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New formulas, important considerations, 
important formulas, important concepts

Memo

Mathematical tools to be exploited

Mathematics

Color legend

Very important for the discussion



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC                                                                           Corso di Campi Elettromagnetici 27 Maggio 2022
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Elementary electrical dipole
• A δ-source radiating element is also known as elementary electrical dipole.

ˆ( ) ( ) ( ) zI z x y z i   =ˆ( ) zI z i =J r


• Why is such a radiating element
referred to as elementary electrical
dipole?

• How can we physically approximate
an elementary electrical dipole?

• Why are we interested in such a
radiating element?
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The E.M. field radiated by the elementary electrical dipole
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     ˆ ˆE , E ,r rr i r i  = +E r
 

    ˆH ,r i =H r
 

Because of the problem symmetry there is no dependence on the azimuth angle .

• A δ-source radiating element is also known as elementary electrical dipole.

ˆ( ) ( ) ( ) zI z x y z i   =ˆ( ) zI z i =J r


Elementary electrical dipole
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In the far-field case (r>>l) the elementary electrical dipole behaves as follows
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Elementary electrical dipole: far field
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Consider a source distribution            with its associated electromagnetic field

Consider a (smooth) surface A with an everywhere defined unit normal

Consider the values of the tangential component of the electric (or magnetic) field upon the surface A; that is,                                      
consider                                  on the boundary   

The Uniqueness Theorem states that the electromagnetic field produced by the source in (I) within the infinite volume V outside 
the surface A in (II), enforcing the boundary condition in (IV) as well as the radiation condition at infinity is unique. 
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 ˆ ˆor´ ´n E n H


 J r
     ,E r H r

  

 J r
     ,E r H r

  

 ˆ ˆor´ ´n E n H




Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC                                                                           Corso di Campi Elettromagnetici 27 Maggio 2022

In the far-field case (r>>l) the elementary electrical dipole behaves as follows
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Elementary electrical dipole: far field

Uniqueness is guaranteed
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Small loop antenna

A simple and inexpensive antenna type is
the loop antenna
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ˆ( ) ( )I z r a i  = -J

Small loop antenna
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.. by assuming that the current I in 
the small loop is constant and that 

the radius of the loop a<<λ

Small loop antenna

ˆ( ) ( )I z r a i  = -J
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The E.M. field radiated by the the small loop antenna

     ˆ ˆH , H ,r rr i r i  = +H r
 

    ˆE ,r i =E r
 

Because of the problem symmetry there is no dependence on the azimuth angle .

Small loop antenna
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Small loop antenna: far field
The E.M. field radiated by the the small loop antenna

     ˆ ˆH , H ,r rr i r i  = +H r
 

    ˆE ,r i =E r
 

… for r>>l  r>>1 simplifies as 
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    ˆH ,r i =H r
 

    ˆE ,r i =E r
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In the far-field case (r>>l) the small loop antenna behaves as follows

Small loop antenna: far field
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In the far-field case (r>>l) the small loop antenna behaves as follows

Small loop antenna: far field
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In the far-field case (r>>l) the small loop antenna behaves as follows

Small loop antenna: far field
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Small loop antenna: power flux
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Small loop antenna: power flux
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• Note that in the far-field case only the first active power term exists and it does not depend on r
• Note that the real part of the power, in lossless medium, is independent of r, therefore if one

consider two different spherical surfaces one gets the same result. Only the so-called radiative terms
contribute.

• The reactive part depends on r. The reactive part depends on r. Its sign is positive showing that there
is an excess of stored magnetic energy in the neighbor of the magnetic dipole (see Poynting’s
theorem)
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Elementary electrical dipole

Elementary electrical dipole vs. small loop antenna
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WHY?

Small loop antenna
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Small loop antennaElementary electrical dipole

ˆ( ) ( )I z r a i  = -Jˆ( ) zI z i =J r


• Why is such a radiating element referred to as
elementary electrical dipole?

• How can we physically approximate an
elementary electrical dipole?

• Why are we interested in such a radiating
element?

Small loop antenna
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Small loop antennaElementary electrical dipole

ˆ( ) ( )I z r a i  = -Jˆ( ) zI z i =J r


Small loop antenna
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Small loop antennaElementary electrical dipole

ˆ( ) ( )I z r a i  = -Jˆ( ) zI z i =J r
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Elementary electrical dipole vs. small loop antenna
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Small loop antennaElementary electrical dipole

ˆ( ) ( )I z r a i  = -Jˆ( ) zI z i =J r
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Elementary electrical dipole vs. small loop antenna
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Small loop antenna

WHY?
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Magnetic Sources

0

j

j

wm
we

e 
m

Ñ´ = -ì
ïÑ´ = +ï
íÑ × =ï
ïÑ × =

E H

H E J

E

H



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC                                                                           Corso di Campi Elettromagnetici 27 Maggio 2022

j

j

wm
we

e



m

Ñ´ = -ì
ïÑ´ = +ï
íÑ × =ï
ïÑ × =

-



E H

H E J

J

E

H

m

m

Magnetic Sources



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC                                                                           Corso di Campi Elettromagnetici 27 Maggio 2022

What is the relation between sources and 
fields in this case?
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Let’s simplify the question. What is the 
relation between sources and fields in this 
case?

What is the relation between sources and 
fields in this case?
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Let’s simplify the question. What is the 
relation between sources and fields in this 
case?

What is the relation between sources and 
fields in this case?

In principle, we could
replace the same approach
as that exploited for the
electric sources
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Let’s simplify the question. What is the 
relation between sources and fields in this 
case?

What is the relation between sources and 
fields in this case?

In practice, we follow an easier way, provided by the duality theorem
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Let’s simplify the question. What is the 
relation between sources and fields in this 
case?
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fields in this case?

In practice, we follow an easier way, provided by the duality theorem

J
m m = - = -J J

,E H 1
,


 = = -E H H E

0

j

j

wm
we

e
m 

Ñ´ = -ì
ïÑ´ =ï
íÑ × =ï
ïÑ × =

-



JE H

H E

E

H

m

m

Magnetic Sources



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC                                                                           Corso di Campi Elettromagnetici 27 Maggio 2022

Duality Theorem
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ˆ( ) ( ) ( ) zI z x y z i   =ˆ( ) zI z i =J r


I z j Q z j U w  w= =

Elementary electrical dipole

ˆ( ) ( ) ( )m zI z x y z i   =ˆ( )m m zI z i =J r


m mI z j U w=

Elementary magnetic dipole

Elementary electrical and magnetic dipoles
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Elementary electrical dipole Elementary magnetic dipole

ˆ( )m m zI z i =J r


m m

ˆ( ) zI z i =J r


Elementary electrical and magnetic dipoles
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Duality Theorem
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By applying the Duality theorem it turns out that the small loop antenna is equivalent
to an elementary magnetic dipole, provided that:

mU I Sm =

Ampere equivalence theorem

Elementary electrical and magnetic dipoles
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Elementary electrical dipole Elementary magnetic dipole

ˆ( )m m zI z i =J r


m m
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• Why is such a radiating element referred to as
elementary electrical dipole?

• How can we physically approximate an
elementary electrical dipole?

• Why are we interested in such a radiating
element?

• Why is such a radiating element referred to as
elementary magnetic dipole?

• How can we physically approximate an
elementary magnetic dipole?

• Why are we interested in such a radiating
element?

Elementary electrical and magnetic dipoles


