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1. There are FOUR questions in this paper. Answer ALL the questions. 
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6. Useful Fourier transform and Z-transform properties are attached. 
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EEE332 SIGNALS AND SYSTEMS II 

QUESTION ONE (25 marks) 

(a) Using the Fourier transform analysis equation, determine the Fourier transforms of: 

(i)n-z
(i) 	 x(n):::::3 u(n - 2) [pt. 7] 

(ii) 	 x(n) :::: Gyn-z i 
[pt. 7] 

(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 


yen) - ~y(n - 1) - ~y(n - 2) :::: x(n). 


(i) 	 Determine the frequency response H(e jw ) 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(wot) 

yet) :::: x(t) . COS(Wit) 

Where Wo and Wi are positive finite values. The following signals are sampled using 

a train of impulses with periodicity T, L!~ oCt - kT): signal x(t) is sampled to 

obtain xc(t), signal yet) is sampled to obtain yc(t), and signal x(t) . yet) is sampled 

to obtain Pc(t). 

(i) 	 Determine the range ofvalues for T that allow complete recovery of x(t) from 

xc(t) [pt. 5]. 

(ii) 	 Determine the range of values for T that allow complete recovery of yet) from 

yc(t) (pt. 8]. 

(iii) 	 Determine the range of values for T that allow complete recovery of 

x(t) . yet) from Pc(t) (pt. 8]. 

QUESTION THREE (25 marks) 

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

X(l) [pt. 1+6+6] 

2 




EEE332 SIGNALS AND SYSTEMS II 

Draw y( t) for each of the following systems. 

(i) 


x(t}-,---4"~{ expand lr--.... y(r) xl 

. 	 by 2 _ 

(ii) 

x(1) 	 .. vll,.~ 
~Ull 'Iff 

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

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

X(w) 

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 Izl > 1/2 . The z-transfonn of the unit impulse response of the
1 - Z-1/2 

second sub-system is H2 (z) = _z_ Izi > 1. Let hen) be the unit impulse 
z-l 


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


(b) 	A discrete-time signal x(n) has the z-transfonn X(z) = 1 l' _1-1 Izi > 5.
1+3z- l+Sz-

Detennine the z-transform ofy(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) = 0 for n < 0 [pt. 7J. 
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TABLE 1 Fourier Transforms 

No. x(t) X(ev) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

e-ar u(t) 

ealu(-t) 

e-a1tl 

te-alu(t) 

tne-atu(t) 

o(t) 

1 
jwote

cos wot 

sin wot 

u(t) 

sgnt 

cos wot u(t) 

sin wat u(t) 

e-at sin wat u(t) 

e-al cos wat u(t) 

rect (; ) 

W. W-SInc( t) 
Jr 

~ (;) 
W 2 (wt)-smc ­
2JI' 2 

L
00 

oct - nT) 
"=,,-00 

e-r2/2rr2 

1 
a + jw 

1 
a- jw 

2a 
2 +w2a

1 

(a + jw)2 

n! 

(a + jw)n+l 

1 


2JI'o(w) 


2JI'0(w - wo) 


Jr[o(w - wo) + o(w + wo)] 


jJr(8(w + wo) - o(w - wo)] 


1 
Jro(w) +-. 

lW 
2 

jw 
Jr jw 
i[o(w - wo) + o(w + wo)] + 2 2 

Wa -w 
Jr Wa 
-;-[o(w - wo) - o(w + wa)] + --~-22l wa - w

Wo 

(a + jW)2 +w5 

a+ jw 

(a- + jW)2 + wa 

.rSInC (wr)T 

rect (2~) 
r . 2 (wr)
'2 smc "4 

~ (2~) 

Wa L
00 

o(w - nwa) 

n=-oo 

.J2ii(f 2Jre- rr 2w2!2 

a>O 

a>O 

a>O 

a>O 

a>O 

a>O 

a>O 

2JI' 
Wa=­

T 



TABLE'2 Fourier Transform Operations 


Operation x(t) X(w) 

Scalar multiplication 

Addition 

Conjugation 

Duality 

Scaling (a real) 

Time shifting 

Frequency shifting Cwo real) 

Time convolution 

Frequency convolution 

Time differentiation 

Time integration 

kx(t) 


Xl (t) + X2(t) 


x*(t) 


X(t) 


x(at) 


x(t - to) 


X(t)ejW()t 


x,(t) *X2(t) 


Xl (t)X2(t) 


dnx 


dtn 


l>(U)dU 


-~-~-~ 

,kX(w) 


X1(w) + X 2 (w) 


X*(-w) 


2Jfx(-w) 


I~I X (:) 


X (w)e- jwto 


X(w - wo) 


Xl (w)X2 (w) 


1 

-Xl (w) * X2(ev)
2Jf 

(jev)n X(ev) 

X~w) + JfX(O)8(ev) 
Jev 



DISCRETE-TIME FOURJER TRANSFORM 

A. Properties of the discrete-time Fourier transform 
Non-periodw s~gnal Fourier transform 

00 "x[n] = -1 1X(eJW)eJwndw X(ejW ) ~ L x[n]e-iwn 
27r 21l' n=-oo 

ax[n] + by[n] 

,x[n - no] 

eiwonx[n] 

x*[n] 

x[-n] 


Xfm)[n] = {x[n/ml" n multiple of m

,On not multiple av m 

x[n] * y[n] 

x [n]y[n] 

x[n]- x[n -1] 

n

L x[k] 
k=-oo 

nx[n] 

X(ejW ) } Periodic with 
Y (ejW ) period 27r 

aX(e1W) + bY(ejW ) 

e-iwno X(eJW ) 

X(eJ(w-wo») 

X*(ei(-w») 
X(ej(-w») 

X(ej(mwl) 

X(eiw)Y(eiw ) 

~ rX(eilJ)Y(ei(w-O»)dO 
27r 127r 
(1 - eJw ) X(eiw ) 

1 00 

1 ,X(eiw ) + 1I'X(O) "" 8(w - 211'k)
- eJw L.. 

k=-oo 

j..!!..-X(eJW )
dw 

If x[n] is real valued then 
X (eiw ) X* (ei( -w») 
~{X(eJW)} = ~{X(ei(-w)n 

x[n] SS{X(eJW )} = -SS{X(ei(-W))} 
IX(eiw )I = IX(ei(-w»)1 
arg{X(ejW )} = arg{X(e1(-wl)} 

xe[n] = c{x[n]} ~{X(ei~)} 
xo[n] = O{x[n]} jSS{X (eJW )} 

Parsevals relation for non-periodic signals 
00 

iWn~oo Ix[nW 2~ 11l'IX(e )12 dw 



B. Discrete-time Fourier transform table 

x[n] X(eJW ) 

6[nJ 1 

<5[n - no] 

00

2: 8(n - kN) 
k=-oo 

1 2n I:
00 

<5 (w - 2nk) 
k=-oo 

2n I:
00 

6 (w - Wo - 2nk) 
k=-oo 

cos won n I:
00 

[6(w - Wo - 2nk) + r5(w + Wo - 21rk)] 
k=-oo 

00 

~ I: [6(w - Wo - 21rk) <5(w + Wo - 2nk)] 
J k=-oo 

urn] 

1 
1- ae-jw 

1
(n + l)an u[nJ, la\ < 1 

(n+m-l)! n 
n!(m I)! a urn], lal < 1 

_1_lnl
1 _ a2a , la! < 1 1 + a2 - 2acosw 

I, Inl ~ Nl 

{ 0, Nl < Inl ~ ~ 

period N 


sinw (Nl + !)
{ 1, NlInl ~ 

0, n > Nl sin~ 

sinWn W. Wn I, Iwl ~ W---=-smc­ { 0, W < Iwl ~ n{ oJw < rr n n period 211" 



Tabio of Z-Transfonns 

Lfuo No. ~.), n2:O z-Ttansfoon .1'(z) 
QQ 

1 ~.) 	 E~II)z""..... 
2 8(,,) 1 1%1> 0 

3 ~II) 
az 1z1>1:;-1 

%
4 nu(1I) 	 1z1> I

(z -1)1 
z(z+ t)

S ",-.(,,) 	 ~1>1(z_l)l 
z

6 d'lI(n) 
X-II 

Iz\ > IIlI 
z

7 e-'~Il) 
(f-r') 

8 m't.(rr} 	
az 

(r-a)i 
zsiD(a)

9 eilt(""}I(Il) 
='1. - ~COB(a)41 

Z{Z - cos (a)]
10 mS(QII)u(n) 	 1%1> 1it - 22'COI (.)+1 

[alia(b)Jz
11 d' 5io(bn)(lI) ~ - (1DOOt(b)]:r + ,,5. 

Z{Z -ams(b»)
12 d' c.o.. (lm~lII) 

=2 -l2a1»1(b))z ... II-:! 

[ef"'" &in (b)}z­
13 cr-5in(bn)&( .. ) 	 IzI>rr -12e':'·cos(b)lz+e-~· 

*-rtot(b)]
14 e-A¢(!S. (bn)w(II) 	 1::1> e-ilZl-lltr...... eoa(h)}:+e-2.I 

Properties of Z-Transfonns 

Linearity: ~[k]+bxl[k] <=> aXt(z)+bX1(z) 

Time Reversal: x[-k] <=> X (11 z) 
k zX(z)

Summation: 	L x[n] <=>-~ 
11_ z-l 

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

.11....1 

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

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

Differentiation: -lark] <=> z!i...X(z)
dz 

Time Shifting: x[n - no] <=> Z-1Io X(z),no ~ 0 

x[n +noJ <=> zn. (X(Z) - I:x[m]z-m),no ~ 0 
m-O 


