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About a century ago, Poincaré wrote in an essay Science and Method: “If we knew 
exactly the laws of nature and the situation of the universe at the initial moment, we 
could predict exactly the situation of that same universe at a succeeding moment. But 
even if it were the case that the natural laws had no longer any secret for us, we could still 
only know the initial situation approximately. If that enabled us to predict the succeeding 
situation with the same approximation, that is all we require, and we should say that the 
phenomenon had been predicted, that it is governed by laws. But it is not always so; it 
may happen that small differences in the initial conditions produce very great ones in the 
final phenomena. A small error in the former will produce an enormous error in the latter. 
Prediction becomes impossible, and we have the fortuitous phenomenon.” Quite a 
visionary anticipation of chaos theory! 
 
Since the last turn of the century, developments in seismology, ultrasonics and 
underwater acoustics have caused a 180 degrees turn in the way we think about diffuse 
wave fields and noise. Contrary to their definition, diffuse wave fields appeared not to be 
fully disorganized and without any information. It has been shown theoretically and 
experimentally that the heterogeneities and boundaries of the medium in which a diffuse 
wave field exists leave an imprint on the wave field which is characteristic for the 
medium, just as a fingerprint identifies its owner. What was even more surprising was the 
fact that the inherited information about the medium can be retrieved in a very simple 
manner, simply by cross-correlation, a very standard operation in signal processing. To 
be more specific, if one measures the noise of a diffuse wave field at two arbitrary points 
in space and computes the cross-correlation between these two noise registrations, one 
obtains the impulse response of the medium that would be measured if there were a 
source at one of the two points and a receiver at the other. In other words, by passively 
listening at noise and applying a very simple operation, one obtains the same information 
that would be obtained in a controlled experiment with manmade sources. It appeared 
that this is true no matter how complex the heterogeneities and boundaries of the 
medium. This very simple principle has far-reaching consequences. To mention a few 
examples: in the field of ultrasonics noise of thermal fluctuations in a specimen has been 
successfully turned into pulse-echo measurements of the specimen, in regional 
seismology recordings of ambient seismic noise have been used to reconstruct the crustal 
structure of southern California and other regions and in exploration seismology 
recordings of background noise in a desert area have been turned into seismic reflection 
measurements of the area. 
 
The extraction of a deterministic system response from noise is amazing in itself. In the 
light of Poincaré’s observations it is even more amazing that this process is fairly robust. 
It works, without knowledge of the positions of the sources (the initial conditions) and 
the properties of the noise. In the presentation I will argue that the solution of this 
paradox lies in the fundamental difference between the multiple scattering behavior of 
particles and that of waves. I will illustrate the principle of ‘turning noise into signal’ at 
the hand of various ultrasonic and geophysical examples. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


