
Aki (1957): azimuthal averaged spatial 
autocorrelation coefficients  
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Spatial autocorrelation coefficient: 
Average spatial coefficient (2D circular array) 
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Causality 
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P-‐SV	  case	  
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Green	  func/on	  in	  2D	  
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∂ βαβTHE	  2D	  VECTOR	  CASE	  

Summa/on	  of	  P	  and	  S	  plane	  waves:	  

Correla'on:	  
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Equipar//on	  (ε=1):	  

Azimuthal	  average:	  

And	  finally	  if	  ε=1	  

Formally,	  same	  result	  in	  3D	  (Sánchez-‐Sesma	  and	  Campillo,	  BSSA	  2006)	  

2222 βεα SP =

∫∫ •=•
ππ

ψφ
π

2

0

2

0
24
1 dd



Arbitrary	  medium:	  an	  integral	  representa'on	  wri:en	  in	  the	  frequency	  domain	  
	  (see	  	  e.g.	  Weaver	  et	  al.	  	  2004,	  or	  Snieder,	  2007)	  

Volume	  term	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Surface	  term	  

Absorp'on	  coefficient	  

FT of G(t) 

FT of G(-t) 

1
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As for the classical representation theorem, we consider a combination of the 
fields from source at 1 and 2 and compute the flux: 

With the divergence theorem: 



reduces to 

Using the definition of the GF: 

we obtain: 

and finally: 



Surface term: 
 
 
 
 
κ =0 (no attenuation) 
 
No source in the bulk 
 
 
 



Surface term:	


and we obtain another widely used integral relation:	


Talk by A. Curtis on integral representations and applications 



Volume term: 
 
 
 
 
κ is finite (attenuation) 
 
 
S is assumed to be sufficiently far away, for its contribution to 
be neglected (spreading and attenuation) 
 
 
 



An homogeneous infinite body with an even random distribution of sources 

Green function 
 
 
 
Contribution from 
Random sources 
 
 
 
 
 
 
Correlation with finite duration 

<time derivative of correlation>   ≈  causal+acausal Green functions 

with              being the noise power during T  
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Location of the sources  that contribute to the correlation: the end fire lobes 

Difference of travel time between A and B 
wrt the position of the source 
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(a) 

(c) 

(b) 

(d) 

Stationary phase and end fire lobes 

From Gouédard et al., 200X 



Extension to scattered waves 

Contributions to direct waves 
in the GF 

Contributions to scattered waves 
In the GF 

End fire lobes 



A numerical experiment with an open medium (absorbing boundaries): 
scatterer 

sources Green function (A-B) 
Average correlation 

late coda 

Balistic waves 



 
Physical interpretations 

 Time reversal 
  

 
MOVIE : revers_water 
 



Correlation     and      Time reversal 
Focusing/virtual source in A 

•  C source 
•  A et B receivers 
 
•  Correlation : 
SCA(t) x SCB(t)                = 
  
<SCA(t) x SCB(t)>sources    = 

•  A source 
•  C receiver (SAC= SCA) 
•  C emits the time reversed signal 
•  B receiver 
•  Convolution : 
SCA(t)     SCB(-t) 

 
<SCA(t)     SCB(-t)>TR devices 
 

Equivalence	  in	  a	  reciprocal	  medium	  

Derode	  et	  al.,	  2003++++	  

Ambient	  noise	  based	  methodè	  using	  a	  (broken)	  'me	  reversal	  mirror	  

B	  A	  
B	  A	  

C	  source	   C	  TR	  device	  



200 « sources » C (randomly placed) 

Point A (emitting first) X 

Y 

scatterer 

Numerical 2D FD simulation 



A pulse is emited in A 
and recorded at point randomly  
distributed 

time 



Re-emission from the points ‘C’ 
of the time-reversed signals 

 (map of cross-correlations) 

Converging field 
 : G(-t) 

Constructive 
interferences of time-
reversed field 



Nearly perfect refocalisation 

Re-emission from A : 
 G (t) 



40 « sources » C (lined-up along a fault…) 

Point A (emitting first) X 

Y 

scatterer 

A more realistic configuration of sources 



A send a pulse 

Scattering effects 

Diffuse field is  
also recorded  

Time reversal experiment 



Re-emission  

Converging field : G(-t) 

time 



Diverging field : hAB(t) 

The symmetry of the Green function is lost! 

Partial focalisation 


