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Not just a light story
As modern fabrication techniques enable the realization of structures on the nanometre scale, we are presented 
with the opportunity to manipulate properties of matter at a much larger scale. For example, lithographic 
techniques are easily capable of producing structures much smaller than the wavelength of visible light. Artifi cial 

assemblies of subwavelength patterns could therefore 
be used to control light in a way that is not possible 
with the materials provided to us by nature. Hence, 
these man-made structures are termed ‘metamaterials’, 
with the Greek prefi x ‘meta’ meaning ‘beyond’. 

Th e technological potential of metamaterials and 
the opportunities that their fl exible design suggests has 
only just begun to be realized, and goes far beyond 
the fi eld of photonics. But the idea to use small objects 
to create an impact on a much larger scale has been 
around for a long time. In a wider sense, some of the 
most pleasing examples are those where our senses 
are manipulated into perception of a stimulus made of 
indistinguishable subunits. An example is the artistic 
style of pointillism. Pointillist paintings are composed 
of tiny dots of a large variety of vibrant colours that 
only merge into a meaningful composition when 
looked at from a distance. 

Obviously, it is far more complex to fabricate 
structures that are on the scale of the wavelength 
of fundamental particles such as electrons, photons 
and phonons. Nevertheless, nature provides us with 
the beautiful example of photonic-crystal structures, 

which are responsible for the brilliant colours that can be found on the wings of certain butterfl ies. Only in 
the late 1980s was technology available to create similar two- and three-dimensional structures on the same 
scale as the wavelength of visible light.

More fl exible structures are possible if the building blocks of metamaterials can be made even smaller. 
Unlike the butterfl y wings, however, nature no longer off ers a template. An example of the unusual properties 
such structures could have is negative refractive index. Although a negative refractive index is not forbidden 
in principle, no natural material with a true negative refractive index has yet been discovered.

Th e understanding of this problem goes back for more than one hundred years, although it was only in 
1967 that Victor Veselago demonstrated the technological potential that materials with a negative refractive 
index could have for applications in imaging1,2. It was not until 1999 that the use of artifi cial structures to 
achieve such unusual properties was pioneered by John Pendry3,4, which eventually led to the fi rst realization 
of a negative-index material by Shelby, Smith and Schultz5. 

But what will the lasting legacy of metamaterials be? Th e current main technological promise is 
superlensing — imaging with subwavelength resolution. But this use seems to be limited to applications in 
near-fi eld optics. Interestingly, new concepts take metamaterials entirely beyond the realm of photonics. For 
example, ultrasonic metamaterials6 suggest their use in medical diagnostics or for enhanced sonar devices. 

Th e ease with which the propagation of light can be controlled in metamaterials might provide the key 
for powerful new applications in photonics and other fi elds. As was recently shown, with an appropriate 
structure it is possible to guide light along any arbitrary path7,8. A lot of unnecessary hype has been generated 
about the use of this approach for cloaking of objects from electromagnetic fi elds. But the real applications 
could reach far beyond the present imagination: although this is restricted to electromagnetic waves, similar 
theories might be developed for equations describing the propagation of other waves, such as acoustic, which 
could lead to the realization of complex metamaterials in such systems.

It will certainly be thrilling to observe future developments. Already, it is obvious that the achievements 
by Victor Veselago, John Pendry, David Smith and others contributing to this fi eld represent a triumph of 
mind over matter.
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“UN DIMANCHE APRÈS-MIDI À L’ILE 

DE LA GRANDE JATTE” BY GEORGES 

SEURAT, PAINTED IN THE POINTILLISM 

STYLE HE INVENTED.

Vol.5 No.10 October 2006 www.nature.com/naturematerials

Nature  Publishing Group ©2006


	Not just a light story
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /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 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


