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1.Introduction

Induced time varying polarization can be represented as powerInduced time varying polarization can be represented as power 
series of applied electric field.

Relation between n-th order Molecular polarizability and 
susceptibility depends on average of directional cosine, number p y p g
density.



1.Introduction

Proof>Derivation of first order polarizability (1)αProof>Derivation of first order polarizability, (1)
αβα

From time-dependent schrodinger equation and wave function 
described as linear combination of eigen functions.
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A d t h t ti ti l b bilit f i t t ‘S’And system have statistical probability of remain state ‘S’
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From time dependent perturbation theory.
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Substitute and rearrange by order of lambda. Then 
t th l ti d t d b lwe can get the relation denoted as below,
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For first orderFor first order,
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If the perturbing potential is response of the applied field,
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expectation value of operator Aexpectation value of operator A

( ) ( )nm mn nm mn nnA A A A tr Aρ ρ ρ ρ
∧ ∧

< >= = = =∑ ∑∑ ∑
,n m n m n

So, expectation value of     is, μ
∧

(1) (0) (0)

, ,

( )1 ( )
(( ) )

2

pi t
mn nm p

nm mn mm nn
nmn m n m

nm p

E e

i

ωμ μ ω
μ ρ μ ρ ρ

ω ω

−
∧ ⎡ ⎤

⎣ ⎦< >= = −
Γ− −

∑ ∑
i

(0) (0)

(( ) )
2

( )( )1
p

p

nm p

i ti t
mnmn pmn nm p

E eE e
ωω μ μ ωμ μ ω

μ ρ ρ

∧ −−
∧

⎡ ⎤
⎡ ⎤ ⎢ ⎥⎣ ⎦ ⎣ ⎦< >= −∑ ∑

ii

initial state energy level of system is ground stateat

, ,(( ) ) ((
2

mm mm
nmn m m n

nm p ni
μ ρ ρ

ω ω ω
< >=

Γ− − −
∑ ∑

) )
2
nm

m p iω Γ− −

(0) (0)

 initial state, energy level of system is ground state,

mm mm mg

at

ρ ρ δ=



1.Introduction

At last, first order polarizability is, 

If there is no damping processIf there is no damping process, 



2.Sign of phenomenological damping coefficient

1

∧ ∧

Apply time reversal potential
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We require that real electric field induces real polarizationWe require that real electric field induces real polarization 

It follows that,



3.Pockels tensor in optically active liquids

The ground state weakly perturbed 
by electro static field is,

A d th d t t t b d bAnd the ground state perturbed by 
optical field                               is,(0) ( )

2

i t i tE e e
E

ω ω
γ

γ

− +
=

2

(as shown in sec 1)
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D i ti f P k l t f d d l i ti1Derivation of Pockels tensor from second order polarization 
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After doing same procedure as section 1(but lengthy….)
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St ti ti l i i li id l l th i t iStatistical averaging in liquid leaves only the isotropic 
susceptibility

Because (9) is symmetric in α and β, (10) will be zero in any 
isotropic, non-conducting fluid. 

Pockel effect doesn’t appear in
isotropic, non-conducting fluidisotropic, non conducting fluid 



4.Conclusion


