Calculation of water permittivity with statistics physics.
Maxim Vedenev, 26 September 2007

Lets use canonical distribution for calculation of water permittivity:
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Where 
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 is probability, 
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is statistical weight, 
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is full energy, 
[image: image5.wmf]T

is temperature in joules. Our task is a lot of dipoles water molecules in electric field that rotated randomly. 
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The full energy of one dipole:
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 - moment of inertia of  H2O molecule 
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 - dipole momentum
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 - electric field
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 - angle of rotation
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 - rotation velocity

Thus we have distribution:
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where
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Lets see the variable dependence in graph view. 
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 dependence:
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 dependence:
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It is possible to see that 
[image: image19.wmf]a

distribution almost uniform. It change in range [0.9999975775; 1]. It mean that dipoles has very small orientation along field. 
We need to know mean dipole value:
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So we need to calculate mean value of 
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:


[image: image22.wmf]6

-

cos

cos

0

cos

2

10

1.2112

cos

cos

1

cos

2

×

=

=

=

ò

ò

ò

ò

-

=

×

×

-

=

×

×

-

=

¥

=

×

×

-

-

p

p

a

a

p

p

a

a

p

p

a

w

a

w

a

a

a

a

w

a

a

d

e

d

e

d

d

e

Z

T

E

d

T

E

d

T

E

d

J


much smaller then 1. I made integral calculations numerically in MATLAB.

Mean dipole value is:
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Density of H2O molecules:
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This partial dipole orientations give opposite directed electric field:


[image: image25.wmf]m

V

n

d

E

4

0

1

10

2.8256

×

=

=

e


The dependence of 
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 from 
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:
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It has form:
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We need to solve equation for total field:
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 - external field

Definiton of permittivity:
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Thus permittivity of water is:
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It is not equal to experimental value: 
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 probably because the model not takes in to account hydrogen bonds between H2O molecules.
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