Sensor and Simulation Notes
Note 537

April 2009

Scaling Relationships for Electromagnetic Parameters for Focusing Graded Dielectric
Lenses

Carl E. Baum, Serhat Altunc and Prashanth Kumar
University of New Mexico
Department of Electrical and Computer Engineering
Albuquerque New Mexico 87131

Abstract

This paper establishes scaling relationships for electric field, displacement, and magnetic
field for focusing graded dielectric lenses. This accompanies the reduction in spot size.
Examples are given in tabular form.



1. Introduction

An earlier paper [1] gave some example scaling relationships for spot size, power
density and electric field. Here, we extend this to the displacement current density and
magnetic parameters as well.

Figure 1.1 gives the lens geometry. An incoming spherical electromagnetic pulse
is incident on the lens at the outer radius ry,, . It propagates through a smoothly varying

g, (r) beginning at €, (1) =1 to alarger €, (1,,in) = €rmax - 10€ Wave is assumed short

enough in time tg (rise time) so that the droop in the pulse [2] t4 is
0<ty <<ty (1.1)

and can be neglected. In addition, it is assumed that the steps in €,(r) as r is decreased

are small enough that a set of spherical layers has enough layers to approximate the
continuous case [2].

A fundamental approximation concerns the number of spatial pulse widths in the
dielectric along a sphere of constant radius r. As in Fig. 1.1 let the significant portion of
the incident wave be concentrated in a circular cone of angle y from the axis. In this

region we need many pulse widths (like wavelengths if we are dealing with single
frequency) extending over this domain of angular diameter 2y, . In this case we can

calculate the wave propagation into smaller r as though it were a plane wave. Another
way to look at this is as power conservation as the wave enters a smaller and smaller

. . 2 .
cross section (diameter = 2ry,) or area;n(r\uo) . We are, of course, assuming

negligible loss and dispersion in the dielectric for these calculations to apply.
The functional form of &, is [2,3]
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in its continuous form. On leaving 1,,,, into the focusing region the pulse goes to a

minimum spot size which we can estimate from [4]. The radius before inserting the lens
is

a a
AY, =—cty =—ct 1.3
0 =5, Sty = ¢t (1.3)

where a and b are the radii of the prolate-spheroid (a <b), c is the speed of light in free
space, and ty is the pulse width with respect to V. For reference we can have an
example [5]
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We have a scaling parameter as €

number of pulse widths is given by
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for the spot size. Note that at a given r the
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Figure 1.1 Lens Concentrating an Inward-Propagating Spherical Pulse



2. Ideal Scaling Relationships at Focus

We can now give several scaling relationships for the various electromagnetic

parameters in summary form.

2.1 Spot radius
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2.2 Spot area
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2.3 Power density in spot
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2.4 Electric field enhancement
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2.5 Displacement (electric flux density) enhancement
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2.6 Magnetic field enhancement

H(rmin) _ 83/4 (2.6)
H(Tpax)

— “rmax

2.7 Displacement (electric flux density) enhancement

B(rmin) 3/4
—— =& 2.7
B(l‘ ax) rmax ( )

2.8 Some implications

What we can see here the great increase in the displacement associated with ¢, .

The time derivative of this is a current density in the lens and in the tissue. So the
incident wave gives the electromagnetic parameters at the focus and they are presented in
Table 2.1.

Table 2.1 Electromagnetic parameters at lens focus

€, g a1
electric 173 3
enhancement
displacement 156 2473
enhancement
ragnetic . 97
enhancement
_relatwe W Ve T 1/9
impedance
relative spot size 143 1/a
at focus
relative spot area 1/9 1/81
at focus

Recalling our example in (1.4) we have focal spot parameters in Table 2.2.

Table 2.2 Example focal spot dimensions
£, 2] 5 51
A

{spot radms )

35 cm | 1.2 em | 4.2 mm

3
mAY 442 cm?| 4.9 em?| 55 om?
{spot area )




3. Matching from Focus Medium to Target Medium

As discussed in [1] as the waves go from the focus region to the target there may
be a discontinuity in ¢, . There is a transmission coefficient which expresses the change
of the fields (up or down) in crossing this boundary. We estimate this based on plane-

wave formulae. If

rmax _ °rt

then the results in Section 2 directly can be applied.
The electric field transmission coefficient is
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The displacement transmission is then
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The magnetic transmission is
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Combining these factors gives Table 3.1. As we can see there is a large increase
in the displacement current (and associated displacement current density).



Table 3.1 Total Parameter Enhancement Including Mismatch into Target

=
T A05 a1
(targ et)
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{lens )
E(r ) 1.73 3 1.73 3
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4. Concluding Remarks

Here we can appreciate the benefits of a high-dielectric-constant lens, provided

we can neglect loss and dispersion. Most notably we can see a large increase in the
electric displacement (and displacement current density) in the target medium for
exposing biological targets. In addition the focal spot size is significantly decreased. This
can be useful when exposing small targets, such as melanomas.

The reader can consult [1] for additional information, including some typical

numbers for electric field if the prolate-spheroidal IRA is driven by 200 kV.

References

1.

S. Altunc, C. E. Baum, C. G. Christodoulou and E. Schamiloglu “Increasing
Lens-Medium Permittivity Over Target-Medium Permittivity to Increase Electric
Field and Decrease Spot Size at Target, ”Sensor and Simulation Note 529, June
2008.

S. Altunc, C. E. Baum, C. G. Christodoulou and E. Schamiloglu “Lens Design for
a Prolate-Spheroidal Impulse Radiating Antenna (IRA), ”Sensor and Simulation
Note 525, October 2007.

S. Altunc, C. E. Baum, C. G. Christodoulou and E. Schamiloglu “Lens Design
with Constant Wavelength to Cross Section Ratio as &, Varies: a Log Periodic

Lens, ”’EM Implosion Memos 19, February 2008.

Baum, C.E. , Focal Waveform of a Prolate-Spheroidal Impulse-Radiating
Antenna (IRA), Radio Sci. , Vol. 42, RS6S27, 2007.

S. Altunc, C. E. Baum, C. G. Christodoulou, E. Schamiloglu, and G. Buchenauer,
“Focal waveforms for various source waveforms driving a prolate-spheroidal
impulse radiating antenna,” Radio Sci., Feb. 2008, Vol. 43, RS003775, 2008.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


