
Incidenza obliqua nei casi n2 > n1
e n1 > n2, ϑ1 < ϑL

n1 sinϑ1 = n2 sinϑ2 Legge di Snell
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mezzo 1 mezzo 2

�u = �ux sinϑ1 + �uz cosϑ1
�b = �u× �uy = −�ux cosϑ1 + �uz sinϑ1

�E = (F⊥ �uy + F‖�b ) e−jβ1�u·�r

ηo �H = n1 (F⊥�b− F‖ �uy ) e
−jβ1�u·�r

�u ′ = �ux sinϑ1 − �uz cosϑ1
�b ′ = �u ′ × �uy = �ux cosϑ1 + �uz sinϑ1

�E ′ = (F ′
⊥ �uy + F ′

‖�b
′ ) e−jβ1�u ′·�r

ηo �H ′ = n1 (F
′
⊥�b ′ − F ′

‖ �uy ) e
−jβ1�u ′·�r

�u ′′ = �ux sinϑ2 + �uz cosϑ2
�b ′′ = �u ′′ × �uy = −�ux cosϑ2 + �uz sinϑ2

�E ′′ = (F ′′
⊥ �uy + F ′′

‖ �b ′′ ) e−jβ2�u ′′·�r

ηo �H ′′ = n2 (F
′′
⊥�b ′′ − F ′′

‖ �uy ) e
−jβ2�u ′′·�r
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formule di Fresnel

Γ⊥ =
F ′
⊥

F⊥
=

n1 cosϑ1 − n2 cosϑ2
n1 cosϑ1 + n2 cosϑ2

T⊥ =
F ′′
⊥

F⊥
=

2n1 cosϑ1
n1 cosϑ1 + n2 cosϑ2

Γ‖ =
F ′
‖

F‖
=

n2 cosϑ1 − n1 cosϑ2
n2 cosϑ1 + n1 cosϑ2

T‖ =
F ′′
‖
F‖

=
2n1 cosϑ1

n2 cosϑ1 + n1 cosϑ2

2



Incidenza obliqua nel caso n1 > n2, ϑ1 > ϑL

�u = �ux sinϑ1 + �uz cosϑ1
�b = �u× �uy = −�ux cosϑ1 + �uz sinϑ1

�E = (F⊥ �uy + F‖�b ) e−jβ1�u·�r

ηo �H = n1 (F⊥�b− F‖ �uy ) e
−jβ1�u·�r

�u ′ = �ux sinϑ1 − �uz cosϑ1
�b ′ = �u ′ × �uy = �ux cosϑ1 + �uz sinϑ1

�E ′ = (F ′
⊥ �uy + F ′

‖�b
′ ) e−jβ1�u ′·�r

ηo �H ′ = n1 (F
′
⊥�b ′ − F ′

‖ �uy ) e
−jβ1�u ′·�r

�γ = �α+ j�β �β =
ω

c
n1 sinϑ1 �ux �α = α �uz

�E ′′ =
(
F ′′
⊥ �uy + F ′′

‖ �p‖
)

e−�γ·�r

ηo �H ′′ =

( |�γ | c
jω

F ′′
⊥ �p‖ −

jω n2
2

|�γ | c F ′′
‖ �uy

)
e−�γ·�r
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Γ⊥ =
F ′
⊥

F⊥
=

cosϑ1 + j
√
sin2 ϑ1 − sin2 ϑL

cosϑ1 − j
√
sin2 ϑ1 − sin2 ϑL

T⊥ =
F ′′
⊥

F⊥
=

2 cosϑ1

cosϑ1 − j
√
sin2 ϑ1 − sin2 ϑL

Γ‖ =
F ′
‖

F‖
=

sin2 ϑL cosϑ1 + j
√
sin2 ϑ1 − sin2 ϑL

sin2 ϑL cosϑ1 − j
√
sin2 ϑ1 − sin2 ϑL

T‖ =
F ′′
‖
F‖

=
2j cosϑ1

√
2 sin2 ϑ1 − sin2 ϑL

sin2 ϑL cosϑ1 − j
√
sin2 ϑ1 − sin2 ϑL
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Incidenza obliqua su un buon conduttore

�uz × �E = Rs(1 + j) �HT condizione di Leontovič
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ϑ1

mezzo 1

buon
conduttore

�u = �ux sinϑ1 + �uz cosϑ1
�b = �u× �uy = −�ux cosϑ1 + �uz sinϑ1

�E = (F⊥ �uy + F‖�b ) e−jβ1�u·�r

ηo �H = n1 (F⊥�b− F‖ �uy ) e
−jβ1�u·�r

�u ′ = �ux sinϑ1 − �uz cosϑ1
�b ′ = �u ′ × �uy = �ux cosϑ1 + �uz sinϑ1

�E ′ = (F ′
⊥ �uy + F ′

‖�b
′ ) e−jβ1�u ′·�r

ηo �H ′ = n1 (F
′
⊥�b ′ − F ′

‖ �uy ) e
−jβ1�u ′·�r
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Γ⊥ =
F ′
⊥

F⊥
=

Rs(1 + j) cosϑ1 − η1
Rs(1 + j) cosϑ1 + η1

Γ‖ =
F ′
‖

F‖
=

η1 cosϑ1 −Rs(1 + j)

η1 cosϑ1 +Rs(1 + j)
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Incidenza normale (mezzi qualsiasi)

�E = F e− γ1z �p γ1 = α1 + jβ1

�H =
F

η1
e− γ1z �uz × �p

W = Re

(
1

η∗1

) |F |2
2

e−2α1z

�E ′ = F ′ eγ1z �p

�H ′ = −F ′
η1

eγ1z �uz × �p

W ′ = Re

(
1

η∗1

) |F ′ |2
2

e2α1z

�E ′′ = F ′′ e−γ2z �p γ2 = α2 + jβ2

�H ′′ =
F ′′
η2

e−γ2z �uz × �p

W ′′ = Re

(
1

η∗2

) |F ′′ |2
2

e−2α2z
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Incidenza normale su uno strato di spessore d (mezzi qualsiasi)

�E = F e− γ1z �p γ1 = α1 + jβ1

�H =
F

η1
e− γ1z �uz × �p W = Re

(
1

η∗1

) |F |2
2

e−2α1z

�E ′ = F ′ eγ1z �p

�H ′ = −F ′

η1
eγ1z �uz × �p W ′ = Re

(
1

η∗1

) |F ′ |2
2

e2α1z

�E ′′ = F ′′ e−γ2(z−d) �p γ2 = α2 + jβ2

�H ′′ =
F ′′

η2
e−γ2(z−d) �uz × �p W ′′ = Re

(
1

η∗2

) |F ′′ |2
2

e−2α2(z−d)

�Es = (Ae−γz +B eγz) �p γ = α+ jβ

�Hs =
Ae−γz −B eγz

η
�uz × �p
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n1 = 1 , n2 = 9
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n1 = 1 , n2 = 2
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n1 = 2 , n2 = 1
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