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Abstract 

 
       Previous attention has been given to focusing a fast electromagnetic pulse (an electromagnetic implosion) 

on a target at the surface of a dielectric, such as tissue. Here we consider some of the problems and design options 
for focusing on more deeply buried targets. 
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1. Introduction 
 

Considerable progress has been made toward focusing a narrow electromagnetic pulse (an electromagnetic 
implosion) on the surface of tissues (e.g., skin in the case of skin cancer) [1,2]. In this case, going to high dielectric 
constants in the lens helps to more narrowly focus the pulse, and correspondingly increase the field on target. 

Another case of interest concerns more deeply buried targets. How does one go about focusing a pulse there, 
and how small a beam is achievable for a given (unipolar) pulse width? 
 
 
2. Surface Focusing 
 
A. Lens spot-size decrease and electric-field increase 
 

As discussed in [3,4], surface focusing is dominated by the properties of the lens which is in contact with the 
tissue surface. Without going into detailed calculations (which can make a factor of a few difference in the results), 
the spot size is governed by the pulse width: 100 ps corresponds to 3 cm at the speed of light in vacuum. So one 
might expect a concentrated spot size of this order.  A radius of about  
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has been estimated [1], where a and b are the two radii prolate-spheroidal reflector. As we can see from this formula, 
if εr is increased, the wave speed is decreased by εr

½ giving 
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Electrodynamic scaling indicates a more concentrated spot size and higher electric field as one increases the 

lens final dielectric constant εrmax from 1.0. Dimensions scale inverse to the propagation speed, i.e. as εrmax
-½. So we 

have 
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For our example with εr = 81 (water) we have 
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Conserving power on the wavefront (lens thick enough (with zero dispersion) for negligible reflection) gives an 

increase in power density 
 

indensitypower

outdensitypower81r
1S

outarea

inarea
pf =≅=−== εε      (2.5) 

 
The power density for 
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(plane wave approximation, good in the high-frequency limit), goes like  
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Thus we have 
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which, for our example, gives 
        

3Ef,81r ==ε           (2.9) 

 
which is a significant E-field increase. 
 
B. Electric-field increase in passing from lens to a lower permittivity 
 
 If the target medium is the same as the lens medium at εrmax we would expect by symmetry the beam to have a 
narrow waist at the target followed by a diverging beam similar to the converging beam. However, if, as in Fig. 2.1, 
we have 
  

rtε  ≡ target medium relative permittivity 

< maxε             (2.10) 
 
so that we are stepping from a higher to a lower εr, then we may expect a more rapidly diverging beam. 
 
 Near the interface, however, we can still roughly estimate the electric field in the target medium as an 
enhancement given by (r for target medium,  for lens medium) 
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For example, if 
  

rlε = 81 (water)          (2.12) 

                   rtε  = 16 
 
then we have 
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This indicates some possible benefit of increasing the lens permittivity over the target-medium permittivity. It 
reduces the spot size and increases the electric field. Note that the above electric-field enhancement is based on a 
plane-wave approximation. As such, it should only be considered as an approximation. 

 
C. Decrease of electric field into target medium 
 
 As one goes into the target medium, the diverging beam decreases the electric field (and power density). So 
moving the target location deeper into the tissue can be problematical. How deep can one go before this decrease 
takes over? Clearly this depth is of the general order of the spot radius (as in (2.4)). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.1 Launching a Wave From the Lens Medium Into a Lower-Permittivity Target Region 
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3. Matching Lens and Tissue Permittivities for Deep Focusing 
 

For deep focusing we can imagine a spherically incoming pulse (an electromagnetic implosion) in the target 
medium. The focusing estimates are like the previous, except that now εrt dominates the calculations. The spot size 
from (2.2) looks like 
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so that εrt limits how small we can make the spot size. One can also try to reduce a/b (characterizing the beam 
convergence), but going from 1.2 to a lower limit of 1.0 does not help much. (It would also increase the prepulse 
with opposite polarity [1].) 
 In this case, the spot size is limited by the target-medium permittivity and the electric-field enhancement is 
limited as in (2.8). For example 
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1
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which could still be useful. 
 In order to better focus the beam on the buried target, one might like to stretch the tissue transversely so as to 
shrink the depth to the target, at least to some degree. One can also reshape the tissue surface near the target to better 
focus the beam at the target depth. Figure 3.1 shows a possible concept for improvement in these respects. In this 
case, we hollow out the lens near the focus (say as a hemispherical or spheroidal cavity). The tissue surrounding the 
target is then sucked into this cavity by several small-diameter tubes drilled through the lens media to the lens/tissue 
interface. The medium between the lens and tissue might be gas or oil. By applying a vacuum, the tissue can be 
sucked into the cavity (perhaps with some limits on the size/shape of the cavity). This will require some detailed 
engineering. 
 By this technique, one can increase the solid angle through which the electromagnetic wave can approach from 
the lens to the target. Together with transverse stretching (dilation), this can reduce the dispersion of the pulse as it 
approaches the target. 
 This technique is perhaps limited to not-too-deeply-buried targets. As one goes to deeply buried targets, one 
will need to make the radius of the lens aperture sufficiently large compared to the depth. This will, in turn, increase 
the overall lens radius. 
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Fig. 3.1 Drawing Pliable Tissue Into Lens Region 
 
4. Concluding Remarks 
 

There are then various techniques one can employ to focus electromagnetic pulses on buried targets, such as 
targets in tissue. For deeply buried targets, there are various problems to consider, including attenuation and 
dispersion. However, these can sometimes be mitigated by techniques, such as those discussed above. 
 
 
References 
 
1. C.E. Baum, “Focal Waveform of a Prolate-Spheroidal Impulse-Radiating Antenna,” Radio Science, Vol. 42, 

RS6527, 2007. 
 
2. S. Altunc, C.E. Baum, C.G. Christodoulou, E. Schamiloglu, and C.J. Buchenaur, “Focal Waveforms for various 

source waveforms driving a prolate-spheroidal impulse radiating antenna (IRA),” Radio Science, Vol. 43, 
RS4513, 2008. 

 
3.   C. E. Baum, “Addition of a Lens Before the Second focus of a Prolate-Spheroidal  IRA ” Sensor and Simulation 

Note 512, April 2006. 
 
4.    S. Altunc, C. E. Baum, C. G. Christodoulou and E. Schamiloglu “Lens Design for a Prolate  Spheroidal IRA”,   

Sensor and Simulation Note 525, Oct 2007. 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


