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Signals & Systems - Chapter 5 
 
1S.  Use the Fourier transform analysis equation to calculate the Fourier transforms of: 
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Solution: For discrete-time Fourier transform, we have: 
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2S. Use the Fourier transform synthesis equation to determine the inverse Fourier transform of: 
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2U. Use the Fourier transform synthesis equation to determine the inverse Fourier transform of: 

a)  )}5
4

()2
3

()2(2{)(1 kwkwkweX
k

jw   




 

 

b)  

Otherwise

wforj

wforjeX jw

0

03/25

3/205)(2







 

 
 
Solution: 
 

 
3S. Given that x[n] has Fourier transform X(ejw), express the Fourier transform of the following signals in 

terms of X(ejw).  You may use the Fourier transform properties table. 
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a)  x1[n] = x[1 – n] + x[–1 – n] 

b)  x2[n] = 
2
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c)  x3[n] = (n – 1)2x[n] 
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3U. Given that x[n] has Fourier transform X(ejw), express the Fourier transform of the following signals in 

terms of X(ejw).  You may use the Fourier transform properties table. 
 
a)  x1[n] = x[1 + n] + x[1 – n] 
 

b)  x2[n] = 
3
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c)  x3[n] = (n +3)2x[n-1] 
 
Solution: 
 

 
4S. For each of the following Fourier transforms, use Fourier transform properties table to determine 

whether the corresponding time-domain signal is (i) real, imaginary, or neither and (ii) even, odd, or 
neither.  Do this without evaluating the inverse of any of the given transforms. 
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Solution: 
Relevant Properties (Source Properties Table)  
  1) X(ejw) real and even  x[n] real and even 
  2) X(ejw) purely imaginary and Odd  x[n] real and odd  
  3) X(ejw) pure imaginary  x[n] real 
 4) X(ejw) pure real  x[n] real 
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We have property #2 therefore the reverse is true also meaning  
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therefore x[n] is also purely imaginary but it is neither odd or even. 
 

b)  
Since X(ejw) is purely imaginary and odd  x[n] is real and odd (Property #2) 
 

c)  
Since X(ejw) = X*(e-jw)  x[n] is real but neither odd or even. 

 
4U. For each of the following Fourier transforms, use Fourier transform properties table to determine 

whether the corresponding time-domain signal is (i) real, imaginary, or neither and (ii) even, odd, or 
neither.  Do this without evaluating the inverse of any of the given transforms. 
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Solution: 
 

 
5S. Compute the Fourier transform of each of the following signals: 

a)  x[n] = u[n – 2] – u[n – 6] 
b)  x[n] = (1/3)|n| u[–n – 2] 
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c)  x[n] = (1/2) |n| cos{(/8)(n-1)} 
d)  x[n] = sin(n/2) + cos(n) 
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b)  Use the Fourier Transform Equation 
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c)  Use the Fourier Transform Equation 
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d)  Use the Fourier Transform Table 
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5U. Compute the Fourier transform of each of the following signals: 

a)  x[n] = u[n + 2] – u[n – 5] 
b)  x[n] = (1/5)|n| u[–n – 6] 
c)  x[n] = (1/3) |n| cos{(/6)(n+3)} 
d)  x[n] = sin(n/3) + cos(n) 
 
Solution: 
 

 
6S. The following are the Fourier transforms of discrete-time signals.  Determine the signal 

corresponding to each transform. 
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  is periodic with fundamental period of 4 therefore  

 fundamental frequency w0 = 
2


, also ak = 
ଵ

ଶగ
 (-1)k .  Using these facts we could use the Fourier series 

synthesis equation to find x[n] 
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d) Rewrite the function by doing a long division 
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6U. The following are the Fourier transforms of discrete-time signals.  Determine the signal 

corresponding to each transform. 
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Solution: 
 

 
7S. Let X(ejw) denote the Fourier transform of the signal x[n] depicted in the following figure: 

 
Perform the following calculations without explicitly evaluating X(ejw): 

 
  a)  Evaluate X(ej0) 
  b)  Find the phase of X(ejw) 

  c)  Evaluate 



dweX jw )(  

  d)  Find X(ej) 
  e)  Determine and sketch the signal whose Fourier transform is Real{X(ejw)} 

  f)  Evaluate 



dweX jw 2|)(|  

  g) Evaluate 



dw

dw

edX jw
2|

)(
|  

Solution: 
 
a) write the Fourier Transform Equation 
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b) Note that the function y[n]=x[n+2] is an even signal, therefore Y(ejw) is real and even.  This implies that 

the phase of Y(ejw)=0.  
Using the time shifting property of the Fourier transform we have Y(ejw)=ej2wX(ejw) therefore phase of 
Y(ejw) is -2w. 
 

-1 

n 

x[n] 

1 

2 

-3 7 
-2      -1    0     1      2        3     4      5       6 8 
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c)  
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e) From property table we have the following  
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f) From Parseval theorem we have 
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g) Using the differentiation in frequency property of Fourier transform 
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Even{x[n]} 
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7U. Let X(ejw) denote the Fourier transform of the signal x[n] depicted in the following figure: 

 
Perform the following calculations without explicitly evaluating X(ejw): 

 
  a)  Evaluate X(ej0) 
  b)  Find the phase of X(ejw) 

  c)  Evaluate 



dweX jw )(  

  d)  Find X(ej) 
  e)  Determine and sketch the signal whose Fourier transform is Pure Imaginary {X(ejw)} 

  f)  Evaluate 



dweX jw 2|)(|  

  g) Evaluate 



dw

dw

edX jw
2|

)(
|  

Solution: 
 

 
8S.  Six conditions are listed below:  

1)  Real{X(ejw)}  =  0 
2)  Imaginary{X(ejw)} = 0 
3)  There exist a real p such that ejpw X(ejw) is real. 

4)  



dweX jw )(  is periodic 

5)  Periodic X(ejw)  
6)  X(ej0) = 0 
 
Which, if any, of the following signals have Fourier transforms that satisfy each of the above 
conditions: 
 
a)  x[n] Shown in the following diagram 

  
b)  x[n] = (1/2)|n| 
c)  x[n] = [n – 1] + [n + 3] 
 

n 

x[n] 

1/2 
1 

-1     0     1      2        3      4      5      6 

3/2 
2 

-2 
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x[n] 

1 
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-2 

-1      0     1    2       3    4        5      6       
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-2 

1 1 
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Solution: 
 
Facts: 
1)  For Re{X(ejw)} to be zero, the signal must be real and odd. 
2) For Im{X(ejw)} to be zero, the signal must be real and even. 
3) Assume Y(ejw) =ejawX(ejw). Using the time shifting property of the Fourier transform we have y[n]=x[n+a].  

If Y(ejw) is real, then y[n] is real and even (assuming that x[n] is real).  Therefore x[n] has to be 
symmetric about a. 

4) Since ]0[2)( xdweX jw 



 . The given condition is satisfied only if x[0]=0. 

5) X(ejw) is always periodic with period 2.  Therefore, all signals satisfy this condition. 

6) Since X(ej0)= 


n

nx ][ , the given condition is satisfied only if samples of the signal add up to zero. 

 Cond. 
#1 

Cond. 
#2 

Cond. 
#3 

Cond. 
#4 

Cond. 
#5 

Cond. 
#6 

Part a   Yes  Yes  
Part b  Yes Yes  Yes  
Part c     Yes  

 
8U.  Six conditions are listed below:  

1)  Real{X(ejw)}  =  0 
2)  Imaginary{X(ejw)} = 0 
3)  There exist a real a such that ejaw X(ejw) is real. 

4)  



dweX jw )(  is periodic 

5)  Periodic X(ejw)  
6)  X(ej0) = 0 
 
Which, if any, of the following signals have Fourier transforms that satisfy each of the above 
conditions: 
 
a)  x[n] = (1/3)|n| 
b)  x[n] = [n + 1] + [n - 3] 
 
Solution: 
 

 
9S.  Using X(ejw) as the Fourier transform of  x[n], express the Fourier transform of the following signal 
in terms of X(ejw). 
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9U. Given that x[n] has Fourier transform X(ejw), express the Fourier transform of the following signal in 
terms of X(ejw):  
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  y[n] = (n2+ 3n + 5 )x[n] 
 

Solution: 
 
10S.  Use the inverse Fourier transform integral to determine the inverse Fourier transform of: 
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10U.  Express the Fourier transform of the following signal in terms of X(ejw):  

y [n] = 
2

][][* nxnx 
 

 
Solution: 
 

  


