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Surface Wave on Plasma Dielectric Boundary

Brewster angle is obtained when,

Γ‖ =
η2 cos θt − η1 cos θB‖

η2 cos θt + η1 cos θB‖
= 0

η1 cos θB‖ = η2 cos θt

and using Snell's law of
refraction: n1 sin θB‖ = n2 sin θt

sin2 θB‖ =
1− (η2/η1)2

1−
(
n1η2
n2η1

)2
=

1− µ2ε1
µ1ε2

1− (ε1/ε2)2

For nonmagnetic material µ1 = µ2,

sin2 θB‖ =
1

1 + ε1/ε2

There is always a real Brewster angle θB‖
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sin2 θB‖ =
1

1 + ε1/ε2
,

sin2 θt =
ε1/ε2

1 + ε1/ε2

The angle θB‖ becomes non-real if ε1/ε2 is
not a positive value.

An interesting case would be if medium 2 is plasma for which,

ε2 = ε0

(
1−

ω2
p

ω2

)
< 0

For the frequency range for which 0 > ε1/ε2 > −1, the angle θB‖ is no
longer real. However sin θB‖is pure real and cos θB‖ is pure imaginary.



Metal Plasma Frequency
Metal can be treated as a collection of free electrons with high density
where the equivalent relative dielectric constant is given by Drude model

εr = 1 +
ω2
p

−ω2 + jωωd

where ωp =

√
Ne2

m∗ε0
is the plasma oscillation frequency, and ωd is the

damping oscillation frequency [Link].

[Link]

http://www.horiba.com/fileadmin/uploads/Scientific/Downloads/OpticalSchool_CN/TN/ellipsometer/Drude_Dispersion_Model.pdf
http://www.wave-scattering.com/drudefit.html


Surface Wave on Plasma Dielectric Boundary

Medium 1 (z < 0),

H1 =
E0i
η1
aye
−jβ1(z cos θB‖+x sin θB‖)

=
E0i
η1
aye

α1zze−jβxx

Medium 2 (z > 0),

H2 =
E0t
η2
aye
−jβ2(z cos θt+x sin θt)

=
E0t
η2
aye
−α2zze−jβxx
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Medium 1 (z < 0),

H1 =
E0i
η1
aye

α1zze−jβxx

Medium 2 (z > 0),

H2 =
E0t
η2
aye
−α2zze−jβxx

βx = β1 sin θB‖ = β2 sin θt =
β1√

1 + ε1/ε2

α1z = −jβ1 cos θB‖ = β1

√
sin2 θB‖ − 1 = β1

√
−ε1/ε2
1 + ε1/ε2

α2z = jβ2 cos θt =
√
β22 sin

2 θt − β22 =

√
β21

1 + ε1/ε2
− β22

α2z = β1

√
1

1 + ε1/ε2
− ε2/ε1 = β1

√
−ε2/ε1
1 + ε1/ε2
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H1 =
E0i
η1
aye

α1zze−jβxx

H2 =
E0t
η2
aye
−α2zze−jβxx

βx = β1/
√

1 + ε1/ε2

α1z = β1
√

(−ε1/ε2) / (1 + ε1/ε2)

α2z = jβ2 cos θt =
√
β22 sin

2 θt − β22 =

√
β21

1 + ε1/ε2
− β22

α2z = β1

√
1

1 + ε1/ε2
− ε2/ε1 = β1

√
−ε2/ε1
1 + ε1/ε2
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βx = β1/
√

1 + ε1/ε2

α1z = β1
√

(−ε1/ε2) / (1 + ε1/ε2)

α2z = β1

√
−ε2/ε1
1 + ε1/ε2

For air-plasma interface ε1 = ε0, and

ε2 = ε0

(
1−

ω2
p

ω2

)
. β1 = k0

βx
k0

=

√
ω2
p/ω

2 − 1

ω2
p/ω

2 − 2
,

α1z

k0
=

1√
ω2
p/ω

2 − 2
,

α2z

k0
=

∣∣ω2
p/ω

2 − 1
∣∣√

ω2
p/ω

2 − 2
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βx
k0

=

√
ω2
p/ω

2 − 1

ω2
p/ω

2 − 2
,

α1z

k0
=

1√
ω2
p/ω

2 − 2
,

α2z

k0
=

∣∣ω2
p/ω

2 − 1
∣∣√

ω2
p/ω

2 − 2


