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7. Make sure that this exam contains 8 pages including this one.

DO NOT OPEN THIS PAPER UNTIL PERMISSION HAS BEEN GIVEN BY THE
INVIGILATOR.



EEE332 SIGNALS AND SYSTEMS H

QUESTION ONE (25 marks)

(a) Using the Fourier transform analysis equation, determine the Fourier transforms of:
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(b) Consider a causal and stable LTI system S whose input x(n) and output y(n) are

related through the second order difference equation
y(n) —zy(n—1) —zy(n~2) = x(n).
o Determine the frequency response H (ef “’) for the system S [pt. 5].

(ii)  Determine the impulse response h(n) for the system S [pt. 6].

QUESTION TWO (25 marks)

(a) Define the sampling theorem, Nyquist rate and Aliasing. [pt. 4].
(b) Consider the two continuous-time signals
x(t) = sin(wgt)
¥(t) = x(t) - cos(w; )
Where w, and w, are positive finite values. The following signals are sampled using
a train of impulses with periodicity T, 37 &6(t — kT): signal x(t) is sampled to
obtain x.(t), signal y(t) is sampled to obtain y,.(t), and signal x(t) - y(t) is sampled
to obtain p.(t). ‘
(1) Determine the range of values for T that allow complete recovery of x(t) from
x:(t) [pt.5].
(1)  Determine the range of values for T that allow complete recovery of y(t) from
yc(t) [pt. 8].
(i)  Determine the range of values for T that allow complete recovery of

x(t) - y(t) from p.(t) [pt. 8].

QUESTION THREE (25 marks)

(a) What is amplitude modulation? Consider the signal x(t) shown in figure below.

xtr) [pt. 1+6+6]
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Draw y(t) for each of the following systems.

(1)

P43 T mam—— c:ﬁéid -——muawyv{!;;fx{g}
(i1)

xit) ={x} - v{t)

(b) Suppose that x(t) has the Fourier Transform shown in figure below. Find Y (w) for
each case in part (a). [pt. 6+6]
Xl

QUESTION FOUR (25 marks)

(a) A digital filter consists of a series of two Linear and Time Invariant (LTI) sub-
systems. The z-transform of the unit impulse response of the first sub-system is

H(z) = -

z-1/2

|z| > 1/2 . The z-transform of the unit impulse response of the

second sub-system is Hy(z) = ﬁ? |z| > 1. Let h(n) be the unit impulse

response of the entire digital filter. Derive H(z) and h(n) [pt. 10]
1 1

(b) A discrete-time signal x(n) has the z-transform X(z) = —="1—

|z| > 5.
Determine the z-transform of y(n) = x(n + 2) [pt. 8]
(c) Find x(n) from X(z) below using partial fraction expansion, where x(n) is known to

be causal, i.e.,, x(n) = Ofor n < 0 [pt. 7].
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TABLE 1 Fourier Transforms

No. x(B) X{(w)
1
1 e~ u(t) . a>90
a+ jw
2 e u(—t) , 1 . a>0
a-— jw
3 e—al! _a a>0
a? -+ Q)Z
1
4 te”"uft -y
n ,~—af n!
5 t"e B(t) E&m a>0
6 a(t) 1
7 1 27 8(w)
8 gloot 2n8(w — wo)
9 cos wot (8 (w ~ wp) + 8(w + wo)]
10 sin wot Jrld(w 4+ ap) — §(w - wp)]
1
11 u(t) mé(w) + —
2 7
12 sgnt .
Jjo
13 cos wot u(t) Z[8(w — wo) + 8(w + w)] + 1o
2 Wy — @
. b4 Wy
14 sin wot u(t) ~{8{w ~ wp) — §{w + wy)] + 5 .y
2] Wy — W
. Wy
15 —at t i e e e i e 0
e~ % sin wot u(t) (a+ja))2+w§ a >
16 e~ cos wot u(t) ,w_fz_i_:’f_’)__z, a>0
(a+ jw)? +wj
t . wr
17 rect (-—) T Sinc (—4)
T 2
w
18 Z sinc (W1) rect (-ff’w)
n 2w
t
19 A (-{_-) %sinc2 (%T-)
w t
20 — sinc? Ef—-— A (*a—)—)
2 2 2W
oG o0 23{
21 Z 85(t — nT) g Z 8(cw — nwp) wp=—
Rz OO Ae=—00
22 e~£2/26‘2 6\/-2.;6—0'2022/’2
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TABLE 2 Fourier Transform Operations

Operation x(t) X(w)
Scalar multiplication kx(t) kX (w)
Addition x1 (1) + x(2) X, (0) + X3(w)
Conjugation x*(t) X*(—w)
Duality X 2 x(—w)
Scaling (a real) x(at) —-1»- X (—(’2)

lal  \a
Time shifting x(t — t) X (w)e /@
Frequency shifting (w; real) x(t)el ! X(w — wg)
Time convolution Xy (1) * x,(¢) X () X5 (w)

Frequency convolution

Time differentiation

Time integration

x1(t)xo(1)
dtx
arn

/ x(u)du

1
7 X1 (@) * Xa(w)
T

(Jo)* X (w)

g{*-:(-Ci)l + 7 X (0)6(w)
jw



DISCRETE-TIME FOURIER TRANSFORM

A. Properties of the discrete-time Fourier transform

Non-periodic signal

Fourter transform
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If z[n] is real valued then
X(e?%) = X*(ef-))
R{X (™)} = R{X (e = w>)}
S{x( 3“’)} = ~3{X(e-))}
| X (e7)] = | X (e~
arg{ X (e™)} = ~ arg{X (/=)

R{X ()}
FH{X (™)}

Pa'rs'evals relation for non-periodic signals

Z lz[n] f | X () 2dw

n=-—ocG




B. Discrete-time Fourier transform table

z[n X(e™)
8[n] 1
§[n — ng) e~Jwno
o0
Z 5(n — icN 2 Z 5 ( 2?716)
k=—00 k:—-——oo
1 2 Z § (w — 2mk)
k=00
oo
edwor 2m Z 8 (w — w, — 27k)
km=—00
x>
COS WoN m Z 0w — we ~ 27k) + d(w -+ wp —~ 27k)]
Kz —00
. & .
sin wyT - Z 8w — wo — 27k) — 6(w + w, — 27k)]
k= —00
1
u[n] gl Z 0w — 2nk)
k=00
"u(r), ol <1 ——
a"u(n), |a T
(n+ 1a™un|, la<1 '
P (1 — ge—iw)?
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Table of Z-Transforms

‘ Region of

Line Na. x(x), n20 z-Transform Mz) Convergence

1w 3w

5(n) 1 fz] > 0

3 @) — k> 1

A mi) e - > 1

5 o 2’:’1;3 el > 1

6  duln) — fzl > fa

7 eun EE:E?"i k> e

3 mrun) fz—%)"' =1 > fal
0 cos(aniutn) e :(g)lx 21> 1
1 o sin (b)) - é‘;’fﬁ%; o k> lal
2 o cot (baledn) 7 “z[{;a-;z;g ?: = 21> lai
B e msin(n)da) v Rg‘:i%—g =S L b
18 e eos (briwtn) A e % cos () k> e

2% - [25-9 s (d)]z 4 620
Properties of Z-Transforms

Linearity: ax,[k]+bx,[k] <> aX,(2)+bX,(2)
Time Reversal: x[-k] < X(1/2)

k
Summation: ) x[n] & E—X—(fl)-
H=mc0 z-

Initial Value: x[0]= 1&‘2 X(2)

Final Value:  x[e0] = lim(z - 1) X(2)
Convolution: x[k]*h[k] <> X (2)H(z)
Differencing: x[k]~-x[k~1]<> (1-2") X(2)
Differentiation: —kx[k] < zg:—X(z)

Time Shifting: x[n-n ] 27X (z),n, 20

x[n+n ]2 [X (2 -—%Z-l x[m]z"™" ],no 20
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