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Optical Fibers
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Field Equations

( ) ( ) 0/

1

n x xε ε=

⎛ ⎞

r r

( )

( )

2 2
0

2 2

1 0E x E E

H x H i E

µ ε ω ε
ε

µ ε ω ω ε

⎛ ⎞∇ + + ∇ ⋅∇ =⎜ ⎟
⎝ ⎠

∇ + ∇ ×

r r rr

r r rr( )

( )

0

2
2 2

2 0

H x H i E

n x
c

µ ε ω ω ε

ωψ ψ

∇ + − ∇ ×

∇ + =
r

( )/

JWKB (eikonal) approximation
i S x c

c

e ωψ ∝
r

( )
2

2 2
2 0

e

S S n x i S
c c

ψ

ω ω

∝

⎡ ⎤∇ ⋅∇ − + ∇ =⎣ ⎦
r r r

Physics 804 Electromagnetic Theory II

c c



Generalized Snell’s Law
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Meridonal Ray Solutions
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Physical and Optical Paths
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Radiating Systems; Multipoles
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Fields

0

1H A
µ

= ∇ ×
rr r

0
0 0 0         /

fi ld /

iZE H Z
k

d

µ ε

λ

= ∇ × =
r r r

near field:             2 /       
far field:               

d r c
d r

λ π ω
λ

=

Physics 804 Electromagnetic Theory II



Near Field
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Far Field

exponential replaced with
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