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Energy Flow
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Energy and Group Velocity
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Attenuation
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Field attenuation constant given by βλ

( ) 0

1
2

P z P e
dP

P dzλβ

=

= −

2

2
1 ˆ

2 C

P dz
dP n H dl
dz σδ

= − ×∫
r

�
2

2 2 2

1
1

C

nλ

ψ
µ ωω

⎧ ⎫∂
⎪ ⎪

∂⎛ ⎞ ⎪ ⎪
⎨ ⎬∫ 2 22 2

2 2 2

1
2 1 ˆ1C

t

dl
n

λ

λ λ λ

λ

µω
σδ ω ω ωψ ψ

µεω ω ω

⎛ ⎞ ⎪ ⎪= − ⎨ ⎬⎜ ⎟
⎛ ⎞⎝ ⎠ ⎪ ⎪− × ∇ +⎜ ⎟⎪ ⎪⎝ ⎠⎩ ⎭

∫ r�

Physics 804 Electromagnetic Theory II

λµεω ω ω⎝ ⎠⎩ ⎭



22
2 22ˆ tn

n λ
ψ ψ µεω ψ∂

× ∇
∂

r
� �

2
2

2

1

C A

Cdl da
n Aλ

λ

ψ ς µε ψ
ω

∂
=

∂∫ ∫�

( )
( )

1/ 2 2

1/ 22 2

/1
2 1 /

C
A

λ λ
λ λ λ

λ λ

ω ω ωεβ ς η
µ σδ ωω ω

⎡ ⎤⎛ ⎞⎛ ⎞= +⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎢ ⎥− ⎣ ⎦( )1 /λ λ

µ ω ω⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

Physics 804 Electromagnetic Theory II



Cavity Losses
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