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New formulas, important considerations, 
important formulas, important concepts
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Mathematical tools that we will exploit today
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Poynting theorem (TD)
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Poynting theorem (TD)
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Hypotheses on the medium

- Local (TND & SND)

- Linear

      2
, , ,t t t e r e r e r

     

     , ,
,

t t
t

t

          

ε r e r
e r

  
    2

,t e r
     0 , ,t t j r e r

   



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC                                                                           Corso di Campi Elettromagnetici 17 Aprile 2020

Hypotheses on the medium

- Local (TND & SND)

- Linear

Poynting theorem (TD)

( , )t s r
     , ,t t     e r h r

  

   ( , ) , ,t t t s r e r h r
    

Poynting vector   2
:
Watt

m
s


       , , , ,t t t t           h r e r e r h r
      

 
   , ,

,
t t

t
t

          

μ r h r
h r

        , ,
,

t t
t

t

          

ε r e r
e r

  
    2

,t e r
     0 , ,t t j r e r

   



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC                                                                           Corso di Campi Elettromagnetici 17 Aprile 2020

Poynting theorem (TD)

( , )t s r
     , ,t t     e r h r

  

   ( , ) , ,t t t s r e r h r
    

Poynting vector   2
:
Watt

m
s


       , , , ,t t t t           h r e r e r h r
      

 
   

 
   

     2

0

, , , ,
, , , , ,

t t t t
t t t t t

t t


                              

μ r h r ε r e r
h r e r e r j r e r

             

   
   
 

( , ) ,

( , ) ,

( , ) ,

t t

t t

t t







 
 




d r r e r

b r r h r

j r e r

    
   
   

                 2

0

, ,
, , , , ,

t t
t t t t t

t t
  

 
       

 
h r e r

r h r r e r e r j r e r

             

 
 

2
,1

2

t

t



 



h r
r

 
  

  2
,1

2

t

t







e r
r

 
      2

0, , ,t t t  e r j r e r
    

     
2

, 1

2

tt
t

t t


 

 

AA r
A

 

Hypotheses on the medium

- Local (TND & SND)

- Linear

- Time-invariant

- Isotropic
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Poynting theorem (TD)
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Hypotheses on the medium

- Local (TND & SND)

- Linear

- Time-invariant

- Isotropic

Why isotropic?
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- Local (TND & SND)

- Linear
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Hypotheses on the medium

- Local (TND & SND)

- Linear

- Time-invariant

- Isotropic
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Poynting theorem (TD)
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Hypotheses on the medium

- Local (TND & SND)

- Linear

- Time-invariant

- Isotropic

Dimensional units of energy densities.
This is not surprising, since in the static case they are the electric energy density 
and the magnetic  energy density, respectively.
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Poynting theorem (TD)
Hypotheses on the medium

- Local (TND & SND)

- Linear
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- Isotropic
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Energy of the e.m. field

This equation states that the conservation of energy if we read as the electromagnetic flux per unit area.  ˆ,t s r n
 

The energy associated with the electromagnetic field is distributed within, and propagated through the medium. In any
given space and time interval, the energy delivered by the sources, equals the sum of the energy dissipated, transferred
outside and stored inside the volume


