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Small loop antennaElementary electrical dipole

Summary of the past lecture

ˆ( ) ( )I z r a iϕδ δ ′= −Jˆ( ) zI z i∆ δ=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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Small loop antenna

WHY?
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James Clerk Maxwell 1831-1879 
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n̂i= ×J H

n̂i= − ×mJ E

Exploitation of the equivalence theorem requires 
to manage electrical as well as magnetic sources

Magnetic Sources

Equivalence theorem
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Magnetic Sources

What is the relation between sources and 
fields in this case?
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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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Duality Theorem
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ˆ( ) ( ) ( ) zI z x y z i∆ δ δ δ=ˆ( ) zI z i∆ δ=J r
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I z j Q z j U∆ ω ∆ ω= =

Elementary electrical dipole

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

m mI z j U∆ ω=

Elementary magnetic dipole

Elementary electrical and magnetic dipoles
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By invoking the Duality 

theorem it is possible to 

demonstrate that the small 

loop antenna is equivalent 

to an elementary magnetic 

dipole, provided that:

mU I Sµ ∆=

Ampere equivalence theorem

Elementary electrical and magnetic dipoles



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC – Corso di Campi Elettromagnetici – 14 maggio 2018

Elementary electrical dipole Elementary magnetic dipole
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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
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