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Topic 3: Signal Representation 

in Communication Systems 

 
Academic Year 2013 - 2014 

 

 

P1.- How can you recover a band-pass signal from its low-pass equivalent? Prove it 

mathematically. 

 

P2.- Use a phasors diagram to obtain the expressions for the in-phase and quadrature 

components ( ( )txi
 and ( )txq

); and the envelope and instantaneous phase ( ( )tA  and ( )tφ ) 

of the band-pass signal: 

( ) ( ) ( ) ( ) ( )α++= twtxtwtxtx 0201 ·cos·cos  

 

P3.- Repeat the previous exercise for the signal: 

( ) ( ) ( )( ) ( ) ( )( )twwtxtwwtxtx 102101 ·cos·cos ++−=  

 

P4.- A low-pass signal x(t) whose Fourier transform is shown in Figure 4(a) passes 

through the system shown in Figure 4(b) (where H blocks represent Hilbert transforms). 

Assuming that W << f0, represent in frequency the signals obtained at each point of the 

system. 

 
Figure 4. 

 

P5.- Suppose a band-pass signal x(t) and a low-pass signal m(t) whose spectra do not 

overlap. Prove that the Hilbert transform of ( ) ( ) ( )txtmtc =  equals ( ) ( )txtm ˆ . 
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P6.- Suppose a low-pass signal ( ) ( )ttm
2sinc=  and a band-pass signal 

( ) ( ) ( ) ( ) ( )tftmtftmtx 00 2sinˆ2cos ππ −= : 

a) Obtain the analytical signal associated to x(t) and low-pass equivalent of x(t). 

b) Obtain and represent the Fourier transform of the signal x(t). (Remember that

( ){ } ( )ftmTF Λ= .) 

c) Repeat the two previous sections with ( ) ( ) ( ) ( ) ( )tftmtftmtx 00 2sinˆ2cos ππ += . 

 

P7.- Assuming a center frequency fc = 1200Hz, obtain the low-pass equivalent and the 

in-phase and quadrature components of the signal: 

( )


 <≤

=
resto

HzfHz
fX

0

1300||9001
 

 

P8.- Suppose the next signals: 

( )tg , with ( ){ } ( )ftgTF Π=  

( ) ( ) 







+=

3
··2·cos·2 0

π
π tftgtx   ( ) ( ) 








+=

2
··2·sin·2 0

π
π tftgty  

( ) ( ) ( )tytxtp +=  

a) Obtain the analytical signal associated to x(t) and its low-pass equivalent. 

b) Obtain the signal ( )tŷ  (i.e., the Hilbert Transform of y(t)). Obtain and represent the 

( ){ }tyTF ˆ . 

c) Use a phasors diagram to obtain the expressions for the in-phase and quadrature 

components ( ( )tpi  and ( )tpq ); and the envelope and instantaneous phase ( ( )tA  and

( )tφ ) of the signal p(t). 

 

Note: 
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )BABABA

BABABA

sinsincoscoscos

sincoscossinsin

−=+

+=+
 

 

P9.- Assuming a center frequency fc = 1200Hz and the signal: 

( )
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a) Obtain the low-pass equivalent. 

b) Obtain the in-phase and quadrature components ( ( )txi
 and ( )txq ). 

c) Obtain the signal ( )txi
ˆ  (i.e., the Hilbert transform of the signal ( )txi ). 

 

Nota: )(sinc
1

FtF
F

f TF ⋅ →




 −

∏  
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P10.- A signal x(t) with Fourier transform ���� � ∏ � �
	


� passes through the system 

shown in Figure 10 (where H blocks represent Hilbert transforms). Assuming that W = 

1KHz and f0 = 10KHz: 

a) Obtain (in time and frequency; only up to the signal x5(t)) and represent in 

frequency the signals obtained at each point of the system. 

b) Obtain the analytical signal associated to x5(t) and its low-pass equivalent. 

 
Figure 10. 

Note: You can leave the solutions of this problem in terms of x(t) and TH{x(t)}. 

 

P11.- Suppose the next signals: 

( )tg , with ( ){ } ( )ftgTF Π=  

( ) ( ) 







+=

3
··2·cos·2 0

π
π tftgtx   ( ) ( ) 








+=

2
··2·sin·2 0

π
π tftgty  

( ) ( ) 







−−=

3
··2·cos·2 0

π
π tftgtz   ( ) ( ) ( ) ( )tztytxtp ++=  

 

a) Use a phasors diagram to obtain the expressions for the in-phase and quadrature 

components ( ( )tpi  and ( )tpq ); and the envelope and instantaneous phase ( ( )tA  and

( )tφ ) of the signal p(t). 

b) Obtain the analytical signal associated to x(t) and its low-pass equivalent. 

c) Obtain and represent the ( ){ }tgTF ˆ  (i.e., the Fourier transform of the signal g(t)). 

d) Obtain the signal ( )tŷ  (i.e., the Hilbert transform of the signal y(t)). Obtain and 

represent the ( ){ }tyTF ˆ . 

Note: 

 sin�� � �� � sin��� cos��� � cos��� sin��� 

 cos�� � �� � cos��� cos��� � sin��� sin ��� 
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