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Divergence

   1
ˆlim

0 S

dS
V

V

  


A r A r n
  

- Scalar quantity

- Its value DOES NOT DEPEND on the coordinate system we have chosen

- Its analytical expression DEPENDS on the coordinate system we have chosen
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Divergence

   1
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dS
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  
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Gauss theorem

    ˆ
V S

dV dS   A r A r n
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Curl

- Vector quantity

- Its value DOES NOT DEPEND on the coordinate system we have chosen

- Its analytical expression DEPENDS on the coordinate system we have chosen

    1
ˆ ˆlim

0 C

dc
S

S

   


A r n A r c
  
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Curl

    1
ˆ ˆlim
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dc
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  

    ˆ ˆ
S C

dS dc    A r n A r c
  

Stokes theorem
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Cartesian Coordinates
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Spherical Coordinates
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James Clerk Maxwell 1831-1879 
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Maxwell equations

Differential form 
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Maxwell equations: integral form
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… mathematical tools that we will exploit today…

II)

I) Gauss theorem

Stokes theorem

    ˆ
V S

dV dS   A r A r n
  

    ˆ ˆ
S C

dS dc    A r n A r c
  
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Lenz-Neumann law
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 
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Maxwell equations: integral form 

Ampere-Faraday law
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Maxwell equations

Differential form Integral form 
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Maxwell equations: integral form 

   , ,t t  d r r
  
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Maxwell equations: integral form 

   , ,t t  d r r
  
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Maxwell equations: integral form 

   , ,t t  d r r
      , ,

V V

dV t dV t   d r r
  
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Maxwell equations: integral form 

   , ,t t  d r r
      , ,

V V

dV t dV t   d r r
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Gauss theorem
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dV dS   A r A r n
  
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Maxwell equations: integral form 
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( )q t

Maxwell equations: integral form 

   , ,t t  d r r
      , ,

V V
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  ˆ,
S

dS t   d r n
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Maxwell equations: integral form 

   , ,t t  d r r
  

Coulomb law

  ˆ, ( )
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dS t q t  d r n
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Maxwell equations

Differential form Integral form 
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Maxwell equations: integral form 

 , 0t  b r
 
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Maxwell equations: integral form 

 , 0
V

dV t  b r
 

 , 0t  b r
 
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Maxwell equations: integral form 

 , 0
V

dV t  b r
 

Gauss theorem

    ˆ
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  ˆ, 0
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Maxwell equations: integral form 

 , 0t  b r
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… mathematical tools …

   0  A r
 
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Maxwell equations

Differential form 
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Maxwell equations

Current density equation

Integral form Differential form 

Current density equation
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Maxwell equations

Current density equation

Gauss theorem

    ˆ
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Maxwell equations

Current density equation

Gauss theorem
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Maxwell equations

  ( )
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dt
   j r n
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Integral form 

Current density equation
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Maxwell equations
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Integral form 

Current density equation
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Maxwell equations: Time domain, 
Frequency domain, Phasors
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Frequency domain

( )f t

Time domain Frequency domain
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Frequency domain

Fourier Transform (FT)

( )f t ( )F 

Time domain Frequency domainFT

( ) ( ) j tF f t e dt






 
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Frequency domain

Fourier Transform (FT)

( )f t ( )F 

Time domain Frequency domainFT

( ) ( ) j tF f t e dt






 

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

( ) ( ) j tF f t e dt






 

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

( )f t ( )F 

Time domain Frequency domain

Fourier Transform (FT)
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Frequency domain

( ) ( ) j tF f t e dt






 

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

( )f t ( )F 

Time domain Frequency domain

1
( ) ( )

2
j tf t F e d 







  Inverse Fourier Transform (IFT)

IFT

Fourier Transform (FT)
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Frequency domain

( ) ( ) j tF f t e dt



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 

( )f t ( )F 
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
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( )f t FT
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Frequency domain

( ) ( ) j tF f t e dt






 

( )f t ( )F 

Time domain Frequency domain

( )f t

2) Time-domain derivative and Fourier Transform

( )F FT

FT

Fourier Transform (FT)
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Frequency domain

( ) ( ) j tF f t e dt






 

( )f t ( )F 

Time domain Frequency domain

( )f t

2) Time-domain derivative and Fourier Transform

( )F FT

df

dt
FT

FT

Fourier Transform (FT)
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Frequency domain

( ) ( ) j tF f t e dt
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
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 

( )f t ( )F 

Time domain Frequency domain

( )f t

2) Time-domain derivative and Fourier Transform

( )F FT

df

dt
( )j F FT

FT

Fourier Transform (FT)


