EL G3120C Winter 2002 Initial

Université d’Ottawa - University of Ottawa

anie Faculty of Engingering
genieria school of Infermation Technology
et de technologie de l'informatior and Engineering
ELG 3120C

SIGNAL AND SYSTEM ANALYSIS

Final Exam — Winter 2002

Wednesday, 24 April 2002
Time: 14:00 — 17:00

Vanier Hall  Room: 231
Prof. Jianping Y ao
Time alowed: 3 hours
Plain calculator permitted

Textbook and notes not allowed (close book exam)
Attempt all the questions (100 marks)

Last name:

First name:

Student number:

Page 1 of 18



EL G3120C Winter 2002 Initial

Question 1 (12 marks)

1.1 (5 marks) Consider an LTI system whose response to the signal x, (t) in Fig. 1 (a) isthe
signa vy, (t) shownin Fig. 1 (b). Determine and sketch carefully the response of the system to
the input deposit in Fig. 1 ().

X1 (t) X2 (t)

Figure 1
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1.2 (7 marks) A signal x[n] = gé_z-g u[n] isapplied to an LTI system with impulse response h[n]
elg
shown in Figure 2. Calculate the output y[n] .

3

2 h[n]

Figure 2
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Question 2 (12 marks)

. . ie', 0£t£1 . .
2.1 (5 marks) Consider the signal x,(t) =i . Determine the Fourier transform of

10, elsewhere
the signal shown in Figure 3.

x (t)
t Xoft)
0 1 t
Figure 3
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2.2 (7 marks) Suppose g(t) = x(t) cost and the Fourier transform of g(t) is

_ 11, £2
G(iw) =i W .
10, otherwise

Determine x(t).
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Questions 3 (12 marks)
A causal and stable LTI system S has the frequency response

jw+4

U W siw

() (4 marks) Determine a differential equation relating theinput x(t) and output y(t) of S.
(b) (4 marks) Determine the impulse response h(t) of S.
(c) (4 marks) Calculate the output y(t) when theinput isx(t) = e *u(t) - te *u(t).
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Question 4 (12 marks)

Consider a system consisting of two cascaded LTI systems with frequency responses

2-e W 1

H,(e") = ,and H,(e") =

1+ =™ 1- e jW+1e'j2W
2 4

(a) (5 marks) Determine the impulse response h[n| of the overall system.

(b) (2 marks) If the system is stable? Justify your answer.

(c) (5 marks) If an input signal x[n| =€%9 u[n] is applied to the input of the overall system,
é3g

calculate the output y[n].
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Question 5 (12 marks)

Consider a continuous-time LTI system implemented as an RLC circuit shown in Figure 4. The
voltage source x(t) is considered the input to the system. The voltage y(t) acrossthe capacitor is

considered the system output.

—AMWY 111k o
R L
10 1H [

x(t) C) ﬁ: W

Figure 4
(a) (4 marks) Find the differential equation governing the input x(t) and output y(t) of this
system.
(b) (4 marks) What is the impulse response of the system?
(c) (4 marks) If the resistance R can be adjusted, determine the value of R required to make the
system have no oscillation .
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Question 6 (10 marks)

6.1 (4 marks) Sketch the straight-line approximation of the Bode amplitude plot for the frequency
response below:

100(L+ jw)
(10 + jw)(100+ jw)

H(jw) =
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6.2 (6 marks) An LTI system is described by the following first-order difference equation:
y[n]- ay[n- 1] = x[n]. Determine the amplitude response |H(ejW)|. If a=0.6, sketch the

amplitude response [H (e™) .
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Question 7 (10 marks)

7.1 (5 marks) Let x(t) be a signal with Nyquist rate w,. Determine the Nyquist rate for the
signal: x(t) cos(5w,t).
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7.2 (5 marks) A signal x(t) with Fourier transform X (jw) undergoes impulse-train sampling to

¥
generate X, (t) = é_ x(nT)d(t- nT), where T=10"s. For the constraint

n=-¥

X(jw)* X(jw) =0 for jw|>15000p , does the sampling theorem guarantee that x(t) can be
recovered exactly from x, (t) ? Justify your answer.
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Question 8 (20 marks)

s(s- 2)

(s+2)(s+3’

(&) (3 marks) Sketch al possible regions of convergence (ROCs) of H (s) on azero-pole plot.

(b) (7 marks) State which ROC gives rise to a causal system (i.e,, h(t) =0 for t<0), and
compute its associated impulse response h(t) .

8.1 (10 marks) Consider an LTI system with transfer function H(s) =
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8.2 (10 marks) For the LTI system below

f(t)

wl=

> y(t)
EL]

N

() (83 marks) Find the differential equation of this system.

(b) (2 marks) What is the frequency response H (jw) of this system?

(¢) (2 marks) Find the impulse response h(t) of this system.

(d) (3 marks) If asignal x(t) = e *u(t) is applied to the input of this system, what is the output
response y(t) ?
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TABLE 4.1 PROPERTIES OF THE FOURIER TRANSFORM

Section Property Aperiodic signal Fourier transform
x(t) X(jw)
y(®) Y(jw)
43.1 Linearity ax(t) + by(®) aX(jw) + bY(jw)
432 Time Shifting x(t — tp) e h X(jw)
43.6 Frequency Shifting e/ x(1) X(j(w — wg))
433 Conjugation X0 X' (—jow)
4.3.5 Time Reversal x(—1) X(— jw)
435 Time and Frequency x(at) ﬁX (ﬂ)
Scaling . a
44 Convolution x(t) * y(t) X(jw)Y(jw)
45 Multiplication Xy = I “X(6)Y(j(w — 6)do
434 Differentiation in Time % x(t) joX(jo)
434 Integration f x()dt j—L—X( jw) + 7X(0)6(w)
4.3.6 Differentiation in tx(t) jdiX (jw)
Frequency @

X(jo) = X'(- jo)
RefX(jo)} = Re{X(—jw)}

433 Conjugate Symmetry x(t) real Im{X(jw)} = —Im{X(— jw)}
for Real Signals X(jw)| = [X(— jo)|
IX(jw) = —LX(~ jw)
433 Symmetry for Realand  x(¢) real and even X(jw) real and even
Even Signals
433 Symmetry for Realand  x(¢) real and odd X(jw) purely imaginary and odd
Odd Signals

x.(1) = &v{x(®)} [x()real]  RefX(jw)}

433 Even-Odd Decompo- %) = Od{x()} [x(O)real]  jIm{X(jw)}

sition for Real Sig-

nals
437 Parseval’s Relation for Aperiodic Signals
+o0 1 +00
24, L N2
Jlm |x(p)|*de 3 Lﬂ |X(jo)ldw
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Sec. 4.6  Tables of Fourier Properties and of Basic Fourier Transform Pairs 329
TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS
Fourier series coefficients
Signal Fourier transform (if periodic)
+o ) 400
Z age’*o! 2 Z a;8(w — kwo) a;
k=—w =
eloot 278 (w — wq) a=1
a; = 0, otherwise
1 =a- = ]
cos wot 7[8(w — wp) + 8w + we)] o
a; = 0, otherwise
1
. Z _ _ a = —a- = 2j
sinwot j[S(w wg) — 8(w + wg)] a4 =0, otherwise
a=1 a=0 k#0
x(t) =1 27 d(w) this is the Fourier series representation for
any choice of T > 0

Periodic square wave

(L H<m
x(t)— 0, T1<|t|5%

and
x(t +T) = x(2)

k=—c

Z 2sin k(l)(]Tl S(w _ ka)o) ng1 SNC (kw0T1 ) _
k T T

sin ktv)() T|
kar

= 2m 27k 1
;@a(t— nT) — Zma(w - T) a, = o forallk
x(t){ 1, [<T, 2sinwT, o

0 |>T ®
sin Wt X(jo) = { 1, |w|<W N
at 0, |w|>W
&) 1 —
1
u(?) — + 7 é(w) -
Jw
8¢t — ty) et o
1

—at S
e "u(t), Refa} > 0 v je

—at 1 e
te “u(t), Rela} > 0 @t jaoy
%e“"u(t), 1 o
Refa} >0 (a+ jo)
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TABLE 5.1 PROPERTIES OF THE DISCRETE-TIME FOURIER TRANSFORM
Section Property Aperiodic Signal Fourier Transform
x[n] X(e’?)| periodic with
yln] Y(ef“’)} period 27
532 Linearity ax[n] + by[n] aX(e’) + bY(e’®)
533 Time Shifting x[n — ngl e Tom X (e/?)
533 Frequency Shifting e/ x{n] X(e/ @0
$34 T Conjugation x*[n] X*(e )
536 Time Reversal x[—n] X(e ™)
. . _ [ xn/k], if n = multiple of k o
5.3.17 Time Expansion Xpln] = [ 0 if n » multiple of k X(e’*)
54 Convolution x[n] * y[n] X(e™)Y (')
55 Multiplication x[nly[n] % J X(e)Y (/@)
2w
5.35 Differencing in Time x[n] — x[n— 1] (1 — e /)X(e/?)
. < 1 -
535 Accumulation Zm x[k] pp— X(e’?)
+7X(e™) D 8w — 2mk)
538 Differentiation in Frequency  nx[n] 'd);(::w)
X(e’) = X*(e™ /)
RefX(e/®)} = Re{X(e @)}
534 Conjugate Symmetry for x[n] real Im{X(e0)} = —Im{X(e™7*)}
Real Signals [X(ei)| = |X(e )|
LX(e?) = —¥X(e7/?)
534 Symmetry for Real, Even x[n] real an even X(e/*) real and even
Signals
534 Symmetry for Real, Odd x[n] real and odd X(e/?) purely imaginary and
Signals odd
534 Even-odd Decomposition x.[n] = & {x[n)} [x[n] real] Re{X ()}
of Real Signals X,[n] = Od{x[n)} [x[n] real] JjIm{X(e")}
539 Parseval’s Relation for Aperiodic Signals

n=-—c

S 2 _ LJ jwy|2
> nlP = 7 | [K(e)Pde
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TABLE 5.2 BASIC DISCRETE-TIME FOURIER TRANSFORM PAIRS

Initial

Signal Fourier Transform Fourier Series Coefficients (if periodic)
Sk QnIN = 2k
kz A 2 Z a;8 (m = T) ay
=Ny K==
@ o =3¢
i S 1, k=mm=Nm=+2N, .
ejwon 21> 8w — wo — 2rl) e S REN
== 0, otherwise
(b) ‘2"7‘; irrational > The signal is aperiodic
@ w =3¢
. 1 -
coswgn T z{ﬁ(w—m0—27'rl)+§(w+wg—2111)} “0 g ={7 L4 B L DI DS e
= 0, otherwise
(b) o irrational 3> The signal is aperiodic
@ @ =
. k=rrxNrx2N,...
sinwon %Z{aw—wo—zm)—awmo—m)} ar =3-1 k= -r-rtN-rt,..
= - <}
! 0, otherwise
(b) 3% irrational 3> The signal is aperiodic
il I, k=0%N +2N,...
x[n] =1 27 ? 8(w — 2l) ag =
o= 0, otherwise
Periodic square wave
1, || =N sinf@TK/NYNy + )]
s - ap = TR T30 p 0, =N, 22N, ...
L [0, Mm<i=nn | 20> abfw- 27K E N sin[2mki2N]
and k== N 2N, +1
a, = - k =0,%xN, £2N,...

x[n+ N] = x[n]

S 27 & 2mk L
kgmaln kN] Wk;wa(w T) a = & forall k
a"uln], o<1 ! o

’ 1—qge i@
L |nl =N sinfw(V) + 1]
x[n] ied LN EC Y o
0, |a|>N sin(w/2)
I, 0<|wf=W
soWn _ W o Wn _

e = ¥ sine (%) S D B
Sl X(w) petiodic with period 277
Blnl 1 —

1 = )
uln] Tt k‘?‘_: w8(w — 27k) _
8[n — ngl e Jang —
(n+ Da™uln), o] <1 N o
’ (1 — ge~jw)?
(n+r-1Nn , 1 _
T M < ey
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