
NCUE EE_Dept                                                           2017 Spring 

                                                                      Wanchu Hong 1 

SIGNALS AND SYSTEMS  
PROBLEMS SET 3 

 [Please do your best to work out ALL but the first 3 problems, and you are 

encouraged to discuss your solutions with your classmates.]  

1. Consider a continuous-time LTI system with impulse response ( ) 4 th t e−= . Find 

the Fourier series representation of the output ( )y t  for each of the following 

inputs: (a) ( ) ( )
n

x t t nδ
∞

=−∞
= −∑ ; (b) ( ) ( ) ( )1 n

n
x t t nδ

∞

=−∞
= − −∑ ; (c) ( )x t  is the 

periodic signal depicted in Fig. P1. 

 

[ 

 

Fig. P1 
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] 

2. Consider a continuous time LTI system whose frequency response is 

sin(4 )( ) ( ) .
j t

H j h t e dt
ω ωω

ω

−∞

−∞
= =∫  If the input to this system is a periodic 

signal 
1,     0 4

( )
1,  4 8

t
x t

t
≤ <

= − ≤ <
 with period 8T = , determine the corresponding 

system output ( )y t .   

[

 

 

] 
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3. A causal and stable LTI system S has the frequency response 

2
4( )

6 5
jH j

j
ωω
ω ω

+
=

− +
  (a) Determine a differential equation relating the 

input ( )x t  and output ( )y t  of S; (b) Determine the impulse response ( )h t  

of S; (iii) What is the output of S when the input is 4 4( ) ( ) ( )t tx t e u t te u t− −= − .  

[

 

 ] 

4. Suppose we are given the following information about a continuous-time signal 

( )x t  with period T=6 and Fourier coefficients ka : (i) ( )x t  is a real signal; (ii)  

0ka =  for 0k =  and 2k > ; (iii) ( ) ( )3x t x t= − − ; (iv) ( )3 2
3

1 0.5
6

x t dt
−

=∫ ; 

(v) 1a  is a positive real number. Show that ( ) ( )cosx t A Bt C= +  and 

determine the values of the constants A, B, and C. 

[ ( ) ( )3x t cos tπ=
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] 

5. Let ( )x t  be a signal with Fourier transform ( )X jω . Suppose we are given the 

following facts: (i) ( )x t  is real; (ii) ( ) 0  0x t for t= ≤ ; (iii) 

{ }1 ( )
2

tj te X j e d t eωω ω
π

∞ −
−∞
ℜ =∫ . Determine a closed-form expression for 

( )x t .  

[ ( ) ( )2 tx t te u t−=

] 

6. Consider a causal LTI system with frequency response ( ) 1
3

H j
j

ω
ω

=
+

. For a 

particular input ( )x t , this system id observed to produce the output 

( ) ( )3 4( ) t ty t e u t e u t− −= − .  Determine ( )x t . [ ( ) ( )4tx t e u t−= ]  



NCUE EE_Dept                                                           2017 Spring 

                                                                      Wanchu Hong 5 

7. Let ( )X jω denote the Fourier transform of the signal ( )x t  depicted in Fig. P3. 

You should perform all these calculations without explicitly evaluating ( )X jω .  

 

(a) ( )X jω  can be expressed as ( ) ( )j jA j e θ ωω , where ( )A jω  and ( )jθ ω  

are both real-values. Find ( )jθ ω . [ ( )tθ ω= − ] 

(b) Find ( )0X j .[ ( )0 7X j = ] 

(c) Find ( )X j dω ω
∞

−∞∫ . [ 4π ] 

(d) Evaluate 22sin( ) jX j e dωωω ω
ω

∞

−∞∫ . [ 7π ] 

(e) Evaluate 2( )X j dω ω
∞

−∞∫ . [ 26π ] 

(f) Sketch the inverse Fourier transform of { }( )e X jωℜ . 

[
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] 

8. Suppose ( ) ( ) cosg t x t t=  and the Fourier transform of the ( )g t is 

1,     2 
( )

0,     
G j

otherwise
ω

ω
 ≤= 


. 

(a) Determine ( )x t . [ ( ) 2 sin tx t
tπ

= ] 

(b) Specify the Fourier transform 1( )X jω  of a signal 1( )x t  such that 

1
2( ) ( ) cos
3

g t x t t =  
 

 

[ 
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] 

9. Consider an LTI system whose response to the input ( )3( ) 3t tx t e e u t− − = +   is 

( )4( ) 2 2t ty t e e u t− − = −  .   

(a) Find the frequency response of this system. [ ( ) ( )
( )( )

3 3
4 2

j
H j

j j
ω

ω
ω ω
+

=
+ +

] 

(b) Determine the system’s impulse response. [ ( ) ( )4 23
2

t th t e e u t− − = +  ] 

(c) Find the differential equation relating the input and the output of this 
system. [ 6 8 3 9y y y x x′′ ′ ′+ + = + ] 

[
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] 

10. Consider the signal in Fig. P6.   

 

(a) Find the Fourier transform ( )X jω of ( )x t . [ ( ) ( ) 22
2

sin
X j

ω
ω

ω
 

=  
 

] 

(b) Sketch the signal ( ) ( ) ( 4 )
k

x t x t t kδ
∞

=−∞
= ∗ −∑  . 

[
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] 

11. Consider an LTI system with impulse response ( ) 5sin t sin th t
t t

π
π π

= . Plot the 

frequency response of this system and determine the respective output ( )iy t  

for each of the following inputs ( )ix t . Show all work. Write a closed-form 

expression for the output in each case.   

(a) ( ) ( )1 6x t cos t= .[0] 

(b) ( ) ( )2
0

1 3
2

k

k
x t sin kt

∞

=

 =  
 

∑ . [ ( )1 3
2

sin t ] 



NCUE EE_Dept                                                           2017 Spring 

                                                                      Wanchu Hong 10 

(c) ( ) ( )
3

4sin t
x t

tπ
= . [

( )4sin t
tπ

] 

(d) ( ) ( ) 2

4
2sin t

x t
tπ

 
=  
 

 [
( ) 22sin t
tπ

 
 
 

] 

[
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] 


