
Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC – Corso di Campi Elettromagnetici – 21 Marzo 2022

Campi Elettromagnetici

a.a. 2021-2022  - Laurea “Triennale” – Secondo semestre - Secondo anno

Corso di Laurea in Ingegneria Informatica, Biomedica e delle 
Telecomunicazioni

Stefano Perna

Università degli Studi di Napoli “Parthenope”



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC – Corso di Campi Elettromagnetici – 21 Marzo 2022

   

     

   
 

,
,

,
, ,

, ,

, 0

t
t

t

t
t t

t

t t

t



 
  


    
 

  

b r
e r

d r
h r j r

d r r

b r

 
 

    

  
 

Maxwell equations

Differential form Integral form 

   ˆ ˆ, ,
C S

d
dc t dS t

dt
    










 e r c b r n
  

  ˆ, ( )
S

dS t q t  d r n
 
  ˆ, 0

S

dS t   b r n
 

   ˆ ˆ, , ( )
C S

d
dc t dS t i t

dt
    h r c d r n

  

   ,
, 0

t
t

t


  


r

j r
    ( )

ˆ, 0
S

dq t
dS t

dt
   j r n

 



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC – Corso di Campi Elettromagnetici – 21 Marzo 2022

Maxwell equations: Time domain, 
Frequency domain, Phasors
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Frequency domain
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Frequency domain

Fourier Transform (FT)
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1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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2) Time-domain derivative and Fourier Transform
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Frequency domain

- Fourier Transform and functions of n variables

- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables
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Frequency domain

- Fourier Transform and functions of n variables

- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Frequency domain

- Fourier Transform and functions of n variables

- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Fourier Transform and functions of n variables 
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Fourier Transform and functions of n variables 
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One Dimensional Fourier Transform (1D-FT)

1D-FT

Fourier Transform and functions of n variables 
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1D-FT

2) Time domain derivative and Fourier Transform

Fourier Transform and functions of n variables 
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Fourier Transform and functions of n variables 
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1 2 3 4( , , , )f t t t t

Starting domain Spectral domain

Three Dimensional Fourier Transform (3D-FT)

1 2 3 4( , , , )F t   

1 2 3 4( , , , )F t  

1) How to jump back from the Spectral domain to the Time domain

Fourier Transform and functions of n variables 

3 31 1 2 2
1 2 3 1 2 3 4( , , , ) j tj t j tdt dt dt f t t t t e e e  
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 

  
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1 2 3 4( , , , )f t t t t

Starting domain Spectral domain

Three Dimensional Fourier Transform (3D-FT)

1 2 3 4( , , , )F t   

1 2 3 4( , , , )F t  
3D-IFT
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2
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  

   
     3D-IFT

1) How to jump back from the Spectral domain to the Time domain

Fourier Transform and functions of n variables 

3 31 1 2 2
1 2 3 1 2 3 4( , , , ) j tj t j tdt dt dt f t t t t e e e  

  
 

  
  
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1 2 3 4( , , , )f t t t t

Starting domain Spectral domain4D-FT

Four Dimensional Fourier Transform (4D-FT)
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4D-IFT

1) How to jump back from the Spectral domain to the Time domain

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain

?

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain

?

One Dimensional Fourier Transform (1D-FT)

1D-FT

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain

One Dimensional Fourier Transform (1D-FT)
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( , , , )F x y z 

1D-FT

( , , , )F x y z

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain

One Dimensional Fourier Transform (1D-FT)

( , , , ) j tf t x y z e dt





( , , , )F x y z 

( , , , )F x y z

1) How to jump back from the Spectral domain to the Time domain

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain

One Dimensional Fourier Transform (1D-FT)
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
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( , , , )F x y z 

( , , , )F x y z
1D-IFT
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j tf t x y z F x y z e d 







  1D-IFT

1) How to jump back from the Spectral domain to the Time domain

Fourier Transform and functions of n variables 
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1D-FT

1D-FT

1D-IFT

( , , , )f t x y z ( , , , )F x y z
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2
j tf t x y z F x y z e d 
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 

Fourier Transform and functions of n variables 

( , , , )f t x y z

Starting domain Spectral domain

( , , , )F x y z
1D-IFT

( , , , )F x y z
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( , , , )f t x y z

Starting domain Spectral domain1D-FT

( , , , )F x y z

2) Time domain derivative and Fourier Transform

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain1D-FT

( , , , )F x y z

2) Time domain derivative and Fourier Transform

1D-FT

f

t




1D-FT

( , , , )f t x y z ( , , , )F x y z

?

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain1D-FT

( , , , )F x y z

2) Time domain derivative and Fourier Transform

1D-FT

f

t




1D-FT

( , , , )f t x y z ( , , , )F x y z

( , , , )j F x y z 

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain1D-FT

( , , , )F x y z

2) Time domain derivative and Fourier Transform

1D-FT

f

t




1D-FT
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


1D-FT

f

y


 1D-FT

( , , , )f t x y z ( , , , )F x y z

( , , , )j F x y z 

?

?

Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain1D-FT

( , , , )F x y z

2) Time domain derivative and Fourier Transform

1D-FT

f

t




1D-FT
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x




1D-FT
( , , , )F x y z
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


f

y


 1D-FT

( , , , )f t x y z ( , , , )F x y z

( , , , )j F x y z 

( , , , )F x y z

y




Fourier Transform and functions of n variables 
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( , , , )f t x y z

Starting domain Spectral domain

Four Dimensional Fourier Transform (4D-FT)

( , , , ) j t jux jvy jwzf t x y z e e e e dt dxdy dz
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   
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4D-IFT

( , , , )F u v w 
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4D-IFT

( , , , )F u v w

4D-FT

1) How to jump back from the Spectral domain to the Time domain

Fourier Transform and functions of n variables 
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Frequency domain

- Fourier Transform and functions of n variables

- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


Time domain Frequency domain

?

Fourier Transform and vector functions
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Time domain Frequency domain

( )xf t ( )xF 1D-FT

1D-FT( )yf t ( )yF 

1D-FT( )zf t ( )zF 

?ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


Fourier Transform and vector functions
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Time domain Frequency domain

( )xf t ( )xF 1D-FT
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
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 
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

Fourier Transform and vector functions
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Time domain Frequency domain

( )xf t ( )xF 1D-FT
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
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
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Fourier Transform and vector functions
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Time domain Frequency domain

( )tf


( )F
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FT

ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zF i F i F i     F


ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


Fourier Transform and vector functions
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Time domain Frequency domain

ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zF i F i F i     F


ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


Fourier Transform and vector functions

1) How to jump back from the Spectral domain to the Time domain
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Time domain Frequency domain

( )xF  1D-IFT

1D-IFT( )yF 

1D-IFT( )zF 

ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zF i F i F i     F


ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


1) How to jump back from the Spectral domain to the Time domain

Fourier Transform and vector functions
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Time domain Frequency domain

( )xf t( )xF  1D-IFT

1D-IFT ( )yf t( )yF 

1D-IFT ( )zf t( )zF 
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zF e d 







 

ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zF i F i F i     F


ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


Fourier Transform and vector functions

1) How to jump back from the Spectral domain to the Time domain
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Time domain Frequency domain

ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zF i F i F i     F


ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


Fourier Transform and vector functions

2) Time domain derivative and Fourier Transform
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Time domain Frequency domain

ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zF i F i F i     F


ˆ ˆ ˆ( ) ( ) ( ) ( )x x y y z zt f t i f t i f t i  f


Fourier Transform and vector functions
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FT
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dt
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

FT

2) Time domain derivative and Fourier Transform
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Time domain Frequency domain
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
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Fourier Transform and vector functions
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2) Time domain derivative and Fourier Transform
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Time domain Frequency domain
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
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Fourier Transform and vector functions
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2) Time domain derivative and Fourier Transform

?

?

?
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Time domain Frequency domain
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
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Fourier Transform and vector functions
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2) Time domain derivative and Fourier Transform
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Time domain Frequency domain
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Fourier Transform and vector functions
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2) Time domain derivative and Fourier Transform
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Time domain Frequency domain
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2) Time domain derivative and Fourier Transform
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Time domain Frequency domain
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- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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FT

FT

2) Time domain derivative and Fourier Transform
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FT

FT

2) Time domain derivative and Fourier Transform
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Fourier Transform and vector functions of n variables 
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Maxwell equations 
Time domain & Frequency domain
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t 

Frequency domain

Maxwell equations 
Time domain & Frequency domain
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