CONFIDENTIAL

JUTHMW

Universiti Tun Hussein Onn Malaysia

UNIVERSITI TUN HUSSEIN ONN MALAYSIA

FINAL EXAMINATION
SEMESTER 1
SESSION 2019/2020
COURSE NAME . SIGNALS AND SYSTEMS
COURSE CODE . BEB 20203
PROGRAMME CODE ~ :  BEJ
EXAMINATION DATE :  DECEMBER 2019 /TJANUARY 2020
DURATION . 3HOURS
INSTRUCTION . SECTION A: ANSWER ALL QUESTIONS

SECTION B: ANSWER THREE (3)
~ QUESTIONS ONLY

—

{ R Ao ; |
L - SR ——

THIS QUESTION PAPER CONSISTS OF FOURTEEN (14) PAGES

CONFIDENTIAL



CONFIDENTIAL BEB 20203

SECTION A: ANSWER ALL QUESTION

Q1.

Q2

Q3

Q4.

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

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

(10 marks)
A periodic signal x(t) is defined by
x(t) = 2+ 3cos(Rwyt) + 4 sin(4wot + 45°)
@) Determine the exponential Fourier series coefficients of the signal x(t).
(6 marks)
(i)  Sketch the magnitude and phase spectrum of the signal x(¢).
(4 marks)
Given two signals,
X, (t) =0.5rect (2),
x,(t) = rect (é)
(1) Sketch y(t) = x,(t) + x,(t).
(4 marks)
(ii)  Find the Fourier transform of y(t) using the definition of Fourier transform.
(6 marks)
The signal in Figure Q4 is given by
x(t) = 2e72ltl,
(1) Find the Laplace transform of x(t) and plot its corresponding region of
convergence (ROC).
(7 marks)

(i)  Determine the Laplace transform of y(t), if the signals is transformed into
y(t) = x(2t — 1).
(3 marks)
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SECTION B: ANSWER THREE (3) QUESTIONS ONLY

Q5

Q6

(2)

(b)

(a)

(b)

Test the stability of the following continuous-time systems.

i) h() =e*u®)
(2.5 marks)

(i) ha(t) = e™*u(t)
(2.5 marks)

Using the graphical method of convolution integral, determine and sketch the
output y(t) for the input signal x(t) and system impulse response h(t) given as
follow:

x(t) = u(t) —2u(t—1) +u(t—2)

t ,0<t<1
0 ,elsewhere

h(t) = {
(15 marks)

A periodic signal x(t) is given in Figure Q6(a).

(1) Show that the exponential Fourier series of x(t) is

1 ny . 5
. e _ Jjan10°t
x(t) E 7 Sinc (4) e .

n=—co

(6 marks)

(i1) Plot the magnitude of the Fourier series coefficient for n = 0,£1, £2, £3.

(4 marks)

The signal x(t) in Q6(a) is an input to a system with frequency response given in
Figure Q6(b).

(1) Determine the output response, y(t) of the system.

(5 marks)
(11) Determine the percentage of output to input power.

(5 marks)
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Q7 (@
(b)
Q8 (3
(b)

Consider the system shown in Figure Q7(a)(i), where the frequency response H (w)
has magnitude as shown in Figure Q7(a)(ii). Given x, (t) = cos(mt) and x,(t) =
cos(2mt).

(1) Determine the mathematical expression of x(t) and its corresponding
Fourier transform X (w).
(4 marks)
(i)  Sketch the magnitude spectrum of Y (w).
(6 marks)
(iii)  Determine the output signal, y(t).
(3 marks)

By using the Fourier transform, calculate the voltage, v(t) and the current, i(t) in
the circuit shown in Figure Q7(b) when the input , e(t) = u(t) —u(t —2) V.

(7 marks)
Find the system function and impulse response for
dy(t
—yd(t—) +3y(8) = x(0).
(5 marks)
A cascaded system in Figure Q8(b) has the following transfer functions;
1 1
H, (s) =313 Hy(s)=7—
(1) Solve the transfer function H(s).
(3 marks)

(1) Determine all possible impulse responses of the system and its respective

stability and causality.
(12 marks)

-END OF QUESTIONS-
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H(s)
x (1) y (@
I Hi(s) —> H(s) -
Figure Q8(b)
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TABLE 1: INDEFINITE INTEGRALS

1 1
fcosatdt:—sinat fsinatdt:——cosat
a a
1 1 _ 1 1
j t cosatdt = —cosat +—tsinat f tsinatdt = — sinat ——tcosat
a a a a
fteatdt = ie“'*(at -1) | ‘ f—l—dt = ltan‘l (E)
at (a? +t?) a a
TABLE 2: EULER’S IDENTITY
N8 = o f Az + 6 = Aeti®
et/kT = coskm etjf = cosf +jsin@
1, . . 1 . . )
= — ]6 —]9 i e = — 19—- —]9
cosd =5 (e +e719) siné = o (ef —e77?)

TABLE 3: COMPLEX NUMBER

j b
s=a+jb=|s|2£6 = |s|et? Is| = Va2 + b2 6 = tan™? (E>

TABLE 4: TRIGONOMETRIC IDENTITIES

; _ _m . T
sin 6 = cos (9 2)) cos @ = sin(f + E)

sin(ec + ) = sinacosf +cosasinf cos(a + B) = cosacosp Fsinasinf

sin®a +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 1 gl2nm 1
sin 2nm 0 gl (="
n
cosnm {~1)* frie (-1)2 ,n=even
; g% n-1
sinnm 0 j(=1)2 ,n=odd
z -t
cos (E) {(—1)2 m = even Sy (_@) {(—1) 2 ,n=odd
2 0 ,n = odd 2 ) , N = even
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TABLE 6: PARTIAL FRACTION FORMULA

Type of proper rational function

Partial Fraction

(x—a)(x2+bx+c)

where x? 4+ bx + ¢ cannot be
factorised.

px +q A B
G—aG-5""" b Ak
px*+qx+r o A & B c

x—a)(x— x—c'a . x—a x—b x-—c
(x—a)(x=b)(x—¢)
px+q A B C
3 + 7 T 3
(Zx—a) x—a (x—a)? (x-—a)
+ax + A B 5
pX qu r 4 )

(x —a)?*(x—Db) x—a (x—a)? x-b

px®+qx+r

A Bx+C
T3
x—a x%*+bx+c

px3+qgx®+rx+s
(x2 + ax + b)(x? + cx + d)’

where (x? + ax + b) and (x* + cx +
d) cannot be factorised.

Ax+ B + Cx+D
x24+ax+b x2+cx+d

TABLE 7: FOURIER SERIES

o

n=1

2
T

T

jn-z—nt
Exponential x(t) = Z Xpe T
n=—o0
a+T 21
Xy == f x(t) e /" T tdt
T a
a4 % 2m o
Trigonometric x(t) = o T z Iy COST -1 + by, sin not

a+T 27T
anz—f x(t)cosn—tdt, n=0,123..
» T

2 a+T 27T
by, = —f x(t) sinn—tdt,
a

n=1.2,3 «

n=1

3 21
Amplitude-phase x(t) = Xo + Z An COS(H? t+8,)

/ b
Ag =21yl =B +b% , Oy=2Xy= —tan~! (—71)
n
1 i —— .A.,_..M__.-..!
Average e e VdCIdC + 52 Vn[n COS(QVn — 9171:)" " ) 1‘, 1
n=1 . e e ——
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TABLE 8: DEFINITION OF FOURIER AND LAPLACE TRANSFORM

FOURIER TRANSFORM INVERSE FOURIER TRANSFORM

Flx(®)] =X(w) = foox(t)e—jwt dt x(t) = FUX(w)] = % me(w)eja)t dw

Faxl= [ x(erertar

—0co

Flx(0)] = X(f) = fwx(t)e’jz”f‘ dt | x(0)

LAPLACE TRANSFORM INVERSE LAPLACE TRANSFORM
Bilateral 1 (et
o 2(t) = L1 X(s)] = 2——-[ X(s)estds
Llx(D)] = X(s) = f x(B)e-stdt 0 Jemjoo
Unilateral

[o0)

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

0

s=o0+jw

R e oo &0 ]
k& .
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TABLE 9: FOURIER TRANSFORM PAIRS

Time domain,

Frequency domain,

Frequency domain,

e % cos wytu(t)

x(t) X(w) X(f)
6(t) 1 1
1 2m8(w) 5(F)
1 5(f) 1
u(t) | 71'5(60) +;,-a; T+]_2;—I?
u(t+1)—ult—r1) Einw(a)_r)_ = 2t sinc(wt) 2tsinc2ft
rect(t) sinc(f)z—) sinc(f)
2 2
i " ~Gi?
. 2 1
sgn(t) J—w— j_nf
—at L e B e
ey a+jw a+j2nf
at —t) 1 __.l__
i a—jw a—jnf
—alt| 24 L
i ] & 4
eJwot 216 (w — wg) §(f —fo)
- n! n!
i (@tjor @@ znfy ™
sl 200 - 00) ~ 0w +an) | WRL 2T TR
cos wyt n[8(w + wy) + §(w — wy)] 8 ~fo) -IZ_ 8 + /o)
e~ sin wyt u(t) ol 2fo
0 (a+jw)?+ w} (a+j2mf)% + 2nfy)?
a+jw a+2nf

(a+jw)? + wi

(a +j2nf)? + 2mfy)*

P ke e ..
v B 1 o8
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TABLE 10: FOURIER TRANSFORM PROPERTIES

Property Time domain, Frequency domain, Frequency domain,
x(t) X(w) X(f)
Linearity a,x1(t) + ax,(t) a, X1 (w) + a X3 (w) a, X1 (f) + ax X2 (f)
Time scaling x(at) EN 1.
|a|X(a) |a|X(a)
Time shifting x(t — to)u(t — to) e J0t X (w) e /2t X (f)
Frequency eJ@otx(t) X(w — wp) X(f = fo)
shifting
Modulation | cos(@o*® | Lyt +wg) +X(w - wo)] | 5KU =) + XU + 5]
sin(wyt) x(t) Z—j[X(w — wg) — X(w + wg)] -jz—[X(f +£)—=X(f = f)l
Time d jwX(w) J2nfX(f)
differentiation dt (x (t)) »
Edt_n (x(®) (w)"X(w) G2rf)"X(f)
Time : X(w) X(f) 1
Wsse [ECE: @) () 2 T3 K@)
Frequency t"x(t) S e jyrdar
differentiation @) dom™ X(w) (%) WX 6]
Time Reversal x(—t) X(—w) or X*(w) X(=f)
Duality X(t) 2nx(—w) X(-=f)
Convolution in x4 (t) * x5(t) X1 () X, (w) X(H)-Y()
(%
Multiplication x1(t) * X5 (t) % X, (@) * X, (@) X(F)=Y(f)
P F - 1 ”
e [BCCRE = i | wear
== -—~"~—"—“-].
A \
‘ JAntd |
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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
6(t) 1 Alls cos bt m Re(s) >0
1 b
u(t - Re(s) >0 in bt _ R >0
® e e(s) sin pryy e(s)
t : R >0 ~@t cos bt Sl Re(s) >
2 e(s) e % cos Gt a?+ b2 e(s a
n! ; b
. —; t .
t" Sl Re(s) >0 e % sinbt m Re(s) > —a
1 s2—b?
~a Re(s) > —a t cos bt — Re(s) >0
¢ sta (s) S (s2 + b2)2 e(s)
- 1 . 2bs
te m Re(s) > —a tsinbt -(—mz)—z Re(s) >0
TABLE 12: LAPLACE TRANSFORM PROPERTIES
Property Signal Laplace Transform ROC
x(t) X(s) R
x1(t), x2(t) X1(s), X,(s) Ry, R,
Linearity ax,(t) + bx,(t) aX1(s) + bX,(s) Atleast Ry N R,
Time shifting x(t — tg) e St X(s) R
Shifting in the s- . Shifted version of R (i.e., S is
Domain ol 15— 5) in the ROC if s — s, is in R)
Time scaling x(at) i ¥ (_S_ ) Scaled ROC (i.e., s is in the
la]™ \a ROC ifs/aisinR)
Conjugation x*(t) X*(s%) R
Convolution x4 (t) * x,(t) X1(5) - X,(s) Atleast R N R,
d x(t) sX(s) At least R
Differentiation in the dt sX(s) — x(0™) (Unilateral) | R right hand plane
Time Domain n
E_t?x(t) SnX(S) - Sn—lx(0+) iy 8 B an—-2(0+) s xn—1(0+)
Differentiation in the d R
s-Domain ~ta() ZIEX(S)
Integration in the d 1 Atleast R N {Re(s) > 0
: : x(t)dr =X(s) . {Re(s) > 0}
Time Domain | s

Initial- and Final- Value Theorems

x(0%) = lim sX(s)
S—m

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

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

tlim x(t) = lim sX(s)
— 00 5$—00
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