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1. There are FIVE questions in this paper. Answer any FOUR questions.
3. Show all your steps clearly in any calculations/work.

4. State clearly any assumptions made.

5. Start each new question on a fresh page.

6. Useful Fourier transform and Z-transform tables are attached.

7. Make sure that this exam contains 9 pages including this one.
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QUESTION ONE (25 marks)

(a) Suppose that x(t) has the Fourier transform u(2 — w?). Use the appropriate Fourier

transform properties to find the Fourier transform of the signal x(4 — 3t). (7]
(b) By using either calculation and/or Fourier transform table, find the Fourier transform
X(w) of the following signals. [8+10]
O  x(t) = e 3 cos(6t) u(t)
(i) O
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(Express your answer in terms of the sinc function.)

QUESTION TWO (25 marks)

(a) A particular LTI system is described by the difference equation ’
y() +2y(n~1) ~3y(n ~ 2) = x(n) — x(n - 1)
Determine the impulse response of the system. [6]

~ (b) Suppose that h(n) = (—;—)n u(n). Use discrete Fourier transforms to determine the

n
response to the input signal x(n) = G—) u(n). [6]
(c)y Find the signal corresponding to the following Fourier transforms.
0 X)) =—x 6]

43¢/ @-

16e/2@

@ X)) = [7]

QUESTION THREE (25 marks)
(a) State sampling theorem. Define Nyquist rate and Aliasing. [5]
(b) In the system shown in figure below, x(t) is sampled with a periodic impulse train,
and a reconstructed signal x,.(t) is obtained from the samples by lowpass filtering.
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The sampling period T is 1ms, and x(t) is a sinusoidal signal of the form
x(t) = cos(2nfyt + 8). For each of the following choices of f, and 8, determine
x,(t). [20]
() f,=250Hz8 =

(i) f,=750Hz,8 =

miH NIR RR

(i) f, = 500Hz,8 =

QUESTION FOUR (25 marks)
(a) What is amplitude modulation? Consider the signal x(t) shown in figure below.
' [1+6+6]
x{t)
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Draw y(t) for each of the following systems.

()
Y7 pa—— “g’z“’ e y()=x(%)
(ii)
x(t) r{)
cosut

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

e
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QUESTION FIVE (25 marks)

(a) Determine the z-transform (including the ROC) of the following sequences. Sketch
the pole-zero plots and indicate the ROC on your sketch. | [6]
®  O"um
(iiy ©o(n+2)

(b) Find x(n) from X(z) below using partial fraction expansion, where x(n) is known to
be causal. [7]

3+2z~1
243z-14z2

X(2) =
(c) Shown in figure below is the pole-zero plot for the z-transform X(z) of a sequence

x(n). ‘ [12]

Im
/\ z plane
\ | Rc

Determine what can be inferred about the associated region of convergence from each

[ 4
who 5K
(3P

of the following statement.
@) x(n) is right-sided.
(i)  x(n) is left-sided.

(iii)  The Fourier transform of x(n) converges.
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TABLE & Fourier Transforms

No. x( X(w)
1
1 e % u(t) - a>0
a+ jo
, , , .
al —
2 e*u(—t) P a>0
2a
gt}
3 V. e PR a>0
1
-3t e s—
4 te™%u(t) @t jo) a > 0
" y~al n!
5 e u() w a>0
.6 3() 1
7 1 27 8(w)
8 gfwot 2m8(w — wo) o ] _
9 cos at (b~ +8@+w)]
10 sin wpt J7[8(w +wp) — 8(w — wp)).
1
i1 u(r) né{w) + —
2 e
12 sgni }Z
—arf o @0
15 e~ sin wot uft) ) v——w—-wm——m(a Yot ok a>0
:— B ’ a+ ja)
1 —at ) RN S—
§ ercoswtul) . ot >0
17 rect (E-) 7 sinc (_w_i)
T 2
W . W
18 poy sinc (W) rect (ZW) |
t T 0T
ol el
9 A (r) 5 sin 3
Wt ®
W— $ 2 e n— S
2 2 e ( 2 ) & (ZW)
21 f: §(t = nT) wy i §{w — nwg) wg = g_:l.r_
’ Am—00 -0 T
22 P o2me




Table 2 Fourier Transform Operations

Operation x(t) X(w)
Scalar multiplication kx(1) kX (w)
Addition xi{t) + xo(1) X (@) + X2{(w)
Conjugation x*(t) X*(—w)
Duality X® 2nx{(~w)
Scaling (a real) x(a?) —-l-- X ( g)
Time shifting x(t — o) X (w)e /=0
Frequency shaftxng (wo real) x(t)e/! X (aJ wg)
. Time convalution- =~ CxEx() X}(G))Xg(&/}
1
Frequency convolution X1 (8)x2(6) 2 X (w) x X2{w)
Time differentiation g-‘;; (jo)* X (w)
. {
Time integration / x(u) du X(@)
~00

'7—-* + 7 X(0)é{w)
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DISCRETE-TIME FOURIER TRANSFORM

A. Properties of the discrete-time Fourier transform

Non-periodic signat

2ln] = 51- X (e7)edm iy

2

n multiple of m

. [ z[n/m],
Tm)In] = { In/ gi, n not multiple av m

| m[n]y[n]

z[n] — z[n — 1]

~ / X(e’o)Y(ei’(“""))dH

Fourer transform

00

X2 Y alneion

Tz QO

X(e?) | Periodic with
(eﬂw) period 27

aX(el) + bY (e7)
e~ wm0 X (e7v)
X (e9lw=wo))

X*(ef-v))
X (e7-4))

X (ef(mw))
<e"“>‘?ﬁs’i"2 e
(1- &™) X(ev)

1
1-

X(e’“")-i—wX(O) Z §(w — 2k)

k=00

=X ()

If z[n] is real valued then

X(e4) = X+(e/)
R{X (e™)} = R{X (e’(““”)}
S{X ()} = —Q{X (7))}
: |X(e~’“’)l = IX(eJ(“"‘f))[ '
arg{X (e*)} = — arg{ X (/-+))}

R{X ()}
F{X ()}

Parsevals relation for non-periodic signals

S el = 5- / X () P

n=—




B. Discrete-time Fourier transform table

z[n) X(e)
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Table of Z-T:

Properties of Z-Transforms

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

Summahon i x[n]<::> (z)

Initial Value: x[0]= h;_aX (z)

Final Value:  x{oo] = lim(z-1)X(2)
Convolution: x[k]*k[k] < X(2)H(z)
Differencing: x[k]- x[k-1]<>(1-z7) X(2)
Differentiation: —kx[k] <> Z%X (2)

Time Shifting: x[n-n 1<z X (2),n, 20

-1
x[n+n] e 2" (X (2)- E:x[m]z‘”’],n, 20
=l

Ling No, a(s), n=0 S Rczz;fw
1 e }i»(a)z*
2 (=) 1 [z| >0
3 — BI>1
4w = > 1
u(n) %E—j%g— >t
6 dul) —a k> fal
7 eun = B> e
3 wum (';?;? Izl > fa
9  sn(epdn) 3% ] > 1
e L ewee o GEEDL . Ll
N dsin(mn) S g‘:}%; = H>l
n " cos (bapdn) 7 __zg;:x,ﬁ p= 21> o
&~ sin (brls) o nifzg))}]: e Hre
) TealiaE H>e



