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INSTRUCTIONS TO CANDIDATES 

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. 

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

INVIGILATOR. 
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EE332 SIGNALS AND SYSTEMS II 

QUESTION ONE (25 marks) 

(a) Suppose that x(t) has the Fourier transfonn u(2 - w2
). Use the appropriate Fourier 

transfonn properties to find the Fourier transfonn ofthe signal x(4 - 3t). [7] 

(b) By using either calculation and/or Fourier transfonn table, find the Fourier transfonn 

X(w) ofthe following signals. [8+10] 

(i) 	 x(t) = e-3t cos(6t) u(t) 

. x(t)
(ii) 

1.1 ~ P4 ), 
(Express your answer in tenns ofthe sinc function.) 

QUESTION TWO (25 marks) 

(a) A particular L TI system is described by the difference equation 

yen) +~y(n - 1) - ~y(n - 2) =x(n) - x(n - 1)
4 8 

Detennine the impulse response of the system. 	 [6] 

(b) Suppose that hen) =Gf u(n). Use discrete Fourier transfonns to detennine the 

response to the input signal x(n) =G)n u(n). 	 [6] 

(c) Find the signal corresponding to the following Fourier transfonns. 

X eJw. ) 2(i) ( = 	 ft [6]
1 -}«(,)--)l+4'e 2 

(ii) [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 xr(t) is obtained from the samples by lowpass filtering. 

x,(r} 
x,(t)X(I) ,xI"'" m

T T 

- H(w) 

p(t)- 1; &(f -1fT) 


..--... 


.. 
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The sampling period T is lms, and x(t) is a sinusoidal signal of the fonn 

x(t) =cos(2nfot + 9). For each of the following choices of fo and 9, detennine 

xr(t). [20] 

(i) fo = 250Hz, 9 = ~ 

(ii) fo = 750Hz, 9 =~ 

(iii) fo = 500Hz,9 = ~ 

QUESTION FOUR (25 marks) 

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

[1+6+6] 

;'(1) 

1 2 3 4 S 6 

Draw yet) for each of the following systems. 

(i) 

(ii) 

.x(O --"fIIIoi~J---.....y(t) 

.,.., 

(b) Suppose that x(t) has the Fourier Transfonn shown in figure below. Find Yew) for 

each case in part (a). [6+6] 
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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] 

(i) (!)nu(n)
3 

(ii)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 
X(z) = -2+-3-z""-1~+-Z--2 

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

x (n). [12] 

1m 

z plane 

---+----~~~r.---~----Re 
2 

Determine what can be inferred about the associated region ofconvergence from each 

of the following statement. 

(i) x(n) is right-sided. 

(ii) x(n) is left-sided. 

(iii) The Fourier transform ofx(n) converges. 
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TABLE 1 Fourier Transforms 

No. x(t) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

15 

16 

17 

18 

19 

20 

21 

22 

te-a1u(t) 

8(t) 

1 

eJOIOt 

.'COs (J)ot 

sin I:Oot 

u(t) 

sgnt 

e-Ol sin wot u(t) 

e-al cos Wat u(t) , 

rect (;.) 

W sine (Wt) 
'Jt 

£1 (~) 
W . 2 (wt)-smc 
2;r 2 

L
00 

8(t-nT) 

1 
a + j(J) 

1 
a>O 

a>O 

(a + jW)2 
a>O 

n! 
(a + jw)n+l 

1 

2'1tS(w) 

2'1tS(w - a>o) 

n[&(w - a>o) + S(w + 1:00)] 

j1r{o(w +~) - S(w - 1:00)] 

1 
d(w} +-. 

}w
2 
jw 

- .. 
I .I~ V 

(a + jw)2 +a>ij 

<a'+ jw 


(a + jW)2+tu5 

. (wt)

t'SlDC T 

rect(2~) 
t . 2 (wt)2'Slne ""4 

2'Jt 
Wo L

00 

S(w - ntuo} COo:=:
T 

n=-oo 



Table 2. Fourier Transform Operations 

Operation x(t) X(~) 


Scalar multiplication kx(t) kX(w) 

Addition Xl (t) +X2(t) Xl (w) + X2(w) 

Conjugation X"(t) X*(-W) 

Du8Iity X(t) 2n'x(-w) 

1 X ell)Scaling (a real) x(at) 
lal a 
X (w)e- jlUroTIme shifting x(t - to) 

x (t)e itlJ01Frequency shifting (wo real) .X(lQ - roo} 
.' .~ 

·,.--Time convolutioot., ..-. - . xr(t) *xi(t) . Xl (A)Xz(w)
• • ' ".t~ _'. "...

I
Frequency convolution Xl (t)X2(t) 2.7r Xl (co) * X2(w) 

dl1X 
Time differentiation (jm)7l X (w)

dIn 

X(w)
Time integration . +nX(O)8(co)l~X(U)dU JW 



DISCRETE-TIME FOURIER TRANSFORM 

A. Properties of the discrete· time Fourier transform 
Non-period'tc S'tf!!tal Fourier transform 

11 ..x[n] = - X(eJW)e'wndw X(eiw) ~ L
00 

x[nJe-iwn 
21l" 211" n=-oo 

X(eiW) } Periodic with 

Y(eiW) period 211" 


ax[n] + by[n] aX(eiW).+ bY(&W) 


.x[n - no] e-iwno X(eiW) 


eiwonx[n] X (ei(w-wo» 


x*[n] X*(ei(-w) 

X(&(-w)
x[-n] 

n multiple of m 
X(m) [n] == { x[n/mJ: X (ei(mw»

n not multiple av m 

... x[n] *y[n] ~(ei.w)J~kiw) 
. ~ .,'--- • ,- ......,.:,.. ; .•;;.•~~."_ .. J..~-;.~) r~. ~'.~·::·,}t_-1 ~. 

xtn]y[n] ~ r X(&fJ)Y(ei(w-fJ)d9"
211" 121r 

x[n] - x[n - 1] (1- eiw) X(eiW) 

n 1 00L x[kJ 1- &w X(&W) +1I"X(O) L 6(w - 211"k) 
k=-oo k=-oo 

nx[n] j~X(eiW)
dw 

If x[n] is real valued then 
X(&W) = X*(ei(-w) 
!R{X(eiW)} = !R{X(ei(-w»)l 
~{X(eiW)} = -~{X(ei(-w5)}x[n] 
IX(&W)I = IX(ei(-w)) I 
arg{X(eiW

)} = - arg{X(&(-w»} 

xe[n] = e{x[n]} !R{X(eiW)} 
xo[n] = O{x[n]} j~{X(eiw)} 

Parsevals relation for non-periodic signals 

};"" Ix[nll' = 2~ LIX(e"wll'aw 
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B. Discrete-time Fourier transform table 

x[n1 

" 6[n] 

<5[n - no] 

00

I: <5(n-kN) 
k=-oo 

1 

cos won 

... sinwon 
~ , ... , ." ,... .. -'- - ,'" ", '. .~ l , ' 

urn] 

(n + l)an u[n] , lal < 1 

(n+m-l)! n 
'( _ 1)1 a u[n], lal < 1n.m . 

_1_lnl 
1 -a 2 a , lal < 1 

I, Inl::; NI 

{ 0, NI < Inl ::; ~ 
period N 

I, Inl::; NI
{ 0, n > Nl 

sinWn W. Wn 
--=-smc

{ 7I"n~ • 71" 71" 
O <W<7I" 

1 


00 

271" I: <5 (w - 271"k) 
k=-oo 

271" I:
00 

<> (w - Wo - 271"k) 
k=-oo 

71" I:
00 

[<>(w - Wo - 271"k) + <5(w + Wo - 271"k)] 
k=-oo 

~ L
00 

I<>(w 7"" w,,::27J"A:L:-:,8(u} +wI! -211"k)J 
)k~-oo .... - ... , .. ~--.'''' ....;.~·:,:.i .. :.i.: 

1 00 

1 _ e-jw + 11" L o(w - 271"k) 
k=-oo 

1 
1- ae-jw 

1 

1 + a2 - 2acosw 

sinw (NI + ~) 
sin~ 

I, Iwl::; W 
{ 0, W < Iwl ::; 71" 

period 2'11' 

.. 
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t..mo No. ~IJ), n2:O 

1 

2 

3 

4, 

s 

" 
7 

8 

9 

iD 

11 

12 

13 

14 

J1(-) 

SCJJ) 


..(11) 


1lU(1t) 


11-<,.) 


d'.(n) 


e~ll) 

1I!h("} 

eh:t(_)(a) 

;~~~)
1,'"_",·'" .. " 

d'siD(6ft)u(1I) 

II" cot(bnp(a) 

....... (m)r(.) 


e......CXII.(~) 

Table of Z-TransfQIJPS 

az 
%-1 

z 
(z-rl
z(;r+ t) 
(r-1)' 
~ 

z 
{r-,-.., 

lIZ 

(;-iiI
rdD(Q) 

z) - ~cce(Q)-t 1, 
$-COS(a)) 

ii - 22cca(6)+ 1 
(t'um(h)F 


%2 - (2IzCO$(b)]s+ ;p. 

z[% -Ilcot(b)] 


z) - Ptr*<".:F+,,-2 
[cr".(bJF 


Z!i - (1r'"c;cs(l»z +ex 

-*' -,...cos (6)) 


isl>O 
1z1> t 

1z1> 1 

FI:> 1 

1z1:> 10'1 

~I>e-

~I >1«1 


1z'1>1 

.h, tzl>l, . I ~ , 

FI > IaI 


FI> I4t 


1z'1:>r-


1:1>_-fJ 


prqperties of z.Transforms 

<" Linearity: ta;[k]+~[kJ <=> aX1(z)+bX1(z) 
Time Reversal: x[-k] <=> X (11 z) 

i zJr(z)
Summation: 2: x[n] <=>----~ _ z-1 

Initial Value: x[O] =limX(z)-Final Value: x[co] = lim(z -l)X(z) 
, _1 

Convolution: x[k]*h[k] <=> X(z)H(z) 

Differencing: x[k]-x[k-l] <=> (1- Z-1 )X(z) 

Differentiation: -Ax[k] <=> z!!...X(z)
dz 

Time Shifting: x[n-no ]<=> z-.""X(z),no ~O 

r[n +n.] ¢> z" ( X(z) - ~r[m]z-' )'n. :;, 0 


