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Radiation problem

Summary of the past lecture
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J (Sources) ρ

E H (Fields) 

∇ × E = − jωµH

∇ × H = jωεE + J

∇ ⋅εE = ρ
∇ ⋅ µH = 0













J (Sources) ρ

E H (Fields) 

A Φ (Potentials) 

Potentials

Summary of the past lecture
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Potentials

Summary of the past lecture
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∇2A+ k2A= −µJ


 Vector Helmholtz equation

J

H = 1

µ
∇ × A   and  E = − jωA+ ∇∇ ⋅ A

jωεµ

A

E H

Potentials

Summary of the past lecture
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Potentials

∇2A+ k2A= −µJ


 Vector Helmholtz equation

J
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… mathematical tools …

( ) ( ) ( )x y z
ˆ ˆ ˆC , , C , , C , ,x y zx y z i x y z i x y z i= + +C

( ), ,x y zΦ Φ=

2 2 2
2

2 2 2x y z

Φ Φ ΦΦ Φ ∂ ∂ ∂∇ = ∇⋅∇ = + +
∂ ∂ ∂

2 2 2 2ˆ ˆ ˆC C Cx x y y z zi i i∇ = ∇ +∇ +∇C
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Potentials

∇2A+ k2A= −µJ


 Vector Helmholtz equation
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Potentials
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2 2
x x xA k A Jµ∇ + = −

Let us address the solution of the following scalar 
Helmholtz equation
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Potentials

2 2
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Potentials
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Exploitation of the 
spherical coordinate 
system is particularly 
appropriate
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Reference systems
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îϕ

îϑ
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Potentials

( ) ( ) ( )2 2g k g δ∇ + =r r r
� � �

However, due to symmetry considerations, the function Ax(r,ϑ,ϕ) turns out to be 
independent of ϑ and ϕ, that is, 

( ) ( ), ,g g r ϑ ϕ=r
�

( ) ( )g g r=r
�

Accordingly, in the whole three dimensional space the solution of the Helmholtz 
equation is:

where, in principle,
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Potentials
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Potentials

∇2A+ k2A= −µJ
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Potentials

∇2A+ k2A= −µJ


 Vector Helmholtz equation

J(r)

H = 1

µ
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Potentials

0

z

y

x

P

r
�

( ) ( )
4

jke
d

µ
π

′− −

′ ′=
′−∫

r r

A r J r r
r r

� �

� � �

� �

′r
�

′−r r
� �

( )′J r
�



Stefano Perna – Università Parthenope – Ingegneria Informatica, Biomedica e delle TLC – Corso di Campi Elettromagnetici – 7 maggio 2018

Elementary electrical dipole

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

electrical dipole.

ˆ( ) ( ) ( ) zI z x y z i∆ δ δ δ=ˆ( ) 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?


