
13/01/2006 E.Menichetti �

���� �����	
��
�������������
�
�� ���
�	
�����
��
����

���
�	
��� �������
�
�����
������



13/01/2006 E.Menichetti �

��� �
��������

����	
��
��
�������� �

0

0 0 0

           =

0               

t

t

ρ
ε

µ µ ε

∂∇ ⋅ = ∇× −
∂

∂∇ ⋅ = ∇× = +
∂

BE E

EB B j

�������
 
�������
���
�����������������!��	
��
��
�"�#�$
�%����������
�� �����
������
����	
��������������	
��
�

������	
��
����������������#�φ � �



13/01/2006 E.Menichetti �

�����	
��� ����������
��

���
�����!����������� ���������������
�����
� ����
����
���

0 per campi statici
t

∂∇× = − → ∇× ≡
∂
BE E
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( ),   funzione scalare di ( , , )x y zϕ ϕ ϕ= −∇ =E r
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(Proprieta’ derivate seconde miste..)
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,   funzione vettoriale di ( , , )x y z= ∇×B A A
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ρϕ
ε
µ

∆ = −

∆ = −A j

Equazioni diff. alle derivate parziali, non omogenee
Integrale generale:
Int. generale omogenea associata + Int. particolare
non omogenea
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Metodo della funzione di Green
Carica unitaria,  puntiforme, in r’→
Sol. eq. di Poisson per questo caso: funzione di Green

� � � �3 'G� �� �r r r

� �
� �3

0

, 'G G
�

�

�
�	 ��

r r'
r r

Laplaciano della distanza inversa, integrato su un volume V:
2 3 2 3 31 1 1

'
V V V
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Teo. della divergenza, su sfera S di raggio R che delimita V

3
2

1 1 1 1ˆ ˆ
V S S S

d d d d
r r r r r

�  �  � 
� 
� 
� 
 ��� � � �� � � �� � � � � ���� � � � � � � � �� � � �� � � �� � � �� � � �� � � � � ��� �� �� � ��� � � � � �
� � � �r A r A r A



13/01/2006 E.Menichetti ��

)���	
��� �����
��
������ ��

� � � �

� �

2

2 2

20

2 3 2
0

0

1 4ˆ

0      se 1 ˆlim
-4   se 

1
4 ' 4 ' 4

'

1 1
, '

4 '

S

R
S

G

R
d

r r

r R
d

r Rr

G

G

�

�

�� �� ��

��

�


 ���� � ���� ��� �

� �
 � ����� � �� �� �� �� � ���

 ��� ��� � �� � �� � � ��� ��� �� �

� �
�

�

�

r A

r A

r r r r
r r

r r
r r

Potenziale per densita’ generica ρ: 
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Sviluppo in integrale di Fourier della soluzione:
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Inserendo nell’equazione:
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r Eq. di Helmholtz non omogenea
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Metodo delle funzioni di Green:
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r r
r

G a simmetria sferica, dipendente solo da ' u� �r r

� �
� �22 2

2 2 2

� in coord.sferiche
Indip. dagli angoli

1
, 0,   0

d uG
G u G u

c u du c
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���������

Eq. dei moti armonici; soluzione per r>0:

� � � �1 2

1
, ,    0i u c i u cG u c e c e u

r
� �� �� � �



13/01/2006 E.Menichetti ��

)���	
��� ��������� ���� � ���

Passando dalle trasformate alle funzioni di t:

� � � � � � � �

� � � �

� � � �� � � �
� � � �1 2

3

0

' '3
1 2

0

' '3
1 2

0
', ' ', '

1 ˆ ˆ, , , ', ', '
4

1 1 ˆ' ',
4 '

1 1 ˆ' ',
4 '

i t i t

i c i c i t

i t c i t c

c t c c t c

t e d e d G d

d c e c e e d

d c e c e d

� �

� � �

� �

� �

� � � � � � � �
��

� � �
��

� � �
��

� �

� � � �

� � � � � �

� � � � �

� �

� �
�

� �
�

� � �

� �

� �

r r r r

r r r r

r r r r r r

r r r r r r

r r
r r

r r
r r �������������������

� � � � � �� �3
1 2

0

1 1
, ' ', ' ', '

4 '
t d c t c c t c� � �

��
� � � � � �

��r r r r r r r r
r r

����������������������

� � � � � �� �30
1 2

1
, ' ', ' ', '

4 '
t d c t c c t c
�

�
� � � � � �

��A r r j r r r j r r r
r r

Potenziali ritardati e anticipati
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I potenziali anticipati non si considerano perche’  violano
il principio di causalita’
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ˆ( ) ( ) cost q t q tω= =p s k

2
2

2
2

cos
2

cos
2

s
r r rs

s
r r rs

θ

θ

+

−

� �= − + � �
� �

� �= + + � �
� �

/�����
��	
��
�
�33
�33�2ω

1 1 1 1
1 cos 1 cos

2 2
s s

r r
r r r r

θ θ±
±

� � � �≅ → ≅ ±� � � �
� � � �
�
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 �

� 
r

( ) ( )
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cos cos cos
2

cos cos cos sin sin cos
2 2
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t r c t r c

c

s s
t r c t r c

c c
s

t r c t r c
c

ωω ω θ

ω ωω θ ω θ

ωω θ ω

±
� 	− = − ±
 �� 

� � � �= − −� � � �
� � � �

≅ − −

�

�
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4
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r
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�
5$ ���������
�����������526→��������������������
��
6$ ��������
�����������52
7$ )��88ω2� "←	����������$������

( )0
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θ ωϕ ω
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2
0 0

2
0 0

sin ˆcos
4
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4

p
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t r

p
t r c
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µ ω θϕ ω
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µ ω θ ω
π

∂ � �= −∇ − = − −� �∂ � �
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2 2 3

0
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32 4 3
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µ ω ωθ
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π ωµ φ φ
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Intensita'  vs. angolo
Campo di radiazione di un dipolo elettrico oscillante
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