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Maxwell’s Eﬂuations and Related Quantities

1- find a complex
wave vector kn to describe gain/absorption
and refractive index

2-find the Poynting
vector for electromagnetic power flow

3-develop scattering and linear systems theory
for optical devices

4-develop the theory of optical waveguides
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e Linear relation between the induced polarization and the electric field
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permittivity of free space

g =&,(1+ x)

(complex) susceptibility

Gauss’ law

V-9 = piree —> €V E+YV P = Diree

the “+” indicates that energy stored as polarization decreases the energy stored in

the field within a dielectric (since the sum of the two terms equals the CONStant free
charge).
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relation between the magnetic induction and the magnetic field
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=0 for steady state conditions
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current increases, both the magnetization and the magnetic induction also increase

Outside the magnetic material

X o= L,

Ohm’s law.
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conductivity of the material




Ohm’s |aw Optoelectronic 1
o!:'l'.:.imo
Cwidg 40
JfE l!\""u"' EF.*-: Cﬂ'““"”"—"“ﬂ#ﬁ
e RE“'S‘("IJ:%
0% s
/D
A L
Ja = TEA
o TR JH cannant
) L Arep—
= oA
¥ + Ve

By: Dr. Jabbari



Optoelectronic 1

Relation between Electric and Magnetic Fields in Vacutm
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Only for y-component, we can simplify the relation:
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A, Relation between Electric and Magnetic Fields in Dielectrics
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The cross product and derivative can be performed in the same
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The Wave Equation
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The Complex Wave Vector
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electric field consists of a single traveling plane wave
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Definitions for Complex Index, Permittivity and Wave Vecto

Y

complex refractive index and the complex permittivity
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the real part of the susceptibility.
imaginary of the permittivity is related to both the
imaginary part of the susceptibility and the conductivity

Conductivity ‘ absorbs part of the electromagnetic wave

o Dy
k. =kn. =kn+1==kun—1
2 2
\ d the gai

ti

another definition

t gméfy part of the wave “ g p
gain, respectively) of the traveling wave

REG{C) = ko”r }ko - -J'umedium = -J'uvacuum r\/\}/\/\/\

E = E, exp(ik.z) = E, expli(kon + iw/2)z)] = E, exp(—za/2) explik,nz] exp(—<2)

‘
The power has the form of P~ E*E ~exp(—az) =lexp(+gz)




Optoelectronic 1

Approximate Expression for the Wave Vector
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A, Approximate Expressions for the Refractive Index and Permittivity
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The Susceptibility and the Pump

The real part of the susceptibility leads to the index of refraction while the
imaginary part leads to absorption or gain as can be seen from the main two
results
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The pump mechanism adds energy to the laser

It is the susceptibility that changes with pumping very similar to polarization F = &,xE

Adding carriers through the pump mechanism increases the number of possible dipoles

—
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related to the term containing the conductivity

related to the term containing the susceptibility

Next -
Define the background refractive index 1y = /1 4+ Re(xp).

Re(y,)1?2 Re(y, Re(yx
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w bl: N ih 2n? 2n,

[
We see that the refractive index is smaller than the background refractive index when
the real part of the pump susceptibility is negative.
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