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Macroscopic Fields and Maxwell’s Equations

Maxwell’s equations: B
V X E — —aa—t

VxH=J+a—D
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V-D=p
V-B=0

Constitutive relations:
onstitutive relations D=cE=¢,E+P « P=(¢—¢g,)E=7¢,E

B =puH = uH+ 1M T
Current equation (Ohm'’s law): Electric susceptibility
J=ot



General Wave Equation

For nonmagnetic & electrically neutral media:
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VxH =g, aE+8P+J
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V-H=0 Ohmic loss and metallic nature

General wave equation: l
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Material characteristics:
Dispersion, absorption, birefringence, optical activity, etc.



Propagation of Light in Isotropic Dielectrics (1)

Macroscopic polarization:
P =—Ner
For a static electric field:
—eE = Kr « Restoring force for “bound” charges
Static polarization:

Ne?
— P= E
K
Equation of motion:
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Mm—-+my—+Kr=-¢eE
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f Effective resonance frequency:
Frictional damping force
: . | K
For a monochromatic electric field: — E ~e™* — w,=,|—
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Propagation of Light in Isotropic Dielectrics (2)

Wave equation for linear dielectrics:
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Homogeneous plane harmonic wave solution:
. i(7 7—wt)
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Dispersion relation:
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Propagation of Light in Isotropic Dielectrics (3)

Complex index of refraction:
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Complex index of refraction in general:
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Propagation of Light in Conducting Media (1)

Equation of motion:

vV 1 .
M—+mz V=—eE <« Norestoring force
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For a static electric field: Ne?
—>J= TE =0k
m
For a monochromatic electric field: o
—->J=——E
l-lwt

Wave equation for linear conducting media:
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Propagation of Light in Conducting Media (2)

Homogeneous plane harmonic wave solution:
_ i(7 7—wt)
— E=E4
Dispersion relation:
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For very low frequencies:
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Propagation of Light in Conducting Media (3)

Complex index of refraction in general:
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For poor conductors and semiconductors:

2
)

| Ne’
- =l )
w+ior™  meg, 5

2 2

oC Ne
w, =1f—’u° = /—
T me,

<« Plasma frequency

n

(Plasma
frequency) e 1y

e

I

//.)4
Opaque, /
high-reflection A : 3

; N 7 Transparent region
region €

0
Wy

G. R. Fowles, Introduction to Modern Optics, 1975.




Reflection and Refraction: Absorbing Media (1)

Complex index of refraction of an absorbing medium:
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Boundary conditions: ‘\
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Wave equation:
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Complex index of refraction:
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Reflection and Refraction: Absorbing Media (2)

Electric and magnetic fields:

E, H= 1 k,xE < Incident
Ho®@
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E' H = ki xE" <« Reflected
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E', H" = v xE"= (KxE"+1axE") <« Refracted
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Boundary conditions (TE):
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Reflection coefficients:
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