf +cosasinf

cos(a + B) = cosacosf +sinasinf

sina + ¢

os?2p =1

sin2a = 2sinacosa

cos 2a =2cos*a—1

cos2a =1—2sin®a

cos2a = cos?a —sin«a

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

Function Value Function Value
cos 2nm 1 el2nm 5 1
sin 2nm 0 ejnm ' , -nn
! n
cosnm (=" e (-1)z ,n=ceven
; ez n-1
sinnm 0 j(=1) 2 ,n=odd
n n—1
- (E) {(—-1)2 ,n = even ity (E) {(—1) z ,n=odd
2 0 n= odd 2 e SN IS RS §

| i iy
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TABLE 6: FOURIER SERIES
3 jnz—nt
Exponential x(t) = Z Xpe T
n=a_':;‘ . 2T
i = —f x(t) e " T dt
T a
a = 2 . 2m
Trigonometric x(t) = 5t Z ap coSN -t + by sinn—-t
n=1
2 a+T 21T
ansza x(t)cosn-Ftdt, n=901,273..
2 a+T 27T
bnzfja x(t)sinn—T—tdt, n=123..
= 2
Amplitude-phase x(t) =Xo + Z An Cos(n—T—t +0,)
b
A, =21X,| =@ FDZ , 0, =X, =—tan"? (a—")
n
1 [ee]
Average Power P = Vaelae + EZ Bl cos(BVn - HIn)
n=1

TABLE 7: DEFINITION OF FOURIER AND LAPLACE TRANSFORM

FOURIER TRANSFORM
Flz(t)] =X(w) = f x(t)e /@t dt

Flx@®)] =X(f) = fmx(t)e“fz"ft dt

INVERSE FOURIER TRANSFORM
1 *® .
x(t) = FX(w)]= - J X(w)e’*t dw

) = FI= " X(Peint df

—0c0

LAPLACE TRANSFORM
Bilateral

Lx(0)] = X(s) = f x(t)e-stdt
Unilateral

co

Lx(®)] = X(s) = f x(t)e stdt

0

s=0+jw

INVERSE LAPLACE TRANSFORM

1 c+joo
KO =LXE) =5 | X(eds
jre—jeo

I——— ]

EH
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TABLE 8: FOURIER TRANSFORM PAIRS

Time domain, Frequency domain, Frequency domain,
x(t) X(w) X()
6(t) 1 1
1 2né(w) 6(f)
1 () 1
u(t) 11'6(0)) +}_(-1)_ —2— +}2—TL’?
u(t+1t)—ult—r1) M = 27 sinc(w7) 2tsinc2ft
7]
rect(t) sinc(E) sinc(f)
2 2
|t] S T OnfZ
w @2nf)
© 2 1
n < 7
8 jw jrf
—at 1 —-—1
e atjo a+jnf
at L _ &
e®u(=1) a—jw a—jnf
2a 2a
e—-a(t[ [ —
a? + w? a? + 4n?f?
ej®@ot 216 (w — wp) 5(f = fo)
" n! n!
n,—a N —
t"e"u(t) (a + jw)™*1 (a +j21rf)"+1
n 6(f—f,)—o(f +
sin wyt 7 [6(w — wo) — 6(w + wo)] U~ 1) 2] U + /o)
6(f — )
cos wyt [6(w + wg) + 6(w — wp)] 9 fO); (+/o)
W5 21ty
_at -
e”" sin wot u(t) (a+jw)? + w? (a+j2nf)? + 2ufy)?
at a+tjw a+2nf
e cos ot u(®) (a +jw)? + wi (a+j2nf)? + 2rfy)?

e m——————)
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TABLE 9: FOURIER TRANSFORM PROPERTIES
Property Time domain, Frequency domain, Frequency domain,
x(t) X(w) X()
Lincarity arx1(t) + ax;(t) a1 Xq(w) + a Xz (w) a1 X:(f) + a:X;(f)
i i 1 1
Time scaling x(at) 2y (_0_)) ~x (Z )
la|  \a la] \a
Time shifting | x(t — to)u(t — to) e J@to X (w) e Jzmfto X (f)
Frequency eJ@otx(t) X(w — wo) X(f = /o)
shifting
i 1 1
Modulation | cos(@oD2(®) | “[x(w +wg) +X@=-w0)] | FIXU = £ +X(F+£)]
i t)x(t 1 1
@OXO ) it —a0) - X@+wn)] | FKG ) =X+ )
Time d jwX(w) j2rfX(f)
differentiation dt (x (t))
q* )" X (w 2" X
Time £ X(w) X(f) 1
integration J._OOX(t)dt ]—w + T[X((l)) 5((})) % + 2 X(O)c?(f)
Frequency t"x(t) A" ( Ji )" anr
differentiation )" gon X (@) ) ap P
Time Reversal x(—t) X(—w) or X*(w) X(—=f)
Duality X(®) 2nx(—w) X(—f)
Convolution in x1(t) * x5(t) X1(w) - X3(w) X(H-Yy)
t
Multiplication x1(0) - x5 (t) _21_ X, (@) * X, (o) X(H)=Y()
T
Parseval’s ® 5 1 . ® )
T || _OPa o) K@rde | wrar
12 “CONFIDENTIAL
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TABLE 10: LAPLACE TRANSFORM PAIRS
Time domain, s-domain, ROC Time domain, s-domain, ROC
x(t), t >0 X(s) x(t), t>0 X(s)
S
§(0) 1 Alls cos bt m Re(s) >0
1 ) b
u(t) 5 Re(s) >0 sin bt pows Re(s) >0
t ! R >0 ~at cos bt sta R >
2 e(s) e % cos ETTEN T e(s) a
t" n! Re(s) >0 e~ sinbt b Re(s) > —a
st ) (s + a)? + b?
1 s% — b?
—at R > — t cos bt — Re(s) >0
¢ s+a e(s) “ ¢ (s2 + b2)2 )
te 2k - Re(s) > t sin bt 2D Re(s) >0
—_— e - in —_—
¢ (s +a)? s 2 S (sZ + b2)2
TABLE 11: LAPLACE TRANSFORM PROPERTIES
Property Signal Laplace Transform ROC
x(t) X(s) R
xl(t)s X2 (t) Xl(s): XZ(S) Rl: RZ
Linearity ax,(t) + bx,(t) aX,(s) + bX5(s) Atleast R, N R,
Time shifting x(t —ty) e S X(s) R
Shifting in the s- - Shifted version of R (i.e., s is
Tiomzin e*"x(6) =5l in the ROC if s — s, is in R)
Time scaling x(at) 1 ¥ (i ) Scaled ROC (i.e., 5 is in the
la]” \a ROC if s/aisin R)
Conjugation x*(t) X*(s") R
Convolution x1 () * x5(t) X1(5) - X2(s) Atleast R; N R,
d x(®) sX(s) At least R
Differentiation in the dt sX(s) — x(0%) (Unilateral) | R right hand plane
Time Domai n
¢ am wx(t) s"X(s) — s"1x(0%) — - — sx™2(0%) — x™ 1 (0Y)
Differentiation in the d R
- Rl ¢
s-Domain R ds Q)
Integration in the £ e Atleast R N {Re(s) >0
& . x(t)dt =X(s) {Re(s) > 0}
Time Domain o s
Initial- and Final- Value Theorems )
If x(t) = 0 for t < 0 and x(t) contains no impulses or higher order singularitics at t = 0, then
x(0F) = Slim sX(s)
If x(t) = 0 for t < 0 and has a finite limit as ¢t — co, then
L}im x(t) = lim sX(s)
—00 S—00 i
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