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Signals & Systems - Chapter 4 
 
1S. Use the Fourier transform analysis equation to calculate the Fourier transform of:  

a)  )1()1(2  tue t  b)  |1|2  te  
Sketch and label the magnitude of each Fourier transform. 
 
Solution:  For Fourier Transform we have 

    
𝑥(𝑡) =

ଵ

ଶగ
∫ 𝑋(𝑗𝑤)𝑒௝௪௧𝑑𝑤

ஶ

ିஶ
 𝐹𝑜𝑢𝑟𝑖𝑒𝑟 𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚 𝑆𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

𝑋(𝑗𝑤) = ∫ 𝑥(𝑡)𝑒ି௝௪௧𝑑𝑡
ஶ

ିஶ
  𝐹𝑜𝑢𝑟𝑖𝑒𝑟 𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛

 

 
a)  Using the Fourier Transform Analysis equation 
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b)  Using the Fourier Transform Analysis equation 
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1U. Use the Fourier transform analysis equation to calculate the Fourier transform of:  

a)  )3()5(4  tue t  b)  |3|4  te  
Sketch and label the magnitude of each Fourier transform. 
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Solution:   
 

2S. Use the Fourier transform analysis equation to calculate the Fourier transform of: 

a)  )1()1(  tt   b)  )}2()2({  tutu
dt

d
 

Sketch and label the magnitude of each Fourier transform. 
 
Solution:  For Fourier Transform we have 
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a) Use the Fourier Transform Analysis Equation 
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we know that when t=0 then δ(t) =1otherwise δ(t) =0 therefore 
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b) Use the Fourier Transform Analysis Equation 
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2U. Use the Fourier transform analysis equation to calculate the Fourier transform of: 

a)  )2()2(  tt   b)  )}3()3({  tutu
dt

d
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Sketch and label the magnitude of each Fourier transform. 
 

Solution:  
 

3S. Determine the Fourier transform of each of the following periodic signals: 

a)  )
4

2sin(
 t  b)  )

8
6cos(1

  t  

 
Solution: 
 

a) signal )
4

2sin()(
  ttx is periodic with period (Fundamental Period, T=1  w0 = 2) 

The easiest way would be use Euler’s Identity to find the Fourier Series coefficients. 
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We know this signal is periodic with period 1  and we know that a periodic signal in the above form has 
transfer function as shown below:  
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b) signal )
8

6cos(1)(
  ttx is periodic with period (Fundamental Period, T=1/3  w0 = 6) 

The easiest way would be use Euler’s Identity to find the Fourier Series coefficients. 
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This signal is periodic: 

𝑤 =  
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𝑁
=

𝜋

8
→   𝑃𝑒𝑟𝑖𝑜𝑑 𝑁 = 16 

 
Fourier Series Coefficients can be used to to write the X(jw) as: 
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3U. Determine the Fourier transform of each of the following periodic signals: 

a)  )
3

2cos(
 t  b)  )

8

3
5sin(10

  t  

 
Solution: 
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4S. Use the Fourier transform synthesis equation to determine the inverse Fourier transforms of: 

a) )4()4()(2)(1   wwwjwX  b)  
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4U. Use the Fourier transform synthesis equation to determine the inverse Fourier transforms of: 

 
a) 𝑋ଵ(𝑗𝑤) = 3𝑗𝜋𝛿(𝑤 − 2𝜋) + 𝜋𝛿(𝑤 − 4𝜋) − 3𝑗𝜋𝛿(𝑤 + 2𝜋) + 𝜋𝛿(𝑤 + 4𝜋) 
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Solution: 
 

 
5S. Determine whether each of the following statements is true or false. Justify your answers. 

a)  An odd and imaginary signal always has an odd and imaginary Fourier transform. 
b)  The convolution of an odd Fourier transform with an even Fourier Transform is always odd. 
 
Solution: 
 
a) Form Fourier transform properties table we have  

odd signal x(t)  purely imaginary and odd Fourier transform X(jw) 
F{purely imaginary signal jx(t)}  jX(jw) using linearity 
 
Based on the above two statements we can conclude that an odd and imaginary signal jx(t) always has 
an odd and real Fourier transform therefore the problem statement is false. 
 

b)  We have 
1)  odd Fourier transform corresponds to an odd signal 
2)  even Fourier transform corresponds to an even signal 
 



www.EngrCS.com, ik Signals and Systems page 42 

 

Convolution of an even F.T. with an odd F.T. in time domain is multiplication of even and odd function 
which results in an odd function  therefore the problem statement is True.  

 
5U. Determine whether each of the following statements is true or false. Justify your answers. 

 
a) A sin() function will always have pure imaginary even Fourier Transfer function. 
b) A tan() function will always have pure imaginary odd Fourier Transfer function. 
c) A cos() function will always have real and even Fourier Transfer function. 
 
Solution: 
 

 
6S. Compute the Fourier transform for each of the following Signals: 
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From the Fourier Transform Table: 
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e)  

𝑥(𝑡) = [𝑡𝑒ିଶ௧sin4𝑡]𝑢(𝑡) =
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From the Fourier Transform Table: 

0)(2||)(
)1(

)1(2sin
)(

0)(||1)(
sin

)(

1
2

22

111











 jwXotherwisewforejwX
t

t
tx

propertiesscalingtimeandshiftingtimetheapply

jwXotherwisewforjwX
t

t
tx

wjF

F








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






















































k

jwjw

n

nt

n

nt

kw
jw

e
e

jw

e

e
jwX

ntuentuetx

)(
1

1

1

1

1

1
)(

)2()2()(

)1(2
2

)1(2

2

)2()2(


 

 
6U. Compute the Fourier transform for each of the following Signals: 

a)   te t 2cos||4   
 
b)  

 

c)  
Otherwise

tforttx

0

1034)( 2 
 

 

d) 






n

nte |22|  

 
Solution: 
 
 

7S. Determine the continuous-time signal corresponding to each of the following transforms. 

a)  
)2(

)]2(3sin[2
)(








w

w
jwX  

x(t) 

t 
-2         -1                    1        2 

-1 

1 
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b)  )3/4cos()(  wjwX  
 
c)  X(jw) as given by the following magnitude and phase plots 

 
d)  )]2()2([3)]1()1([2)(   wwwwjwX  
 
e)  X(jw) as shown in the following figure 

 
Solution: 
 
a)  

Otherwise

tetx

therefore

txewwjjwX

txotherwiseTtfor
w

wT
jwX

TableTransformFourierInverse

w

w
jwX

tj

tjwF

F

0

3||)(

)())()(

0)(||1
sin2

)(

)2(

)]2(3sin[2
)(

2

1
{}

02

11
{}1

1

0
1

1



 

 















 

 
b) 

𝑋(𝑗𝑤) = cos(4𝑤 + 𝜋/3) =
1

2
{𝑒௝(ସ௪ାగ/ଷ) + 𝑒ି௝(ସ௪ାగ/ଷ)} =

1

2
𝑒௝ସ௪𝑒௝గ/ଷ +

1

2
𝑒ି௝ସ௪𝑒ି௝ /ଷ

𝐼𝑛𝑣𝑒𝑟𝑠𝑒 𝐹𝑜𝑢𝑟𝑖𝑒𝑟 𝑇𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚 𝑇𝑎𝑏𝑙𝑒

𝑒ି௝௪௧బ      →
ிషభ{}

   𝛿(𝑡 − 𝑡଴)
𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒

𝑥(𝑡) =
1

2
𝑒௝గ/ଷ𝛿(𝑡 + 4) +

1

2
𝑒ି௝గ/ଷ𝛿(𝑡 − 4)

 

 

c)  
 
 
 
 
 
 

X(jw) 

1 

-1 1 
w 

-1 

-2 -3 2 3 

|X(jw)| 

1 

-1 1 
w 

X(jw) 

1 

w 
Slope = -3 
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





















 








2

1

0

)3(
0

1

)3(

)}}({{

)3(

1)3cos(

3

)3sin(1
)(

2

1

2

1
)(

2

1
)(...

|)(|)(

000

t

t

t

t
tx

dwewedwewedwejwXtxTFInv

ejwXjwX

tjwwjtjwwjtjw

jwXphasej




 

 
 
d) 

𝑋(𝑗𝑤) = 2[𝛿(𝑤 − 1) − 𝛿(𝑤 + 1)] + 3[𝛿(𝑤 − 2𝜋) + 𝛿(𝑤 + 2𝜋)]

𝐼𝑛𝑣. . 𝐹. 𝑇. 𝑇𝑎𝑏𝑙𝑒 ⇒

2𝜋𝛿(𝑤 − 𝑤଴) →
ூ௡௩.ி்{}

𝑒௝௪బ௧

𝑥(𝑡) =
2

2𝜋
[𝑒௝௧ − 𝑒ି௝௧] +

3

2𝜋
[𝑒௝ଶగ௧ + 𝑒௝ଶగ௧] =

2𝑗

𝜋
sin𝑡 +

3

𝜋
cos(2𝜋𝑡)

 

 
 
e) 

 

2

3

2

2

1

1

2

2

3

2sinsin3cos
)(

2

1
)1(

2

1
)1(

2

1

2

1
)(

)(
2

1
)(...

0000

0

tj

tt

tj

t
tx

dwedwetdwetdwetx

dwejwXtxTFInv

tjwtjwtjwtjw

tjw





























 

X(jw) 

1 

-1 1 
w 

-1 

-2 -3 2 3 

|X(jw)| 

1 

-1 1 
w 

X(jw) 

1 

w 
Slope = -3 
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7U. Determine the continuous-time signal corresponding to each of the following transforms. 

a)  
)5(

)]5(5sin[3
)(








w

w
jwX  

 
b)  )3/22sin()(  wjwX  
 
c)  )]21()21([9)]3()3([5)(   wwwwjwX  
 
 
Solution: 
 
 

8S. Compute Fourier transform for the following signal: 

 1||)()(
0






aforkTtatx
k

k  

 
Solution: 







0

1||)()(
k

k aforkTtatx   

jwT

k

k

k

kjwT

k

jwkTk

jwt

k

kjwt

ae
jwX

awhen
a

asumfiniteApply

eaeajwX

thereforekTtotherwiseKTtforkTtNote

dtekTtadtetxjwX





















































1

1
)(

1||
1

1

)()(

:0)(1)(:

)()()(

0

0

1

0

0





 

 
8U. Compute Fourier transform for the following signals: 

  2||)()
2

(5)(
0

 




aforkTt
a

tx
k

k   

 
Solution: 
 

 
9S. Signal x(t) is input to a filter as shown in the following diagram: 

 Derive the expression for the output y(t) in time domain. 
 
 

Solution: 

Band Reject Filter 
* Gain = 1 
* WcL =1050 rad/sec 
* WcH =9000 rad/sec 

y(t)=? x(t)= )10/5000cos(326 200   te tj  
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9U. Signal x(t) is input to a filter as shown in the following diagram: 

 Derive the expression for the output y(t) in time domain. 

 
 

Solution: 
 
 
 
10S. Consider the signal  

  
112/)1(

1||0)(



tfort

tfortx
 

a)  With the help of Fourier Transform pair table, determine the closed-form expression for X(jw) 
b)  Take the real part of your answer to part (a), and verify that it is the Fourier transform of the 
even part of x(t). 
c)  What is the Fourier transform of the odd part of x(t)? 
 

Solution: 
 
a)   

in order to be able to use the tables, we need to make the following conversions:  

 

We can rewrite x(t) as )1()(
2

1
)(  



tudttytx
t

 and then use the following transformations 

from the table: 

x(t) 

t 

1 -1 

y(t) 

t 

1 -1 

1 

1/2 

Band Pass Filter 
* Gain = 2 
* WcL =1,500 rad/sec 
* WcH =15,000 rad/sec 

y(t)=? x(t)= 10 + 6sin(2000πt) + 4cos(2500πt)  

w,rad/s
-5000π               -9000                  -1050          0    200π      +1050                  9000                   5000π 
-15,200                                                                   650                                                               15,200 

(3/2)e-jπ/10 (3/2)e+jπ/10 
2 

No Pass No Pass 

x(t)= )10/5000cos(326 200   te tj  
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)(
1

)(

)()1(

sin
1||0)(1||2/1)(:

)()0()(
1

)(

w
jw

tu

jwZetz

w

w
tfortyandtfortywaveSquare

wYjwY
jw

dtty

F

jwF

F

F
t


















 

Which leads to: 

)(
sin

)(

)}(
1

{)
sin

{
1

)(

2
we

jw

e

jw

w
jwX

w
jw

e
w

w

jw
jwX

jw
jw

jw














 

b)  
Even part {x(t)} = {x(t) + x(-t)} / 2 

w

w
tfortyandtfortywaveSquare F sin

1||0)(1||2/1)(:    

Therefore F{even part of x(t)}=sin(w) / w  
 

c) 
x(t) = {odd part of x(t)}  +  {even part of x(t)} 
{odd part of x(t)}=x(t) - {even part of x(t)} 

jw

w

jw

w

w

w

jw

e

jw

w
txofpartoddF

jw cossinsinsin
)}({

22




 

 

x(t) 

t 

1 -1 

1 

x(-t) 

t 

1 -1 

1 

y(t) 

t 

1 -1 

1/2 
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10U. Consider the signal  

  
222/

2||0)(




tfort

tfortx
 

a)  With the help of Fourier Transform pair table, determine the closed-form expression for X(jw) 
b)  Take the real part of your answer to part (a), and verify that it is the Fourier transform of the 
even part of x(t). 
c)  What is the Fourier transform of the odd part of x(t)? 
 

Solution: 
 


