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The fluctuation-dissipation theorem : 

formal approach for a classical system







The noise correlation theorem : 

the wave approach
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Greenôs function, scalar waves, frequency w
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Helmholtz equation
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The noise correlation theorem : 

the wave approach
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divergence theorem
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If the attenuation parameter 0k¸
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Ward Identity 
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The noise correlation theorem : 

Interpretation of the volume integral

S

V

1

2

x

0̧k

Surface S goes to infinity

Noise correlation theorem

Assumes reciprocity
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Surface S is taken in the far field of the medium heterogeneities
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This last formulation of the correlation theorem 

is appealing for geophysicists that usually deal 

with receivers / sources at the Earth surface Wapenaar& Fokkema, Geophysics, 2006 

The noise correlation theorem : 

Interpretation of the surface integral

If the attenuation parameter 

S

1

2

x

0=k

Simple interpretation with time-reversal cavity (Fink et al.)

Diffraction pattern                     at the focal point
( )12

12

sin

4

k R

Rp



* *
12 12 1 2

2
x x

S

G G G G dS
c

+ =ñ

() ( ) ( )
2

1 1 1x x xG V x G k i G i x ak wdD + + + = -

ómass injectionô instead of  

ómomentum injectionô

Another formulation of the  noise correlation theorem

0=kIf the attenuation parameter 

Helmholtz 

equation

Wapenaar, Snieder, Godin é
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Noise correlation and the fluctuation-dissipation theorem

Noise in very large volume
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Ward gives 

At thermodynamical equilibrium,          is a constant proportional 

to an effective temperature from an equipartition principle
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Consider the auto-correlation function C11 :    
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In order to conserve energy delivered by noise sources, a specific 

attenuation is necessary at the thermodynamical equilibrium 
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with Rogersôs help!


