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Question 1  
 
Determine if the following systems are: causal, stable, time invariant and linear. Justify your 
answers. 
 
(a) )2()1()( txtxty −+−=         (10 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) [ ] [ ] [ ]nxnny )3cos(=          (10 marks) 
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Question 2 
 
(1) Calculate the following convolution: )()()( thtxty ∗=  with )()( tuetx at−= , 0>a  and 

).4()()( −−= tututh         (20 marks) 
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(2) Consider a causal LTI system whose input [ ]nx  and output [ ]ny  are related by the difference 
equation 

 

[ ] [ ] [ ]nxnyny +−= 1
4
1

 

 
Determine [ ]ny  if [ ] [ ] [ ]2−−= nununx .      (20 marks) 
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Question 3  
 

(1) Let 




≤≤−−
≤≤

=
01

10
)(

tt
tt

tx be a periodic signal with fundamental period of T = 2 and Fourier 

series coefficients ka . 
 
(a) Sketch the waveform of )(tx  and dttdx /)( . 

(b) Calculate 0a . 
(c) Determine the Fourier series representation of dttdxtg /)()( = . 
(d) Using the results from Part (c) and the property of continuous-time Fourier series to 

determine the Fourier series coefficients of )(tx . 
      
    (20 marks) 
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(2) Determine the Fourier series coefficients for the following discrete-time periodic signal. 
 
 

0 1 2 3

4 5 6 7

8 9 10 11

-4 -3 -2 -1

1

-8 -7 -6 -5   (20 marks) 
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Convolutions: 
 

[ ] [ ] ∑
∞

−∞=

−=∗=
k

knhkxnhnxny ][][][  

∫
∞

∞−
−=∗= τττ dthxthtxtx )()()()()(  

 
 
The Fourier series of a periodic continuous-time signal: 

 

∑∑
+∞

−∞=

+∞

−∞=

==
k

tTjk
k

k

tjk
k eaeatx )/2(0)( πω  

 

dtetx
T

dtetx
T

a
T

tTjk

T

tjk
k ∫∫ −− == )/2()(

1
)(

1
0 πω  

 
 
The Fourier series of a periodic discrete-time signal: 
 

∑
=

=
Nk

nNjk
keanx )/2(][ π                              

 

∑
=

−=
Nk

nNjk
k enx

N
a )/2(][1 π                                       

 



Initials _________ 

Page 8 

Properties of the Continuous-Time Fourier Series 
 

Property 
 

Periodic Signal Fourier Series Coefficients 
 

 

Tty
tx

/2frequency  lfundamenta 
and T period with Periodic

)(
)(

0 πω =



  
k

k

b
a

 

Linearity )()( tBytAx +  
kk BbAa +  

Time Shifting )( 0ttx −  k
tjk ae 0ω−  

Frequency shifting )(0 txe tjMω  Mka −  
Conjugation )(* tx  

ka −*  
Time Reversal )( tx −  

ka−  
Time Scaling )( tx α , 0>α (Periodic with period α/T ) 

ka  
Periodic 
Convolution ∫ −

T
dtyx τττ )()(  kkbTa  

Multiplication )()( tytx  
∑

∞

−∞=
−

l
lklba  

Differentiation 
dt

tdx )(
 kk a

T
jkajk

π
ω

2
0 =  

Integration 
∫ ∞−

t
dttx )( (finite valued and periodic only if 

00 =a ) 
kk a

Tjk
a

jk 







=








)/2(

11

0 πω
 

Conjugate 
Symmetry for Real 
Signals 

)(tx  real 

{ } { }
{ } { }



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ImIm
ReRe
*

 

Real and Even 
Signals 
Real and Odd 
Signals 
 
Even-Odd 
Decomposition of 
Real Signals 
 

)(tx  real and even 
)(tx  real and odd 

 
{ } [ ]
{ } [ ]




=
=

realtxtxOdtx
realtxtxEvtx

e

e

)()()(
)()()(

 

ka  real and even 

ka  purely imaginary and odd 
 

{ }kaRe  
{ }kaj Im  

 Parseval’s Relation for Periodic Signals 

∑∫
∞

−∞=

=
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kT
adttx

T
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